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PREVFACE

The purpose of this paper is to show the development of
metal joining processes. Part I deals with early metal
joining processes, those processes known as soldering,
forge welding, casting in various metals, hammer welding,
which were the most commonly used up to the latter part
of the nineteenth century. The scope of this section

is very broad and covers more than 2,500 years, cire
7OOFBYE,. to clrc. 1800 The examples described were

all found in Ireland, and whereas the particular
technology being described may have been in use elsewhere
in the world before it's introduction here, the exact
timescale of any discovery in this section is not that
important, because the progress of metal joining
technologies was rather slow, principally because of the
primitive methods used and of the imperical technical
knowledge available. The latter part of this section
deals very briefly with developments from the 15th to the
19th century. It is not dealt with in more depth
because, I feel, it is already covered adequately in other
texts dealing with the period, indeed there are many fine
examples still in use today, such as cast iron railway
bridges, wrought iron gates and railings both inside and
outside churches and public buildings. PartiiN oS
paper deals with the introduction of arc welding and some

of it's many branches and variations. The effects of



the introduction and development of this process of
joining metal has been a major influence on how we view

our lives. It has made it's impact through industry,

by providing a means by which a multitude of domestic and
capital products could be mass-produced. On the domestic
front, such products as electric toasters, stainless steel
sinks, cookers, fridges, scales and kitchen utensils, etc.
It has had a very significant effect on industrial
production rates of capital equipment in such areas as
shipping, transportation, communications and has made
possible the development of such products as the concorde,
the space shuttle, and many more. Welding as we know it
today did not just happen, it was developed from it's small
beginnings, less than 100 years ago, to what has become a
major industry today, where it has changed the way in which,
for instance, a designer will conceive a new product he is
designing where metal components are concerned. He can
view his product as one continuous item, which can be broken
down into the necessary number of components for ease of

production and reassembled as one continuous item at the

assembly stage.

Bearing these and other effects of this process in mind, T
proceeded to investigate the origins and early development
in it's experimental stage and also where possible, its
early use as an industrial tool. Where possible, I have
used interviews and personal recollections by actual
inventors of particular processes, or early users of
particular processes as a means of discussing the invention

and/or it's early application. There is a glossary of



al terms and definitions included to help any ye ol

ecader who may be unfamiliar with some of these terms.
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Lo EARLY METHODS OF WELDING AND JOINING METALS

I Late Bronze Age

Welding, which is one of the newer metalworking trades,
can trace its historic development back to ancient times.
some of the earliest examples available come from the late
Bronze Adge. These are small circular gold boxes
apparently joined by the pressure welding of laped flanges
at the edge of two dome shaped sphere segments, to a
cylinderical centre strip piece. These boxes were made
approximately 700 B.C., and examples are on exhibit at

the National Museum of Ireland in Dublin. The function
of these boxes is not clear, as once they were made, they
became a sealed unit and could not be opened. See figs.
1, 2 and 3, which show a top, side and bottom view of one

of these boxes.

e (el Top view of Gold Box from National Museum of

Ihe@ilevael (IEalbls s )} 7010 B
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Halge 2. Slde View of 'GoldtBox Erom N-MILE. “OOSBLGE:

Fig. 3. Bottom view of Gold Box from N.M.I. 700 B.C.

Found in a reclaimed bog at Ballinclemesig, Near
Ballyheigue, Co. Kerry. The 1lid and base are decorated
with a pattern of concentric circles, each with a

central conical boss.

Also, from the same period (700 B.C.) we have a pairsof
gold lock rings. (See Fig. 4.) These gapped conical
ornaments, thought to have been used for holding hair in
place, are examples of intricate and skillful workmanship.

"They are constructed of four main pieces: a central split



g

tube, two gapped conical faceplates and a circular
binding strip. The central tube is slit vertically and
the cut edges folded back; the top and bottom curve
outward around a supporting wire to grip the folded edges

of the faceplate.

Fig. 4. Showing plan view of gold lock rings. N.M.I.

These tubes are decorated with horizontal double rows

of small punched bosses for gripping the hair. Each
faceplate is built up of threadlike wires (approximately
three per millimeter) soldered together. The work is
so fine that the closely spaced circles appear to have
been incised on sheet gold, but the wires can be seen on
both outer and inner surfaces. On the outside, excess
solder has been cleaned away from the grooves between
the wires; on the inside droplets of solder can still be
seen. There are some indications that the wire itself
was made by twisting a narrow strip cut from the edge of

asthineplatel The surrounding binding strip is a split



gold tube held in pPosition by inserting the splayed-out
edges of the plates between it's rolled-in edges. One
of the ornaments still retains Yeinforcing wire within
the tube."l These were found with two gold bracelets,
a gold collar and an example of the group termed fibulae.
It is interesting to note that, though presumably from
the same workshop and made at the same time, one contains

22

oo

silver, 9.6% copper and 1.5% tin, while the other has

15

oo

silver, 11.5% copper, 31% tin and 0.5% lead. One

pendant is 9.8cm in diamater and 5.2cm wide at the centre,

the other is 9.8cm in diameter and 5cm wide. These were
found in Gorteenreagh near Feakle, Co. Clare. (see
Bage 5%

11. i

Gold lock rings, —=== _
17aley 5 Showing gold lock rings (Dowris Phase) circa
700 B.C.

Many items of bronze have been found from this and earlier

periods. One example is a dagger which dates from 1,200



B.C. and was cast from bronze in a one or two piece stone
mould. It would have been rough cast in stone firstly
and then finished off by hammering excess flashing away
and forming the blade edges. Down a central tapering
ridge is an incised v shaped design. The purpose of

this ridge is to give the blade added strength. (See

B i g6t "Very few Irish copper/bronze objects were made
by hammering alone and it is probable that metal-working,
when introduced to Ireland", (about 2,0008B.c@.)", “had
already proceeded beyond the Purely experimental stage.
Objects were cast at first in open stone moulds but soon
two-valve moulds were being made. Many are composed of
fine grained sandstones, but it is a mark of the expertise
and the enquiring nature of the Irish craftsman, that in
order to get the finest material possible for his moulds,
he used aplite, a stone which is found bedded relatively
deeply in the granite formations" 2 Another example
similarly made but dating £rem 1, 800NENCIS s spearhead,
(SeeNHilgiaiad ) It has four holes at the shaft end which
were probably used to secure it to its shaft. This
argues for a superb knowledge of the environment and for
a very close communion then between man and nature.

"Stone for moulds was, from about the middle of the Brongze
Age onwards, that is, from about 15, 000 I BET; supplemented
by clay and expecially when hollow casting became common
in the cire perdue or waste wax process".3 An example
of hollow casting using a clay core is shown in Tk Gy
This is a detail of a trumpet or horn from the late Bronze
Age 600 - 700 B.C. It shows a joint on the neck of the

trumpet/horn which would have been cast in shorter lengths

= 1l =
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Spearhead 1,800 B.C.

Knife 1,200 B.C.
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due to the complexity of making a single core, which

would run along the entire length of the horn.

of skill reached at this time. The joint was Prepared

as follows: Firstly,the two sections to be joined

were cleaned and aligned to check dimensions

: Ialiop 5
section’s (3) &(b) core
Ll 77 I 7 7 7 77
~~ @ (b)
el 7 77 2 b & 77
Eilg: 8 A Fig. 8 B

Then a core of suitable dimensions was made up and
matched to section (a) as in IBiliers S3) gk Around this
was then cast the main part of the JointN(c) Wasitin

17 e IR B) When the component had set the core was
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removed and section (a) looked like Fig. 8 D.
Meanwhile section (b) received a plug, as per Fig.
8 E, into which the second part of the joint was
poured Fig 8 F. After this set, the plug was

discarded and Section (a) and (b) were joined as in
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The remaining gap was then filled with molten

bronze and when it had set, the completed joint Fig 8 H

was cleaned and finished.
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Detail of horn/trumpet joint.

Late Bronze Age 600 - 700 B.C.
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Faiern, - 29 Bronze Axehead 750 B.cC.

The above socketed bronze axehead (Fig. 9) is made from
a clay mould and is of the late Bronze Age, circa 750
B.C. TIt's lack of artistic embellishment would indicate
a utilitarian, rather than decorative, use. The loop
at the top was probably used to help secure it to it's
handle. "The bronze smiths of the time were, it would
appear, so familiar with their raw materials and with
Measuring quantities, that, by varying the Proportions
of tin or arsenic of antimony, they were able at will
to change the degree of hardness of alloy and to vary,
for aesthetic purposes, its final colour from, say, the
harsh red of a vibrant copper to the shining gold of a

4
tin-rich bronze".



ALIL The Iron Age

living. The means of production had certainly improved
because the Taw material for iron, the new metal, was
available over large parts of the country and soon, the
blacksmith became a person of great importance within the

community as a whole, Many everyday objects were

These are two wood Saws made of iron, approximately 700-
800 A.D. They would have been hammer forged from rough
ingots of iron. The saw teeth would have been relatively

soft and in need of frequent reshaping and sharpening.

— e, i e - SRS SR e

HAlc© Iron wood saws circa 700-800 A.D.
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IITI. The Middle Ages

puring the Middle Ages the art of blacksmitting was
developed to a high degree and many items of iron were
produced which were welded by hammering. This develop-
ment was going on, on a global level and in fact any
development in Ireland only tended to reflect developments
imported from Europe. Welded sword blades were

developed during the Middle Ages, and the most famous of
these being produced by the Arab armouries at Damascus,
Syria. The process of carbonization of iron to produce
hard steel was known but the resultant steel was very
brittiler The welding technique, of interlayering
relatively soft and tough iron with high-carbon material,
followed by hammer forging, produced a strong, tough blade.
Many such items from this period have been found in

Ireland, although not necessarily made here. Three such

examples follow and are priefly described.




Forge welded in iron with

Axehead.

1L 5

HlG

inlay.

silver

1)



12alEr, ALz
inlay.

tough iro

Viking Sword 900 A.D. Forge welded with silver
The blade was forged by interlayering soft and

ns to give a hard yet flexible finish.

- 20 -
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Tron axe bearded type.

Forge welded 1,300 A.D.




By the end of the 14th. centuary, the methods of joining
metals were (1) either to cast a metal joint over two

components by methods like or similar to those described

for Figure 8, (2) to forge weld pieces of iron together

(3) to solder pieces of metal together, although soldering
was not of much use where large components were concerned

']
as this method provided a relatively weak joint, as no

actual fusion between the two parent metals occurred and

(4) the use of rivets.

Man developed these methods of metal joining over the

next couple of hundred years. The major contribution
being the introduction and extensive use of cast iron.
Whereas this was a major achievement in economic terms,
because it provided a relatively cheap material for the
construction, engineering and mining industries. The
range, type and guantity of products produced by cast

iron is vast and well documented in texts dealing with

the industrial revolution. As no fundamental change in
the method of joining metals occurred with the introduction

of cast iren I doinotRpLEpOSEREo deal with it in this

paper.

Up until the invention of arc welding and gas welding,

towards the end of the eighteenth century, the methods of

joining metals were as follows:

1 To cast separate components of a product together

i.e. cast iron structures.

D2

¢
i
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The use of rivets to join plates together i.e.

cast iron structures.

To use lead or solder as a means of joining

dissimilar metals i.e. cast iron to wrought iron.

To join separate wrought iron components by using

forge welding as a medium.

To cast a joint around two separate components.
Whereas these methods are quite effective, it is
only with the introduction of electric and gas
welding that a basic change in the method of

joining metals and as a consequence, a change in

the method of design of products occurred.




2. HISTORY OF MODERN WELDING PROCESSES

I PRELIMINARY NOTES ON THE HISTORY OF ELECTRIC AND

GAS WELDING.

In the development of welding it is well to remember some

significant dates, with a brief description of relevant

events which occurred. This should also serve as an

introduction to some of the terminology used in this

section, with which some readers may not be familiar.

7

1837

1782

1806-1809

Discovery of oxygen. Prientley working in
England, Scheele in Sweden. About the same
time Lavoisier made his contribution to the
Theory of combustion which as far as welding
was concerned

was crowned with the discovery of acetylene by

Edmund Davy in 1837.

The Germans claim that Lichtenberg, writing to

a friend J.A. H. Reimanius in 1782, says in

his letter:-

' Presently I have arranged the characteristics
of artificial electricity in another way which
until now only the electric arc (lighting)
could do. That is, I melted a watch spring
and the blade of an English penknife in such a
way that a part of the watch spring and the
knife edge Jjoined together'.

Tt would appear that Lichtenberg was the first

welder.

Sir Humphry Davy discovered that an arc could

pe created and maintained between two terminals

of a high potential electric (chlialeibliiag

- 24 -




1841

1857

1887

1883-1885

1886

1888

1889

1890

1897

1881

J.P. Joule discovered the relationship between
heat, current and resistance (H = 12 RtK) and by
made the first resistance weld in England. This
was by direct current there being no contact
resistance.

Elihu Thomson described experiments to the
Franklin Institute in Philadelphia. He
described how he passed current of high potential
through the fine windings of an induction coil
and received current of low potential. He
observed that the ends of the wires from the
course winding had joined together and this
suggested a means for joining metals.

Elihu Thomson worked on experimental resistance
welding machines.

Thomson applied for first resistance welding
patent.

He founded Thomson Electric Welding Co.

c. C. Coffin took out a patent on flash butt
welding.

coffin's patents on spot welding using copper
electrodes.

First patent on projection welding.

Auguste de Méritens first fused the heat of an
arc between the workpiece and a single carbon
electrode. He connected the positive side of
the circuit to a plate which supported the work
while the carpon electrode served as the negative

pole, and with this he joined together parts of

lead storage pattery plates.

S B =




1885

1887

1889

1889

1907

Benardos and Olewski (Russia) saw the potential
in de Meritens' discovery and they obtained a
patent using a single carbon electrode tool.
Benardos proved that the carbon arc could be used
for joining ferrous metals and successfully
demonstrated this as a repair method.

Cc. C. Coffin improved upon Benardos' method by
using a twin electrode process which not only
melted the filler metal but also supplied
sufficient heat to cause extended fusion of the
base metal.

Sslavianoff worked out a similar repair process
- an arc casting process for filling holes, cracks
and defects in castings.

Kjellberg began his work on electrode coatings.
His patent application claimed the 'application
of a heavier electrode coating which resulted
in a simple and practical method of welding
whereby the welding of joints on the lower side
of objects can be easily effected’ and he also
claimed that the coating material could be
formulated so that it 'effects mechanical or
chemical changes'. Oscar Kjellberg was the
founder of the f£irm of ESAB Ltd., and from the
beginning ESAB electrodes have always carried

the designation OK after the initials of the

founder .

Apout the same time an analytical chemist and

consultant, A.P. Strohmenger whilst working for

'!.
,\
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1927

1LE2E)

1930

late

two clients became involved in experiments on
arc welding being carried out by an engineer
called Slaughter. Strohmenger analysed the
wash coatings on some of these electrodes and
suggested to Slaughter that he might try
wrapping the welding wire with some blue
asbestos which he happened to have on his bench,
the property of the Cape Asbestos Co. (also a
client) . The result was an instant success,
more so since the arc would run on a.c. whereas
t+he wash-coated wires would not. Strohmenger
showed his new process to Professor Sylvanus P.
Thomson of London University, who expressed the
opinion that the arc was not a normal metallic
arc and christened the process Quasi-arc.
Further Kjellberg patents which described more
specifically the electrode materials, coating,
minerals for slag formation and various
ferroalloys, all of which were claimed to have
some effect on weld properties. Welds were
superior to those made from base electrodes.
golid electrodes made by A. O. smith for its

own use.

Made commercially by Lincoln Electric Co.
Iron powder, cellulose and titanium were finding
r use in creating materials while use of

greate

silicate asbectos, fluorspar and lime was

declining.

1920s-1930 Metallic arc welding growing fast. Greater

thought given to designing structures for

=
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1884

1890

1893

1892

1895

1901

1903

welding, e.g. ships, tanks, buildings, pipe-
lines, bridges and other structures were

welded successfully.

Welding codes were adopted for all-welded power

boilers and unfired pressure vessels.

In the same year a report, which established
the safe stress limits. in steel structures, was
approved. Although ovygen had been discovered
in 1774 and acetylene in 1837 nothing emerged
until

Wroblewski and Olszewski discovered a means for
liquefying air.

Ooxygen produced by electroysis of water.

Dr Carl von Linde worked out the technical details
on eguipment for producing liquid air - the source
for commercial quantities of oxygen.

Thomas L. Willson in Spray, North Carolina,
performed some experiments in which he heated lime
and carbon in an electric furnace. The product
of this reaction was a hard substance from which
gas evolved when immersed in water. The substance
proved to be calcium carbide and the gas acetylene.
Le Chaterlier described to the French Academy of
Sciences how he obtained a flame temperature of
6000 to 7OOOOF by the combustion of acetylene with
oxygen.

Fouche and Picard in France designed a suitable
torch which drew acetylene from a cylinder under
pressure of 15 p.s-i.

Fouche developed another torch for use with a low-

= A




1904

1907

1895

1902

1934

pressure acetylene generator.

Calcium carbide production was high enough to
satisfy the acetylene requirements of industry
but oxygen production was lacking.

This deficiency in oxygen production was overcome
when Linde Air Products Co., built the first
commercial plant in America.

C. Vautin whilst experimenting with methods for
reducing metals from their oxides, found that a
cold mixture of metallic oxide and powder
aluminium, when ignited, would supply enough
heat to propagate the reaction throughout the
mixture. A single reaction lasted about 30
seconds and gave rise to a temperature of more
than 5OOOOF. This was the beginning of thermit
welding. As the result of which Dr Hans
Goldschmidt applied Vautin's process in a
practical way by welding together iron bars.
Goldschmidt obtained a patent and introduced it
to the USA and it proved effective for repairing
rails, ship rudders, mine equipment and other
objects.

Submerged arc welding, which permitted the use of
high current densities, first used commercially
atathe consolidated Steel Co., Los Angeles.

since this time, submerged arc welding and inert-
gas processes have assumed greater importance.

It is interesting to note that the idea of using

an inert gas for weld protection goes back to

1980 when CO2 was proposed.

= 26 o




1920

1930

1940

1948

Hobart and Devers studied the effects of

various gases on an electric arc and reported

that helium and argon were satisfactory for

weld protection.

Basic patents for welding with helium
as a shielding gas using a refractory
were granted to Hobart and Devers but
process was not commercially taken up

when Northrop Aircraft Inc., used the

or argon
electrode
this
until

process

for joining magnesium and magnesium-alloy

assemblies.

Feeding of a continuous consumable rod@intosa

blanket of inert gas had been considered for

many years but it was not until 1948 was a

practical method developed by Air Reduction

Salllesi ot >




e Arc Welding Early History

From the preceding list of events we can extract the more
relevant ones and deal with these in more detail. The
first noteworthy event was the work done by Sir Humphry
Davy ip 1808. "An advance of great importance was the
introduction of the electric carbon arc, which was
exhibited in experimental form in 1808 by Sir Humphry

Davy - Davy used a large battery to provide current for

his demonstration, since no means of mechanically generating
electricity had yet been developed. In principal an "arc"
of current across the gap between two rods of carbon heated
the tip of the positive carbon to brilliant incandescence.
As the carbon rod gradually vaporized they had to be
continually adjusted to maintain a constant gap. The use

of carbon arc was not practical until some 50 years later,

when adequate generating sources were developed."

The first practical use of the electric carbon arc effect
was developed by the Paris Opera, who made use o EREe
develop the effect of - a beam of sunlight - as early as

1846. By 1860, the Paris Opera had also developed a

lighting machine, & rainbow projector and a luminous

fountain. Most important, the company made the earliest

spotlight, a carbon arc and reflector housed in a hood,

which included a lens and a shutter.

T+ was not until 1885, almost 80 years after the Davy

experiment that Nikolas Von Benardos and Stanislav

=3l s




Olewski, i
i, both Russians, patented the first process for

arc w i .
elding. It is not known what part S. Olewski played

in the invention, although his name is on the patent. The

essential features of the invention were formulated as
follows, in Patent No. 11982:-

"'The subject of the invention is a method of joining and
separating metals by the action of an electric current,

and is called the "Elektrogefest" method. The method was
based on the direct use of a Voltaic arc between the point
at which the metal is to be treated, this metal being one
of the electrodes, and the holder, containing the other
electrode connected to the appropriate pole of the electric

current, when this holder is brought up to the metal. Ehe

following operations can be performed with this method:
components can be joined together, metals can be separated
and cut into components, metal can be drilled or holes and

spaces made in it, and layers of metal can be deposited'.

Sometimes the 1Elektrogefest' method is identified with
welding with a carbon electrode; this is incorrect. The
patent states that the electrode can be made of carbon or

other conducting substances. The technological part of

the invention is worked out in extreme detail, and this is

confirmed by the drawings which were appended to the

application (Big.15) . Drawings 1 and 2 are electrode

holders;L 2nAnandaoganic semi-automatic machine with a

shielding glass, @ stopwatch and a toothed rack for making

interrupted welds, and smooth rails for continuous welding;

vy Y B R ey B pi? HES

examples of interrupted spot joints and continuous joints;

16 and 17 are examples of cutting; 18 and 19 depict metal
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Fig.1l4. Spot welding pliers.

deposition; 20-22 are welded structures made of corrugated
iron; 23 is a corrugated iron block filled with resin or
cement, to be used as a component part for engineering
structures; 24 shows the deposition of lettering; 2585
armour plating for ships. Quite obviously, this invention
was well thought out, thoroughly checked, and the result

of prolonged hard work.

N.N. Benardos also invented other methods of electric
welding, most of which were not put into use until our
times. Among them are: gas-shielded arc welding (several
variations), the indirect action welding arc between two
or more electrodes;, under-water arc cutting, automatic
carbon arc welding machines, and automatic machines for
metal arc welding (several systems) ; magnetic control of
the arc and magnetic welding tables, also welding with the

electrode inclined; sSp©

Figure 14 shows the manual pliers for spot welding invented
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+ and seam welding (several methods) .



by Benardos; arc welding with molten filler metal, a
method developed in our times; arc welding electrodes made
of wide range of materials (carbon, metal and composite)
and of many shapes (rods, discs and tubular electrodes,
including cored electrodes), and welding fluxes; a.c. arc
welding, the spiral welding of tubes, arc welding with

the welds peened or pressed, and the heat treatment of
metals using the arc for heating; dip and furnace brazing,
the casting and surfacing of metals; electric casting and
incandescent brazing, the hydroelectric melting and heating
of metals to white heat, electric brazing torches (several

original designs) and a method of electric brazing for

sheet metal". 7
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in 1886.

awarded toO N.N. Benardos
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From the range and SCOpe of work

by Benardos,

He was not as
In fact, his

greatest invention, arc welding fell into the hands of a

group of businessmen, and he was actually precluded from

developing thisg invention further ang putting it to

ractica i
p ical use, Even these businessmen, however, proved

too small for such gz task and quite soon the venture died

in Russia and was taken up in Europe.

"Benardos' financial circumstances continued to deteriorate.
He could no longer live inESEs Petersburg, and in the late
1890's he moved to the town of Fastov, close to Kiev. We
have no records of this period of his life. Extreme
poverty forced the inventor to appeal to the Russian
Technical Society for assistance; in October, L9@2, this
Society adopted a resolution to appeal to the Government

for material assistance for Benardos. The results of this

appeal are not known.

Heavy labour, constant privation and lead poisoning
undermined the health of Nikolai Nikolaevich. He lived
in Moscow for about a year, undergoing treatment in hospital

and he then returned to Fastov. Here this eminent inventor

died on 8 (21) September, 1905, at the age of 63, and was

buried in the parish cementery. His death passed

practically unnoticed during the stormy period of the

First Russian Revolution."




Fig. 15A Multiple-Arc Welding Gun

Weri: |
~ Scheniatic |

gram of welding © ¢

multiple-arc welding.

Resistarice
limits currerit

17alG1 o ALSIE gchematic diagram of welding circuit for Multiple-

arc welding.

The above example of a multiple-arc welding gun is the

modern day equivalent of Benardos' system. There is

very little difference between poth systems, although

carbon-arc only has & limited use nowadays .
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LI Arc Welding - Development

odern £ i :

Mode usion welding processes are an outgrowth of the
ed to i !

ne obtain a continuous joint on large steel plates.

ivetir
Ri ing had been shown to have disadvantages, especially

or an .
£ enclosed container such as a boiler. s elainah

arc welding and resistance welding all appeared at the end

of the 19th. century. The first real attempt to adopt

welding processes on a wide scale was made during World
War One. By 1916, the oxyacetylene process was well
developed and the welding technigues employed then are
still used. The main improvements since then have been
in equipment and safety. Arc welding using consumable
electrodes was also introduced in this period but the
bare wires initially used produced brittle welds. A
solution was found by wrapping the bare wire with asbestos
and an entwined aluminium wire. The modern electrode
introduced in 1907, consists of a bare wire with complex
coating of minerals and metals. Arc welding was not
universally used until World War Two, when the urgent

need for rapid means of construction for shipping, power

plants, transportation and structures, spurred the

necessary development work.
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Fia. 4-1. Generator for belt drive or direet connection. (Courtesy of The Lincoln
Electric Company.) |

&

Fig. 16. D.C. Generator with variable voltage

characteristics.

i sl ol ' Sy . o The ."«.’f-‘*n")lﬂ Electrr'c'
Fic. 4-2 Gﬁrator driven by electric 1motis. (Courl ] - 7
TI1G. 4-4. y . o : 4‘.
Compqny._)_ﬁ__ T —
i ctric motor.
L7/ portable Generator driven by ele
19%31(5] 2
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Fig Gms i i
g Portable Generator driven by gasoline engine.
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1V Arc Welding -

Historical Account

In order to describe the type of work carried out by
the arc welding process during the period when it was

first used as an alternative to the older systems i.e

riveting etc., there follows an extract from an

article entitled "Fifty Years Since the Establishment
of the First University Welding Laboratory", by
N.M. Kunitsyn who was a Russian welder, and discusses

his experiences between 1925 and 1929.
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hines, Mmodified to Produce

SChemes ity independent I B

effected with 'bare wi '
Wire ¢+ Not made purpoSely and Without

any ‘cover ingrRENEHIc e With chalk covering, mixed
4
using an aqueous SOlution of sodium silicate were
r
sometimes used for the Stabilisation of arc burning.

Special covered electrodes appeared later, and at first

they were purchaseqd from abroagq. The quality of welding
achieved using electrodes without Coverings, or with chalk
covering, seems remarkable today, in view of the fact that %

No serious cases of failure of Structures welded with such

electrodes were recovered. g

The welder's trade was extremely privileged at that time.

Welders had a number of privileges - they received a special

milk allowance, worked a six-hour shift, received additional

leave, and received better wages than in other trades.

A fairly large group of students of the GDU formed around

V:P. Vologdin (Shket, Savitskii, Kislovskii, Markov,

Bor oV d to specialise in welding.
is etc.), and they decide P it g
r -

il instil
It should be pointed out that the ability to in

‘around himself
®Nthusiasm and to unite a body of helpers -ar




S character
exXtremel te,
a1y Y charmjng SndSamiona Person Alth
ough
e nent 301entlst and theoretl
€lan, he hag

and

he fabricated the firgt all-weldeqd Steam
boiler of the traction €ngine type

Many receiveg his
personal instruction in the art of controlling the

welding arc. The authority of 'Petrovich!,

affectionately referred to by his welders, wa

and deserved. All students controlled the welding arc

excellently, and they were often employed in the

execution of many important welding operations. They
also undertook Many engineering tasks involving welding,
and they participated in the design of welded structures,
and in the design and modification of welding machines.
This group, headed by V.P. Vologdin, organised welding
pProduction at Dal'zavod, where the core of our oldest
electric welders was formed. The first, and excellent
electric welding operatives, were Fonarev, Silin, Bidnyi
(Who died tragically during the repair of the steamship
'Yana'), the brothers Shadrin, and the brothers Golubev.
Many operations, both at Dal'zavod and elsewhere, were

Managed by V.P. Vologdin's chief assistants - Kostyaev

i utting) .
and Tirman (an expert in oxygas welding and c g

o : ork some-
1.5 Dimitriev and G.K. Tatur joined in this w

what later.
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- at that
weldi i

N9 Operationg Were accomplished at the
dawn of electric welding.

It is of course impossible to describe all the welding

work undertaken at that time. At first, purely repair

work predominated, but then more ang more operations
connected with the installation of new structures and

articles by means of welding were undertaken.

We will give just a few examples of the repair work
undertaken at that time using electric arc welding in

which the present author took part.

In 1926 it became necessary as a matter of urgency to
replace our winter personnel on the island of Vrangelya.

It was at the end of the summer, there was jl.lSt enough

time for the passage to the island, and a suitable vessel

1!

vwas yet to be prepared. The ice-breaker 'Nadezhnyi
i laid u

was urgently placed in dry dock - it had been la P

i to the

for several years before this, and conversion

ddition to
Sunboat 'Krasnyi Oktyabr' was commenced. In addi

o replace
Numerou other repair jobs, it was necessary t jo)

S

n the hull. 1EhE ElnE

more than a million old rivets 1
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hour shift of arduous work.

; : ILiE
drilling was lnaccurate,

the None-too-easy task of
knocking out was even more difficult, and re-drillj
—drilling
was necessary. It was possible to increase the numper
of drilling teams to some eXtent, but even then it would

not have been possible to reach any deadline Then, at
C I

the suggestion of the welders, headed by V.P. Vologdin
4
the rivet heads were melted out using a carbon arc.

The technique is very simple. The welder uses the arc

to burn away some of the paint in the region of the rivets,
and after this the outline of the rivet head can clearly

be seen. Melting of the conical body of the rivet head
begins. Because the arc naturally tends towards the more
heated place, its thermal action is concentrated in the
mass of the rivet, without affecting and melting the rivet
hole. The rivet, without its head, and also heated, can
be knocked out by one man using & handipunch with mo great

ef fornts Whereas the men employed for knocking out lagged

i i i it was
behind when drilling was used, 1n electric melting it w

he was able
the welder who could not keep UPys even though he

: i r shift.
to burn out at lleastRzae. rivets in his six-hou

f melting-out
The welders quickly mastered the technique ©

ood quality.
rivets, and their work was always of 9 a

onliofmthenclcCt

The 'Krasnyil

ric arc had
Clever and timely applicat

. blem-
helped to solve this repair Pro
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rl
oktyab set out on time and completed its Important task

The method of the melting-out of rivets was employed on

numerous other occasions, in particular for dismantling

the large, obsolete ship 'Pechenga',

The messenger ship PS-10 had had an accident with a steam
boiler. Local bulging into the firebox had occurred as
a result of severe overheating by the hot coal in both

drums of the fireboxes of a fire-tube boiler. At that

time there were few frontier-guard vessels, and each of

them had to be strictly operational.

It was necessary to replace the damaged sheet-steel drums

inside the boiler, and this cannot be done without first

removing nearly all the fire tubes. At a meeting, the
boilermen determined a repair time of just a few weeks.
I remember that they called me and asked whether the repair
could be effected using welding, and how long it would
take. T first studied the actual nature of the fault
(the vessel was already standing near the factory berth) .
The bulge on the drums (four drums in each firebod)
was about 30-35mm. The area of the bulges was roughly
300 by 400 mm. The drums had wall thicknesses of 12mm.
T said that T could do the work, and without knowing the
time limit set by the boilermen, I said it would take
less than twenty-four hours, provided that I could appoint
a team of boilermakers headed by Kuberskii, who was &
real expert. My declaration was met with considerable

¢ it
doubt by all those present. However, the conditions were

5 o'clock on the
accepted, the team was selected, and at

- 46 -
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same day we started the work. The water was drained from

the boiler, which was still hot, the two bottom rows of

ire tu
fire bes were removed, and both bulges were cut out using

oxygen. Meanwhile, patches had been prepared, and welding

in was begun. The entire job, skilfully organised by
Kuberskii, was completed by 10 o'clock in the morning, i.e.

in just 17 hours. The boiler was tested, and accepted

in respect of all the regulations, and steam was raised in
it Everything had been done extraordinarily quickly;
the PS-10 was again capable of fulfilling its tasks, as

if no serious accident had occurred.

0f course, the above is not an isolated example. The
popularity of electric welding increased rapidly because

of its astonishing ability to reduce repair times. A
variety of repairs were effected, for the reclamation of
worn shafts and the blades of screw propellers by building-
up, for building-up the edges of the plates of riveted
steam boilers, to increase their thickness, and for other
operations using building-up. The method of submerging

a vessel to repair its underwater part without docking

was employed for the first time (the tanker 'Neftesindikat

SSSR, and others).

o6 e l927’Dal|zavod was approached by the management

of the English eardo steamer tWillesden', which had

recently completed work with soviet freight. The firebox

of one ofitsFtouREeitcTs was damaged.  Repair of the

box by welding had already been carzicdiontl LR SLElERte s




ut with
b out success. The order was accepted, and I was

again entrusted with the work. The vessel was berthed

= mi
2-2.5 miles from the Works. The work was performed in

situ, by transporting a welding machine. The degree of
technical difficulty was not beyond our usual capabilities,
and therefore completion of this work, after the lack of

success in Singapore, was a matter of prestige. The work

was effected successfully. The clients invariably

expressed their satisfaction to Dal'zavod for the welding

work on subsequent voyages.

As already mentioned, the GDU and Dal'zavod were the
first to fabricate all-welded boilers, including fitting
the fire tubes by welding instead of roller-expanding.
Sebsequent replacement of tubes was also accomplished by
welding. At that time this represented a considerable
achievement. In general, this period was typified by
the use of welding in place of riveting. Among other
work in this direction, mention must be made of the use
of welding to make oil storage tanks of about 7 metres
in height and diameter. To make the tanks, only final
assempbly and welding were carried out on site in field

conditions. As much welding as possible was completed

in the workshops: the half-bottoms and half-tops, and

all the vertical seams of the banks - except the last,

closing band. The bands were rolled up, and everything

was loaded onto flat +racks, within the railway size

iritc o ameNles patched BB RERE S ginsiba | aEiert

o T ololn CIRIOEE s

the assembly and welding of tahks in which the tank was
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assembled on its bottom from top to bottom, starting
with the top cover, then the upper and subsequent bands,
and ending by welding the bottom band to the bottom.
This employed only four hoists, suspended on four colums

dug in around the tank, and a minimum of people. Many

tanks were built in this way.

Bold and successful solutions were found for the very
important problems of mechanisation of loading work in
the transit section of the port of Vladivostok. More
than half a kilometre of various welded transporters for
trans-shipment of bagged and piece cargoes, and also
oilcake, was fabricated in the workshops of the GDU.

A large volume of work was undertaken for the production
of metal supports for these transporters, old rails being
utilised for these supports. At that time this was
convincing evidence of the advantages of welding, which
could be used for joining rods in structural assemblies
of limitless complexity. Numerous structures of the
bridge and roof type were made also, the first tubular
girder assemblies were designed, and techniques were

developed for testing welded lattice structures.

The end of the 1920s saw the first Soviet production of
all-welded sea vessels. The welding of a series of sea

launches was started in the summer of 1928 (their length

was about 16 metres) . During the course of their

construction, even pefore they were put into service, an

accident confirmed the great reliability of the hull

welds. One of the launches with the hull completed was

- 49 -




being lowered into the water, At that time this operation

was accomplished using a floating crane. While it was

being lowered, the bow rope broke and the vessel's bow
struck the water from a height of more than two metres

(the stern rope did not break). As the vessel floated

up rapidly the left bow section struck a pier girder and

a dent 80-100mm deep formed. All the seams in the

region of the dent remained sound. If a riveted hull had
sustained such damage it would have been necessary to re-
rivet all the riveted joints. In this case the dent was
not even straightened out - a patch was simple fitted and

u
| o, ol (e bl
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Wi Arc Welding Electrodes.

As has already been stated early arc-welding involved the

use Of bare steel rods as electrodes. Manual bare wire

welding, as it was known, was employed for almost half a
century but it is now virtually unused. Considerable
skill was required to strike and maintain an arc and
because the operation was done in air the deposited metal
was seriously contaminated with oxygen and nitrogen.

This effected the impact properties adversely. Not long
after the introduction of the bare-wire metal-arc process
attempts were made to overcome these difficulties by
coating the electrodes. These attempts may have been
prompted by the fact that from the earliest days the
importance of the surface of the electrode wire was
recognized. Although described as 'bare' the wire used
for welding fregquently received a lime wash during wire
drawing which resulted in the surface of the wire having
a thin film of rust and lime. Although of negligible
thickness this film led to a marked improvement in arcing
properties. Kjellberg introduced the first flux-coated

electrode in 1907 and clearly understood that the coating

could have other functions than merely that of stabilizing

the arc.

Since their introduction at the turn of the century, metal-

arc electrodes have been the subject of continuous

development. In spite of competition from other, more
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recently developed methods of welding, the metal-arc
process, in which electrodes in the form of short lengths
of flux-covered rod are held by hand, has become the most

widely used welding process.
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recently developed methods of welding, the metal-arc
process, in which electrodes in the form of short lengths
of flux-covered rod are held by hand, has become the most

widely used welding process.
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Thi ecti ;
1S section includes some diagrams which, although not

directly related to the subject matter, should help the

reader visualize the content.

Primary—1" | Secondary
Ground winding wmd'llng
(coil) e | (coil)

Electrode
cable

Ground I
| cable

Eigi. 920 Typical ac welding circuit.

"I 1903 electrodes were produced with acid type coatings,

namely mineral silicates, rutile and cellulose. Weld
metal hydrogen values 10-25mls/100 grams. iy, ALCXO)T/
Kjellberg began his work on electrode coatings. His

patent claimed the 'application of a heavier electrode

coating which resulted in a simple and practical method

of welding whereby the welding of joints on the lower

side of objects can be easily effected’ and he also
claimed that the coating material could be formulated so
that it 'effects mechanical or chemical changes'. Oscar
Kjellberg was the founder of the firm of ESAB Ltd., and
from the beginning ESAB electrodes have always carried the

designation OK, the initials of the founder.
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Fig 21. Electrode metal flow Fig. 21. NEMA coding of

electrodes.

About the same time, an analytical chemist and consultant,
A.P. Strohmenger, whilst working for two clients became
involved in experiments on arc welding being carried out
by an engineer called Slaughter. Strohmenger analysed
the wash coatings on some of the electrodes and suggested
to Slaughter that he might try wrapping the welding wire
with some blue asbestos which he happened to have on his
bench. This was the property of Cope Asbestos Co (also
a client). The result was an instant success, more sO
since the arc would run on A.C. whereas the wash-coated
wires would not. strohmenger showed his new invention
+o Professor Sylvanus P. Thomson of London University

who expressed the view that the arc was not a normal

metallic arc and christened the process Quasi-arc. As

e

RO S i

PSS R P R

AT

S

B T | K i e des 2] aF

R

e




(6)-720d shaped troansfer

: -h.;'. 3-13. Weld-metal deposition

tserved in hi].!il-\'[)(’(‘(: |p}|(1|n‘,:|‘;||lh.—~ of metal-are

Fig. 22 Weld -metal deposition as observed in high-

speed photographs of metal-arc.

In 1911 electrodes wound with blue asbestos were used
with great success by Slaughter and other contractors
on both tramway and minor ship repairs in the London
docks, but this company was mainly interested in contrac-
ting work as welders whereas Stohmenger enlisted the
help of a firm of Chartered Accountants of whom a Mr.
C.H. Champness was the principal director and on his

advice formed the Quasi-Arc Co. Ltd., later absorbed by

the British Oxygen Co.



Free arc welolinq ~ Contact arc welding

Figa 233 Eree ArciWelding and Centact Arc Welding

In the early days when Strohmenger and Champness were
recruiting staff for the new company they enlisted the
services of W.L. Cole, a mechanical engineer, who was
the head of a small business in Mile End. This man, at
one time when ship-building was carried out on the
Thames, had been very active in carrying out subsidiary
work on small craft. About the time of the founding of
the Quasi-Arc Co. in 1912 work had fallen off and had
been mostly concerned with miscellaneous construction of
machines in various works in the East End of London.
Cole was glad to give his attention to the design and
manufacture of machines for making Quasi-arc electrodes

which were operated in the first place in his Mile End

works.

Although the early activities gifthclicelipany, Scenes s

e el e London and the South of England, soon

representatives and e S llingiic ol e SRENCH IS BHERS

appointed and the sale of electrodes increased rapidly.
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slag had been chipped off.

Covered Electrode

Electrode covering (flux)

5 Electrode wire
lis

\;fGaSSMem

se metal

LLLLLLL L zone

14§Ba 7; ; 7 !

Fig. 24 Schematic diagram of arc-welding process.

By the time war has been declared in 1914 the Quasi-Arc
Co. was well established and the ' term "Quasi-Arc"
welding was generally used for all work carried out with

blue asbestos covered electrodes.

In 1911 further Kjellberg patents appeared which described
more specifically the electrode materials, coating,
minerals for slag formation and various ferroalloys, all
of which were claimed to have some effect on weld

properties. Welds were superior to those made by base

electrodes.
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In 1927 solid electrodes were made by the A.O0. Smith Co.

I AtESEe i
E(0NE AL Wn use, but in 1929 they were made commercially

by Lincoln Electric Co.

By 1930, iron powder, cellulose and titanium were finding
greater use in creating materials whilst the use of

silicate asbestos, fluorspar and lime was declining.

1938 saw the development of basic lime coated electrodes
depositing weld metal with potentially low hydrogen values

of €10mls/100grams.

)

Flux coating weld

Arc head
Metai
transfer
area —__
Molten pool
Heat-afi:cted zone
Covered electrode metat
o deposit.

ihlel, A5 covered clectrode metal deposit.

L e acvelopiee ©F Ghae Eypeliclicctnodesiiey

welding stainless steels and hard facing.




In 1942 there was further development of basic low

hydrogen electrodes for welding low alloy high strength
hardenable steels.

Acid rutile-iron powder 'touch' ByRe Cllcctrodes were

developed in 1952 and by 1960 there were further develop-

ments in the high efficiency iron powder type.

1962 saw the introduction of zircon iron powder basic
coated electrodes and in 1965 a composite double coated
basic low hydrogen electrode was introduced. By 1970
there was developed basic coate& electrodes depositing
weld metal of high fracture toughness with values of 200J
at 10°c and ductible to brittle transition temperatures

of -7OOC.

Fig. 26 piagram showing flow of metal in metal-arc

welding.




The use of welding electrodes has made an important
contribution to engineering technology since 1903. They
have been produced for ang cveecesEuliy el Chl L
weldable ferrous alloys including some of low inherent

weldability e.g. 11-14% manganese steel and carbon

manganese and low alloy steels with a CE in excess of

0.5%.

Welding electrodes still account for at least 50% of all
welded fabrication throughout the world. In most
industrial countries it is between 70 and 90%. A

complete range currently lists about 80 electrode types

of which 38 are basic coated types."
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Wl Stud Weldip
=Y

Stud welding is anp arc-welding process which, in many

respects, resembles manual arc-welding.

i b o oo
PN e N AR P

The equip-
ment required for styug welding consists pPrincipally of
a stud-welding gun,

4 control unit or device to control
time of current flow,

@ source of d-c welding current £

and studs and ceramic ferrules. See Fig 27 below.

Fig 27. showing basic stud-welding circuit.

There follows now extracts from an interview conducted
by "Metal Contruction" in January 1973, with Mr. Harold
Martin, the inventor of the stud welding process during
the 1914-1918 World War and later developed the process

in the 1939-1945 War. Mr Martin was appointed
in e =

ri gi th
ical engineer at Portsmou

i assistant elect

experimental

i h the
Dockyard by the Admiralty in 1915 and as suc
4




process was devel
Oped as ga Means of saving the time and

energy requir i
q ed to drill ang tap studs, particularly
into ship's plates.

T
hese studs were used to attach
machinery etc.,

to : 3

the inside of the shiiiplist hull fand it
he hull h
ehs ddREolbeRpene tratediin order to allow the old

type stud i
vp to be fixed, the structure could be damaged.

A lot of the work was done on the structures of the

ships themselves., We could see it offered big advantages

because of the possibilities of avoiding drilling and

tapping, with certain, or at any rate potential, damage

to the ship's structure." -

"We had to clamp many things on warships such as cross-
bars and many attachments for which it was most

desirable to avoid the drilling of corresponding holes.
If you can made a sound, strong and watertight attach-
ment without any drilling or tapping that is obviously

A
a big advantage - SO that's what we did.'

At first, ordinary bolts were welded on by hand, but
was not very satisfactory. Then they started using

the bolt itself as an electrode.

"The bolt itself was used, with an electric current to

Createraniane: We held the end of the bolt in contact

with ChoN=hip LRt had a slightly coned end and

we soon had a stud-welder fully developed.  BY pressing

a button at the copEReLlEE, e MEE cizeutitiwasHCcLoseS

=26 =




petween the b '
olt and the Plate, and th
en the stud-
welder react
ed and 1ifteq the stud from th
late '
thereby formin . | | |
JansarEe That arc was maintained for |
a given time and while the arc was runnir
) nning,

e ——— "
e

metal was bei i
elng deposited on the plate opposite th
= o S < €

stud end. Af i |
ter'maintalning that arc for a reasonable |

eriod - wh
P ich was altered to suit varying conditions -
the melted

end of the stud was returned into the molten

rat
crater, sO to speak, and the crater built up around the

a . ;
edge of the stud. The circuit was then automatically

opened and the stud was firmly welded and with a

reinforcing filled round the edge in contact with the

plate. n 13 - T ! Vﬂm‘—%”“_‘—
25

t

|

|

wnieal stud weld. ?(Coum-
e Nelson Stud._Welding MEES0]

Fig 28. Section through typical stud weld.

During the interval between the Wars Mr. Martin continued

to work on improving the stud-welding system by trying

different material combinations.

= B =
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"1 could see the Ex
: alue of welding and 3
particularly of stud welgip ;
teel joint i 9-  You see the brass-to-
S 1S Very much s :
. | 2 ship job and there were l
other combinations of i : - | [
£ nterest in other fields. One E L7
of the first applicati E Y
o ; ;
NS was to hold cables to ship ‘
pulkheads by means of ; '
bolts which were stud-welded into v '
place - and there wer é
€ a great many such welds made in !
a very short time." 14 :
puring the Second World War high tensile steel studs
were developed for use on tanks and destroyers.
"In 1937, I was appointed Electrical Engineering Manager : }
at Chatham dockyard and right at the beginning ofsthe | 1
ji last war, in 1939 or 40, somebody came along concerned |
? with Army tanks because rivet heads were flying off 3 %
{ Y o
i when they were hit, and they thought stud welding would ! E
| 15 P |
- be suitable." : |
:E |
‘ i
Sath et T B
i | Some nonferrous studs are also availablé, .
3 A large number of ferrous and
E 22 + be welded successfully by stu
x s ,L ;-;;‘.‘!‘;nl! .~!~'(’l.\' '
S e

ilable.
ds presently avaz
: yemil P OF B8
Fig. 29 Typical
J A=
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destroyers came out alright put they were not always

successful.

which was the standarg test, and therefore, we cross—

questioned the fellow who wWas doing the welding. i
asked what he was dipping the studs into and he said:
'Oh! I have put them in that tin can over there'.
Then we found it contained urine and this lead to the
idea of coating the end of the stud. We tried this
and subsequently we found out why this was effective.
It was the application of this observation that helped

to solve the tank problem and also the armour on ships.

It was one of the keys to the complete success of stud

16

welding."

stud welding application.

: Typical
]‘ izbe, 50 T o



roberts and Van Nuys in 1919, and others several
years |

later, considered the problem and a variety of gases
were

proposed from the inert dases to hydrogen and hydro-

carbons. e s 19300s The interest auem G @t o

the inert gases but it was not until 1940 that experiments
were begun at the Northrop Aircraft Co., of U.S.A. with
the deliberate intention of developing a practical inert-
gas welding method. The metal to be welded was melted
by an arc struck from a tungsten electrode, in an

atmosphere of the inert non-atomic gas helium.

The original apparatus comprised the simple tungsten

electrode torch and a d.c. generator. Arc starting

was by brushing the electrode on the work but this led

to contamination of the electrode and a high-frequency

spark generator was added to the equipment SO CliaEaa

arc could be struck from the electrode without touching

lectrode negative and

it on the work. at first both e

y were used, although the

electrode positive polarit

S fayoured pecause less heat was

negative polarity wa .
remaine
generated at the tungsten olectrode, which

relatively cool.

= BHE =



i
1
|
1
{
1

R -

currents were i
ilncreased to over 100A and
nd it was no

longer possible to
use the electrode positive polarity

cause the tungsten electrode e€came so ho
bo he t st lectrode b so hot
that

ten tu
e ngsten dropped off into the weld pool. Th
- e

higheXx weldin
9 g currents also necessitated water cooling

of the bod
y of the torch because of the increased amount

of heat conducted back along the electrode

py 1944 it was recognized that electrode polarity was

of greater significance than had appeared at first.

Up to that time the inert-gas arc process had been used
principally on thin-gauge magnesium and stainless steel,
put attempts had also been made to weld aluminium with
which was found necessary to employ a flux. It was
observed, however, that oxide removal could be
accomplished by the arc itself on electrode positive
d.c. Or AnEaiiC welding, thus making a flux unnecessary-.
Unless a certain minimum open circuit voltage was avail-

able when welding aluminium with a.c. the oxide film was

not broken down SO that the a.c. was rectified and

welding was jmpossible. By 1946, nowever, it had been

found that the spark ionizer could be made to stabilize

the a.c. arc Gradually a preference emerged for argon

over helium in manual welding. largely 2as @& result of

the smaller chande in arc voltage with arc length when
]t

welding with argor: This made £he PTOSSSE i

! oint of view.
critical from the welder's P

n made to the weldind of aluminium

arc method there began a

Once a start nad bee

tungsten—
T

by the inert-9as




[ESSNE S e T
N R S ISP e e

period of rapig deVelopment becau I ‘
Se of the new range |

of applications opened wp, Although 1
L) imited for

several years to :
welding sheet material at less than

150 A, there was
NOow a demand to go to higher currents

Metal gas nozzl
=S Were replaced by ceramic ones, these
4

in turn being replaced by water-cooled metal nozzles

when Tt WaSEEcHnNcIREh RN ol Fam e oz s Tes had a limited
life. The water-cooled torch body and power lead was
now essential to give lightness and flexibility to the

torch and because the high-frequency ioniser was left

on continuously, great attention had to be paid to the

insulation.

Although the high-frequency ionizer stabilized the arc,
it did net affect the inherent unbalance between the
voltage on alternate half-cycles, which resulted in a
d.c. component that tended to saturate the transformer.
At first, this was overcome by applying a samilar d.ie.
voltage, butHoE opposite polarity, to the circuit so

that the d.c. component was balanced out. This was

done with storage batteries, put subsequently it was

found that largeRcapaClitons in series with the arc had

the same effect.

1ding gas was improved from 98 to

The purity of the shie
ent as the proces

£ the need for high purity

developed
over 99.95 per € 50 pESy

particularly as @ result ©

of aluminium alloys and reactive
£l

gases for the weldin
gas available outside

metals. Argon, the only inert

— B =



the U.S.A. gained ip Populari+
% 1 y'

. " eve i
pbeing the chief gas used B Eeirchat country,
manu

| al welding, although
the higher arc Voltage anpg theref ’ :
r €rore,

g reat
penetration of the el g er

; | shielded arc was found of
value 1n automatic welds
ing. Both helj
ium tungsten-—
rc and argo
= gon tungsten-arc techniques were rapidly

applied to th :
PP € welding of 3 Gangelo i non-farrous metals,

which had proved difficult to weld by other methods

ith alumini i i
Wi lum, as with magnesium, the new process gave

greater scope to the engineer because of the absence of
flux. Previously fillet welds and other types of
joints in which flux might be trapped had to be avoided
because of the danger of corrosion after welding. The
more concentrated heat input of the tungsten-arc
welding process over gas-welding enabled welding speeds
to be increased and improved the metallurgical quality
of welds. Although there were many advantages to the
process it was also found to have limitations. The

separate addition of filler metal required the use of

both the welder's hands, access to difficult joints

tented to be restricted and positional welding was slow

and diffilcuilEE

In 1948, however, the second important gas-shielded
[4

: i
process made its appearance and was to prove capable o

factorily on many 2

4 to the tungsten-arc method.

i f the types of joint
being used satils

not ideally suite
the electrode

ode was in the form of

which were
was non—consumable,

In tungsten—-arc welding,
but in the new method the electt

B2 =




the U.S.A. gained 1
n POpularj_ty' e
peing the chief gag used for N that country,
nanu

. al weldin
the higher arc voltage el . g, although
14 e Ore .

- greater
penetration of the Rl e

l . ; shielded arc was found of
value 1n automatic weldj
ng. Both helij
i1um tungsten-—
d ar
arc an gon tungsten-arc techniques were rapidl
idly

lied to th ;
app € welding of g3 range of non-ferrous metals
r

which had proved difficult to weld by other method
S.

i alumini : -
With nium, as with magnesium, the new process gave

greater scope to the engineer because of the absence of
Filase Previously fillet welds and other types of
joints in which flux might be trapped had to be avoided
because of the danger of corrosion after welding. The
more concentrated heat input of the tungsten-arc
welding process over gas-—welding enabled welding speeds
to be increased and improved the metallurgical quality
of welds. Although there were many advantages to the
process it was also found to have limitations. The

separate addition of filler metal required the use of

both the welder's hands, access to difficult Jjoints

tented to be restricted and positional welding was slow

and diffiecuilits

In 1948, however, the second important gas—-shielded

le of
process made its appearance and was to prove capab

ctorily on many of the types of joint

being used satisfa

which were not ideally suited

i rode wa
In tungsten-arc weldind, the elect

od the electrode was in the form of

but in the new meth

- GEhe

to the tungsten-arc method.

S non—consumable,



wire, which was co vide
nsumed during welding to
Pro l

filler metal for the welg

This wire was fed from a

comltto the arc at the same rate as D el cdiaway
The term metal-arc is used to describe an arc-welding
process in which the electrode is consumed during
welding to provide filler metal for the weld and the

W roces
new P s therefore became known as inert-gas metal
2 el

c welding.
ar g It was not long before gases other than

inert were used so that the process should now strictly

be described as argon metal-arc, helium metal-arc or

metal- i
C02 etal-arc, etc., as appropriate, with the general

title of gas metal-arc for the whole series.

In the first apparatus, the wire was pushed through a
flexible tube to a pistol-type torch, where contact

was made with the welding current conductor. Argon
gas to shield the weld pool was passed through a nozzle
surrounding the filler wire. Although the torch was

held in the hand, the process possessed certain

characteristics usually associated with automatic welding.

Tt was the first manual pProcess +to utilize the principle

of the selif—adsusEinIRcES in whilch the arc length is

i i i i of movement
l held constant during welding irrespective

by the operator. An essential o ROt theSpEOCE S Sy
f-adjusting arc

which made it possibl sel J g

e torch, was the small

| and the flexible feed tube to th
: i th
| diameter of the electrode wire; usually apout 1/16

red axially from this wire

inch. Metal was rransfer

o G SEEEE of fine QroOPS:

electrode to thé work 1

1
|
|
|
{
|
|
1
|
1
|
|

. -y




pevelopment of the j
€ lnert-gag metal-arc method
(@) in the

ecarly 1950's was close]
Y associated with the welding of

a u,rn i i‘ ]

establish
ed as structural Materials, in particul £
¢ i ar for

ip-buildin
ship g where a process was needed which would
ou

weld in an ositi
L P rons Had the need for structures in

uminium al ;
al lOYS not existed in 1950, the process mlght

well have been developed more slowly, and it w
’ as

fortunate

that ini
aluminium was one of the first metals to

} . f
i e rled oY as it iS oW
b t I n known, metal iS transferred

! across the arc more satisfactorily with aluminium than

with any other metal.

Following the successful use of inert-gas metal-arc
welding with aluminium, attempts were made to apply

the method to other non-ferrous metals and to steels.
The use of argon for welding steels was not economically
attractive, but after several years of research in the
U.S.S.Ra, UCEeE and U.S.A., techniques were developed

which permitted the satisfactory use of carbon dioxide

as a shielding gas-. This gas is cheap and made the

process competitive in many applications with established

processes such as metal—-arc.

arc weldind, from the first

The history of gas—shielded
i Els EaE
use of the helium tungsten-arc i the 1940's
i ide-shi metal—axc
successful use of the carbon dioxide shielded me

n discussed in reasonable detail
ee

L in the 1960s nasHk




pecause this is POSsibly the best introduction to this
important series of Processeg

The impetus behind
each new development cap be seen ip perspective and it

- A=




VILI Resistance Welding

"The invention i
of resistance welding by Professor Elihu
Thomson came ab
out through a 'fortunate accident' that

occurred in ;
1877 during a lecture at the Franklin

Institute in Philadelphia. According to Stanley:

professor Thomson was using a spark coil to step Up
t .
pattery current to high-tension discharge in order to

charge Leyden jars when he wondered what would happen

if he reversed the process. Accordingly, he charged

the Leyden jars from a power-driven static machine -
and next passed current from the jars through a winding

of fine wire to a winding consisting of heavier wire and

including terminals 'held together in rather 1light contact'.

The outcome Wwas that the discharge of current through the

fine wire winding fused or 1welded' the loose terminals

: 1%/
of the heavy wire winding."

rmounted

e rles of Sctaky Bros., [ne.

i & Je-spol=ve:
Typical multipie-<”

ge multiplefspot—Welding machines 1ike the
Fig. 31 Lar
e showD apove were in use before 1950.
on

a7 Sl




uwith th i
1S experi
rime
nt resistance weldi
ing was to come

into being d
and lt S1 g
S ba ic i n
P :aniple has n
ever bee changed.

| A though th lment w =
| ] e exper'
n 87 ]' PI'O:E

Thomson did
not perf
ect resistance welding
as a process

until 1886
. At th i
at time he applied for two t
patents,

one of which
was a
process patent and covered th
e e butt

welding or joi
Joinin
g of two pieces of metal with
equal

areas. B
y 1898, ho
0 wever, the process had been utilized

for spot welding." e

o EdecteR IO o

by . o l el traETRn”

R

- T— fatraction \
{

1 maching

press type rOll—SpOt

” three—phase"

Fig, 32 Typical

and seam—welding machine.




§ i POOR IMPROVEMENT ALTERNATE 600D

‘ ‘ Proper and improper clectrode clearance for spot and projection welding. |

J‘ —_— S = e
Fig. 33. Detail of correct and jncorrect methods of

aligning electrodes for spot welding.

“Kitchen—utensil manufacturers were among early users

of the process- They substituted the process for
riveting and SO welded handles to pans. in addition,

the process was adopted by the wagon manufaciurers

after it was shown that the process could greatly

reduce production costs. TIn the early days of resistance
welding however, widespread adaptation of the process

was retarded in part by the Eact Ehat one company only
COntrolled the manufacture and jnstallation of eguipment.
After 1916, ©on the other hand, when five companies were
1icensed tO make resistance welding equipment, appiication

of the process for spot welding came into general use." LE

Resistance welding is one of the most used welding
processes today r having many applications in the jpdustrial

and domesticC markets.
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Y Oxyacetylene Process

n L s
It is Le Chatlier a Frenchman who, in 1895 established
the experimental basis for what we know today as

oxyacetylene welding and cutting. In a now well-known

paper delivered before the Academie des Sciences, he
described how the temperature of the flame from the
combustion of acetylene with oxygen produced a temperature
far greater than that encountered with any other
previously known gas flame. He further described how

the combustion of acetylene with an equal volume of oxygen
proceeds in two stages - which, today, is precisely how
combustion proceeds when using modern oxyacetylene welding

or cutting torches.”

Hose
Regulator
&ﬁ/ i
Hose valves

Torch body

Mixing
chamber

Tip

Oxygen Acetylene

~ Flame

Fig. 34 gchematic drawing of oxyacetylene welding

equipment.




"The work of Le Chatlier attracted the attention of

others who sought to develop torches which would permit

use of the oxyacetylene flame for welding. Thus torches

appeared in 1901 and, by 1903, oxyacetylene welding began

to be applied industrially. It is shortly afterwards -

1904 and 1905 - that torches were introduced commercially

21
for cutting".

: Tip-blowpi=—~ /nection
Tip = N,

(

P e e

Oxygen
valve

et
“Tr i

il
3

5 /x > s s > o ” I;J‘Ei}\ : ‘-.- L : = 5t
: Wang
' Acetylene
chamber y

valve

Eig. 35 Schematic drawing of oxyacetylene welding torch.

A gh 36 Typical gas welding operation.

- 77 =

o

.

o

ey



Fig.

Pig.

317

38

Torch tip Filler material

Envelope

. &'h/q X

Base metal

Molten metal SO‘ld'lfIEd

weld bead

i e Oxygen acetylene welding

Schematic drawing of oxyacetyle

process.

Modern standard cutting torch i

ne welding

n operation.




Vario i
us types of machine cutting systems using

oxyacetylene.

TPkl SIE) Portable single-cutting torch.

Fig. 40 Numerically controlled cutting machine.




Eig. 41 Stationary pantographic multiple-cutting

machine.

"The work by Le Chatli
torches by others was

ensure the future suc

er coupled with the development of
, in itself, not sufficient to

cess of the oxyacetylene process.

Other requirements were a source of acetylene and a

source of oxyden. Coincidentally with the work of Le

Chatlier, & method fo

r commercially producing calcium

carbide from which acetylene is made was discovered at

Spray, N-C-v in 1892;

liquid air was placed

also, in 1895 a machine for making

in operation and was soon to be
i

the forerunnéer of processes for manufacturing oxygen.

The next step: which was solved in time, consisted of

devising methods toO supply both gases in steel cylinders

for transportaion to points of use.




Oxyacetylene welding

~ particularly for repair work -

and cutting r :
J Tecelved almost immediate acceptance among

steel fabrica
tors. However, the greatest impetus to

developmen
P t of the process did not come until the years

of World Wa
r l. Then, under the stress of wartime

needs duri 2
ing 1914-1918 the effectiveness of oxyacetylene

welding and cutting became remarkably clear." e

The actual process has changed little since that time,
the main changes being in equipment materials. It can
be said that the two World Wars gave the necessary
impetus required by the industry to develop. These
were employed afterwards commercially, which in turn
provided the necessary capital for research and develop-
ment work. Some new processes developed since the
Second World War are gas metal-arc, electron beam,

electroslag and electrogas, plasma and most recently -

the laser. All have had and will continue to have their

use as have and will the older processes.

- 81 -
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Arc Cutting:

Arc Voltage:

Arc Welding:

AxXis of a Weld:

Back Weld:

Bare Electrode:

A ;

group of cutting processes wherein
the severing of metals is effected by
melting with the heat of an arc between

an electrode and the base metal.
The voltage across the welding arc.

A group of welding processes wherein
coalescence is produced by heating with !
an electric arc of arcs, with or without
the application of pressure and with or

without the use of filler metal.

A line through the length of a weld, 1
perpendicular to the cross section at

its centre of gravity.

A weld deposited at the back of a single-

groove weld.

A filler-metal electrode, used in arc
welding, consisting of a metal wire with

no coating other than that incidental to

+he drawing of the wire.




Bare Metal-Arc

Welding:

Base Metal:

Brazing: (noun)

Carbon ATrcC

Cutting:

Carbon AIrc

Welding:

An arc welding process wherein
Coalescence is produced by heating with
an electric arc between a bare or lightly
coated metal electrode and the work.

No shielding is used. Pressure is not

used and filler metal is obtained from

the electrode.

(Parent metal) . The metal to be welded

or cut.

A group of welding processes wherein
coalescence is produced by heating to
suitable temperatures above 80OF and by
using a nonferrous filler metal having

a melting point below that of the base
metals. The filler metal is distributed
petween closely fitted surfaces of the

joint by capillary attraction.

An arc cutting process wherein the
severing of metals is effected by melting
with the heat of an arc between a carbon

electrode and the base metal.

An arc welding process wherein coalescence
is produced by heating with an electric
arc between a carbon electrode and the
work and no shielding is used. Pressure
may or may not be used and filler metal may

or may not be used.

= (35




Carbon Electrode:

Cire Perdue:

Coalescence:

Complete Fusion:

Covered

Electrode:

Current

Regulator:

Cutting Tip:

(Nozzle)

Carb :
On or graphite rod through which

curr i
ent is conducted between the electrode

holder ang the arc in arc welding. A

non-filler-metal electrode.

See waste wax process.

(1) growth of particles of a dispersed
phase by solution and reprecipitation,
(2) the growth of grains by absorption

of adjacent undistorted grains.

Fusion which has occurred over the entire

base metal surfaces exposed for welding.

A filler-metal electrode, used in arc
welding consisting of a metal core wire
with relatively thick covering which
provided protection for the molten metal
from the atmosphere, improves the
properties of the weld metal and

stabilizes the arc.

An automatic electrical control device
for maintaining a constant current in

the primary of the welding transformer.

That part of an oxygen-—cutting torch

from which gasses issue.




Cutting Torch:

Depth of Fusion:

Die:

In Resistance

Welding.

In Forge

Welding.

Deposited Metal:

Effective Length

of Weld:

Electrode:

In Arc Welding

A devi
€Vice used in oxygen cutting for
co i
ntrolling and directing the gasses
used i
for preheating and the oxygen used

for cutting the metal.

T .
he distance that fusion extends into

the base metal from the surface melted

during welding.

A member usually shaped to the work
contour to clamp the parts being welded

and conduct the welding current.

A device used in forge welding primarily
to form the work while hot and apply

the necessary pressure.

Filler metal that has been added during

a welding operation.

The length of weld throughout which the

correctly proportioned cross—section

exists.

See Bare Electode, Carbon Electrode,
covered Electrode, Lightly Coated Electrode,

ectrode and Tungsten Electrode.

Metal ELl




Electrode

In Resistance

Welding

Electrode

Holder:

Enamel:

Filigree:

Filler Metal:

Flux:

The a

Parts or part of a resistance-
weldij ;

*Ng machine through which the

weldi
N9 current and, in most cases,

re
Pressure are applied directly to the
w
ork. The electrode may be in the
fo i
'm of a rotating wheel, roll, bar,

cylinder, plate, clamp, chuck, or

modification thereof.

A device used for mechanically holding
the electrode and conducting current to

it.

A vitreous (glassy) material applied in
powdered form to a metal background and
then fused. Various metallic oxides

are used to produce different colours.

ornament formed by soldering wires of

various types to a metal background.
Metal to be added in making a weld.

Fusable material or gas used in welding

or oxygen cutting, either to dissolve

or prevent the formation of oxides,

nitrides, Ot other undesirable inclusions,

or both.




Forge Welding:

Fusion:

Gas Welding:

Gilding:

Ground Connection:

(Welding Ground)

Hammer Welding:

A group of Pressure welding processes
wherein the parts to be welded are
brought to suitaple temperatures by
leans of external heating and the weld

is
consummated by the pressure of blows.

The melting together of filler metal and
base metal, or of base metal only, which
results in coalescence. (see Complete

Fusion, Depth of Fusion).

A group of welding processes wherein
coalescence is produced by heating a gas
flame or flames, with or without the
application or pressure, and with or

without the use of filler metal.

The application, in whole or in part, of
a thin layer of gold to an object, e.g.

silver gilt.

The connection of the work lead to the

work.

A forge welding process wherein
coalescence 1s produced by heating in
a forge OL other furnace and by applying

pressure by means of hammer blows.
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Induction Welding:

Inert-gas Metal-

Arc-Welding:

Joint:

(unwelded)

Lightly Coated

Electrodes:

Manual Oxygen
Cutting:

Manual Welding:

A weldi
n
g Process wherein coalescence
is pro
Produceqd by heat obtained from
Yesi
stance of the work to the flow of

induce q
d electric current, with or without

the application of pressure.

An arc- ]
welding process wherein coalescence

is produced by heating with an electric
arc between a metal electrode and the
work. Shielding is obtained from an
inert gas such as helium or argon.

Pressure may or may not be used, and

filler metal may or may not be used.

The location where two or more members

are to be joined by welding.

A filler metal electrode, used in arc
welding, consisting of a metal wire with
a light coating applied subsequent to the
drawing operation. Used primarily for

stabilizing the arc.

oxygen cutting wherein the entire cutting

operation 1is performed and controlled by

hand.

Welding wherein the entire welding

operation is performed and controlled by

hand.




Melting Rate:

Metal Arc Cutting:

Metal Arc Welding:

Metal Electrode:

Millefiori:

The wei
ght or length of electrode melted

1N a unit of time.

An ar q
€ cutting process wherein the

severi :
INg of metals is effected by melting
wi
th the heat of an arc between a metal

electrode ang the base metal.

See: Shielded metal-arc welding,
submerged arc welding, bare metal-arc

welding, inert-gas metal-arc welding and

stud welding.

A filler or non-filler metal electrode,
used in arc-welding, consisting of a
metal wire, with or without a covering

or coating.

Originally flower motifs produced by
casing a cane of glass with several
layers of differently coloured glass,
rolling on a corrugated surface and
cutting into short lengths. Other
designs are produced by laying together

glass rods of different colours and

fusing them. The whole then being drawn,

cut and set, in the Irish examples in a

namel.

packground of red e




Mixing Chamber:

Multiple Carbon

Arc Welding:

Oxvyacetylene

Cutting:

Oxyacetylene

Welding:

Parent Metal:

Polarity:

Porosity:

Pressure Welding:

That
Par
EROE gas-welding or oxygen-

Cuttin :
9 torch wherein the gases are mixed
for Combustionp,

S .
ee Tw1n—carbon arc welding.

An OXygen-curring process wherein the
Severing of metals is effected by means
of the chemical reaction of the necessary
temperature being maintained by means of
gas flame obtained from the combustion

of acetylene with oxygen.

A gas welding process wherein coalescence
is produced by heating with a gas flame
or flames obtained from the combustion
of acetylene with oxygen, with or without
the application of pressure and with or

without the use of filler metal.

See Base Metal.

Direction of flow of current.

Presence of gas pockets or voids in metal.

Any welding process or method wherein

pressure ig used to complete weld.
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Regulator:

7
Regousse:

Resistance

Welding:

Root of Weld:

Seam Weld:

Shielded Metal-

Shielded »=——

Arc Welding:

A devic

€ for controlling the delivery
of gas a

t some substantially constant

Pressure
Yegardless of variation in the

hi
gher pressure at the source.

Deco i g
rative motifs in relief produced by

heating from the back. Usually the

design is finished from the front by

chasing with punches and hammers.

A group of welding processes wherein
coalescence is produced by the heat
obtained from resistance of the work to
the flow of electric current in a circuit
of which the work is a part and by the

application of pressure.

The points at which the pottom of the

weld intersects the base metal surfaces.

A weld consisting of a series of over-

lapping spot welds made by seam welding

or spot welding.

An arc-welding process wherein coalescence

is produced py heatind palhfiant el ectEs s
itk

arc drawn petween a metal—stud, or

jmilar part; and the other work part
si

antil the surfaces to be joined are

operlyY neated N henfitheysats prought
pr

SR




Regulator:

s
Repousse:

Resistance

Root of Weld:

Seam Weld:

Shielded Metal-

Arc Welding:

A devic
e
for controlling the delivery
of gas g5
t some Substantially constant
Pressur
€ Tregardless of variation in the

hi
Gher Pressure at the source.

Decoratj :
ative motifs in relief produced by

heating from the back. Usually the

Sl - S
€sS1gn is finished from the front by

chasing with punches and hammers.

A group of welding processes wherein
coalescence is produced by the heat

obtained from resistance of the work to

the flow of electric current in a circuit

of which the work is a part and by the

application of pressure.

The points at which the bottom of the

weld intersects the base metal surfaces.

A weld consisting of a series of over-

lapping spot welds made by seam welding

or spot welding.

An arc-welding process wh

e produced py heating with an electric

arc drawn petween a metal-stud, or

.nilar part; and the other work part
si

antil the surfaces to be joined are

roperly heated when they are brought
p
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Slag Inclusion:

Spot Welding:

Stud Welding:

! Submerged Arc

. WERRRSSSEREEEEEEI

to
gether under Pressure

Shielding is

Obtain
ed’ £ 2

rom anp inert gas such as helinm
O argon,

Non-m i i
etallic solig material entrapped in

weld
Mmetal or between weld metal and base
metal.

A resistance welding process wherein
coalescence is produced by the heat
obtained from resistance to the flow of
electric current through the work parts
held together under pressure by electrodes.
The size and shape of the individually
formed welds are limited primarily by the

gize and contour of the electrodes.

An arc-welding process wherein coalescence
is produced by heating with an electric
arc drawn between a metal stud, or similar

part, and the other work part until the

surfaces to be joined are properly heated.

They are then brought together under

pressure. No shielding is used.

arc-welding process wherein coalescence
An =

; produced by heating with an electric
is

rc or arcs pbetween & pbare metal
a

1ectrode OT olectrodes and the work.
ele
d by a blanket or

The welding is shielde

AN



Tungsten Electrode

Twin-Carbon-Arc

Hglding:

Voltage Regulator

Waste Wax Process:

9ranular,

f .
Usible Material on the work.

is obtaj
ined from the electrode and

SOmetimeg
from a Supplementary welding
rod.

A non-fj
n flller—metal Sllcctrodetuced in ars

welding, consisting of tungsten wire.

(Multiple~Carbon-Arc Welding) . An arc

welding process wherein coalescencence
is produced by heating with an electric
arc and maintained between two carbon
electrodes and no shielding is used.
Pressure is not used, and filler metal

may or may not be used.

An automatic electrical control device

for maintaining a constant voltage supply

to the primary of a welding transformer.

(also called cire perdue) . A form of

metal casting by which a mould of clay

is formed over a model of wax. By

heating the mould, the waxX is drained or
e

1108t and the hollow remaining HisE EAlllled
os
tal has
metal. When the me
with molten

: s proken to reveal the
the mould 18
cooled,

it= which can then be finished.

objec




Weld:

Weldability:

Welded Joint:

Welder:

Welding: (noun)

Welding Current:

A local;
1z
ed COalescence of metal wherein

Coalescea i
fCe is produceq by heating to

Suitap]
e temPeratures, with or without

the a 13 a
PPlicatiop of Pressure and with or

Witho
Ut the use of filler metal. The

filler
metal has 3 Melting point approx.
the
Same as the base metalg or has a
0 :
elting point below that of the base

metals but above 800F.

The Ccapacity of a metal to be welded
under the fabrication conditions imposed
into a specific, suitably designed
structure and to perform satisfactorily in

the intended service.

A localized union of two or more members

produced by the application of a welding

process.

One who is capable of performing a manual

or semiautomatic welding operation.

The metal joining process used in making

welds.

The current flowing through the welding
e

ircuit during the making of a weld. In
el
+he current used during

resistance welding

= O =



Wwelding Generator.

Welding Machine:

OPeratjonp,

For €Xample, Spot-welding

machi
hine, arc-welding Mmachine,

welding Machine,

Seam

etc.

Welding Pressure:

The Pressure exerted during the welding

operation on the Parts being welded.

Welding Rod: Filler metal,

in wire or rog form, used
in gas welding and brazing processes and

those arc-welding processes where the

electrode does not furnish the filler

metal.
Welding A transformer used for supplying current
Transformer: for welding.
Weldment: An assembly whose component parts are

joined by welding.

The electric conductor (cable) between
Work Lead:

: nd
-welding current a
of arc-wel
the source

the work.

gsed in this case to describe the
A term U

Work: . roduce.
n of welding a P

operatio

0 s
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