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C h a ir m a n  : We have m et to-night to  hear a paper by  Mr. 
Leonard Fox on “ The A pplication of Oxy-Acetylene W elding 
to the R epair of Marine Boilers and H ulls.” There is no 
doubt the  system  before us is one which is going to  revolutionize, 
to  a great ex ten t, the work of repairing boilers. M any of us 
have had  some very  bad  experiences of this kind of w ork, 
and if any one can devise a m eans of relieving us of some of 
the troubles they  will m erit our thanks. I  will now call upon 
Mr. Fox to  read his paper.

As one of the  obligations of M embership is th a t  of reading a 
paper before the  In s titu te , i t  struck  me th a t  I  could no t dea\ 
w ith a subject which would be of greater in terest to  Marine 
Engineers th an  th a t  of the A pplication of Oxy-Acetylene
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4 OXY-ACETYLENE WELDING FOR THE

Welding for the Repairs of Marine Boilers and Hulls, inasm uch 
as this process has come very m uch more before the  notice of 
Marine Engineers w ithin the last two or th ree years th an  an)' 
o ther relating to  boiler repairs. I  understand  th a t one of our 
Members read a paper before you bearing on this subject some 
two and a half years ago, b u t a t th a t date  very little  had  been 
done in this direction in  this country. My excuse for pursuing 
the subject, however, a t  th is date is the fact th a t  big strides 
have been m ade since then ; m any of which I  have been 
personally associated with.

The process of autogenous welding by m eans of the oxy- 
acetylene blowpipe dates back to  1901, when the use of 
compressed acetylene was m ade possible in  this country  by 
an  Order in Council dated  April 10 of th a t  year, authorizing 
its compression into cylinders containing a porous m aterial of 
fixed porosity. The high pressure system  was the first in use, 
and from this num erous low pressure systems have been evolved. 
Autogenous welding perm its the fusing of iron and steel w ith
ou t any previous heating up to  thicknesses of 1 in. to  1J in. 
in plates, and 4 in. to  6 in. in circular or rectangular pieces, 
w ithout altering in any way their chemical composition, and 
yields, in the welded portion, a homogeneous m etal which, 
in order to  possess mechanical qualities similar to those of forged 
or rolled, only requires to  be subjected to  a  forging operation 
or to a therm ic trea tm en t analogous to  th a t which is employed 
in the case of steel castings and which m ay be carried out in a 
very simple m anner by m eans of the  blowpipe itself, which has 
already served to  execute the welding. Metal m ay be added 
to  the p a rt to  be welded in any desired q u an tity  by m eans of a 
piece of steel or iron wire, which is fused in the blowpipe flame.

I t  will be gathered from the foregoing th a t  an  infinite num ber 
of applications are involved by this possibility of fusing iron 
and  steel w ithout altering their natu re  and of adding m etal 
a t  will to  any piece of work. I t  will be gathered th a t  in m arine 
boiler work, w asted landings can be built up, in any  position, 
to  their original s ta te  when worn by corrosion or when frac
tu red  ; new pieces m ay be welded in to  replace unserviceable 
parts in furnaces ; pipe connexions can be finished w ithout 
joints ; all kinds of receptacles of w hatever shape can be m ade 
so as to  be absolutely tight, and rivets in this connexion can 
be dispensed with.

During the last few years a  new process, th a t of cutting
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m etals by  m eans of an  oxygen je t under pressure, has arisen 
to  com plete the new working m ethods inaugura ted  by  the 
in troduction  of autogenous welding. B y th is process it  is 
possible to cu t plates J in. to  1J in. thick a t  the ra te  of abou t 
30 ft. per hour, and  pieces 8 in. to  12 in. in  d iam eter in four or 
five m inutes. This process has its special applications, such as 
dem olition of m etallic fram e work, boilers, ships' hulls, etc., b u t 
in num erous cases it  is a valuable auxiliary  of autogenous 
welding, and  perm its of rapidly preparing a piece of work 
which has to  be subsequently  welded by m eans of the blowpipe.

We will now pass to  the difference betw een the  tw o system s 
em ployed in oxy-acetylene welding, th a t  is, between the high 
and low pressure systems. In  the form er case, in which dis
solved acetylene is used, the two gases are both under 
pressure, the acetylene pressure being abou t 5 | lb. per square 
inch, and  the oxygen being regulated to  give the correct flame, 
th e  m ethod of which will be shown later, when it  will be 
noticed th a t although it  has to  be done by  eye there is a 
strongly defined condition to  arrive at.

In  the m anufacture of dissolved acetylene, before the gas 
is pum ped into the cylinders it is thoroughly washed, dried and 
purified ; all im purities, such as phosphorus and am m onia, are 
rem o v ed ; and  it  follows th a t w ith this system  a more reliable 
weld can be obtained. In  relation particu larly  to  repairs 
effected on board  ship, the safety of th is system  as com pared 
w ith the low pressure one should not be lost sight of. This is a 
highly im portan t point, as the  confined conditions of a sh ip ’s 
stokehold do no t adm it of a low pressure generator being in tro 
duced there w ithout a great elem ent of danger. W ith  this 
system  the  ad justm en t of the flame is m uch easier th an  w ith 
the low pressure, as bo th  gases are under b e tte r control, and 
once the  ad justm en t is m ade it  remains correct, even though 
the blowpipe tip  should get partia lly  blocked. A higher work
ing efficiency is obtained on account t>f the  in tim ate m ixture 
of gases tak ing  place. W ith  both  gases under pressure it  is 
found in practice th a t  g reat gas economy is obtained. Lastly, 
the  p lan t being entirely  portable can be taken  anyw here ; in 
fact can be taken  inside the com bustion cham ber of a m arine 
boiler and so placed out of the way of the workm en effecting 
repairs in the ship’s stokehold.

In  the low pressure system  acetylene is draw n from a gener
a to r, and  oxygen from a trade cylinder. The oxygen is used
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a t about 15 lb. to  the square inch, and draws the acetylene 
into the  blowpipe on the injector principle. The intense heat 
generated by the oxy-acetylene flame, which is abou t 3,500° 
cent., has been well known for years; b u t until a satisfactory 
m ethod of storing acetylene was discovered, advantage could 
not be taken of the oxy-acetylene flame, which, up to  th a t  
tim e, did not com pare favourably w ith either the oxy-hydrogen 
blowpipe nor yet the electric m ethod of welding. Now adays 
i t  certainly does, inasm uch as an  electric welding plant, even 
on the smallest scale, is very expensive and  necessitates con
siderable capital outlay, the  results are som ewhat uncertain, 
the  weld being alm ost invariably  left b rittle  afte r annealing, 
and  the working costs being very  high. The oxy-hydrogen 
flame for this purpose has draw backs which preclude its general 
use ; am ongst others m ay be m entioned the limits of tem pera
ture, about 1,500° cent., and the difficulty of judging the exact 
m ixture of gas, an  error in which, however slight, causes the 
flame to  be either reducing or oxidizing, according to the excess 
or shortage of oxygen.

W hen Acetylene is used with oxygen in a properly designed 
blowpipe it  splits up into its com ponent parts hydrogen and 
carbon a t the base of the flame, carbon only taking p art in the 
burning, due to  the fact th a t  hydrogen will no t combine w ith 
oxygen a t  the tem perature a t which carbon will, consequently 
the hydrogen remains free and forms a protecting zone a t  the  
blowpipe tip  where the carbon is burning. The high flame 
tem perature obtained, combined w ith the fact th a t  there is a 
zone of free hydrogen, renders the flame very reducing and 
extrem ely suitable for m any operations which would otherwise 
have to  be carried out by a  more costly and probably less 
efficient m ethod, and in some cases would be altogether 
im practicable.

Erom  the foregoing rem arks it  will be gathered th a t  the 
tem perature of the oxy-acetylene flame is much higher th an  
th a t  of the oxy-hydrogen one, the former being lim ited by the  
dissociation tem perature of carbon monoxide, whereas the 
la tte r is lim ited to  the dissociation tem perature of steam . 
Exam ples of the types of blowpipes used w ith both  system s 
will be found on the table.

The two processes ju st outlined (welding and cutting) render 
the greatest service to  the ship repairing industry , more p a r
ticularly  in relation to  the repair of m arine boilers ; in fact,
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they  perm it the execution of these repairs no t only more eco
nom ically th an  by any  other process, b u t also more rapidly.

The very  great im portance of repairs to  m arine boilers by 
autogenous welding results from the following facts :—

(1) Repairs can be executed very quickly, without prolonging 
the period of detention of the vessel, and they can further be 
effected during the time the vessel is obliged to remain in port 
for operations of unloading and loading cargo.

(2) Repairs by autogenous welding restore the p a r t repaired 
to  its original cond ition ; consequently, by effecting the repair 
as soon as a defect is discovered, a boiler can always be kept 
in good condition, and it can be asserted th a t  a boiler repaired 
m ethodically and regularly will have a m uch longer life than  
could otherwise be obtained. I t  will no t become necessary to 
replace it un til it is worn ou t generally, when h itherto  one has 
been compelled to  condemn boilers when a p a r t only was worn 
out, w hilst the rem ainder was still in good condition.

(3) I t  happens frequently  th a t the hull and  boilers of old 
vessels do no t reach sim ultaneously the degree of wear necessi
ta ting  their condem nation. By the ordinary processes of repair 
one can quite well prolong the life of the hull by two or three 
years when the boilers are still in good condition, b u t it  is no t 
the same in relation to  boilers. W hen these are worn out while 
the hull is still sea-w orthy for some years to  come, one is 
under the necessity to  either condemn the vessel entirely  or go 
to  heavy expense for replacing the boilers, which will still be 
in good condition when the hull has to  be condemned. A uto
genous welding avoids this renewal during the las t years of 
the life of a vessel.

The principal boiler repairs m ade possible by these p ro 
cesses are in ternal and external corrosions, wearing aw ay of the 
landings by  oft-repeated caulking, and lastly  cracks. W ith 
reference to  in ternal and  external corrosions in furnaces and 
also cracks in the  same, there has no t been a great deal of this 
class of work undertaken in this country  owing to  the  more or 
less sceptical a ttitu d e  taken up by the various Surveys. There 
has, however, in Marseilles, Genoa, and A ntw erp, been quite 
a considerable am ount done successfully from tim e to  tim e, 
and I  am glad to  note a disposition on the p a r t of the A uthori
ties in this country  to  allow these repairs to  be undertaken  
here. Repairs under this heading can be successfully per
formed a t quite a nom inal cost, thus obviating in m any cases
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the replacem ent of the furnaces in question, or alternatively  
the fitting of patches, which are, I  th ink, adm itted ly  a  constant 
source of trouble to  the Marine Engineer.

I t  is probably needless for me to  enter into a description 
of the practical m ethod employed in m aking a weld to  repair 
cracks, as this will be dem onstrated to  you a t the term ination  
of this paper. I t  m ay be well, however, to  m ention here th a t 
welding by this process can be undertaken  in any position, th a t  
is to  say, it  is possible to  thicken wasted surfaces overhead if 
necessary ; b u t needless to say for this special class of work it 
is essential i t  should only be undertaken by  m en w ith  great 
experience. W hilst we are speaking of the inside of a boiler 
it  will probably be as w ell to  point ou t th a t  any  class of corro
sion of the combustion cham ber or furnaces can be successfully 
thickened, and in some cases corrosions or cracks arising in the 
tube plate  a t the tube ends can also be successfully treated . 
There is considerable difficulty, however, w ith th is la tte r  form 
of repair owing to cracks arising during contraction. In 
regard to  repairs of corrosions of boiler fronts and shells, these 
of course are quite simple, and are effected a t a very small cost. 
This equally applies to  corrosions arising round man-hole 
doors, the repairing cost of which is very  small.

The applications of autogenous welding for repairing hulls 
of vessels are far more lim ited th an  those relating to  boilers. 
They consist m ainly in a series of m inor repairs analogous to  
the work done in boilersm iths’ shop, and do not require very 
great skill. I t  should be noted in the first place th a t the 
m aterials used in ship building are m uch inferior in quality  
to  those used in boilers, and consequently m any repairs which 
can be effected on boilers will not be successful when dealing 
w ith inferior m etal such as ship plates. W elding ships’ frames, 
which is a fairly frequent occurrence, does not always prove 
successful unless the fram es are liberated over a great length. 
Generally speaking the results obtained in this class of work 
depend solely on the quality  of the m etals to  be dealt with. On 
the other hand there are small repairs of fairly frequent occur
rence ; for instance, repairing the corrosions on the hull, building 
m etal on the outer edges of plates which are corroded, occur
ring frequently  on the plates fixed on the stem  or on the stern 
post, pu ttin g  on new m aterial on the  rudder braces, and repair
ing all sorts of iron mountings.

In  repairs necessitated by stranding or collision,’welding
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perm its of retaining a certain  num ber of p lates which can be 
restraightened and  which only have un im p o rtan t fractures, 
generally a t  the rivet holes. This class of m inor repairs can be 
successfully undertaken . In  relation to  stem s and  stern  posts, 
autogenous welding perm its of repairing them  when fractured. 
W ith reference to  stem s which are alw ays of relatively small 
section the work presents no difficulties. A t the po int of 
fracture an  incision is m ade on bo th  sides, the  bottom s of the 
two incisions m eeting in  the middle of the  thickness, and  the 
welding is then  undertaken  from both  sides sim ultaneously, 
new m etal being laid  on in successive layers. W ith  reference 
to ste rn  posts, they  present of course greater difficulties by 
reason of their dimensions, b u t the same m ethod  is pursued in 
relation to  these repairs w ith great success.

A t this portion  of m y paper I  should like to  poin t ou t there 
are a few classes of repairs m ade possible by the process of au to 
genous welding in  relation to  the  engine-room. As an  illus
tra tio n  of these I  will give you a  pum p cross-head. There has 
been undertaken  successfully the building up of the journals 
of a pum p cross-head even to  as large an ex ten t as welding on 
|  in. of metal. The cross-head in question was th en  tak en  to  
the lathe and  re-turned to  the original d iam eter of the  journals. 
This class of repair can be carried ou t on alm ost any  journals 
such as winch shafts, windlass shafts, etc., and  in  such cases it 
is quite possible to  m ake the journals equal to  those to  be found 
on a new shaft.

A nother branch of the autogenous welding industry  is 
th a t  of burning ou t rivets. F o r this purpose a  cu tting  je t 
is brought to  bear on the  rivet head, which is quickly m elted, 
and the rivet is then  driven through. I t  is possible to  burn  
rivets ou t with a blowpipe je t consuming 600 litres, given a 
rivet of ord inary  dimensions a t  a speed of 100-120 per hour. 
F or the purposes of illustrating some of the common forms of 
repairs referred to  in th is paper I  w ill now show you a num ber 
of lan tern  slides prepared in relation to  repairs executed 
recently  in th is country  and  on the  Continent.

Fig. 1 shows a furnace of the current ty p e  from  which our 
examples generally will be taken. Corrosion often takes place 
on the line a little  above the fire grate, and has a w id th  of 
from 4 in. to  8 in., th is can be seen a t  A A  (Fig. 1). To repair 
this form  of corrosion the p late  m ust be thoroughly cleaned of 
d irt and scale and  then  built up to  the original thickness by
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adding m etal in one or more layers, according to  the  am ount 
required to  arrive a t  the original thickness.

Fig. 2 shows another common type of defect in furnaces, 
namely, cracks ; these occur most frequently in or about the 
same region as corrosion; this work is done from the inside of 
the furnace, and during the execution of the same it is found 
th a t far more cracks develop than  were originally discovered. 
As the cracks in question start from the outside of the furnace, 
they only become apparent from the interior on heating up.

All this class of repairs are first cu t open to  a V shape and  then  
filled in by  introducing new metal. A common m ethod used 
for tem porarily  rem edying this defect is of course caulking and  
patching, bo th  of which m ethods are distinctly  unsatisfactory . 
Cracks in boilers are of course found in alm ost any situation  ; the 
m ost frequent ones besides those already referred to  are (a) cracks 
issuing from rivet holes (Fig. 3) extending to  the  edge of the 
p lates—repairing of these does no t present any difficu lty ; (/>) 
vertical cracks which form principally in furnaces w ith  ribs 
(Fig. 4). Through th e  dep th  of the  ribs th e  repair of these is 
ra th e r difficult on account of their situation , and also owing 
to  the  thickness of the  ribs, which of course gives unequal 
expansion and contraction. In  order to  facilitate this class 
of repair i t  is be tte r to  h ea t the  ribs w ith a blowpipe from  the 
in terior of the boiler, while the  welding is done from the  in terior 
of the  furnace.

(c) Vertical cracks—GC (Fig. 1)—in furnaces of plain plate 
made up in sections vertically. I t  should be noted (Fig. 5) that 
after having welded up these cracks it is necessary to take up 
the rivets which join the two sections of the furnace ; this some
times presents great difficulties owing to the nearness of the 
furnaces to each other, or to the boiler shell, one is led in th a t 
case to cut a hole in the crown inside of a furnace as desired, 
in order to gain access to these rivets, and after having taken 
them up, to weld the piece in again. This operation has been 
carried out repeatedly.

In  all system s of furnace fractures are found very  frequently  
a t  D  (Fig. 1) a t  the back end or flange by which the furnace 
is fixed to  the  tube p late  ; as you are very well aw are th is p a r t 
is under great stra in  owing to  the expansion and  contraction  
of the furnace. The repair of these fractures presents no 
particu lar features, bu t this p a r t of the furnace frequently  
exhibits o ther dam age resulting from  corrosion or from  wear
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by caulking, and  instead of contenting oneself w ith welding 
up a crack, one is frequently  led to  cu t aw ay the  whole b ad  
piece and weld in  a new piece to  replace it. This course 
commends itself, in particu lar, in  old boilers where cracks of 
this kind have been covered over by  a riveted patch  ; the 
p la te  of the furnace in  th a t  case is cu t up by a  large num ber 
of rivet holes, and frequently  eaten  aw ay by corrosion caused 
by leakages arising continually  w ith such riveted  patches.

Fig. 6 shows the fron t end of a furnace riveted  to  the  fron t 
plate  of a boiler. This jo in t is under g reat strain  from  expan
sion and contraction, hence arise leaks which corrode the 
plates and necessitate caulking, which shortens the  landing 
by abou t in. every tim e it  is done, and  consequently this 
landing has after a tim e to  be bu ilt up again. The best w ay to  
execute this repair if there are corrosions in  the p a r t A  is 
to cu t aw ay a piece-—CC of the furnace plate B — repair p late 
A , then  weld in a new piece CC.

A nother source of leakage is in the jo in ts a t the  com bustion 
cham ber end of a furnace. These defects usually occur in  the 
p a rt F  (Fig. 1) and appear as shown in Fig. 7. The plate  A  gets 
corroded through leakages, and the landing of p late B  gets 
reduced through caulking. The corrosions in A  are first repaired, 
th en  m etal is added on to  B  to  restore the landing C to  its 
original depth . Care m ust he taken  not to  weld it in  w ith 
plate A , as th is will give a very bad result. The rivets which 
have become loosened by this operation are removed. The 
flange C is set to  bear hard  on to  A  and  the rivets are replaced. 
In  some cases the rivets are rem oved before carrying out the  
repairs.

Fig. 8 shows a plate thickened tip ready for insertion in a 
furnace w ith thickened-up ribs, where it has been found neces
sary to  replace a  bad p a rt from corrosion or from num erous 
cracks in a  small area, when it is often found b etter to  replace 
the whole affected p a rt th an  to  repair by the m ethod already 
described. I t  is sometimes desirable to  replace a whole 
furnace. This can be easily done by  cu tting  the old one ou t 
w ith  a  cutting  blowpipe. A new furnace is prepared in th ree 
or four pieces, p u t into place, and bolted up firmly ; then  the 
various pieces are welded together, when a new furnace is 
formed identical w ith the  one removed as to  dimensions, and 
presenting the advantage of no t having any  riveted  joints.





OXY-ACETYLENE WELDING FOR THE

Com bustion cham bers are subject to  the same defects as fu r
naces, such as corrosions and cracks.

In  Fig. 1 are shown several repairs to  a com bustion cham ber ; 
these were carried ou t on the s.s. Marsa  and are as follows :— 
A patch  P  was inserted a t the back— a piece Q of the bottom  
plate and two pieces E  and S  on the landing a t  the 
bottom  of the furnace and  on the  tube plate flange respectively 
(each of these pieces being about 20 in. wide and 3 ft. long) 
were inserted.

Fig. 9 shows a tube plate corroded through leakage a t the 
tube ; these corrosions are usually found on bo th  sides of the 
plate, bu t are more pronounced on the com bustion cham ber 
side. These corrosions can be repaired by autogenous welding

fairly successfully, thus avoiding great expense. In  repairing 
these corrosions a sheet of m etal should be p u t over the  far 
end of the tubes to  prevent a draugh t being set up, otherwise 
the repair would be alm ost impossible.

In  the  tube plates cracks arise, extending from  one tube to  
another, as shown in Fig. 10. These cracks are very difficult 
to weld up because they  are in the very place where the w idth 
of solid p late is least, and the full effect of contraction is brought 
to bear on this line ; these cracks, fortunate ly , do not often occur.

Fig. 11 shows the corrosion a t  the poin t T  (Fig. 1) of a  boiler. 
This repair was executed on the  boilers of the  M arsa  a t  the 
same tim e as the repairs to  the combustion cham ber referred 
to  above. These corrosions take place a t  the bo ttom  of both 
front and back plates, especially in badly  kept boilers, where they 
always occur, and have frequently  been repaired. E x terna l
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corrosions of the fron t p la te  of a  boiler are caused through 
leakages or by the action of bilge w ater or wet ashes adhering to 
the boiler. O rdinary corrosion a t  the jo in ts are trea ted , as 
pointed ou t in Fig. 7. Sometimes, however, it is found advis
able to  replace a portion of the front plate. This is shown in 
Fig. 12, the two pieces are strongly jo in ted  together by the  
furnaces and the welds are very  short. In  the ordinary 
course these corrosions should be repaired by building up. 
The jo in ts of m an-holes and mud-holes after abou t six m onths

are usually leaky. This leads to  corrosion, which in tim e 
m ake i t  impossible to  get a tig h t jo in t. These can easily be 
repaired by welding m etal on to  bring the jo in t up  to  its origi
nal height. W hen the  corrosions are very  bad  a piece A  
welded to  C and  B m ay  be p u t on, as shown in Fig. 13. The 
jo in t of the  cover is m ade a t  the  surface D, E.

In  F ig  14 is shown another repair to  the M a rsa ; the ta il 
shaft was rejected  because i t  contained a flaw, as shown. This 
was welded up and  passed, thus obviating the expense of a new 
shaft. To weld a job like this it is necessary to  get the  parts  
to  be welded up to  a red h ea t w ith  a coke fire before s ta rting
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on the repair. One—sometimes tw o—blowpipes, consum ing 
abou t 90 ft. of acetylene per hour each have to  be used on this 
large work.

Fig. 15 shows a new furnace which was cut, as shown, to  
enable it to be p u t into p lace ; it  was then  welded up, being as 
good as before cutting.

Figs. 16, 17 and 18 show badly  corroded or cracked places 
in furnaces repaired by m eans of welded patches in place of 
building up  or filling in ; th is is the best m ethod of dealing with 
these defects when they  are very  bad. Fig. 19 shows a furnace 
which was cracked alm ost all round the  n e c k ; it  was welded 
com pletely round and was as good as new.

Fig. 20 shows a repair effected on the  rudder of the s.s. 
Karem  recently undertaken  in Glasgow. I t  will be ob
served th a t  two cracks or ra th e r deep corrosions have tak en  
place in this particu lar rudder, and they  were successfully 
repaired in the space of abou t four hours.

Fig. 21 shows repairs being effected on the  stem  of a F rench  
steam er which should prove interesting. In  the lower portion  
of this stem  will be noticed a  weld completed, while higher 
up  the m en are actually  working on another joint. I t  m ay  be 
pointed out th a t  the piece between the two welds is a new one 
entirely.

Figs. 22, 23, 24 and 25 show p re tty  clearly the  m ethod of 
working adopted in furnaces, both  overhead and otherwise. 
This work was carried out on the s.s. Oxus belonging to  the 
Cie des Messageries M aritimes, in Marseilles, and is the  m ost 
im portan t Continental work undertaken up to  the present 
time. I t  comprises the replacem ent of eighteen furnaces by 
furnaces m ade in sections and welded together. In  addition 
to  this all the corrosions existing in the interior of th e  six 
boilers were repaired, together w ith a large num ber of corrosions, 
cracks, etc., in  the  tube plate. In  the  right-hand corner will 
be observed the to ta l p lan t required to  carry  ou t th is work.

I  should like to  point ou t to  you th a t cast iron can be welded 
w ith a fair degree of success, bu t one is never certain  how a 
particu lar casting is going to  tu rn  out, and it  is no t advisable 
to  risk this m ethod of repair where strength  is needed, unless 
a  good surplus of m etal can be added and left on th e  weld. 
Copper can also be welded, b u t the cost is a great deal higher 
th an  th a t of welding steel owing to  its high conductivity , a 
blowpipe of about twice the  consum ption having to  be used on
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a plate as against the same thickness of plate in steel. W ith  
reference to repair of alum inium , welding has been tried , and 
in a few cases has been successful, b u t it has been found th a t  
soldering is the best m ethod to  employ, the m ain reason being 
th a t  the  work has no t to  be heated  to  such a high tem p era tu re  
as for welding, consequently the risk of cracking or d isto rtion  
w hilst cooling is greatly  lessened ; this soldering m akes the 
repaired p art alm ost as strong as it originally was.

I  have heard it suggested by several gentlem en interested in 
this class of work and associated w ith the shipping industry , 
th a t  the  tim e is no t far d istan t when a small welding outfit will 
be considered a necessary ad junct to  the  equipm ent of a m arine 
engine-room, ju s t in the same m anner as an  anvil or a portab le  
forge. There is no doub t th a t  there are several classes of m inor 
repairs which can be successfully dealt w ith by th is m ethod, 
w ith an  engineering staff of average intelligence. H aving 
dealt som ewhat fully w ith the classes of repairs undertaken  from 
tim e to  tim e in relation  to  ship repair work, I  propose dem on
stra ting  to  you practically  how this welding is done, and also 
a t  the  sam e tim e to  show you the speed a t which cu tting  can be 
accomplished by m eans of a je t of oxygen and  acetylene.

DISCUSSION

C h a ir m a n  : Mr. Pox will answer any questions while the 
apparatus is being p u t into order for the dem onstrations.

Mr. G . T. W i l l i a m s  : Is it  necessary th a t the m etal which 
is welded on should be the same as the p a r t welded ?

Mr. F o x  : I t  is usual to  use Swedish iron, which of course is 
slightly softer and  more ductile th an  the m etal to  be welded.

Mr. W i l l i a m s  : I  suppose there is no disadvantage in using 
the Swedish iron ?

Mr. F o x  : There is no t such a high percentage of strength , 
b u t the m etal is more ductile.

Mr. Wm. McLaren : I  should like to ask Mr. Fox what he 
terms the high and low pressures. W hat are these pressures 
per square inch ?
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Mr. F o x  : The difference between the high and  low pressure 
system s is th a t  in the case of the la tte r  only one gas— oxygen 
—is under pressure, while in  the  high pressure system  both  
gases— oxygen and acetylene—are under p r.ssu r.'. The 
pressure of oxygen for the cu tting  process is abou t 50 lb. per 
square inch.

Mr. McL aren : Is the au th o r quite certain  th a t  the process 
does no t affect the  natu re  of the  m etal ?

Mr. F o x  : Absolutely, if it  is annealed.

Mr. McL aren : W ith regard to  the question of dispensing 
w ith rivets ; can you dispense w ith  them  wholly, or is i t  only 
under special circum stances ?

Mr. F o x  : The point I  had  in  m ind was in connexion w ith 
petrol tanks in m otor omnibuses which were form erly riveted , 
b u t are now alm ost universally acetylene welded.

Mr. McLaren : W ith  regard to  cu tting  m etal, th a t  is de
cidedly an  advantage. I t  is an  operation I  have n o t seen. I  
note we are to  see it to-night. B u t in connexion w ith  welding 
a  new piece of m etal on, is any  preparation  required  on the  
face of the  m etal ?

Mr. F o x  : None o ther th an  cham fering. We alw ays work 
w ith the m etal in V form ation.

Mr. McLaren : W ith  regard  to  judging the  flame m entioned 
in your paper, I  suppose th a t  is one of the  experiences w ith  
which you have great difficulty ?

Mr. F o x  : H ard ly , as you will observe when the  blow-pipe 
is used ; there is a clearly defined flame w hich i t  is impossible 
to  m istake.

Mr. McLaren : W ith  regard  to  the cost of repairs ; can we 
glean any th ing  from  w hat will be done .to-night as to  
w hat will be the cost of welding, say, for so m uch an  inch or 
foot. There is no doub t the in itial cost will p lay  a g reat p a r t 
in  the  to ta l cost of welding. If the  welding costs, say  15s., 
and  a new job would only be abou t 20s., i t  m ight be b e tte r 
to  renew, and  th a t  fact is one, I  th ink , which will be detrim ental 
to  th is system . I  should th in k  so, a t  any  ra te , from  1113- own 
experience of cast iron principally.
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Mr. F o x  : You are referring to  castings. As an  instance 
I  m ight give the case of a m otor-car cylinder. The average 
cost of repairing a cracked w ater jacket is 20s. to_30s., while 
the initial cost of the cylinder is £10 to  £ 12.

Mr. McLaren : A question was asked with regard to the 
class of metal used, I have not heard it brought forward th a t 
either iron or steel is being fairly successfully welded.

Mr. F o x  : Are you referring to boiler p lates \

Mr. McLaren : No.

Mr. F o x  : There is a good deal of difference in the quality  of 
ship plates. Q uality is the governing factor. Ship plates 
are no t as good as boiler p lates generally speaking.

! - Mr. McLaren : I  have had a few castings upon which I  
have trials made, and  I  had to  abandon the process. I  do 
not th ink  it  was the flame altogether, bu t the results were 
no t w hat was anticipated. There was one case of a m otor
car s tarting  handle which had  l j  in. welded on a day  or two 
ago, which I  hope will be a good job. I t  was ra th e r a soft 
piece of steel we p u t on, and whether it  will s tand  the strain  
or no t I  do not know. I  th ink  i t  will finish up  w ith  a m otor 
wagon shaft, abou t 3 |  in. diam eter, which is to  be welded. 
The people we have tried  up  to  the present are doubtful as 
to  w hether it  will m ake a sound job and  would ra ther n o t 
tackle it. T h at is a job open to  any  commercial firm th a t 
can do i t  in  oxy-acetylene welding.

Mr. F o x  : You say i t  is ab o u t 3 | in. diam eter.

Mr. M cLaren : Yes. I  should think the shaft will weigh 
about 6 to 7 owt. Some of the differential wheels would not 
be taken off. The firm I  have tried declined the work.

Mr. F o x : I  should like to  have an  o p portun ity  of seeing 
the shaft.

Mr. McLaren : I  think the possibilities of this system are 
very great, and it would be well to find out who is really the 
inventor of it, as there are so many who claim to be. We have 
had brine drums welded from end to end. They only run to 
a very small gauge, 10 to 12 gauge, and have been done very 
successfully.
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Mr. F o x  : The cylinder we are using th is evening is ace ty 
lene welded, and  it  has stood a tes t pressure of 600 lb.

A dem onstration was th en  given of the  filling-in process, 
and  a crack abou t § in. wide by  § in. deep was filled in w ith 
m etal to  a length of ab o u t 1|  in. in  ab o u t eight m inutes.

Mr. G. T. V e n e s s  : W hat is the objection of the classification 
societies to  this process ?

Mr. F o x  : The only objection is th a t  it is a departure  from 
established precedent, which is no objection a t all.

Mr. V e n e s s  : Is  it no t the fact th a t  the  h ea t on the m etal 
to  which the  Swedish iron has been added has affected it d e tri
m entally  ?

M r. F o x  : T h a t could n o t be the  case.

Mr. V e n e s s  : In  one or two cases in London th a t difficulty 
was experienced. So far Swedish iron only has been used, 
has it no t ?

Mr. F o x  : T h at is so ; it is the  best medium.

Mr. V e n e s s  : Taking all the  m etals one comes in contact 
w ith ?

Mr. F o x  : Yes, i t  is b e tte r th an  steel, i t  is more consistent 
in character.

Mr. V e n e s s  : H as there been any  analysis m ade of the 
piece trea ted  ? Mr. F o x  : I  do no t know of any.

Mr. W i l l i a m s  : I t  is a reducing flame th a t  is p u t on the 
m etal, I  suppose ? Mr. F o x  : Yes, th a t  is so.

Mr. W i l l i a m s  : I t  would reduce steel then. T h a t is to  say, 
if you had  alm ost any  sort of m etal, i t  would oxydize and  you 
would come dow n to the  equivalent of Swedish iron in any case.

Mr. F o x  : T h a t is true.

Mr. W i l l i a m s  : And I  suppose it  is essential to  the process 
th a t  it  should be a  reducing flame ? Mr. F o x  : U ndoubtedly .

A dem onstration  was th en  given of the cu tting  process, a 
piece of steel f  in. th ick  and  abou t 8 in. in length being cu t 
through.
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Mr. W i l l i a m s  : W hat is the tim e usually taken  to  cut 
through steel of this thickness ?

Mr. F o x  : A bout 8 to  9 ft. per hour.

Mr. Veness : W hat p articu lar blow-pipe are you using ?

Mr. F o x  : I t  is the “ P yrocopt,” a French make.

Mr. Veness : W hat is the advantage of having a  single
central flame ?. •

Mr. F o x  : The central is undoubtedly  the  b e s t ; i t  gives 
a  cleaner cut, which is a m ost im p o rtan t thing, and  it  can 
also be worked in any  direction.

Mr. Veness : T h at is another difficulty, the question as to  
which is the best pipe to  get, the m arket is flooded w ith  them . 
The same companies send you different kinds, and it  is difficult 
to  choose.

Mr. F o x  : The central cu tting  pipe is always best in our 
experience.

Mr. Veness : A nother difficulty is, of course, w ith respect 
to  the welding, so few people can do it. A special expert 
of one com pany is, I  hear, in m uch request. I  do no t see from 
the dem onstrations given this evening th a t there is any very 
great difficulty, bu t so far it seems as if these companies had 
arranged i t  so th a t  no one else could do the work b u t special 
men in  the com panies’ service.

Mr. F  ox : There is no doubt some firms do the work success
fully, while others merely play w ith  it.

Mr. Veness : I t  does not pay  to  p lay w ith boilers.

Mr. P. M. Watts : W hat Mr. Veness w ants to  arrive a t  is 
w hether a firm like yours is open to  do a job properly.

Mr. Veness : The point I  wish to  know is w hether we can 
get the work done when we w ant to  get it done and  under 
reasonable conditions. Is the num ber of m en who can do 
this work limited.

Mr. F o x  : Yes, and  it is always likely to  be limited. Only 
a certain  num ber of firms can keep m en in regular em ploy
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m ent on th a t  class of work. If a m an is m erely em ployed 
“ on and off ” he produces bad  work. I t  is a specialist’s work.

Mr. Veness : For cu tting  ou t I  do not th in k  he would require 
to  be constan tly  a t  work.

Chairman : Do you th ink  th is will come w ithin the range 
of boilerm akers’ work ?

Mr. F o x  : No, for no m a tte r w hat yard  the boilerm aker is 
a ttach ed  to  he will no t be regularly em ployed ; th a t  is to  say 
on in tricate  work. F or m inor repairs lie m ay be able to  use it.

Mr. W illiams : The difficulty is to  get m en to  repair boilers, 
and  I  know of one or two cases where th ey  could not get a 
m an. If th a t  condition of th ings should continue, it Mill no 
doubt prevent the system  from  being more widely used. I t  
appears to  me th a t  a boilerm aker could be tau g h t to  do it and 
kept a t  different yards for th a t  purpose. As soon as the classi
fication societies adm it it, workshops of any  im portance will 
have a m an continually  employed.

Mr. F o x  : The firm 1 am  associated w ith have m en all over 
ready to  undertake work a t  any  time.

Mr. D. H ulme : I  th in k  there are works in London which 
em ploy the  ordinary  boilerm aker to  do this work. To m y 
m ind a m an who knows w hat a weld is, 110 m a tte r w hat m eans 
are em ployed to  ob tain  th a t  weld, will be able to  use it. So 
far as jets are concerned, th e  com m ercial traveller m ay give 
his opinion, b u t the intelligent w orkm an will very  soon tell you 
which is the  best for his purpose. We are using these jets 
daily, and  the  m en in the shop and  even the boys pick them  up 
and  do the  work s tra igh t away. A ny intelligent m an who knows 
how to p u t two m etals together in  a homogeneous mass will 
be able to  use this m ethod, in  m y opinion.

Mr. W illiams : I  should th in k  a blacksm ith would be a be tte r 
m an for the  work th an  a boilersmith.

Mr. H ulme : The blacksm ith m ay know “ round hand  ” or 
“ square h an d ,” b u t he does n o t know m uch abou t large 
p lates as a rule.

Mr. F o x  : F or certain  classes of work the  blacksm ith  would 
be more suitable, and  for others the  boilersm ith.
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Mr. W illiams : I  have known of blacksm iths being selected 
because they  knew the tem perature of the m etals better. I was 
referring to  the boilerm aker, no t the boilersm ith. In  works 
the boilersm ith m ay be a b e tte r m an.

Mr. Wm . McLaren : I  should th ink  a tin sm ith  would be as 
good as either. Instructions for working would be given w ith 
the  p lan t, and  it would no t m atte r very m uch w hat trad e  the 
m an is.

Mr. Veness : I  should like to  see the system  more widely used, 
b u t th a t  can never happen if the knowledge of how to make 
good welds is confined to  a few men.

Mr. F o x  : Of course it is a com paratively new m ethod, and 
m en have to  get used to  it.

Mr. V eness : Yes, b u t when it is approved by  the  classifica
tion societies it  will go ahead.

Mr. F o x  : There is no doubt abou t getting  th a t  approval be
fore very  long.

Mr. J .  H. R edman : Are there any  regulations against the 
use of acetylene in stokeholds ? Mr. Fox : None w hatever.

Mr. R edman : I  should th in k  there would be g reat difficulty 
w ith  the scale in  cu tting  out.

Mr. F o x  : I t  cracks in advance of the  flame.

A dem onstration was then  given of cu tting  a hole through a 
f-in . steel plate.

Mr. R edman : W hat is the reduced pressure of the  acetylene 
now ? Mr. Fox : or 6 lb.

Two pieces of pipe were then  welded together.

Mr. J . H owie : Could the cu tting  be done w ith  coal gas 
instead of acetylene ? Mr. F o x  : U ndoubtedly  it could.

Chairman : Is there any  reliable tes t as to  the tensile 
streng th  of the weld in reference to  the bar or p late itself ?

Mr. F o x  : Yes, we have had  several carried out, and  the 
tensile streng th  varies in  relation  to  the  m etals p u t in, b u t if the 
same m etal is used as the  p late  itself, i t  comes to  ab o u t 92 or
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93 per cent. Of course the  elongation is no t so good—one cannot 
get the two conditions a t  the  same tim e.

Chairman : We have had  a m ost in teresting dem onstration 
of welding, cu tting  and  preparing rivets for knocking ou t by  this 
process. I t  is a very  interesting th ing to  see undoubtedly , 
bu t when looked a t  from  a  commercial po in t of view, as has 
been said, the difficulty is to  get the  individual who is capable 
of doing it  and  of doing it  properly. I t  is in the  n a tu re  of a 
speciality, and  the  question arises, who is the  best m an to  do the 
work. I  myself th in k  the  blacksm ith would be the  best 
tra ined  m an for the work, inasm uch as he is more used to  this 
class of work and  has the best knowledge of the characteristics 
of different m etals a t  critical tem peratures.

Mr. J as. Adamson (Hon. Secretary) : B y a singular coinci
dence one of our m embers is to  read a paper on th is subject in 
Glasgow to-m orrow  evening. I  had  a  proof copy of the  paper 
sent to  me and  was ra ther struck  w ith the  coincidence th a t  a 
kindred In stitu tio n  in Glasgow should have a sim ilar paper, w rit
ten  by  one of our Members, Mr. Scott Younger. I  have seen a 
fair am ount of work done by  th is process, and  I  was sceptical 
as to  its  m erits a t  f i r s t ; b u t from  the w ork I  have seen, I  have 
every evidence for th inking th a t  a  good job can be m ade of weld
ing by the process even in boilers. I  have seen the  com bustion 
cham ber bottom s }§ in. th ick  cu t out of a boiler and  was aston 
ished a t  the speed w ith which the  flame cu t th rough  the  m e ta l ; 
the process saved an  enormous am ount of tim e. The plates were 
cu t ou t and  new plates p u t in a t  another port in th a t  particu lar 
case. In  bo th  the  A lbert Docks and  the V ictoria Docks I  have 
seen repairs executed by th is process. In  one case the  shell 
p late was w asted aw ay a t  the  m anhole door and  the  p la te  was 
built up to  its  original thickness. I  have also seen cracks 
welded up in furnaces. Subject to  the  position of the  defects 
which are proposed to  be m ade good, neither the  B oard of T rade 
nor L loyd’s have any  objection to  this process so long as th ey  
have an  exam ination  of th e  boiler and  have approved of the 
work being done under supervision before it  is a ttem pted . In  
one particu lar case I  saw a very  large am ount of work done, 
under the supervision and  w ith  the  entire sanction of L loyd’s. 
I t  was tested  afterw ards by hydraulic pressure and  proved satis
factory. In  another case I  saw the landing-places of the back
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ends built up by this process. Due to  the leakage of the tubes* 
the m etal was eaten  aw ay near to  the rivets, and  in th a t case the 
landings were built up to  their original dimensions satisfactorily. 
I  had  nothing to  do w ith the job personally, b u t had  the  oppor
tu n ity  of seeing the work done and  took advantage of it. In  
this case the repairs were done to  the  satisfaction of the 
classification society. The B oard of T rade will allow the 
process to  be applied to  boiler repairs so long as the  p arts  
trea ted  are no t on the d irect heating surface. I  believe the  
B oard hesitate in regard to  furnaces, b u t if satisfactory  facts 
can be p u t before them  they  will discuss the subject ra tionally  
and  decide the case on its merits.

Mr. H. A. B. Cole : I  should like to  m ake one rem ark  abou t 
this process in  a commercial aspect. I  th ink  it  is ra th e r an 
im portan t point th a t  it is no t so m uch a question of w hat this 
work costs as w hat i t  saves. People m aj7 consider it  ra th e r an 
expensive job to  undertake, b u t how m uch will it save ? F o r 
instance, in the case of a cracked furnace the  choice is very 
often between using the system  and condemning the  furnace, 
which means perhaps' a fo rtn igh t’s delay for the  ship. This is 
an  im portan t aspect from the com m ercial po in t of view.

Mr. J as. H owie : One point occurred to  me w ith regard to 
welding the  hull. We have very  good plates in  the  hulls a t 
the present tim e, and unless you are afraid of welding the  old 
m aterial, I  do no t th ink  there should be any  fear of the new. I  
have seen these plates used for boiler shells and  last the lifetime 
of the boiler, and  when they  are p u t through the tests they  give 
good results. L loyd’s will no t approve them  unless th ey  have 
a  high tension, and one cannot always tell the ex ten t of deterior
ation ; the  process finds ou t th a t  weakness. I  have had  some 
experience of cu tting  out furnaces of a boiler under this system . 
We w anted to  weld the furnaces in several places, b u t L loyd’s 
objected on account of deterioration, therefore i t  was no t 
a ttem pted . T h at was on account of the scale, and  also prob
ably on account of the process finding out the weak spots in  the 
m etal, the p la te  rem aining no t being so sound as desired. The 
cutting  was done w ith the  coal gas system , b u t after seeing 
this process I  certainly approve of it  more th an  the  other. 
W hat Mr. Cole says is quite true  as to  the  commercial aspect. 
W hy th a t  slow and, to  m y mind, inferior system  should be
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adopted when this was ex ta n t T do not understand , b u t it was 
successful in reducing the tim e of cu tting  the furnaces ou t by 
hand and getting  new ones.

Mr. W. E. F arenden : I  would like to  ask  Mr. Fox, w ith 
regard to  his experim ents, w hether a t any  tim e he has cu t a 
piece ou t of a furnace plate  and  tak en  the tensile s treng th  of the 
m aterial before the crack has been filled up, and  w hether he has 
taken  a  piece ou t and tested  the m etal afte r the repair has been 
effected ; th a t  is to  say, w hether a te s t has been m ade of the 
m etal bo th  before and after the process has been used to  see 
w hether there is any  difference in the  tensile strength .

Mr. F o x  : We have had  tes t pieces taken  out which has shown 
a m a tte r of abou t 80 to  82 per cent, of the original tensile 
stren g th  of a furnace seven or eight years old. Of course th a t 
is only the  tensile s treng th  of the furnace in  place in  the boiler ; 
th a t  is to  say, it  was 82 per cent, of the  furnace p la te  when 
originally m anufactured some seven or e ight years before.

Mr. G. T. W illiams : Mr. Fox, I  believe, said there was a 
difficulty in m aking a weld if the landing edge joined on to  the 
plate.

Mr. F o x  : T h at depends, to  some ex ten t, on the skill of the 
welder.

Mr. Adamson : W ith  regard to  Mr. F arenden’s question I  
m ay say I  have seen an  a ttem p t m ade to  weld a back end on 
the line of rivets a t  the  landing edge of the  w rapper p late  of the 
com bustion cham ber of a boiler, and  i t  was a failure. I t  was " 
ev idently  due to  the steel which had apparen tly  a ltered  in  te x 
tu re  and  hardened from  th e  tim e it  was p u t in to  the  boiler, as 
the original analysis and  te s t of the  p late  showed everything 
th a t  could be desired, and  yet the  welding process could no t 
be applied in th a t  particu lar case. I t  was a very  peculiar case, 
and it  is still being investigated  as to  the cause of the cracks 
which were a ttem p ted  to  be welded by  this process.

Mr. W. McLaren : How would electrical welding com pare 
w ith acetylene w ith  regard to  price th a t it would cost to  m ake 
the weld and  in  tim e saved ? We once had  the privilege of a 
dem onstration some years ago a t  Pimlico for this In s titu te  and 
learned th a t  th ey  had  to  generate tw en ty  horse power to  weld 
a 1 in. square bar.
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Mr. F o x  : In  first cost, of course, the  acetylene process is 
very m uch cheaper.

Mr. McLaren . And the  upkeep ? Mr. F o x  : T h a t also is 
m uch cheaper.

Mr. V eness : W ith  regard to  the question of the commercial 
po int of view and  the cost of p lan t, I have had some experience 
on th a t point. In  cu tting  out the  com bustion cham ber bottom s 
of four furnaces by  this process, the  saving in tim e for cu tting  
was sufficient to  pay  for the whole of the p lan t. T h a t is quite 
ap a rt from the m oney saved, of course.

Mr. McLaren : I  had an experience in one case some years 
ago of cutting away a rudder post by the ordinary method, and 
in tha t case it was six weeks from the time the ship got along
side the dry dock until she was ready for sea again. I  think it 
was mentioned that in a somewhat similar case where this pro
cess was used it was done in four hours.

Mr. Veness : I  saw quite recently  a case of a fractured  ru d 
der which b u t for this process m ight have been condemned. 
I t  was repaired in abou t tw enty-four hours and  the job was 
approved by the classification society.

Mr. H ulme : There is one th ing which struck  me when 
these dem onstrations were being given. No doubt m any of the 
members noticed the rap id ity  w ith  which the p late was cu t out. 
T h at feature is an  essential in the m anufacture of floats. In  
making the floats of a light m aterial, they  can be brazed to 
gether and com pletely finished by the same process. In  weld
ing or brazing under the ordinary conditions so m uch heat is 
generated in the  surrounding parts th a t  there is always th a t  last 
little hole l e f t ; b u t w ith this process th a t last b it can be p u t on 
and  a  perfect cylinder obtained, a float th a t  will last a very long 
time. I t  is essentially a sim ilar process th a t  is used for m aking 
floats in copper work, and they  obtain  a sound job due to  the 
rap id ity  w ith  which th ey  can close th a t  last little  hole.

I t  was ’ decided th a t  the discussion be adjourned till Mon
day, F eb ruary  28.

A h earty 7vote of thanks was accorded to  Mr. Fox on the 
proposal of Mr. H ulm e, seconded by Mr. Howie.

The m eeting closed w ith a vote of thanks to  the Chairman.
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A D JO U R N E D  D ISCU SSIO N

Monday, February 28, 1910 
C h a i r m a n  : M r. J. G. H AW TH O R N ( H o n .  M i n u t e  S e c . ) .

C h a ir m a n  : To-night we continue the  discussion on Mr. F o x ’s 
paper on “ The Oxy-Acetylene Process of W elding.” The 
interesting experim ents which were carried out last week 
were valuable object lessons on the subject, and  we derived 
a great deal of pleasure and  inform ation from  seeing them  ; 
these will be added  to  th is evening, and  we will th en  continue 
the discussion. Mr. Fox m ay in troduce the  subject to  us by 
a few words.

Mr. F o x  : I  have n o t a great deal to  add in relation to  the 
subject of oxy-acetylene welding. We w ent fairly closely 
into the  subject and  I  endeavoured to  show you the class of 
repairs which could be successfully a ttem p ted  by this means. 
The operator also endeavoured to  show you how this work is 
conducted. Our in ten tion  is to  repeat the  practical dem on
stra tion  we had  last week and  p u t you gentlem en in  a position 
to  take up the  discussion.

C h a ir m a n  : If any  of the  m em bers presen t have any  p a r
ticulars of personal experiences of how th is w ork has tu rn ed  
out, th a t  is the  class of inform ation we w ant, and  it  would 
prove of very g reat value and  in te re s t ; or should any  visitors, 
whom we are glad to  welcome to  our m eeting to-night, have 
any  questions to  ask or com m ents to  m ake, they  are quite 
a t liberty  to  speak.

Mr. G. L. F l o r e n c e  : The com pany to  which I  belong 
some weeks ago had  some repairs executed on a small boat, 
and I  th ink  two of the  furnaces were welded up. The B oard 
of T rade would no t accept the oxy-acetylene system  w ith  
regard to  the furnaces, b u t as we had  ano ther job in  view, 
our superin tendent decided to  approach the  B oard of T rade 
to  ask them  to  consider the m atter, w ith a view to  accepting 
it on fu ture occasions. The le tte r was w ritten  on the  F rid ay  
night, and  on M onday m orning bo th  the B oard of T rade and  
L loyd’s sent a depu tation  of officials down to  the works and 
exam ined the work being done by the oxy-acetylene process. 
They p u t it through a thorough tes t in the way of ham m ering



it over the welding ju st as they  would do on any  o ther p a r t 
of the boiler, and they  were quite satisfied w ith the work. 
They saw it being d o n e ; and after it was done it  was decided 
to  pu t on the  double w ater pressure tes t to  su it the  B oard 
of Trade requirem ents, then  have a steam  test, and  afterw ards 
em pty  and  examine the boiler. This was done, and every
thing tu rned  out m ost satisfactory  ; there was no leakage 
whatever. They welded up two furnaces, the back plate 
and  round about the back of the boiler, and  filled up  a piece 
10 in. by 3 | in. They actually  cu t a piece ou t and th en  filled 
it up  around th a t  plate. The next ship trea ted , the one we 
w anted the Board of T rade to  agree to, was the Hirondelle. 
There were about th ir ty  cracks in the furnace crowns. They 
exam ined th a t also. The cracks in the crowns were cu t 
aw ay and three different pieces were fitted  into one crown 
and welded up round about. The trials are no t complete yet, 
b u t they  have p u t the  job through the ham m ering te s t and 
it  has proved m ost satisfactory. We have done a good m any 
other jobs w ith the cargo boats in the com pany, and  they  also 
have been very  satisfactory. One in particu lar I  m ight 
mention. R ight in the  front plate between the two furnaces, 
a  wing furnace and  a lower furnace—a  very  narrow  space—  
a crack developed 18 in. long. They cu t ou t a piece 18 in. 
long and  3 in. wide and  filled it up, and  the tes t was absolutely 
correct. The ship has been running for the  last four m onths 
and  has no t shown the least sign of “ bleeding ” a t  the part, 
and  if one w ent to  see it  he would not know it from  the rest 
of the plate. I  do no t w ant to  go into the question a t  too 
great length in case you m ay th ink  I  have a m andate from 
the com pany, b u t I  am  pleased to  open the discussion. W ith 
regard to  the a ttitu d e  of the B oard of Trade, although I  have 
no au tho rity  for saying it, I  believe they  are going to  have a 
double w ater pressure te s t of all work done on crowns and 
back ends. The trials are not com pleted yet, b u t so far as 
they  have gone they  say they  are thoroughly satisfied, and 
we have every hope th a t the B oard of T rade will accept it, 
no t only in this case, bu t in all fu ture cases.

A cutting  dem onstration was then  given, a piece of steel
9 in. wide and  § in. th ick  being cu t through.

Chairman : There is one interesting point in connexion 
with th a t cutting demonstration which occurred to me, that

3o OXY-ACETYLENE WELDING FOR THE



REPAIRS OF MARINE BOILERS AND HULLS 31

is the absence of local heating. The tem peratu re of the p late  
is raised to  such a height in so short a space of time, there 
is sucli a sudden rise of tem perature, th a t  there is no tim e 
given for the m etal in  the vicinity of the cu tting  to  become 
red hot. I t  is kep t down to  a blue hea t of abou t 700°. T h at 
appears to  me to  be som ew hat wonderful. One would n a tu r
ally expect to  see a t  each side of the flame a  dull red a t  least, 
bu t as you have seen it  is practically  cold, and  th a t  can only 
be a ttr ib u ted  to  th e  fact th a t  the rise of tem perature is so 
sudden and  so localized th a t there is no tim e for the surround
ing m etal to  become heated and the flame cuts through like a 
knife.

A dem onstration of the filling-in process was th en  given.

C h a ir m a n  : Perhaps Mr. Fox would give us a description 
of the cylinders containing the acetylene.

Mr. F o x  : The cylinders are autogenous welded and  the 
gas they  contain is compressed to  a pressure of 10 atm ospheres. 
They are tested  to  000 lb. w ater pressure. As you are prob
ably aware, acetylene is a gas th a t  does not adm it of being p u t 
under compression in ordinary  circum stances. In  order to  
overcome th a t difficulty advantage is taken  of the dissolving 
p roperty  of acetone, which is capable of dissolving 25 tim es 
its own volume of acetylene for every atm osphere p u t upon 
it. T h at does no t remove the danger, however. T h at is 
overcome by  filling the cylinders w ith a porous m aterial pu t 
in in the  form  of cement. The cylinders are filled from  top  
to  bo ttom  w ith  this cement, taken  to  an  oven and  “ cooked,” 
or baked to  get off the  m oisture. A known q u an tity  of acetone 
is th en  p u t in to  allow us to  get 100 volumes of acetylene 
a t  10 atm ospheres of pressure.

Mr. W. J . G uy : This is the first tim e I  have been able to  
come from Sheffield to  any  of the meetings of the In s titu te , 
and I  take the opportun ity  of contributing a few rem arks to  
the  discussion. I  should like to  ask the  au thor, if, when a 
repair is being effected, any  m eans are taken  for annealing 
the  furnace. I t  appears to  me to  be a ra th e r im portan t point, 
th a t  of annealing the furnace, as the  m etal is ap t to  get b rittle  
afte r a time.

Mr. Fox : In  furnace work it is very often necessary to
c
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cast the rivets. In  relation to  annealing, this is always done 
by means of the blow-pipe after the operation and  over a 
larger area th an  has been considered to  be disturbed.

Mr. Guy : W hat I  m ean by annealing is th a t  the m aterial 
should be heated verj^ gradually, and th a t is the only w ay in 
which annealing can be effectual. I t  appears th a t  the heat 
from this process would be fierce.

Mr. F o x  : I t  is only the little  inner ring of the  blow-pipe 
flame th a t  has any  fierce hea t in it. The other is quite of a 
m oderate tem perature, so th a t  you would be able to  heat g rad
ually for annealing.

Mr. J as. T urner : I t  seems to  me th a t there is a com 
mercial side to  the use of this process in addition to  its practical 
side, and I  was wondering w hether the au tho r can give any  
figures to  give us a  com parative idea as to  the  cost com pared 
w ith th a t  or ordinary  welding. I  notice th a t tw o or three 
different kinds of burners are used, and  it m ight be of in terest 
to  know the reason why different burners are used in different 
cases. Is it th a t  the heat in one case is extrem ely local and 
more intense and a special burner m ust be used, while a different 
burner should be used where the heat is no t so intense ?

Mr. F o x :  W ith  reference to  the change of blow-pipes, 
th a t  is governed by  the  kind of m etal one is working upon. 
One m ust gauge the blow-pipe where a less intense hea t is 
required and to  consume a less qu an tity  of gas. W ith  regard 
to  cost, it  seems to  me th a t this is no t a m atte r of very great 
im portance. I  refer to  the intrinsic cost ; the use of the 
system  means a great saving in tim e. For instance, to  repair 
a stern  post of average dimensions i t  m ight cost £80 to  £100 
by this system , while to  repair it by other m ethods m ight 
cost abou t ten  tim es as much, £500 to  £600 a t any ra te . Al
though the actual cost maj^ seem large in  proportion to  w hat 
is done, i t  has to  be com pared w ith the saving th a t  is effected 
in other directions.

Mr. Turner : In  order to  focus the  a tten tio n  on som ething 
specific, m ay I  ask if you could com pare the cost of repairing 
a stern  post by your process as com pared with, say the Therm it 
system , and the difference in time. I do not know whether it
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is quite in order to  bring forw ard such a definite com parison, 
b u t it  would be of in terest to  practical men.

Mr. G u y  : Is there any  more difficulty in  m aking the weld, 
or would it  be as sound, if it  were m ade overhead instead of 
on the bottom  of the  furnace ? I  should th in k  the  m etal 
would tend  to  run, which possibly would m ake it  ra th e r aw k
ward for the operator if he were m aking a weld, say  on the 
crown of the furnace.

Mr. F o x  : W ith  reference to  the  first question in  relation 
to  the com parison between this system  and  the  T herm it p ro 
cess, there was a gentlem an here last M onday evening who 
said the saving in tim e between the two processes would cover 
the cost of the  acetylene plant.

Mr. Turner : W hat was th a t  com parison between ?

Mr. F o x  : Between this process and  the ordinary  m ethod 
of welding. W ith  reference to  the  second question, there is 
no difference in  the result obtained in  overhead work to  th a t 
of work perform ed on the  horizontal.

Mr. G u y  : Is i t  ju s t as sound a job ?

Mr. F o x  : J u s t  as sound. The position has no bearing 
upon it, given a  skilful w orkm an, of course.

Mr. H . T. Bond : If there were a small crack in the furnace 
would it  be necessary to  cast the rivets all round the crack ?

Mr. F o x  : T h at depends upon the  location entirely.

Mr. Bond : Assuming the crack to  be in  the crown, where 
it  usually  is.

Mr. 1 i'ox : Do you m ean a  surface crack ? Mr. Bond : No, 
a crack rig h t th rough  the furnace.

Mr. F 6 x  : A bout w hat length % Mr. Bond : Say abou t 
7 in.

Mr. F o x  : No, it  would no t be necessary to  cast them  all 
the  w ay around. If it  were anyw here near the  back end it 
would be necessary to  cast a few rivets in the  neighbourhood.

Mr. Bond : I  once saw a crack welded up, and  apparen tly



it  was a good job, b u t when it  had cooled down i t  cracked 
again.

Mr. F o x  : Of course welding is no t finished until the  m etal 
has cooled down ; then  we can say it is done, bu t no t before.

Mr. G u y  : Do the holes come quite fair ? Mr. F o x  : Yes, 
quite fair.

Mr. G u y  : If there is unequal expansion I  do not see how 
th ey  can come back to  the original position.

Mr. F o x  : We have never had  them  sufficiently out to  cause 
any trouble.

Mr. E. W. Whiteman : Supposing a plate abou t 6 ft. square 
is cracked to  the ex ten t of about 1 in. in the centre. W ould 
there no t be a possibility of fu rther cracks developing after 
annealing ? W ould the plate be heated locally, or would it  be 
trea ted  over a fairly large area ?

Mr. F o x  : I  presume you are referring to a flat surface ?

Mr. W h i t e m a n  : Yes, a flat p late  of a ra th e r large size.

Mr. F ox  : In  th a t case you would be dealing w ith the m ost 
difficult class of work it would be possible to get hold of. The 
thickness would govern the conditions to a large ex ten t. About 
w hat thickness would you assume ?

Mr. Whiteman : The ordinary  boiler plate, or a plate in a 
sh ip ’s side.

Mr. F o x  : In  a ship’s side we would no t a ttem p t the work 
on a fixed plate, and we are dubious about getting  success on 
any  flat surface. The result, of course, would be buckling, or 
fu rther cracks in an a ttem p t to buckle.

Mr. Whiteman : Supposing you did a ttem p t it, would you 
trea t it locally ?

Mr. F 'ox : No, we would try  to  cover a good area.

Mr. Whiteman : W ould th a t  no t add  to  the difficulty on 
cooling down ?

Mr. F o x  : N ot if it  were a thick plate. If a th in  p late  i« 
being trea ted , it  would be trea ted  more locally.
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Mr. Whiteman : I  suppose before filling the cracks you 
would cham fer the edges w ith a cu tting  blow-pipe.

Mr. F o x  : Yes.

Mr. Whiteman : T h at would be be tte r th an  cu tting  w ith 
a chisel, I  suppose ? Mr. F o x  : I t  would be equally  as good.

Mr. T. M. Bloxam : W ith  regard  to  these blow-pipes Mr. 
Fox has shown us, I  would like to  ask if they  can be used with 
the ord inary  low pressure acetylene generator.

Mr. F o x  : Blow-pipes are m ade for bo th  system s.

Mr. Bloxam : Could I  use one of the blow-pipes shown with 
the  low pressure system.

Mr. F o x  : Yes for cutting , b u t no t for welding. Of course 
for cu tting  it is no t necessary to use acetylene. Oxygen and 
coal gas will give the same results, b u t the coal gas is n o t as 
satisfactory, and  there is no t any  necessity to  use it  when the 
acetylene is a t'(hand.

Mr. Bloxam : I  would like to  ask another question w ith  
regard to a case I  have in m ind now, of a groove in the front 
end plate of a Lancashire boiler over the front end flange of the 
furnace. In  filling in th a t  groove I  presum e you w ould cu t 
o u t the  l'ivets in  the  neighbourhood of the groove. W ould 
you go far beyond it  ? The length of the groove is abou t
10 in.

Mr. F o x  : Yes, you would go a  good way round.

Mr. Bloxam : I t  is abou t £ in. deep and  § in. wide.

Mr. F o x  : You should cast the rivets a good way round the 
end, ru n  them  in and  “ V ” it  out.

Mr. Bloxam : W ould you apply  any  local heating beyond 
th a t  of a W ells’ light ?

Mr. F o x  : N ot on th a t thickness of plate.

Mr. Bloxam : W hen the groove is filled up it  would leave a 
so tt of fillet on top of the flange. W ould you allow th a t  fillet 
ro rem ain ? Mr. F o x  : Yes.

Mr. E. R umsey : M ight I  ask w hether the action of the  gas



alters the  microscopic s tructu re  of the s te e l ; does it  a lter its 
cu tting  qualities in  any  way ?

Mr. F o x  : N ot in  the slightest.

Mr. Guy : T h at was in m y m ind when I p u t the question 
abou t annealing.

Mr. F o x  : The gentlem an who first spoke will bear me out 
from a ham m er and chisel point of view.

Mr. F lorence : I  can vouch for t h a t ; i t  was quite the 
same as the o ther p a r t of the  m etal. T h at was the  te s t one 
of the B oard of T rade surveyors p u t on the work as soon as it  
was finished ; cu tting  it  w ith a ham m er and chisel.

Mr. H . T. Bond : Do you make up w ith steel or Swedish 
iron 1 Mr. Fox : W ith Swedish iron.

Mr. Bond : In  all cases ? Mr. F o x  : I might say  in all 
cases ; yes.

Mr. Bond : Is it  possible to  weld an  alloy ? Mr. F o x  : W hat 
alloy ?

Mr. Bond : Say gun-m etal. Mr. F o x  : No, gun-m etal will 
no t weld.

Mr. Bloxam : Can you weld cast iron ?

Mr. F o x  : W ith  a varying degree of success, and  in  small 
work.

Mr. Bloxam : Do you use cast iron bar ?

Mr. F o x  : Yes, there are one or tw o m otor-car cylinders 
here which have been repaired  in  th a t  way.

A Member : Are the  different pressures used for different 
thicknesses of m etal ?

Mr. F o x  : Of course there are two jets, th e  oxygen on a 
pressure of 50 to  60 lb. and  the  gas pressure, the heating  agent, 
abou t 5 to  6 lb.

Chairman : The following is an extract from The M arine  
Engineer of April, :—

“ Passing along the dock jetties of a continental po rt re
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cently, we were a ttra c ted  by a tent-like erection near one of 
the bridges. On approaching near w ith becoming caution 
we found evidences of w ork proceeding under cover of a sail. 
Closer inspection revealed a boiler which had  evidently  done 
d u ty  in a tow  boat for m any years. The bottom  shell plate, 
sludge door an d  surroundings were w asted by corrosion, and  a t  
first sight the only apparen t m ethod of reliable repair was a 
new bottom  or a sale by auction. The owners’ representative, 
however, had  o ther intentions. The boiler was tu rn ed  on its 
side and  the m an in  charge was directing an  expart arm ed 
w ith  blow-pipe and  auxiliaries w ith a view to build up the 
lacking m aterial by the  aid  of the oxy-acetylene gas and  Swedish 
iron. A day  or two later, on exam ining the boiler, it was found 
to  have been m ade up to  the required thickness and  the land
ings on the sludge door brought more into keeping w ith the 
requirem ents of a  w ater-tigh t jo in t. The off-hand w ay in 
which the repairs were executed a ttra c ted  one ; in place of 
the boiler-m akers’ workshop and  all its accessories, here 
we saw the enterprising engineer directing operations in a 
Bohem ian fashion untram m elled by the ordinary  usages 
of work-shop practice. The process of building up w asted 
places and  welding cracks when they  do n o t occur in  a v ita l 
p a rt, such as under great tension, appears to  be greatly  ex
tending in  use.”

Mr. Bloxam : Can Mr. Fox tell us w hat the insurance com 
panies and  L loyd’s say to  repairs by th is process. I  had  the 
advantage of being here last M onday and  hearing his lec
ture, and  I  understood him  to say certain  repairs had  been 
done w ith the full knowledge and consent of the  insurance 
companies and  also L loyd’s. W hat is the particu lar objection of 
the B oard of T rade ; w hat do they  base their objection upon ? 
is i t  th a t  the  m etal becomes b rittle  ?

Mr. F o x  : The B oard of Trade are a m ost conservative body 
and  the last to  move ; th a t  is the only explanation I  can 
give you. T hejd iave no particu lar objection ; they  are simply 
afraid  to  adop t it  un til it has been proved to  be the  correct 
thing, perhaps righ tly  so. I t  has been used w ith g reat success 
on the  C ontinent for the last four or five years, and  the  B oard 
of Trade are tak ing  a decided in terest in it, and  perhaps w ithin 
the nex t few m onths their objections will have vanished.
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Mr. Bloxam : Of course the question of economy does not 
m ean so m uch to  the B oard of T rade as to  some of the  o ther 
classification societies. I  did no t know, however, w hether 
there m ight be some definite point upon which they  objected.

Mr. F o x  : There is none whatever.

Chairm an : In  the M arine Engineer for October, 1908, 
is given an account of some repairs by this system  on the s.s. 
Indraghiri, which had  the sanction of Lloyd’s.

Mr. J as. H owie : W hat kind of repairs were they  ?

Chairman : Repairs to  the boilers ; the furnaces were m ade 
up, cracks welded in, and other repairs effected.

Mr. H. T. Bond : N ot only were L loyd’s full}7 satisfied but 
they  were m ost enthusiastic in the  case of the  Indraghiri.

Chairman : This class of inform ation and experience is not 
only of value to  us bu t is published afterw ards in the T ransac
tions and is sent all over the world, and when engineers come 
before us and give us the results of their practical experience 
th a t  is the kind of inform ation we welcome.

Mr. W h i t e m a n  : I  would like to  ask w hat is the best m ethod 
of applying heat for the purpose of annealing other th an  oxy- 
aoetylene. I t  would probably m ean a saving in  gas if some 
other source would do as well, say a W ells’ light or a coke fire.

Mr. F o x  : In  boiler work a blow-pipe should be used on the 
o ther side of the plate, bu t in larger work, shaft work for 
instance, a coke fire m ight be used.

Mr. Whiteman : I t  is always an advantage to save the 
heating where one can.

Mr. F o x  • Certainly, b u t in boiler work the spaces are too 
confined to  use a W ells’ light.

Mr. W hiteman : Do you ever apply the Wrells’ light.

Mr. F o x  : I t  is done sometimes.

Mr. Whiteman : In  the case of a th in  p late we w anted to  
put a rim round it  2 ft. diam eter and  1 in. thick. The rim  was 
6 in. deep. In  alm ost every case the bottom  plate buckled
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after the job was done. I should like to  know w hether Mr. 
Fox has had any  sim ilar experiences.

Mr. F o x  : Obviously one would expect to  get buckling in  a 
case of th a t  kind. The only trea tm en t is levelling.

Mr. Guy  : Could it no t be prevented  by having sm all holes 
in  the centre through which the hea t could flow ?

Mr. W h i t e m a n  : The holes in the centre have been tried, 
bu t they  did not prevent th e  buckling to  any  ex ten t.

Mr. B l o x a m  : R eferring again to  the question I  raised in 
connexion w ith  the Lancashire boiler. Independent of w hat 
the  Insurance com pany or L loyd’s would say, I  suppose 
you would no t hesita te  to  m ake th a t  repair.

Mr. F o x : Certainly n o t ; I  would do it  w ith the u tm ost 
confidence.

Mr. B l o x a m  : That is, provided the boiler sustained the 
hydraulic test, you would consider th a t a good job ?

Mr. F o x  : U ndoubtedly  I  would.

Mr. W h i t e m a n  : I  m ight quote an  instance of the  a ttitu d e  
of L loyd’s w ith regard to  a  ta il shaft which was grooved ju s t 
beyond the flange close to  the coupling. I t  was abou t 1;,,i in. 
deep and  the shaft was abou t 7 in. diam eter. L loyd’s abso
lu tely  refused to  have th is trea ted  w ith the oxy-acetylene 
process, although, personally, I  believe we m ight have m ade a 
good job of it.

Mr. F o x  : Is th a t  some tim e ago ? Mr. W h i t e m a n  : A bout 
six m onths ago.

Mr. F o x  : As recently  as th a t  ? W as it  in London ?

Mr. W h i t e m a n  : No, it  was abou t 25 miles down the river, 
bu t i t  was under the London surveyors. The groove was ju st 
beyond the propeller, and  was no doub t due to  th e  galvanic 
action  th a t  would take place. I  though t it was close to  the 
coupling when I  heard of it first, b u t I  was wrong.

C h a ir m a n  : I  would like to call attention to the fact th a t 
this plate you see before you has been cut through by this 
process to get it out through the furnace. You will see how
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evenly it  is cu t—quite a finished job in fact. I t  is [ in.  thick 
and  is from the  back of a  com bustion cham ber. There is 
another feature in connexion w ith the job ; the rivets were 
driven out w ith the gas je t previous to  cutting.

Mr. W h i t e m a n  : How would the cost of blowing out w ith the 
gas je t com pare w ith the ordinary w ay of cu tting  ou t ?

Mr. F o x  : There again the saving in tim e enters.

Mr. W h i t e m a n  : Leaving ou t the question of tim e, how 
would it  com pare %

Mr. F o x  : Very nearly  on a par.

Mr. W h i t e m a n  : Supposing you had  a cracked flange for a 
cylinder 2 ft. by 3 ft. in  d iam e te r; would you a ttem p t to  re 
pair i t  by this m ethod ?

Mr. F o x  : No, I  would no t a ttem p t it.

C h a ir m a n  : Time is m oney when the effecting of repairs 
detains the ship in  port. D etention is a big item  in connex
ion w ith repairs, and  therefore when we wish to  con trast the 
cost of different m ethds the elem ent of tim e m ust en ter very 
largely. In  a case recently it took two m en two days to  do 
work th a t under o ther circum stances would have tak en  ten  
m en 'seven days to  do i t ; and  when we th ink  of a saving in 
tim e like th a t, we can easily see th a t  although the in itial cost 
m ay be increased, it is more th an  counterbalanced in o ther 
directions.

Mr. W. J . Guy  : I t  m ust be obvious to  ever}’ one th a t this 
is a revolution as far as repairs are concerned, no t only boiler 
repairs bu t ship repairs also, and  the saving in  tim e is bound 
to com pensate for the initial expense.

Mr. F l o r e n c e  : I t  m ay be of in terest to  know th a t  a friend 
of mine has s ta rted  cu tting  up  an  old boiler by this process 
w ith  great success.

Mr. A d a m s o n  : I t  seems th a t  if this process is generally 
adopted there will be no old boilers to  cu t up.

Mr. J o h n  W e i r :  Before the  m eeting is closed I  would like 
to  say how m uch I  appreciate the rem arks of the  Chairman 
in which he welcomed the visitors here this evening. I  have
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brought w ith  me two friends from  New Zealand, Mr. H ow arth  
and  Mr. Hosie, who m ay be said to  represent the  A ustralasian 
In stitu te  this evening, and  they  have been m uch in terested  in 
the dem onstrations and  the discussion. T h a t point w ith  re
gard to cu tting  up old m etal by  this process is of great 
interest. Mr. H ow arth  was wondering w hether Mr. Fox  would 
advise, in  the  case of repairing a crack, cham fering the  edges 
and  filling in  w ith  Low Moor or Swedish iron, or cu tting  
the cracked piece righ t ou t and  fitting  in a new piece. We 
were also in  doub t as to  how the boiler-m aker regarded all this.

Mr. F o x  : I  am  glad to  say we have no trouble w ith  the 
boiler-m akers; th ey  regard  it as a  new industry  outside their 
d e p a rtm e n t; i t  is a specialized trade which has sprung up 
alongside th a t  of the boiler-m akers. A t its  inception a little  
friction was caused, b u t th a t  has now passed away. You ask, 
should we “ Y ” ou t a crack or fill in  a new piece. In  some 
instances it  is b etter to  fill in, b u t in the m ajority  of cases i t  is 
m uchjbette r to  cu t ou t the whole area and  weld on a new piece. 
The cost of a  cu tting  and  welding p lan t such as we have been 
using th is evening is somewhere abou t £40 to  £45.

A vote of thanks was accorded to  Mr. Fox, on the proposal 
Mr. Guy, seconded by  Mr E. W. Ross.

Mr. J a s .  A d a m s o n  : We m ay congratu late ourselves on 
having no t only a  large meeting, b u t one composed of m em 
bers and  visitors who hail from places as far ap a rt as China and 
New Zealand, and  I  hope th a t  the good a ttendance will be 
m ain tained  a t  our fixture m eetings. Our objects are entirely  
educational, and  we are exceedingly glad to  see a t  our meetings 
any  one who is] particu larly  in terested  in  the subject under 
discussion. I  would again say th a t  visitors are m ost heartily  
welcomed, n o t only to-night, b u t a t  all our meetings.

The m eeting closed w ith  a vote of thanks to  the Chairm an, 
on the proposal of Mr. Fox.


