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To state th a t any particu lar power installa tion has a higlie. 
overall efficiency th an  another does not necessarily im ply th a t it 
is also superior as a dividend-earning concern. This m ay at 
first glance appear paradoxical, bu t a m om ent’s investigation 
not only substantiates the tru th  of th is statem ent, bu t also serves 
to indicate the involved nature of the problem under discussion. 
L et us take for example a typical power station generator un it 
using saturated steam and exhausting  into 25" vacuum , it 
would probably use not more th an  lSlbs. of steam per B .H .P . 
per hour or in  other words "75 H .P . per lb. of coal. Now con
sider a sim ilar p lan t using super-heated steam and exhausting 
into 28//-29// vacuum. This installa tion would give approxi
m ately -9 H .P . per lb. of coal. F rom  these figures i t  will be 
seen th a t the economy in the la tte r case is m uch the h igher, but
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it is questionable w hether the saving shown would ju stify  th e  
ex tra capital involved, together w ith the enhanced ru n n in g  
charges due to the extra power required for the a ir and circu la t
ing pum p and the more expensive packing and lubricants.

F rom  the foregoing illustra tion  it w ill be seen th a t our open
ing  statem ent is fu lly  justified, and th a t the efficiency of a 
power installa tion  is not a direct measure of its value as an  
investm ent and therefore it is necessary when insta lling  new 
p lan t to make a careful compromise of the several factors which 
are essential to the final success of the undertaking'. W e  
should for instance ad just our capital expenditure, so th a t th e  
ex tra nett gain th a t would be obtained by in sta lling  a more ex
pensive p lan t shows a poorer re tu rn  th an  we could obtain other
wise. W e should also find it necessary to consider the locality,, 
the cost of labour, and of coal, the facilities for hand ling  th e  
la tte r and the m any other more or less im portan t factors, w hich 
favourably influence our endeavours to obtain the most power 
for the least money.

I t  is not the object here, however, to consider the com m ercial 
aspect of the m arine engine, bu t ra th e r to discuss the most im 
portan t practical points which m ake for h igher efficiency.

Anyone who has followed the development of the m arine 
steam  engine through the last ten years or so, cannot fa il to  
have noticed th a t while considerable atten tion  has been given 
to the main and aux iliary  m achinery very little  has been done 
to improve boiler room practice. This is unfortunate, as a very 
considerable economy could he effected by the adoption of 
scientific methods against the ru le  of thum b conditions th a t  a t 
present exist. Let us take for instance the problem  of m e
chanical versus hand firing ; now it is the generally  accepted 
view amongst land engineers th a t mechanical stoking is m uch 
the more efficient, also it has been shown th a t hand-firing is of 
verv variable qualitv . for under sim ilar conditions as to p lan t 
and ste^im generated, different firemen have varied as m uch as
20 per cent, in the am ount of fuel used. Such a th in g  as th is  
could never occur w ith m echanical stoking, as the constant 
thickness of the fuel bed, the complete rem oval of ash and 
clinker, and 110  opening' of furnace doors all tend towards per
fect conditions. I 11 spite of its m any advantages, this m ethod 
has found but little  favour w ith m arine engineers, and in  view 
of the scarcity of data re la ting  to this subject, a brief account 
of the result of a test on the s.s. Pennsylvania  m ay be of in 
terest. The m ain m achinery was of 2,000 H .P . quadruple 
engines, steam being supplied at 250 lbs. square inch from two
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water tube m arine type boilers. Tliree mechanical stokers of 
the underfed type were fitted to each boiler. The coal used had 
the low calorific value of 11,790 B.T.Us. per lb., and con
tained m uch refuse. The evaporation from and at 212° F . was 
given at 8-8Glt>s. of steam per lb. of coal as an  average of five 
tests, which gives a boiler efficiency of 72 G per cent, w ith a 
com paratively poor grade coal. The to tal am ount of steam 
xised in  operating the stokers was 138-Glbs. or 4-29 per cent, of 
the  total steam generated.

There is, however, one point which is of more im portance 
th an  the foregoing, and it is, the admission of the correct 
am ount of air into the furnace. This is usually  judged by the 
appearance of the fuel bed, and the smoke em itted from the 
stack. Some idea of the im portance of this point m ay be 
gathered when it is stated th a t incomplete combustion results in 
CO while perfect combustion results in C 02. Now l i b .  of 
carbon (which being the chief constituent of coal need only 
be considered) burned completely to C 02 gives 14,000 B.T.Us., 
whereas if it was only b u rn t to CO it would yield 4,450 
B.T.Us., roughly 31 per cent, of its full heat value. I t  there
fore follows th a t if we can analyse our flue gases for one of the 
above constituents, we can tell exactly what degree of com
pleteness we are realising in the combustion of our fuel, and 
so regulate our air admission to the best advantage. This 
analysis can be effected by means of the C 02 recorder which 
autom atically  measures the per cent, of carbon dioxide passing 
away in  the flue gases. There are several reliable types on the 
m arket and the instrum ent is looked upon w ith m uch favour in 
land installations, bu t has not as yet intruded to any great 
extent into the realms of practical m arine engineering, bu t th a t 
it will eventually find a place in the boiler room of every well- 
appointed ship is undoubted.

H aving  obtained the m axim um  am ount of steam per lb . of 
fuel it  now rem ains for us to use it to the best advantage. 
About 10 years ago m arine engineers began to realise th a t 
they  had reached the practical lim it of economy as fa r as the 
recriprocating engine was concerned, which type was a t th a t 
tim e standard. This fact probably had a considerable influence 
upon the rapid way in which the steam turb ine came into 
favour, bu t its adoption was restricted to vessels of speeds above
21 knots.

More recently, however, low pressure turbines w orking in 
conjunction with reciprocating engines have been adopted for 
vessels of interm ediate speeds and the resirlts obtained show a



ECONOM IC U S E  O F COAL.

very favourable economy. For boats of 12 knots speed or 
lower, tbe most satisfactory solution of the problem  appears to 
lie in  the use of m echanical gearing between the tu rb ine and 
propeller, thus enabling both to be ru n  a t th e ir most efficient 
speeds. W hatever system is adopted, however, the final 
economy will depend to a very large extent upon the design 
and operation of the aux iliary  m achinery. This is especially 
tru e  in  regard  to the condensing p lan t, for besides m ain tain ing  
the required vacuum  w ith the m axim um  sea tem perature, it is 
necessary th a t the difference between the tem perature due to 
th a t vacuum  and the tem perature of the hot well should be as 
sm all as possible. This condition cannot be realised when we 
have a single pum p dealing w ith the a ir, w ater and v ap o u r; 
also with such a pum p any increase in air leakage above the 
norm al am ount would necessitate the speeding up of the c ir
cu lating  pump. This would enable the air pum p to m ain tain  
its vacuum  at the expense of a lower hot well tem perature. 
The W eir dual a ir pum p is a most practical and efficient solu
tion to this problem, and when used in conjunction w ith  their 
Lniflux condenser it forms the most effective method of dealing 
w ith condensation. I t  consists essentially of a wet and a dry  a ir 
pum p arranged side by side and operated from  the same steam 
cylinder, the dry a ir pum p being driven by a beam and link , 
as this pum p works under a very lig h t load. There is a 
separate suction to each pum p, both are, however, taken  from 
a common connection on the condenser, but so arranged th a t 
the w ater will all flow into the wet pum p, which works on the 
usual principle of the three-valve air pum p. The dry air 
pump, however, departs somewhat from th is principle as it 
takes in  with the air and vapour a quan tity  of w ater from  a 
cooler which forms part of the installa tion. This water seals 
the valves and condenses the vapours, thus increasing the air 
w ithdraw ing capacity of the pum p and allowing it to operate 
at a higher tem perature th an  would otherwise be the case. The 
discharge of the dry air pum p is delivered into the wet a ir 
pump at a point below the head valves, the discharge pressure 
being only 4 lbs. per square inch, which adds g reatly  to the 
efficiency of the pump.

Of the m any advantages which accrue from the practice of 
heating  the feed by means of the exhaust steam only two have 
anv bearing on the economy : 1 The utilisation  of the heat in the 
exhaust steam  which would otherwise be w asted; 2 B etter 
steaming' of boilers owing to increased ra te of heat transm ission 
due to hot feed. The steam for heating  is taken from the
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aux iliary  engine exhausts, and is sometimes supplem ented by 
a supply from the L .P . receiver. The type of heater most 
generally  in  use is th a t known as the direct contact, in  which 
the  feed water and heating steam  m ix freely in a common 
cham ber. This assists de-aeration and has the additional ad
vantage of sim plicity. The tem perature of the heater dis
charge is usually about 218°F ., which necessitates the heater 
being placed in an elevated position in  the engine room so as to 
create a pressure on the suction side of feed pum p, thus pre
venting vaporisation. The economy to be obtained from  this 
method of feed heating depends upon the source of the steam 
supply, as it is obviously less economical as the ratio

steam from L .P . receiver , „. - gets greater.
,, ,, aux. exhaust

Much valuable inform ation m ay be obtained by the judicious 
use of an indicator, and the careful analysis of the cards thus 
obtained. For instance we can a t once detect a leaky valve or 
piston, also the effect of a m issing packing piece between ec
centric strap and rod. These, however, are abnorm al condi
tions and need not be fu rth e r considered.

To obtain the utm ost inform ation from a set of cards they 
should be reduced to a common scale and combined. The 
theoretical diagram  can then be added when the various losses 
due to w iredrawing, clearance, condensation and inab ility  to 
use high vacuum will be shown.

The cards can then  be fu rth e r analysed by transferring  them  
to a tem perature-entropy diagram  when the expansion can be 
compared w ith the ideal adiabatic. The dryness fraction at 
any point can also be conveniently obtained, and the num ber 
of heat units used per lb. of steam will he represented by the  
area of the diagram  thus transferred.
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T he safety devices required on a modern m arine installation  
of m achinery are of two kinds, those which directly conduce 
to the safe working of the m achinery, such as safety valves, 
relief valves, etc., and those which indirectly  conduce towards 
the same end, such as non-return valves, filters, strainers, etc.

I t  is now common practice to have all valves, except very large 
ones, cast in gun m etal or in brass instead of in  cast iron or 
cast steel as was form erly the standard  practice.

Commencing w ith the steam generators the safety valve 
(F ig. 1) is tlie outstanding safety device. The function of the
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safety valve is to allow steam to How off to the atmosphere 
after a predeterm ined pressure has been reached in  the boiler, 
thereby ensuring th a t no excessive pressure will be attained. 
F or m arine purposes all safety valves and relief valves are 
spring loaded, as shown in sketch, w ith an  ad justing  screw A 
by which means it is possible to produce the required load upon 
the valve. A  lever B is fitted below the spring which is oper
ated throiigli the safety valve easing gear so tha t the valves 
m ay be opened when required.

Two valves are always placed in  the valve body having a 
common outlet C. The area of the valves m ust be as near as 
possible equal to the area of the steam pipe leading from the 
boiler. The reason for fitting  two valves in the valve body is 
to minim ise the risk of the valves sticking.

W ater gauges are fitted to each boiler at the norm al water 
level w ith in ternal pipes, one leading well up into the steam 
space and one well into the water space. The w ater gauges 
show the water level in  the boiler for 3" or 4" above or below 
its norm al level. Two w ater gauges are fitted independent of 
each other to each boiler. These are made of transparen t glass 
tube, sometimes enclosed in a glass casing. A cock is fitted to 
each gauge at its upper and lower end, so th a t should the inner 
glass tube burst it is possible to prevent steam and hot w ater 
escaping and also to adm it of the gauges being cleaned from 
deposits. On small installations where 2 or 3 boilers are used 
the water gauges are run to the forward engine room bulkhead, 
and are thus under the constant supervision of the engineer.

The boiler stop valve (F ig. 2) fitted to each boiler a t its 
h ighest point has to be so constructed th a t steam a t a h igher 
pressure th an  th a t in the boiler will not find its way into the 
boiler, as often happens when a battery  of boilers have a 
common steam pipe.

The boiler stop valve is indirectly  a safety device as it m ust 
prevent, w ithout continuous attention, any steam entering  the 
boiler. I t  will be seen from sketch th a t i t  resembles a check 
valve. Should the pressure over the valve exceed the boiler 
pressure it w ill shut im m ediately un til the pressure in the 
boiler is sufficient to lift the valve. By means of the hand 
wheel it is possible to regulate the am ount of lift of the v a lv e ; 
the valve spindle runs easily through the ad justing  screw to 
enable inspection to be made when the boiler is out of use. 
These valves are now invariably  made of bronze or copper 
alloys, bu t for large w ater-tube boilers of 7 to 12,000 H .P .
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they are made of cast steel, with the valve, spindle, and seat 
in bronze, and are double beat valves. The bridge and 
columns are always made of m ild steel.

Scum valves are fitted to boilers at their normal water level, 
a spigot is cast on the boiler side of the scum valve which is an
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ordinary  stop v a lv e ; to this spigot is attached a perforated in
terna l pipe suspended at the norm al water level and runn ing  
the  full length  of the boiler. On raising  steam th is valve is 
open, and the scum discharged overboard or into the bilges. 
By ridding the boiler of this scum deposits are disposed of, 
which otherwise would get into the valves and piping.

The water level in the boilers is regulated  through the 
check valves (F ig . .3); the lif t of the valve is regulated  by the 
hand wheel. I t  is found in  practice th a t g reat wear takes place

1% . 8 .

on the threads of the valve spindle, due to the ham m ering 
motion of the valve, it is now common to introduce a gun- 
metal cock between the boiler check valve and the feed water 
pipe, thereby enabling the feed supply to be regulated inde
pendently of the check valve, incidentally  adding to the safe 
w7orking of the former.

In  modern m achinery installations the engineers in  charge of 
the engine room are responsible not onlv for the m ain engines 
bu t for the numerous auxiliaries which have come into use
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d u rin g  tlie last decade, especially so in  cases where the main 
engines are steam  turbines, in  which case the auxiliaries are 
all independent. On old installa tions the circu lating  pum p, 
a ir  pump, and feed pum p were run off the m ain  engines 
through levers connected to the cross h ead s; this practice lias 
alm ost died out, and only the air pumps are ru n  off the m ain 
engines, bu t even this practice is fa lling  out and independent 
a ir pumps, feed pumps, and c ircu lating  pumps are frequent 
w ith reciprocating m ain engines, as is the case w ith steam  
tu rb ine  m ain engines. The safety devices found on recipro
cating engines either for large or sm all powers are the spring- 
loaded relief valves, fitted to the top and bottom ends of each 
cylinder. These relief valves are set to blow-off a t the pressure 
to which the cylinder has been tested. I t  is usual for the 
relief valves to blow off to the atmosphere at the cylinders, but 
sometimes a pipe is ru n  from the relief valve to the bilges. 
T h e  form er is most popular as the engineer in  charge can 
locate at once the source of trouble. Should the pressure in 
the cylinder exceed a predeterm ined quan tity  through water 
collecting either above or below the piston or through some 
other cause, the relief valve will blow off and give w arning.

D rain cocks are also fitted to the upper and lower end of 
each cylinder, and to the  lower end of the steam chests, to 
enable the w ater of condensation to be drained away.

The reciprocating m ain engines are controlled by a t least 
two m ethods: (1) the reversing gear and (2) the m ain steam 
stop valve which is attached to the H .P . valve casing; should 
either of fliese methods fail the boiler stop valves m ay be 
closed, thereby preventing steam from reaching  the main 
engines. W ith  tu rb ine m ain engines the controlling  is de
pendent upon the manoevouring valves or m ain steam  stop 
valves, one supplying1 steam  to the ahead end and the other 
to the astern end of the turb ine. In  some turb ine installa tions, 
valves are fitted into the nozzle chest controlling  the steam 
entering  the nozzles, in which case there are three d istinct ways 
of controlling the supply of steam to the tu rb ine, nam ely, the 
nozzle chest, the manoevouring valves and the boiler stop 
valves.

W here h igh  pressure steam is used as in tu rb ine installa tions 
some of the auxiliaries such as the c ircu lating  pum p, fan 
engines, fire and bilge pum ps, service pum p, oil pumps for 
forced lubrication, and the dynamo engine are ru n  at a lower 
p ressure; about 100 lbs. uer square inch m ay be taken as an 
average case. To obtain a constant and reg u la r supply of 
steam  at th a t pressure when perhaps the m ain engines are sup
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plied w ith steam at 200 lbs. per square inch, a reducing valve 
(F ig . 4) is connected between the auxiliary  and m ain steam 
pipes the form er obtaining steam through the reducing valve

from the main steam pipe. The reducing valve in view is 
known as “ Aulds Q uitetite reducing valve, and is to be 
found in most installations. Its  action is as follow s:—H igh
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pressure steam enters the valve body as shown and acts on the 
valve and on piston A which are of the same area and there
fore in equilibrium  on the H .P . side.

Reduced pressure is obtained by increasing the tension on 
the spring S. A cting through the lever L the tension of the 
spring opens the valve. W hen  the pressure in  the low pressure 
side tends to rise above th a t required, it closes the valve by 
ac ting  on the back of the valve and in  the cham ber C. W hen 
the pressure falls, the tension of the spring overcomes the force 
holding the valve closed and opens it, allow ing more steam 
into the low pressure side. A rubber diaphram  D makes a 
steam  tig h t packing between the stationary  and movable lower 
p art of the valve. This diaphram  is protected from the harm 
fu l action of the steam by the w ater of condensation w’hich col
lects at the bottom  of the valve. A pointer fixed upon the 
spring bolt indicates the pressure on the L .P . side. A spring- 
loaded safety valve is sometimes fitted to the top of the casing, 
otherwise a b lank  flange is fitted. The reducing valve is made 
to tally  of gun m etal except for the spring, b u t on cheap jobs a 
cast iron body is used with gun m etal valve, seating and spindle.

The exhaust from the m ain engines is delivered direct into 
the condenser; the auxiliaries, however, do not always exhaust 
directly  into the condenser, in some instances the exhaust is by
passed to the evaporator, thence through a spring loaded valve 
into the condenser. Sometimes the exhaust of some of the 
auxiliaries, including the W eir pumps, is discharged into the 
L .P . cylinder valve casing through a spring-loaded valve, or 
if  the m ain engines are turbines, into the tu rb ine  casing at a 
suitable point, also through spring-loaded valves, which are 
so constructed th a t they m ay he set to lift at any desired pres
sure by tu rn in g  a hand wheel which increases the load upon 
the valve.

On the condenser a safety valve is fitted which blows off to 
the atmosphere in  the engine room ; it is invariab ly  set to blow 
off at •}() lbs. per square inch so th a t should the pressure in the 
condenser exceed this quan tity , through some unforeseen m ishap 
to the air or c ircu lating  pum p, it will give w arn ing . The valve 
and body are usually  in gun m etal. A w ater gauge is some
times fitted to the condenser, bu t this is not an actual necessity.

The Board of Trade require two sets of boiler feed pumps to 
be carried on board, each of which m ust be capable of supply
ing the boilers writh  enough Water, so th a t should the one 
break down the other m ay be kept w ork ing; sim ilarly  with
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tlie oil pumps for forced lubrication. W here oil fuel is em
ployed one steam pum p is sufficient, provided there is on board 
a sm all hand pump for starting  up from cold.

The a ir pum p discharges the water into a feed water tank , 
from there the feed w ater passes through the feed filter, this 
is used to cleanse the water from oil and other im purities which 
get mixed w ith the steam in the reciprocating engines. The 
filter is a tank  containing several slides of perforated steel or 
gun  m etal plates which are covered over with flannel. The 
slides are so placed th a t the water m ust pass th rough  them  on 
its way to the boiler feed pum p, thus allowing the oil it con
tains to saturate  the flannel, w hich m ay be cleaned or renewed. 
A nother type of feed filter is a tan k  filled w ith sponges, the 
oil im pinging upon these sponges, which are rinsed periodi
cally. The feed water then  goes to the feed pum p and is dis
charged to the feed heater on its way to the boilers. A spring 
loaded relief valve is fitted to water side of the Iieater to pre
vent any excessive pressure accum ulating in the heater th rough  
the generation of steam in it. The feed pumps are fitted w ith 
relief valves either embodied in  the plunger or, as is most 
commonly done placed on the discharge side of the pum p, or 
on the feed pipe itself, it is usual to keep this valve exposed, 
but in m any cases it is allowed to blow off into the feed tank .

The feed water relief valve is generally  set to blow off at 
about 25 lbs. per square inch above the norm al boiler pressure. 
The necessity of fitting  th is valve on the delivery side of the 
feed pum p is to prevent excessive pressures rising  in  the piping 
which m ay easily be caused by accidentally sta rtin g  the pumps 
when all the check valves on the boilers are closed. The forced 
lubrication  pumps have a sim ilar relief valve arrangem ent for 
the  same purpose.

Lately  oil firing has been installed on several m arine b o ile rs ; 
this innovation has entailed devices to ensure the safe and con
stan t w orking of this new system. The commonest type at the 
present tim e both here and in  the States is the solid pressure 
system as w ith the mixed pressure where a steam je t is em
ployed to spray the oil out of the burners.

The la tte r system is more expensive as the steam employed to 
spray the fuel is lost and cannot be regained. In  the former 
type the oil is kept at a constant pressure of about 200 lbs. per 
square inch, and sprayed through a sprayer on the burner. The 
oil is drawn into the pum p through a strainer fitted on the 
suction side of the pum p at the oil tan k  or piece tank . The 
stra iner is a perforated steel p late having holes of diam. so
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placed in  a gun  m etal box th a t the oil m ust pass en tire ly  through 
the s tra iner. On the discharge side of the pum p a relief valve is 
fitted as in the boiler feed pum ps, but d ischarging into the 
piece or oil tank . The oil is then passed through another 
s tra iner (F ig. 5), this strainer is placed between the pum p and 
the fuel heater, and is employed as a fu rth e r means of elim inat
ing  solid m atter from the oil, which m ay choke the burners, 
thereby ex tinguish ing  them  and causing excessive pressure to 
bear on the p ip ing and pumps.

The strainer.as shown in sketch is made up of two solid drawn 
steel tubes, an inner and an outer one. The inner one is per
forated w ith sm all holes of about 3/16" diam . and en tirely  
covered w ith steel gauze of 1/32" square m esh ; the outer tube 
is perforated w ith  §" diam . holes and covered w ith gauze 1/16" 
square m esh ; a valve is placed on each flange so th a t the 
s trainer m ay be pu t out of action for cleaning out purposes,
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two strainers are therefore placed side by side, eacli of which 
m ust be capable of filtering the fu ll supply of oil. The oil on 
leaving the strainer is passed through the oil fuel heater which 
is heated w ith live steam. On the oil side of the heater a 
sentinel or relief valve is fitted which is m erely a spring loaded 
valve discharging into the oil or piece ta n k ; it is usually  set 
to blow otf at about 20 lbs. square inch above the highest 
pressure permissible on the oil fuel installa tion . The oil 
from the heater is led to the distribution box on the boiler. 
W hen starting up from cold a small hand pump is employed 
pum ping the oil from the steam pum p suction pipe to the 
discharge pipe, which goes in the usual way through the 
stra iner and heater to the distribution  box. On some m arine 
boiler installations steam is raised from cold by coal fires.

The Bourdon pressure gauge is now universally employed 
in  m arine installa tions; its construction is too well known to 
require explanation. A pressure gauge is fitted on each 
boiler. In  the engine room, pressure gauges are fixed on all 
the  steam chests of the reciprocating m ain engines. A  vacuum  
gauge which is identical to the pressure gauge is fixed to the 
condenser, a pressure gauge is also fitted to the aux iliary  steam 
pipe. In  tu rb ine main engine installations the above are 
u sed ; on the tu rb ine a pressure gauge is fixed to the ahead and 
astern end nozzle chests and one gauge a t a point in the ahead 
casing where the pressure ends and vacuum commences; this 
gauge is capable of reading either a pressure or a vacuum . The 
vacuum  readings are always in red on all vacuum gauges in 
th is country.

I t  is not possible w ithin the lim its of an essay such as this 
to deal with this im portant and very in teresting subject very 
thoroughly. The w riter has m erely endeavoured to state to 
the best of his ab ility  the underly ing principle of the safe and 
regu lar w orking of modern m achinerv installations such as are 
commonly m et w ith .
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I t  is a fa r cry from tlie prim itive sm ith’s forge to the modern 
systems of w elding w ith their mass of apparatus and com pli
cated reactions. The engineer is not now content to he bound 
by the lim itations of the coke fire and ham m er, but has pressed 
into bis service the most modern developments of chemical and 
physical science.

The oldest and still, w ith various modifications, by fa r the 
most widely practised method of welding iron and steel is 
briefly as follows:- The parts to be dealt w ith are placed in a 
coke fire, and by means of an a ir blast, produced by any means 
from  the blacksm ith’s bellows to the latest high-speed motor- 
driven blower, are brought to a “  welding h ea t.”

The point at which this tem perature Is reached varies greatly  
and can only be determ ined after extensive experience. M alle
able iron may be welded at a white heat, bu t for steel the tem 
perature is considerably lower, as th is m etal, particu larly  the 
“ high-carbon varieties, becomes “ b u rn e d ” and “ ro t te n ” if 
brought to any th ing  like the welding hea t of w rought iron. 
T he purer and softer the iron the more heating  it will stand 
and the better it will weld. W hen the proper heat has been 
attained the two pieces of m etal are w ithdraw n from the fire, 
superimposed, and forged under the ham m er into a solid piece.

The great obstacles to good welding are the skin of iron 
oxide, which forms on the surface of the m etal when heated, 
and the m ill scale. These prevent proper contact between the 
surfaces of the pieces to be joined, and if allowed to rem ain in 
the jo in t would result in a fau lty  weld. W rought iron can be 
heated w ithout in ju ry  to the tem perature at which the oxide 
fuses, and as the oxide in th is form can be forced out bv the 
ham m er in  the course of the work it is possible to weld m alle
able iron w ithout any flux. W ith  steel some other method is 
necessary of reducing the oxide to a liquid form, and for th is 
purpose a flux, generally  sand or borax, is thrown on to the 
jo in t. Borax answers very well for steels which cannot he
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lieated to a high tem perature as it melts readily and dissolves 
the oxide, but sand is more generally  used, the silica com bining 
with the oxide to form a ferrous silicate, fusible at tem peratures 
which are quite safe for most steels.

The strik ing  expansion of the field for welding is nowhere 
more evident tlian in its application to iron and steel pipes. 
W elded steel pipes have m any advantages over cast iron ones, 
the greater tensile strength  and uniform ity  of thickness enabl
ing them  to be of very ligh t construction, and iron pipes with 
steel flanges have, to a large extent, taken the place of copper 
for steam pipes. This is due not only to the greater tensile 
strength  of the iron and lesser cost as compared w ith copper, 
but also to the fact th a t iron lap-welded is far more reliable 
than  brazed copper. W elded seams in pipe work are greatly  
superior to lap-riveted ones as there is no edge of plate or pro
jecting  rivet heads to cause frictional losses and re tard  the 
velocity of flow, and there is also complete freedom from 
leakage; this cannot always be said of riveted joints. W eld ing  
also saves a considerable w eight of m etal and thus keeps down 
cost.

W1 lere such work as boiler fire-boxes is concerned .the 
superiority of welded over riveted seams is a t once apparent, 
the welded jo in t giving a flue im mune from leakage, of u n 
broken surface, and of uniform  thickness, a point of g reat im 
portance where plate jo in ts are exposed to fire.

In  the m anufacture of furnace tubes two styles of welding 
are employed : These are

(1) The lap weld.

Fig. 1.

The edges to be welded are planed to an angle of 45° before 
the plate is rolled. A fter rolling, the planed edges come to
gether as shown, the tube being rolled somewhat sm aller than  
the finished diam eter in order to ensure th a t the edges lap to 
the desired extent (about £"). These edges are kept apart 
while they are being heated in order to ensure through heating.
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The tube in the v icin ity  of the seam is then  brought to a 
w elding heat by a gas or coke fire and a ir blast, and the weld 
made either by ro lling  longitudinally  under hydraulic pres
sure or by closing the seam with steam or pneum atic ham m er.

(2) The glut weld.
In  th is case the p late  edges are so planed th a t when the 

tube is rolled into shape the seam assumes the form shown, the 
edges being about 1 \"  apart (F ig . 2).

f t

The seam is brought to welding heat as in the lap weld and 
a piece of Lowmoor iron as shown at A, is welded in under the 
ham m er. This method is the more wTidely used of the two.

In  both cases the heating  m ay be done by coke-fire or by 
gas,—w ater gas, owing to its cheapness and cleanliness being 
very generally used, and giving excellent results.

A fter welding, the fxirnace is annealed and rolled to remove 
any strains and distortion produced by the local heating  and 
pressure, and when cold all traces of the weld are removed by 
dressing w ith an electric or pneum atic grinder, thus m aking 
the tube absolutely uniform  in thickness.

rig 3.

Small tubes, sitch as boiler tubes or steam pipes, are brought 
to a welding heat and the jo in t made by rolling  a t high speed 
on a east iron m andril. This m andril is of the form shown iu 
the sketch (F ig. 3) and is pushed through the tube from end 
to end as it revolves.
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O x tj-A c e ty le n e  W e ld in g .
Tliis process is by far the most adaptable of all systems of 

w elding. As its name implies, the heat required for w elding 
is produced by the combustion of a m ixture of oxygen and 
acetylene, the great lieat value of the la tte r g iving a most 
intense flame. The flame is blue in colour with a sm all white 
cone at its centre. The tem perature at the apex of th is cone is 
about 3,500°C and it  is w ith this apex th a t welding is done. 
The proportions of the gases used are usually  one volume of 
acetylene to one and a half volumes of oxygen.

The applications of oxy-acetylene welding are alm ost in
num erable. In  ligh t w rought iron and steel work, such as th a t 
of the motor and cycle trades, fusion welding is greatly  pre
ferable to brazing. Its  introduction has revolutionised th e  
m anufacture of steel drum s, calorifiers, and tanks of every 
description; neat welded seams tak ing  the place of riveted 
jo in ts with a consequent great im provem ent in appearance and 
saving in w eight, to say nothing of the fact th a t the edges of 
the seam are literally  fused together and im m unity from the 
leakage, which m ust he looked for occasionally in riveted 
seams is secured. A notable instance of this is furnished by 
the vapourisers of suction gas producers. R iveted seams in 
these are almost always unsatisfactory, leakage tak ing  place 
after a few m onths of use, bu t if the bottom of the vapouriser 
is lapped over the shell plates as shown and the whole welded 
together no failure of the jo in ts need be feared (F ig. 4).

The jo in ting  of iron and steel pipes which are exposed to- 
g reat heat, such as those used in superheaters, is an im portant 
use which has been found for this method, bu t the application 
which has perhaps the greatest interest for the engineer is its 
use in connection with the repair of boilers and sim ilar work. 
W asted plate landings, cracked tube plates and furnaces, etc.,.
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may be efficiently repaired, the finished job being perfectly 
sound and the m etal in  no way damaged by bu rn in g  or oxida
tion. In  combustion chambers oxy-acetylene welding often 
saves the use of a riveted patch which m igh t possibly be an 
eternal source of trouble, especially if a t the level of the fire
bar line, and which has, perhaps, to be made in two or three 
pieces in  order to pass through the furnace. I f  the boiler ever 
comes into the m arket such riveted patch ing  seriously affects 
its value, bu t if the patch is welded in  there is no trouble from 
leaks, bu rn ing  of rivets, etc., and the repair is hard ly  notice
able.

A lthough th is process is often spoken of in  connection w ith  
repairs to steel forgings and castings it is not good practice to  
have welds in such steel parts subject to tension.

Oxy-acetylene w elding can be carried out by two processes. 
These differ only in the method of supplying acetylene.

In  the high pressure method the actevlene is supplied com
pressed into cylinders previously filled w ith porous substance 
soaked in acetone. In  this form it is quite free from  any risk  
of explosion, and consequently lends itself to ease of hand ling . 
Acetylene, compressed in the ordinary way to more th an  two 
atmospheres pressure, is readily  exploded by any shock. 
A nother feature of this process is th a t only absolutely pure 
gas can he compressed (or dissolved) in this w ay; a very im 
portant point where welding is concerned, as good results can
not be got if the acetylene is a t all im pure.

The chief advantage, however, which the h igh  pressure 
system possesses over the low pressure is the great range of 
work for which it is suitable. A cylinder of dissolved acety
lene (as the gas in this form is called) of 200 cubic feet capacity  
will yield 80 cubic feet per hour if necessary, and the cylinders 
are very m uch sm aller and more portable th an  any acetylene 
generating p lan t made, far less one of this capacity. A t th e  
same time the yield can be controlled w ithin narrow lim its, 
and there is no waste of gas. This cannot be said for a gener
ating  n lan t unless i t  has large reservoir capacity and conse
quent loss of portability .

A lthough the high pressure p lan t is applicable to a m uch 
greater range of work th an  the low7 pressure, and is on the 
whole, less costly, when we take into consideration such factors 
as the gas which blows to waste from the generator, the tim e 
and trouble involved in cleaning and ru n n in g  the la tte r, and its 
efficiency in ex tracting  the gas from the carbide (rarely m ore
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than  80 per cent.), the la tte r is m uch more widely used. I t  is, 
of course, the older process, but apart from this, it has the 
great advantage, as fa r as the acetylene is concerned, of being
O  o  m 1  1  • •

self contained, the gas being generated direct from the carbide 
of calcium.

A diagram m atic view of a low pressure welding p lan t, with 
the exception of the generator and its accessories, is shown in 
F ig . 5.

The acetylene from the generator, after having been washed 
and purified and thoroughly cooled in the process, passes 
through the tube “ A ” into the hydraulic back-pressure valve 
“  B .” The function of this valve is to prevent, by means of 
a water seal, any oxygen from entering  the acetylene generator
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in the event of a wrong connection being made, the blowpipe 
choking, etc., and to render impossible the ign ition  of the gas 
in the generator when the flame back fires a t the blowpipe.

W hen the gas is taken  direct from the generator, as in the 
ordinary  in jector type of blowpipe, one of these valves m ust 
be fitted between each blowpipe and the source of supply, and 
as close to the blowpipe as possible.

From  the back pressure valve the gas passes through  pipe 
“  C ” to the blowpipe.

The oxygen supply is furnished by the cylinder “ 0 . ” The 
gas as supplied by the m anufacturers is a t a m uch higher 
pressure than  th a t required for welding, and a reducing valve 
in  some form  between cylinder and blowpipe is necessary. 
This valve is embodied, together w ith a pressure gauge and 
safety valve, in a neat and compact little  apparatus known as 
a regulator, which is screwed 011 to the nozzle of the cylinder. 
The blowpipe is shown in tite sketch and requires no descrip
tion .

The cost of w elding by th is process is fa irly  high , bu t much 
depends on the skill of the operator, and in  heavy work a con
siderable saving of gas and tim e (30 per cent, to 50 per cent.) 
can be effected if the jo in t can be preheated by coke fire or 
otherwise. The best Swedish iron is used in the welding of 
w rought iron and steel by this m ethod, no flux being necessary.

F or cast iron a special ferro-silicon compound is required. 
In  all cases the jo in t should be thoroughly cleaned before work 
is commenced.

The chief disadvantage of oxy-acetylene w elding is th a t 
quite a considerable area round the jo in t is heated in the 
course of operation, and th a t in  repair work especially, effec
tive annealling  is practically  impossible.

This defect is overcome in
Electric W elding. This process iitilizes the heat of the 

electric arc, the most intense flame known for welding and 
cu tting  iron and steel. I t  is capable of applications sim ilar 
to those possible w ith oxy-aeetvlene welding, bu t the hea t is 
so concentrated th a t no p art of the m etal, except the actual 
weld, is affected.

This process is particu larly  useful for filling1 up blow-holes 
in  steel castings. These blow-holes occur in  spite of every pre
caution, and the loss consequent on scrapping large castings
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from this cause would assume serious proportions, hence the 
saving effected by having recourse to electric welding is very 
considerable.

W hen the holes are in  such a position as not to affect the 
streng th  of the casting the practice of welding them  up is 
quite legitim ate, bu t the abuse of this method by w elding parts 
subject to tensile stress is very dangerous.

These welds are sim ilar to those effected by the oxy-acety- 
lene process in  tha t they are quite soft and are easily m achined, 
and if the work is properly done no trace of the weld can be 
detected after m achining.

Electric welding has been widely adopted for welding 
flanges, rings, etc., on to wrought iron and steel pipes, and is, 
for m any purposes, m uch to be preferred to the usual methods 
of riveting or screwing and expanding. I t  is also used for 
m aking branch pieces in iron and steel pipes, m any complicated 
arrangem ents of pip ing being easily dealt w ith.

A good example of the repairs which can be effected by this 
process is the welding of new teeth into broken gear w heels: 
the teeth have been found to be in all respects as strong as the 
orig inal teeth.

The electric welder is economically used for jo in ing tubes, 
bars, etc., end to end. In  such cases the necessary heat is 
generated by passing a very heavy curren t of low voltage 
through the parts in the v icin ity  of the jo in t. The curren t 
used may be as much as 50,000 amps, at 1 to 5 volts, and is 
taken from a simple form of step-down transform er which 
forms part of the machine. The rods or tubes are forced to
gether m echanically when the proper heat is reached : in  jo in 
ing wires and other small work springs are used to force the 
two parts together. The welding of chain links also comes 
w ithin its scope, and m achines are on the m arket which 
m echanically cut off and form chain links and m ake the jo in t 
electrically.

“  Therm it.” —A very neat and simple method of welding, 
and for some purposes an extrem ely handy one is th a t known 
to engineers as the Goldschmidt process, and to chemists as 
“  alum inotherm y.” This takes advantage of the fact th a t the 
combustion of powdered alum inium  is accompanied by the 
liberation of enormous quantities of heat. I t  is used in the 
laboratory for obtaining metals by reduction of their oxides.

In practice the m aterials used are “ T herm it.” a m ixture of 
iron  oxide and finely pulverised alum inium  in definite propor
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tions, and a powder consisting of a m ixture of barium  peroxide 
and  alum inium , the function of the powder being to sta rt com
bustion.

The jo in t is first cleaned and surrounded by a clay m ould. 
This is dried. The “  T h erm it” is placed in a crucible oyer the 
m ould, the bottom of this crucible being provided w ith a re
movable plug. The powder is pu t in the middle of the 
“ T h e rm it” and ignited by means of a red-hot iron, and as 
combustion takes place m olten iron collects at the bottom of 
the crucible, the alum inium  floating. W hen the “ Therm it ” 
is consumed the crucible is tapped and the m olten m etal allowed 
to ru n  into the m ould, thus m aking an almost perfect jo in t.

The process is purely  chemical in  its action, and requires 
no costly apparatus. A lthough it has not the same wide ap
plication as the o ther methods, and the mechanical strength  of 
the weld is, as yet, a somewhat doubtful factor, it  is adm irably 
adapted for some purposes, particu la rly  the bonding of the 
ra ils of electric tram w ay systems.

As the rails serve, to a large extent, as the negative m ain of 
the circuit, it is im portan t th a t the contact between the lengths 
of rail shall be as electrically perfect as possible, the tensile 
strength  of the jo in t being a secondary consideration, and the 
method described has certain  advantages as regards cost and 
efficiency over bonding- the rails together w ith copper bars, etc.

In  conclusion these m odern systems of welding can never 
hope to displace ordinary  forge welding- where th is is app li
cable, the costs of w orking being m uch h igher, bu t for the 
special purposes m entioned they  stand unrivalled , and th e ir 
introduction bears witness to the facility  w ith which the engi
neer can adapt to his special requirem ents the discoveries of 
the laboratory, and undoubtedly m arks a very appreciable ad
vance in  engineering science.

o----- ------ -
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AY hethee the Cyclops were acquainted with the process of 
welding as a p art of their a rt in  the fabrication of the thunder
bolts of Ju p ite r, the shield of P lu to , and the triden t of N eptune 
seems not to be recorded in the Greek m ytho logy ; nor are 
there any indications of such knowledge among the bas-reliefs 
of E gypt or A ssy ria ; bu t the process is certainly several cen
turies old. The scoriae discovered at W est Bromwich and at 
other places in  Staffordshire, and the bloom found at Corstopitum 
(Corbridge) show th a t the Romans were acquainted with iron 
sm elting and the a rt of forging, and, perhaps, th a t of welding 
also.

W elding is the property possessed by metals which on cool
ing  from  the m olten state pass through  a plastic stage before 
becoming perfectly solid, of being joined together by the cohe
sion of the molecules th a t is induced by the application of an 
extraneous force, such as ham m ering. This property is exhi
bited in  a m arked degree by iron and p latinum  at a white heat. 
W eld ing  m ay also be effected, though to a less degree, when 
two clean surfaces of a m etal such as lead are brought into in ti
m ate contact in  the cold. Gold, silver and copper in a state of 
m inute division, as when precipitated, will cohere under the 
action of great pressure and form a solid mass. Copper medals 
have been struck by Ozam on this principle. Fournet obtained 
silver bars by this method, and worked them  like bars resu lting  
from  fusion; he regarded these as examples of tru e  welding, 
i.e ., union at a tem perature below the fusing point.

Jordon, President of the Societe <les Ingenieurs, said that 
welding was a phenomenon exactly sim ilar to the regelation of 
ice. B u t it is known th a t when snow is very drv and the tem 
perature of the air below the freezing point, the snow flakes 
will not cohere, but th a t w ith snow during  a thaw a compact 
snowball can easily be made. Jo rdan  applied S ir W . Thom
son’s explanation of regelation to the cases of iron and platinum  
welding, m ain tain ing  th a t both phenomena are identical. But
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they  are diam etrically  opposite: tlie welding of both iron and 
p la tinum  being effected a t a tem perature considerably below 
th e ir m elting  point, while the prim ary  condition for tne cohe
sion of two pieces of ice by regelation is th a t they shall be 
exposed to a tem perature not below th e ir m elting  point. A 
sim pler explanation of welding is found in  the junction  of sub
stances in  the viscous or semi-fluid condition, such as p itch  and 
w a x : they cohere by an action sim ilar to the transfusion or 
in term ing ling  of two liquids. O ther m etals are not weldable, 
because the interm ediate condition of p lasticity  is p ractically  
non-existent. At the welding tem perature of iron the oxide 
is not viscous like m etallic iron, and m ust therefore be rendered 
so by the addition of a flux, which forms a fusible silicate of 
iron and is extruded from  the jo in t by pressure.

W elding may be described as the crystallising into union of 
two solid m etallic surfaces when they  are brought together 
under suitable conditions. That such is the case is proved by 
microscopic exam ination, for on polishing and etch ing  sections 
of the welded m etals the crystals along the junction  are found 
to be common to each of the original pieces of m etal. In  per
fect welding there is no visible jo in t, for the plane of junction 
is occupied by crystals, portions of which belong to one piece 
of m etal, and portions of the same crystal to the o ther piece. 
W hen the boundary of the crystals are coincident w ith the 
juxtaposed plane surfaces it is evidence of non-w elding; unless 
the  crystals become common to the two pieces there is no weld
ing.

The celebrated “ coffin jo in t,” effected by placing together 
the fractured  ends of a broken bar and heating  the junction  to 
a red heat, out of contact of air, was undoubtedly the resu lt of 
crystallisation, and in the general sense is an example of true 
welding. B u t in  the  above case the iron or steel crystallised 
or was welded at a tem perature fa r below the so-called w elding 
point.

The operation of hand welding proceeds in the following 
m a n n e r: the parts to be welded are carefully  scarfed and fitted 
together; they are then  brought to a welding heat, which for 
soft steel should be dark  w hite; for hard  steel b rig h t yellow ; 
and for iron sc in tilla ting  w hite, and before rem oving the parts 
from the fire the welding powder is added; the work is then 
quicklv  removed from the fire and a superficial union is effected 
bv ligh t ham m er blows. W eld ing  powder is again scattered 
on the weld, and the work re tu rned  to the fire and heated 
n early  to the welding heat, after which complete union is 
effected by more vigorous ham m er blows.
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In  the welding- of bars the work is usually  “ upset,” or in 
some way enlarged in  size, so that after the junction  the part 
of the bar in the v icin ity  of the weld is larger in section than  
the original b a r; this p art is then ham m ered continuously until 
the m etal becomes dark  red. thus breaking up the coarse cry
stals produced at the high tem perature. W ith  careful welding 
and mechanical working the finer s tructu re of the m aterial is 
restored so far as the m etal im m ediately adjacent to the weld is 
concerned, but there is always a spot w ith in  6ff or so of the 
weld which must necessarily have been overheated w ithout 
subsequently receiving m echanical treatm ent, i.e ., ham m er 
refin ing till the proper tem perature was reached. This ex
plains why most welded pieces break at a point not fa r from 
the junction  and under a load much less th an  th a t required  to 
break the natu ra l b a r; thus if a bar do not break at the weld 
it cannot be inferred th a t the weld is as strong as the na tu ra l 
bar. Tests performed by the Royal P russian  Testing In s titu te  
show that welded bars are far inferior to the n a tu ra l pieces, 
both in strength  and d u c tility ; it was observed th a t coarse 
crystallisation adjacent to the weld was the cause of failure.

On the introduction of steel into s tructu ra l engineering, great 
difficulty was experienced in welding steel to steel, and more 
so to wrought iron. This is due to the presence of the carbon 
ill the s te e l; the more nearly  equal the proportion of carbon in 
steels the more easily they are m utually  weldable, for th e ir 
m elting points more nearly coincide, and at the welding heat 
the range of p lasticity  is about the same for such steels. I f  the 
previous conditions are not satisfied the ham m er blow has 
different effects 011 the two pieces to be welded. Moreover, a 
difference in the rate of expansion between any two pieces of 
metal to be welded together is another unfavourable condition.

The union of iron to steel was accomplished m any years ago 
by a process which bears the name of A rth u r W ild . The pro
cess consisted in preparing an ingot mould of such shape and 
size as the united piece of iron and steel was intended to pro
duce. The steel was fused, the w rought iron heated to the 
welding point, was put into the mould, and the fluid steel 
poured in . The ingot thus formed was afterwards ham m ered 
or rolled into shape. The practical difficulties attend ing  this 
process a r e : th a t wrought iron oxidises rapidly  in  the air, and 
the superficial layer of oxide prevents perfect un ion ; and tha t 
of the great difference in m alleability  of the two parts a t the 
tem perature proper for the safe working of steel. The process 
was little  used owing to its success being doubtful. H ard  and
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soft steel can be united in  the same ingot by a method sim ilar 
to, bu t m uch more practicable and useful than , the above; the 
h itte r process was complimented by the award of a medal to 
B lake and P a rk in  at the G reat Exhibition  of 1851. This 
m ethod has been employed with success and advantage in the 
m anufacture of large machine knives requ iring  a fine cu tting  
edge of the best cast steel, w ith a back of softer, and w ithout 
d e trim en t to the u tility  of the article, cheaper m aterial. In  
the  m anufacture of wood-cutting tools no difficulty is experi
enced in  the welding of shear steel to iron.

The welding of steel scrap was at one tim e considered im 
possible, bu t in 1878 a bar welded from steel scrap was exhi
b ited  by K irk , of Glasgow, before the In stitu tio n  of Naval

A 3

Fig. 1.
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A rchitects; and in a jiaper read before tlie Iron  and Steel In 
stitu te  in  1879 is an account of successful welding, w ithout a 
flux, of m ild Bessemer steel for forgings, by M r. Itatliffe at 
the Mersey Steel W orks.

Mr. B ertram  attem pted to increase the efficiency of plate 
jo in ts, and to economise on their cost by welding the plates 
together in  situ instead of riveting  them . The two adjacent 
plates were scarfed as shown, and gas flames were directed on 
each of the surfaces A and B u n til the jo in t a ttained a welding 
heat, after which it was united by pressure. The gas was pro
duced by the ignition  of coke or charcoal in  a closed portable 
cham ber, the supply being regulated by means of a blast. In  
actual practice the process proved costly and was soon dis
carded.

Mr. M allet, in  his work on “  Construction of A rtille ry ,” was 
ra ther pessemistic when he believed th a t the m axim um  size of 
forgiugs had been attained. This lim it was due to the failure 
of ability  to lieat the mass to the welding tem p era tu re : the 
conduction of heat along the bar caused the tim e required for a 
large mass to reach the welding heat to be so long, th a t the 
outer portions of the heated part were m elted and dropped off 
in  the furnace, and for a forging of a certain  size the mass of 
the m aterial thus lost was equivalent to the slab to be added. 
He found the m axim um  lim it of forging with the then existing 
tools to be a diam eter (of a cylindrical mass) of about 4ft. and 
20ft. long. B ut the introduction of electric welding perm itted 
the above lim it to be easily exceeded.

The welding flux generally  employed in the sm ithy is sand, 
on account of its cheapness; bu t it should be used as sparingly  
as possible, for disadvantageous effects, due to its use, appear 
in  the forged article if it has to be machined : the surface pre
sents flinty patches which very soon deprive the tool of its cu t
ting  edge. Borax, prussiate of potash, and salammoniac are 
also used as fluxes. A neat application of a flux was devised 
about 1895, and consisted in em ploying fine soft iron wire 
gauze, the meshes of which were filled w ith fused borax. 
Pieces of this welding plate were placed between the m etal to 
he welded and thus presented the flux a t the precise spot where 
it  was needed. U nder certain  conditions the use of a flux is 
not absolutely necessary: m anv articles, such as tyres for ra il
ways and boiler tubes are welded w ithout a flux: yet only a 
small percentage of them  fails at the weld.



The presence of m etalloids lowers the point a t which steel is 
“  burned .” W hen  steel is overheated it crumbles under the 
ham m er; and if the steel is not capable of rem aining united to 
itself, it is not probable tha t it will easily unite to another 
piece of steel or iron. A small quan tity  of m anganese aids 
w elding, for a lthough it decreases the m obility at any p arti
cu lar tem perature, it allows a h igher heat to be put upon the 
m etal w ithout the creation of destructive crystallisation, and 
thus indirectly  renders possible a greater m obility and m ain
tains a more favourable in terna l molecular s tructure . Yana- 
dium  serves as a scavenger in getting  rid  of oxygen and de
creases segregation ; vanadium  steel welds readily.

The process of welding forms an in tegra l p a rt of the m anu
factu re of m any m achine tools. Three-ply plates consisting of 
an  inner one of w rought iron and two oiiter ones of chrome 
steel are used for p loughshares: five-plv plates com prising a 
w rought iron plate in  the m iddle, two chrome steel plates on
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Fie. 2 .

its outside, and two w rought iron plates on the outside of these 
la tte r  are used for b u rg lar proof safes; it is impossible to d rill 
th rough  or break them . These plates are raised to a welding
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tem perature and tlien rolled into a composite mass. Tubes arc 
formed from strips of m etal, bent into circu lar section by being 
drawn through dies; the longitudinal jo in t is made either by a 
lap or butt-w eld, and is performed in a special m achine. Spir
ally-welded tubes have been introduced to overcome the weak
ness due to a continuous longitudinal seam : the original A rm 
strong guns were made on this principle.

The following are tests employed for the welding qualities 
of s te e l:—

1. Two bars 111 square are welded together and while 
hot a hole is punched as shown, and afterw ards ex
panded by means of taper drifts to 2 \"  diam eter. The 
sample should show no signs of opening at the weld, and 
the edges of the expanded portion should be free from 
cracks and perfectly smooth.

Fiit. 3.

2. The bars are scarfed and welded as shown, and while 
hot, bent backwards and forwards five or six times w ithout 
showing signs of opening.
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3. This is known as the rnm ’s-horn test. The bar is- 
raised to a welding tem perature and hammered on the 
anvil till it is about y  th ick  and has come to a du ll red
n ess; a cut is made down the centre of the plated-out 
portion, it is reheated, and the two pieces, A and B, bent 
backwards as shown : the edges should be smooth and free- 
from cracks.

In  heating  the work in the old process to the necessary tem 
perature for a good weld, m uch more iron is heated th an  th a t 
involved in  the actual weld, and moreover, the heating  being 
perform ed in  furnaces, only a small percentage of the heat of 
the furnace is really  applied to the i ro n ; to reduce th is loss 
various methods have been devised.

There are two principal electric processes by which this is 
accomplished. In  th a t devised by Prof. E liliu Thomson, cu r
ren t of high density and low voltage is made to flow across the 
two surfaces to be welded. The resistance at the  surface ju n c
tion is high compared w ith other portions of the c irc u it ; and 
due to the h igh  curren t a rapid evolution of heat occurs, which 
in  tu rn  increases the resistance of the junction  as an effect of 
the rise of tem perature and thus accelerates and intensifies th e
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heating, which rem ains local. As the tem perature rises and 
the m etal softens, the two pieces are pressed together by either 
a screw and hand-wheel or a system of levers un til the weld is 
complete. The jo in t is finally finished in the usual way under 
the ham m er. The m agnitude of the curren t to weld two round 
iron rods 1" in diam eter is estim ated at 5,000 am peres; rods 
double th is diam eter require 20,000 amperes. A great saving 
of time is also effected: the form er weld requires the current 
for only tw enty seconds; the la tte r for eighty  seconds. The 
heavy curren t density is produced either by a low voltage high 
current dynamo (in this case the work is placed near the dy
namo, to elim inate the loss of energy in long leads) or by the 
use of a step-down transform er on a high voltage circuit, a 
choking coil being employed as a means of regulation . The 
pieces to be welded are gripped in two large copper clamps so 
th a t the contact resistance shall be as small as possible; the 
mechanical pressure is also transm itted  through the clamps.

The other process, known after its inventor, Bernardo, em
ploys the heat of an electric arc. The metals to be welded are 
connected to the negative m ain, the positive m ain is connected 
to a movable carbon held in the hand of the operator in  a 
suitable h o ld e r: a convenient form of holder is shown in the 
figure. The conductor passes through a non-conducting 
handle A, in  fron t of which is a sheet-iron protecting screen 
B : at the other end the carbon is held in a m etallic clam p, to 
which the conductor is connected. A powerful arc is struck by 
touching the carbon on the surface of the work, after which the 
carbon is directed over the surface of the m aterials to be 
w elded ; and the tem perature very rapidly attains the welding 
•or fusing point.

Two carbons are employed in  the Yoltex process, and the arc 
is struck between them . The carbons are also im pregnated 
with small quantities of oxide of iron, which are reduced to 
the m etallic form and vaporised by the action of the a r c : this 
prevents the carbonisation of the work. The last method is 
suitable only for small work. In  all work w ith long electric 
arcs the hands and face m ust be protected from the lig h t or 
b u rn in g  of the skin will result. The eyes m ust also he pro
tected by almost opaque glasses, for serious in ju ry  is produced 
by the u ltra  violet rays.

E lectric welding is suitable for rails, chains, wire-fencing, 
rings, steel tubes, wheel rim s, etc. P robably  on account of 
the extrem ely local heating  of the welded jo in t an electrical 
weld is not so tough and reliable as a good hand weld.

36b W E L D IN G  OF IR O N  A N D  ST E E L .
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Goldschm idt utilised the heat- evolved during  the chemical 
reaction of a m ixture of coarsely powdered alum inium  and 
m agnetic oxide of iron (Fe3 0 4) to raise the tem perature of the 
masses of m etal to th a t required for welding. This is known 
as the Therm it process and has heen employed to overcome th e

difficulty of jo in ts on electrified ra ilw ays: the sections of th e  
rails being welded together and form ing one continuous line. 
The line then affords a low resistance re tu rn  for the curren t. 
E lectric w elding has been employed for the same purpose and 
somewhat extensively tried , particu larly  in Am erica, b u t since 
no provision is made for changes of tem perature along the line 
the m etal is subjected to strains of such m agnitude th a t they 
cause distortion and sometimes rupture .

The method being extensively used at present is th a t of oxy- 
acetylene welding, a form of autogenous soldering. Tlie very 
high tem perature (nearly 3,000 deg. Cent.) is obtained by the 
dissociation of tlie endotherm ic gas acetylene (C, H„) and the 
subsequent combustion of the products w ith  o xygen ; the final 
products are carbon dioxide and water vapour.
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This process requires careful m an ip u la tio n ; and for satis
factory results tlie operators m ust be specially trained . The 
dame m ust always he properly re g u la ted : excess of acetylene 
produces a reduced flame, which tends to carbonise the m e ta l; 
excess of oxygen will bu rn  the work. Sufficient gas m ust 
always he available to complete a weld, for the perform ance 
of the weld in  parts detracts from  the strength  of the jo in t. 
T he welding should be perform ed a t the outer extrem ity  of the 
•small w hite cone at the blow-pipe tip . The parts to be welded 
m ust be carefully  prepared, and for all classes of work of 
thickness greater than  the jo in t a t the weld m ust be cham 
fered off a t an angle of 45°, to enable the flame to come in 
direct contact w ith the whole of the surfaces to be united. 
Special iron wire is used for bu ild ing up welds in  iron or steel 
plates. The workmen are first instructed  in  welding th in  
sections of p la te ; and as they  acquire’ m anipulative skill the 
thickness of the sections is gradually  increased. Smoked 
goggles are worn, to protect the eyesight of the operators 
against the intense brightness of the flame.

The welding of cast iron by this method requires special 
treatm ent. A fter the fractu re has heen grooved out to a Y 
shape, or in the case of a new piece being inserted, all b a ttin g  
edges cham ferred, the casting is heated in a muffle furnace oro ’ O
over a coke fire; when hot it is w ithdraw n, and the usual welding* 
process ap p lied : a special cast iron rod is used as the filling-in 
m etal, and a flux is frequently  necessary. W hen the operation 
is lengthy the casting is reheated. A satisfactory weld free 
from blow holes is obtained by rubbing- the rod well into the 
fracture during  the process. F in a lly  the casting is replaced 
in  the furnace heated to dull redness, and afterw ards allowed 
to cool very slowly, either by closing up the furnace or bury
ing the casting under dry sa n d : this process in  a great m easure 
restores the crystalline structure of the m etal to hom ogenity, 
and consequently increases the strength  of the jo in t.

Fig-. G is a sectional diagram  of the p lan t for generating  the 
acetylene. The p lan t consists of a generator, condenser, 
washer and gasometer. The generator consists of a cylindrical 
chamber, the upper portion containing the carbide magazine 
and autom atic feed m echanism ; the lower portion containing 
the  generating  water. The carbide magazine is charged 
through  the door K , the lower opening being covered by a 
bucket wheel A, which m ay be rotated through the axle pro
vided from the exterior of the generator, where a ratchet de
vice is provided and means for operating the same by the rise
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and fa ll of tlie gasom eter bell. Tlie ro tatable g rid  B is pro
vided to carry  carbide during  the process of decomposition in  
free w ater and clear of the lim e-m ud w hich deposits in  the 
conical bottom of the generator, and m ay be drawn off through 
the sludge cock C. The safety vent pipe D and w ater seal H . 
provide a means of relief in  case of overpressure of gas in the 
generator. In  th is event the w ater contained in  the seal H  
is displaced into the double cone cham ber, and the surplus gas 
escapes into the air. In  norm al w orking these circum stances 
do not occur. The gas is led from the generator to the con
denser, provided to in tercept hum idity , more prevalent with 
some qualities of carbide than  w ith others, thence to the 
washer, provided to absorb 'the am m onia, and also to prevent 
the gas re tu rn in g  from the gasom eter to the generator. The 
gas then  flows into the gasometer, consisting of a tan k  to con
ta in  the seal w ater, and the bell to contain and store the gas. 
The pipe G is a safety vent perm itting  gas to escape to outside 
a ir in case of over production. The chain operating the auto
m atic mechanism is attached to the crown of the bell, and is 
carried over pulleys attached to the ceiling or to a crossbeam. 
As the bell sinks and when nearly  em pty, it operates the auto
m atic mechanism  which rotates the bucket wheel th rough one- 
fifth of a revolution, thereby releasing a measured quan tity  
of carbide from the m agazine to the water contained in the 
generato r; and the gas thus generated re-fills the bell. No 
fu rth e r production of gas is possible u n til the bell again falls 
to the point a t which the autom atic mechanism is operated. 
F rom  the gasom eter the gas passes to the purifier, which is 
charged w ith a chemical preparation having  an affinity for 
sulphurous and phosphoric im p u ritie s ; the gas is then  delivered 
to the shop m ains. The absence of im purities in the gas em
ployed for w elding purposes is of param ount im portance for 
the production of m axim um  streng th  of the joints.



S e s s i o n  1913-14.

Presiden t: T iio m a s  L . D e v it t , Esq.

“ T i t a n i c ” E n g i n e e r i n g  Staff  M em or ia l .

*This Fund now amounts to £2,566 5s. Od., the interest of 
which will form the nucleus of a benevolent fund, to whicli 
donations are invited yearly  for the purpose of assisting the 
widows and orphans of members of the Engineering Staff who 
m ay be left unprovided for, and by whom help is required in 
respect to placing children in an orphanage or otherwise.— J.A .

The fu ll list of steamers from which subscriptions have been 
received to date, is given below.

Abangarez Baroda Canadian Govern
A fghanistan Baron Garioch m ent S team ers:
A lert Barrow Aberdeen
Amarapoora Beacon Grange Curlew
A nglian Beckenham D ruid
A nhui Bellona E arl Grey
A rabia B eltana Governor Cobb
A rabistan Berbera Lansdowne
Arawa Beryl Lady L aurier
A rgu Bhamo M ontcalm
A rm anistan Blacklieath Stanley
Ascot Blackrock Caradoc
Atenas Borderer C arpentaria
Ava Buteshire Cartago
A yrshire Cadillac Castor
B ahadur Cairngorm Ceiba
B ankura Caledonia Centipede
B arala Cambria Cervona
Bargora Camio Ceylon

* £300 having been used towards the erection of a  Memorial a t Southam pton. A Memorial 
will also be placed in tlie premises of the  In s titu te .

370



TITA N IC  ” E N G IN E E R IN G  M EM ORIAL. 371

Champion
Chanda
Changsha
Chihli
China
Chindwin
Chinhua
Chinkiang
Chiswick
Chupra
Chyebassa
City of Corinth
City of E dinburgh
City of Poona
City of Vienna
Cobra
Colaba
Colonia
Commonwealth
Cornelian
Crane
Culna
Cumbria
D argai
Delaware
Demosthenes
Devon
Devona
Du ih  am
Eden H all
Em erald
Em pire
Envoy
Epsom
Essex
Estrellano
Euphrosyne
Excelsior
F alls of Monero
F  atslian
F engtien
F inga l

Fooshing
F rankm ere
Frem ona
Garesfield
Geelong
G .E .E . Steamers 
Gibel Dersa 
Gibel Kebra 
Gibel Tavik 
Gibel Zedid 
Girasol 
G lenlogan 
Glenrov 
Golconda 
Gordonia 
Guelph 
Gwendolen 
H aiyang 
H am pstead 
Hangchow 
Henzada 
H eredia 
H eungshan
H .M .S. Am ethyst

H .M .S . Kenard 
H .M .S . R ingdove 
H .M .S . Sphinx 
H .M .S . Torch 
H .M .S . Zebra 
H .M .T .B .D . Brazen 
H .M .T .B .D . Coquette 
iH .M .T .B .D .C vnthia 
H .M .T .B .D . Porcu

pine
H .M .T .B .D . V u ltu re  
H .M .T .B .D . Zephyr
II.M .T . Boats Nos. 

071, 079, 3, 6, 7, 
8, 9, 10, 11, 12,17, 
18, 19, 20, 23, 30, 
112, 113, 114. 115 

H igh land  Brae 
H igh land  Pride 
H igh land  W arrio r 
H im alaya 
H indu 
H enley 
Hoihow 
HoisangH .M .S.

H .M .S .
H .M .S .
H .M .S .
H .M .S .
H .M .S.
H .M .S .
H .M .S .
H .M .S .
H .M .S .
H .M .S.
H .M .S.
H .M .S .
H .M .S .
H .M .S .
H .M .S .
H .M .S.
H .M .S.

Bacchante 
Bellerophon Honam  
B lack P rince Horlino'ton
Canopus
D artm outh
Defence
Derwent
E lectra
Fervent
G arry
Gloucester
Im placable
Kestrel
L igh tn ing
M ajestic

Ness
R attlesnake
Kecruit

Hsin Pekin
Huichow
H unan
Hupeh
H urona
H urunu i
Hydra
Icliang
Ilford
Inanda
Ind ia
Ingeli
Inkosi
Insizwa
In taba
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Iona
Irene
Iroquois
Irraw addy
Islanda
•J acona
•Jaffa
J  elunga
Joseph Yaccaro
K adett
K aifong
K aikoura
K aipara
Karam ea
K aran ja
Ivariba
K arm a
K aronga
K arum a
K atuna
K hartoum
Kia Ora
Kian
K in ling
K inshan
Kioto
K istna
Kola
Kueichow
Kum ara
Kurrachee
K utsang
K yanite
Lady McCallum
Lake Erie
Lake M ichigan
L aura
Leversons
Lewisham
Lhassa
Liangchow
Linan

L indula
L inga
L in tan
Lord Cromer
L uen Yi
Lunka
M ackinaw
M agnet
M akarini
Malda
M aloja
M alta
M amari
M andalay
M anitou
M antua
M armora
M artaban •
Massapequa
M atatua
M atiana
Mazagon
Media
Mermaid
M illeped
M iltiades
M ilwaukee
Mimiro
Min
Minneapolis
M innehaha
M innewaska
Moldavia
Momhassa
Monmouth
Montcalm
Montezuma
M ontfort
M ontreal
Montrose
Mooltan
M orayshire

Morion
M ount Royal
M ount Temple
M uttra
N am ur
N anning
N arragansett
N ephrite
N gan K in
Nile
Ningpo
Nore
Norfolk
N ubia
Nyanza
Nyasaland
Ornrah
Opawa
Ophia
Orama
Orari
Orontes
Orvieto
Osterley
Otaki
Otranto
Ottawa
Otway
Pakeha
Palam cotta
Palaw an
Palerm o
Palm a
Parisim a
Patro l
P era
Persia
Perthsh ire
Peshaw ur
Plasm a
PI assy
Ploussa
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Poona
Poyang
Prase
P rince R upert
Prom etheus
P undua
P urnea
P u tia la
Pyrope
Queda
R akaia
R angatira
Ready
Recorder
Rem uera
Rhesus
Rio Squassa
Rosina
R otorua
Royal Edward
Royal Scot
R uhy
Sagenite
Sanui
Sard
Sardinia
Satellite
Seistan
Seldanha
Sentinel
Servian

Shantung
Shasi
Shenandoah
Shropshire
Shuntien
Siangtan
Sicilian
Sim la
Singan
Siren
Socotra
Somali
Soudan
Star of Scotland
St. Albans
Stella
Sum atra
Sunda
Sungkiang
Sui-An
Sui-Tai
Suwanee
Swarka
Szechuan
Tainui
T aiyuan
Talavera
Tam ing
Tamsui
Tean
Tenasserim

Themistocles
Thongwa
Tongariro
T riton
Trocas
T ung-tingc1 O
Twickenham
U la
llm balla
U m ta
Urntali
Usworth
Vadala
Vestal
Volute
W ai Shing
W  aim ana
W aim ate
W aipara
W  aiwera
W allaroo
W alte r D am m ayer
W arden
W arw ickshire
W illesden
W iltsh ire
W ing  How
W inlaton
W  oodford
Yoro
Zaida
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The following were elected at a m eeting of Council held 
Thursday, 9tli October, 1913

t̂.s Members.

Charles W . Bowen, 13, Hyde Gardens, Eastbourne.
M ark Browne, Engineers’ Association, Singapore.
A lexr. Cloudsley, Asst. F leet Engineer, I .F .C ., D alla Dock

yard, Rangoon.
13. K verndal, 72, Jern ingham  Road, New Cross, S .E .
E . S. Nortlicote, 30, Ashley Place, London. K.AV.
H enry Pegler, 67, Chichester Road, N orth End, Portsm outh. 
H arold  Puffett, 4, Em m anuel Road, Balliam , S.W .
Joseph S. R yan, Chief M echanical E ngineer. M ana D ry Docks 

and E ngineering W orks, Montevideo. U ruguay , S.A .
C. Sorabji, Engineer, do Doobash W adi, Tardeo, Bombay. 
Geo. H . Taylor, Consulting Engineer, 9-11, Fenchurch 

Avenue, London, E.C.
W illiam  C. W hite, Stonebridge, Clones, Co. M onaghan. 
E rnest T. W illiam s. “  Ailsa C raig .” Aberystw yth.

A  .s' Graduate.

Oswald E. Richardson, 40. Pitfiehl S treet, London, N.

Transferred from  Associate Member to Member.

H . Sutherns, “  G resford,” Jam es S t.. L lanellv.
A lexander Fallon , S ilverton, nr. Exeter. Devon.

Transferred from Associate to Member.

A rthur E. Rowe, Sudan Govt. Steamers, Khartoum.
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of the N e w  P rem ises ,  T o w e r  H i l l ,  L o n d o n ,  E . C .

by the

Lord Mayor of London
(Sir David Burnett, Bart.) 

who attended in State 
accompanied by 

the Sheriffs



(Photos— Marine Engineer & l^aval Architect).





Foundation Stone Ceremony
October 29th 

i 9 J3 

<8>

Reception Committee

C hairm an of Council

Mr. Joseph Hallett

H on. Secretary

Mr. James Adamson

Chairm an of C ity Prem ises Com m ittee

Mr. R. Leslie, r . n . r .
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