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ABSTRACT

Flash® welding 1is used more than upset welding because of
greater weld strength;no need for special preparation of weld
surface; lower power demand with less power consumption; faster
speed and smaller upset; and less heat in the work since most
heat appears at the interface.It is possible to weld dissimi-
lar metals of widely differing melting peints since flashing
may be continued until both metals have reached their indivi-

dual fusing temperatures.

In this process the parts are brought together 1lightly with
current flowing,and thenseparated slightly; a flashing action
is created at the interface. This heats them to their fusion
temperature and permits the pressure which is then applied to

force the fused areas together and form the weld.

In this study,the arc,which is initiated at the heating phase
was rotated along the surfaces of the tubes to be welded by
means of an external magnetic field to supply a uniform heat-
ing.The joints produced by the application of different weld-
ing heats and upset forces were mechanically tested and also
examined under light-microscope. As a result, optimum parame-

ters for flash welding of thin walled tubes were obtained.



OZET

Yakma alin kaynada;yiiksek kaynak mukavemeti,ozel olarak yuzey
hazirligi gerektirmemesi,yiksek uretim hizi, farkli metalle-
rin kaynaklanabilirligi,..gibi cesitli ozellikleri sayesinde

pek cok uygulamada direnc alin kaynaganin yerini almaktadar.

iglem kaynak edilecek parcalarin makinaya baglanmasi ve bir
biriyle hafif temasa getirilmesiyle baslar. Daha sonra parca-
lardan gecirilen akim temas halindeki yuzeyler arasinda bir
ark olusturur . Boylece, ergime sicakligina ulasan parcalara
bir basklr kuvvetinin uygulanmasiyla ergimis metal disari

atilip hemen ardindaki plastik bolgede birlesme saglanir.

Yapilan calismada isliemin 1sitma safhasinda olusturulan ark
distan uygulanan bir magnetik alanin etkisiyle dondurulerek
boru seklindeki is parcalarinin kaynak edilecek yuzeylerinde
uniform bir 1sitma eide edilmesi amaclanmistir. Farkli enerji
girdilerinin ve Dbaski kuvvetlerinin kullanilmasaiyla elde
edilen baglantilar mekanik ve metalografik olarak test edil-
mistir. Sonuc olarak cozkonusu malzemelerin kaynagi icin opti-

mum parametreler bulunmustur.
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INTRODOCTIOH

The impertance of resislance welding processes has been
increasing especially in industries wilh high produclLion
schedules. The advantages of resistance welding over other
forms are the speed,the accurate regulation of time and heat,
the uniformity of the weld and the mechanical properties
which result, the elimination of filler rods or fluzes, and

the facl thal the process is easy to automate.

Flash welding , which 1is one of the resistance welding
processes is the subject of this study.The aim of this inves-
tigation 1is to obtain the relationship belween the procecss
variables and weld guality. The method used in this thesis
differc from the conventicnal flash welding processes by the

usage of external magnetic coils to control the arc.

The thesis consisis of =six chapters. Chapter 1 provides an
introduction to the subject by giving some basic information
about welding and welding processes. The principle of resist-
ance welding and an outline of resistance welding processes
are given in chapter 2.Chapter 3 gives a detailed information
about the main subject of this study, flash welding. A small
glassory for the definition of process variables is alsco

inciuded in this chapter.

Chapter 4 deals with the structure and the features of an
electric arc and also covers the magnetic control of the arc
in flash welding to cbtain a uniform heating . Chapter 5
presents the test procedure with detailed information about
welding machine, tesL material,standard destruc’ive tests for
welded specimens...etc. A simple test for determination of
actual magnetic field @ist ibut on in the welding gap is also
inrTuded in this chapter-.Cl ster 6 is concerned with the test

results and their evaluc .ion.



1.1 - Definition And Basic Reguirements

A weld is defined by the American Welding Society as a”local-
ized coalesence of metals wherein coalesence is produced by
heating to suitable temperatures,with or without the applica-
tion of pressure and with or without the use of filler metal.
The filler metal either has a melting peoint approximately the
same as the base metals or has a melting point below that of
the base metals but above €00 °F (426 °C) ” [11.

The ideal weld is one in which there is complete continuity
between the parts joined and every part of the joint is
indistinguishable from the metal in which the joint is made.
Although this ideal is never achieved in practice,welds which
give satisfactory service can be made in many ways. Not every
welding process is equally suitable for each metal , type of
joint or application, and much of the skill of the welding
engineer consist in the recognition of the essential reguire-
ments which a particular weld must satisfy and the choice of

the appropriate welding process.

For a permanent joint to be made , it is not enough just to
bring one member with its surface thoroughly cleaned into
contact with another member with a similarly prepared sur-

face.

Each welding process must fulfill a number of conditions.Most
important energy in some form, usually heat, must be supplied
to the joint so that the parts can be united by being fused
t ogether. The heat may be generated by a flame,an arc,the res-
istancs to an electric current,radiant energy or by mechanic-
21 meais. In a limited number of processes such as pressure
welding the union of the parts is accomplished without melt-

ing, but energy is expended in forcing together the parts to



be joined and heat may be used to bring the weld region to a
plastic condition. Fusion is generally considered as synonim-
ous with melting, but in the context of welding it is desir-
able to distinguish at once between these words . By common
usage the word fusion implies melting with subseguent union,
and it is possible for the parts of a joint to be melted but

not fused together.

Two surfaces can only be wunified satisfactorily if they are
free from oxide or other contaminants. Cleaning the surfaces
before welding, though helpful,is not usually adequate and it
is a feature of every welding process that the contaminated
surface film is dissolved and dispersed. This may be done by
the chemical action of a flux or the sputtering of an
electric arc or even by mechanical means such as rupturing
and rubbing. The contaminants which must be removed from the
surface are of three types - organic films,adsorbed gases and
chemical compounds of the base metal , generally oxides. Heat
effectively removes thin organic films and adsorbed gases soO
that with the majority of welding processes where heat is
employed it is the remaining oxide film which is ©of greatest

importance.

Once removed, surface films and particularly nitrides,must be
prevented from forming during the process of welding. In
almost every welding process,therefore,there must be some way
of excluding the atmosphere while the process is carried out.
If a flux is used for cleaning the fusion faces of the joint,
this also performs the function of shielding.If a flux is not
used shielding can be provided by a blanket of an inert gas,
or a gas which does nct form refractory cpmpounds with the
base m:tal. The atmosphere may also be excluded mechanically
by weldig with the faces to be joined in close contact and
the ultimatz in protection from the atmosphere is obtained by
removing it entirely by welding in a vacuum.Where the welding

cperation is carried out at high speed and with such limited

m



heating that there is no time for appreciable oxidation,
shielding may be unnecessary. It is possible with a few
processes , however , for any contaminated molten metal to be
expelled before the joint is completed or for the properties
of the weld metal to be corrected by making alloying
additions to the weld pool.

One further important requirement is that the joint produced
by the welding process should have satisfactory metallurgical
properties. In methods which involve melting of some part of
the joint it is often necessary to add deoxidants or alloying
additions, just as is done in the foundry. Freguently the
material to be welded must have a controlled composition.Some
alloys-happily few-are unweldable by almost any process,but a
great many are only suitable for welding if their composition
is controlled within close limits. These considerations are

the basis of welding metallurgy.

To summarize: every welding process must fulfil four reguire-

ments [3]:

(1) A supply of energy to create union by fusion or pressure.

(2) A mechanism for removing superficial contamination from
the joint faces.

(3) Avoidance of atmospheric contamination or its effects.

(4) Control of weld metallurgy.

1.2 - Types Of Welding Procesgses

The simplest welding process would be one in which the two
parts to be joined have their surfaces prepared to contours
matching with atomic precision.Such surfaces brought together
in vacuum, so as to enable electrons to be shared between
atoms across the interface could result in an ideal weld. The
preparation of surfaces with this degree of precision and
cleanliness is noct feasible at present, although it is

approached in space technology when metals may be in contact



in the ultra-high vacuum of outer space. Slight rubbing of
surfaces under these conditions can induce welding by
satisfying the first two conditions above at limited points
of contact, the third being supplied already by the vacuum.
while such conditions of cleanliness and vacuum might be
visualized for special micro-welding applications,alternative

solutions must be found for practical welding.

The problem of achieving atomic contact between the parts to
be joined is solved in one of two ways. Pressure may be
applied so that abutting surfaces are plastically deformed
giving the required intimacy of contact at least at
asperities as indicated in fig 1.a.The deformation also helps
to satisfy the cleaning requirement DYy rupturing films. With
ductile metals the plastic deformation can be accomplished
cold but less malleable metals may be first softened by heat.
Alternatively, the surfaces to be joined may be bridged with
liguid metal . The required adjustments 1in contour and
structure are then affected as the melted metal solidifies
(fig. 1.b). The majority of welding processes employ the
latter methcd, and their variety is an indication of the many

ways by which it is possible to generate locally the heat

required for melting.

The two types of welding process described are fundamentally
different , and the division between them forms the first
breakdown in the classification of welding processes. Those
welding methods employing pressure to plastically deform the
faying surfaces are freguently called ’solid phase’ methods.
There is no accepted term for the methods in which union is

made through 1liguid metal but they may pe called 'ligquid-

phase; methods.

For some years it has been customary to divide welding
processes into 'pressure’ and 'fusion’ welding methods. The

pressure—welding processes were those in which pressure is
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Fig 1.1 Basic mechanisms of welding (a) Union by flow,
(b) Union by molten metal bridging
used at some stage in welding , and while this classification
included all the methods which could be truly classed as
solid-phase methods it also included several methods in which
fusion takes place.This is a second reason for using the word

rfusion’ with care in the welding context.

1.3 - Classification Of Processes

welding processes may be classified according to the way in
which the four basic reguirements - particularly the first
three - are satisfied.The energy for welding is almost always
supplied as heat so that divisions can be made according to
the methods by which the heat is generated 1locally. These
methods may be defined and grouped as follows [3] :

{a) Mechanical. Heat generated by impact or friction or
liberated by the elastic or plastic deformation of the metal.
{b) Thermo-chemical. Exothermic reactions , flames and arc
plasmas. It is necessary to explain why plasmas should be put

in the same class as oxyfuel gas flames. Although chemical



reactions may not take place in a plasma the method of heat
transfer to the work is the same as fox processes employing
an envelope of burning gas. This holds for all process in
which the work does not form part of the arc circuit. The so-
called non-transferred arc produces a plasma flame , whereas
the transferred arc is a constricted arc and falls in the arc

process category.

(c} Electric resistance. Heat generated by either the passage
of a current introduced directly to the metal to be joined or
by a current induced within the parent metal.

{d) Electric arc. Both a.c and d.c arcs with electrodes which
melt and those which do not.

(e) Radiation. This category is suggested to cover the new
processes such as laser and electron-beam weding and others
which may yet be developed . The essential feature of a
radiation process is that energy is focused on the workplece
and heat is generated only where the focused beam is inter-

cepted .

It is not possible to define all welding processes completely
by the source of thermal energy. This applies particularly to
the many variations of arc welding and it is customary to
complete the definition by reference to the way the process
satisfies the condition of atmosphere control. All welding
processes can be examined in the same way by placing the
names of the processes within a grid formed by listing the
sources of heat along one axis and methods of avoiding
atmospheric contamination along the other axis as is done in
figl.2.The diagram can nov be divided up into areas enclosing
processes with a basic similarity.Seven such areas are readi-
1y identified corresponding the processes as follows : (1}
solid phase, (2) thermochemical, (3} electric resistance, (4)
unshielded arc, (5) flux-shielded arc, (6) gas-shielded arc ,
(7} radiaton.

Certain areas in the diagram can be marked ocut as reqgions

i



Welding process classification

Source Shielding method
of fl No Mechanical
heat Vacuum Inert gas Gas ux shielding | exclusion
Hot
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Electro tisie .
magnetc
Radiation
Particla Electron
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Fig 1.2 Grouping of velding processes according to heat

source and shielding method [33.




where welding processes c¢ould not exist - for example flames

cannot be used in vacuum.

This way of classifying welding processes is less rigid than
the family tree method and makes it possible to account for
certain anomalies. The resistance butt welding process, for
example,while truly a solid-phase welding process,is normally
included in the resistance welding category. In figl.2 the
position of this process is clarified by drawing the boundary
of the group (1) solid-phase processes Lo include resistance
butt and to exclude the remaining resistance processes .
similarly, electro-slag welding and its derivatives can be
placed correctly in the resistance heat source grid , but may
be linked with the flux-shielded axrc Pprocesses with which

they have a great deal in common.

There is no uniform method of naming welding processes. Many
processes are named according to the heat source or shielding
method, but certain specialized processes are named after the
type of joint produced. Examples arxe stud,spot and butt weld-
ing. An overall classification cannot take account of this
because the same type of joint may be produced by a variety
of processes. Stud welding may be done by arc or projection
welding and spot welding by electric resistance , arc , or
elctron beam processes. Butt welding may be done by resist-
ance, flash or any of a number of other methods. Although in
common usage many processes have abbreviated names, the full
names often follow the pattern : first , a statement of the
type of shielding (where mentioned) ; secondly, the type of
heat or enerxgy source ; thirdly, the type of joint ( where

this is of specific and not general importance y, e.qg.

{(Unshielded) Axc Stud

= (Resistance) Projection
(Vacuum) Electron beam =

= Flash (Butt)

(Brackets enclose terms implied but not mentioned)



CHAPTER 2
RESISTANCE WELDING
2 - The Resistance Welding Princi

Two ways exist of utilizing an electric current to produce
heat directly in a metal. The current may be used to maintain
an arc to the surface of the workpiece, as in arc welding, or
heat may be liberated by the passage of the current through
the work . In this latter method heat is generated by the
resistance to the passage of the current according to Joule’s

law.

H = I’RT (1)
where H = heat induced,
I = current (in amperes),

R = resistance (in ohms),and

T = time {in secoconds).

To realize the greatest heating effect , it is evident that
*1’ should be large, since 'H’ varies as "I**.For this reason

resistance welders utilize low voltages and high amperages.

Heat in arc welding 1is generated at the surface and is
distributed through the workpiece by conduction . In the
resistance method heat can be liberated throughout the entire
cross - section of the 3joint . The electric current which
generates the heat may be introduced to the work through
electrodes with which the work makes contact , or it may be
induced within the metal by a fluctuating magnetic field
which surrounds the work . Although both methods depend on
resistance heating the term resistance welding is cften used
for the former.The latter process is known as induction weld-

ing.

Resistance welding embraces a group of welding processes

wherein coalesence is produced by the heat cobtained from
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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. There is no external heat source ; heat is develop-
ed in the metals to be welded and pressure is applied by the
welding machine through the electrodes . No fluxes or filler

metals are used.

The resistance of the welding circuit is a maximum at the
interface of the parts to be joined, and the heat generated
there must reach a value high enough to cause a localized
fusion under pressure.There is an exception to this principle
in flash welding, where a portion of the heat is derived from
the flashing and the combustion of the metal at the inter-
face.Even in this instance a part of the heat is generated in
the work. The duration of the application of the current must
be short so as to limit the zone of melting ; otherwise an

inferior weld is produced.

A variety of resistance welding methods exist depending on
the different ways of creating a locally high resistance so
that heating may be concentrated at this point.Actual resist-
ance depends on both resistivity and the geometry of the
conductor. Since the resistivity is fixed by the workpiece
materials it is usual to create the local high resistance by
providing a restricted current path between the parts to be
joined,a procedure known as current concentration.All resist-
ance welding methods reguire a physical contact between the
current carrying electrodes and the parts to be joined.
Pressure is also required to place the parts in contact and
consolidate the joint and these are features which distin-

guish the pfécesses from most arc welding methods.

The advantages of resistance welding over other forms are the
speed, the accurate regulation of time and heat, the uniform-
ity of the weld and the mechanical properties which result,

the elimination of the filler metals or fluxes , and the fact
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that the process is easy to automate.

i = f Resi e Weldi

Spot welding, seam welding, projection welding, upset welding
and flash welding are known as the most important resistance
welding processes.

Spot Welding

This process, which came into use in the period 1900 to 1805,
is now the most widely used resistance welding process. A

diagrammatic arrangement of the process is given in fig.2.1.

HORN ELECTRODES

Fig 2.1 Sketch of spot welding circuit
The material to be joined is clamped between the electrodes
by pressure applied through levers or pneumatically operated
pistons. Springs may be used for this purpose on small weld-
ing machines. Then a guick shot of electricity is sent from
one electrode through the work to the other electrode. This
currents generally supplied by a step-down transformer, the
work , electrodes , and arms of the machine being part of a

secondary circuit consisting of only one or two turns.

The electrodes which conduct the current and which sub-
segquently apply pressure to a spot are of low resistance,hard
copper alloy. The shape of the work parts and the location
of weld usually determine the size and general shapes of

electrodes which must bz of proper shape and correct material



and should be water cooled. Contact resistances, electrode to
workpiece, are wholly undesirable and kept to a minimum by
using high conductivity electrodes and ensuring that there is
adeqguate cleanliness and clamping force. Unfortunately, the
high electrical and thermal conductivity regquirements are not

compatible with good mechanical strength and wear resistance

at elevated temperatures.

A variety of copper alloys, for example chromium - copper
cadmium copper or bryllium-cobalt-copper, are employed which
provide a range of properties suitable for different applicat
jons. The i1l effects of resistance at the work surface, sur-
face pick-up,splashing and electrode wear can be mitigated by
water cooling the electrocdes internally so that heat 1is
conducted away rapidly.Efficient electrode cooling is essent-

ial with high production rate.

The effects of current and time can be considered together
but, while they both affect the guantity of heat developed,
it is the current alone which determines the rate of heat
development., While the current is passing some of the heat
generated is lost, mainly to the water-coocled electrodes. The
size to which a nugget will grow,and indeed whether a nugget
will form at all, depends on the heat being generated faster
than it is removed by conduction. Current, therefore, is a

most critical wvariable.

Accurate timing of current flow is the essence of satisfact-
ory spot welding. In addition to producing strong,well-formed
spots at a high rate of speed,it is metallurgically important
in most cases, that the heating cycles be restricted to
minimum pericds of time.Purthermore,short time periods afford
less opportunity for hezat dissipation into the parent metal
with consequent possibility of distortion.Modern spot welding

machines are controlled by electronic devices.
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In making a satisfactory weld one factor not always given due
consideration because of the difficulty in accurately pre-
dicting the exact effect is correct heat balance which may be
defined as a condition in which the fusion zones in the
pieces of material +to be joined undergo approximately the
same degree of heating. In order to make the weld section or
nugget be symmetrical about the weld interface, the two work-
Pieces in contact must be of egual thicknegs and of the same
type of material ; the welding electrodes must also be of the
same design and similar material . There are frequently
occasions when metal of two thicknesses or compositions must
be joined. Such differences result in greater heat generation
on one side than the other and the nugget may grow with its
centre-line away from the interface resulting in a weak weld.
In joints with sheets of equal thicknesses but unequal
resistivity and conductivity the nugget will grow towards the
high resistivity side. Where similar materials are welded,but
the thicknesses are unegual the nugget grows toward the

thicker side. A correct heat balance can be obtained by the

following techniques [43]:

1. By using an electrode having a smallexr contact area on the
high conductivity or thin metal will cause equal fusion of
the material. A higher current density ( concentrated ) is
produced in the metal which has a contact with the electrode
having smaller diameter.This technigue not only increases the
heat generated , but also minimizes the heat losses to the
electrode from the contact area.

2. By using an electrode material of low conductivity on the
higher conductivity or thin material, which will lessen the
heat losses in the electrode.

3. By use of a combination of items 1 and 2.

Resistance spot welding machines vary from small, manually
operate units to large , elaborately instrumented units

designed to produce high-gquality welds, as on aircraft parts.
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Portable gun-type machines are avilable for use where
assemblies are tooc large to be transported to a fixed
machine. Spot welds may be made singly or in multiple, the
latter being generally by special-purpose machines. Spacing of
electrodes is important to avoid excessive shunting of weld-

ing current.

The process has extensive application in the joining of sheet
metal not only in mild steel but also in stainless steel,heat
resisting alloys, aluminium and copper alloys and reactive
metals. Dissimilar metal combinations are also welded. The
process is generally limited to thin materials, and although
carbon steel up to about 25mm thick has been spot welded, this
is exceptional.

Seam Welding

The AWS defines seam welding as a resistance welding process
wherein coalesence is produced by the heat cbtained from
resistance to the flow of electric current through the work
parts held together under pressure by wheel-like or 1roller
electrodes.The resulting weld is a series of overlapping spot
welds made progressively aleng the jeoint by =rolling the

electrodes [21.

Seam welding may be accomplished in several ways depending on
travel speed and timing of welding current. In continious-
motion welding, the electrodes ( or work ) are driven at a
constant speed and welding current is either interrupted cor
flows continiously (fig 2.2.a). In either case a continious
air-tight seam is obtained. Adjustment of timing can be made
to produce not a continious seam but a series of individual
welds. When this is done the process is called roller-spot
welding (fig 2.2.b). Spot and seam welding are very similar
and the terminology refers to the resultant weld. The real
distinction is between the use of spot electrodes and roller

electrodes.
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In most applications the two pieces to be seam welded overlap
each other more than the width of the welding wheel face and

form a lap-seam welded joint (fig.2.3.a). The overlap can be

Electrode force (a) Electrode force (b)

Overlapplng b1 ' Intermittent
S welds N\ welds "

Wheel electrodes

Wheel electrodes i
with shaped periphery

“ with shaped periphery

Fig 2.2 Seam welding principles (a) Overlapping spots
(b) Roller spot
made so small that the pieces forge together during welding
and attain a thickness through the weld area slightly greater
than a one-sheet thickness, producing a so-called "mash-seam”
weld (fig2.3.b).

m T

Fig 2.3 (a) Lap seam welding (b) Mash seam welding
Warpage of work is a factor to be considered in seam welding,
and several methods are used to minimize distortion. On long
seams skip welding is used ; on the second pass all skipped
portions are welded. Another method employs flooding, usuwally

through water jets immediately before and after the wheels.

Seam welding electrodes must be of proper material and shape

and should be water cocled. The size and general shape of
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the electrode will usually be determined by the shape of the
parts to be welded, by the location of the welds, and by the
need of a driving mechanism to keep the electrodes rotating.
The contour of the electrode changes in welding , and the
contacting electrode face becomes wider. It will eventually
reach a point where the reduced unit welding current and unit
force will not permit fusion, and the wheels should then be
turned to their original width and contour before reaching

this point., The maximum width can be determined by test.

Where high quality in seam welding 1is desired, steel whether
low carbon or stainless should be free from rust, paint, heavy
grease, or oil and from any other coating such as bonderizing
or parkerizing finish, although steels with =2zinc-, tin-, or
lead-coated surfaces, etc, are, weldable. A light film of oil
to prevent rusting usually has no bad effect on the weld,
provided rust has not accumulated on the sheet surface during
storage. Dust or dirt should be wiped off before welding,as a

clean work surface is important in welding applications.

The use of seam welders is generally restricted to sheet-
metal fabrication, a circumstance due largely to cost of the
equipment and electric supply difficulty involved in the
larger units , although in certain cases where the cost is
justified, heavy units have been satisfactorily used [51].
Projection Welding

Current concentration is achieved in this process by shaping
the workpiece so that when the two halves are brought
together in the welding machine current flows through limited
points of contact. With lap joints in sheet a projection is
raised in one sheet through which the current flows to cause
local heat and collapse of the projection.Both the projection
and the metal on the other side of the joint with which it
makes contact are fused so that a lcocalized weld is formed.
The process is illustrated in fig.2.4 . Because current

cor entration is carried out by the workpiece the shaped
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Fig 2.4 Projection welding
electrodes used in spot welding can be replaced by £flat-
surfaced platens. These not only conduct the current to the
workpiece they alsoc give support so that there is no deflect-

ion except at the projection.
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Fig 2.5 Annular projection of hollow stud to plate
Projection welding is not limited to sheet-sheet joints and
any two mild steel surfaces which can be brought together to
give line or point contact can be projection welded. Project-
ions can be artificial produced deliberately by pressing and
ma~hining (see fig.2.4) or they can be formed by the natural

contours of the parts to be joined ( £ig.2.5 ) . Excellent
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examples of the latter are the welds between crossed wires in
wire mesh or between sheet and rod as in the welding of the
wards of a key to its shaft. Unlike spot welding there is the
possibility of making not only lap welds,but many other types
of joint as well.The welds do not have to be individual spots

but may be alongated or even annular.

Similar equipment 1is used to that for spot welding except
that the cylindrical electrodes are replaced by £flat copper
platens or dies. These may have inserts of wear-resistant
high-conductivity copper allecys to increase the working life
of the die surfaces. It is common for three projection welds
to be made at one time and even groups of four or five have
been attempted. With more than three simultaneous welds,
however,there is a tendency for lack of consistency as,unless
special pressure - equalizing dies are used , it cannot be
guaranteed that all the projections will behave identically.
Because several welds can be made simultaneously there is no
shunting problem, as in spot welding. The method is therefore
satisfactory for designs where several welds must be made

close together.

With spot welding the important process variables controlling
weld size are electrode tip diameter, current, time, force,
electrical resistivity and thermal conductivity of metal and
surface resistance. The electrode diameter does not apply in
projection welding and surface resistance 1is of reduced
importance, but we may add to the list of wvariables, project-
ion diameter, height and shape and the strength / temperature

properties of the metal being welded.

When the initial load 1is applied the projection should not
suffer excessive 'cold collapse’ as this will reduce the
current concentration and hence the heat generated during
welding. Low electrode forces are, therefore, preferred and

additionally the velocity of approach of the welding dies
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should be controlled to aveid damaging projections by impact.

On passing the current the projection heats up , the metal
softens and collapse takes place often in less than one cycle
of current and the rate of follow up of the welding head must
be such that during this stage the hot metal bridge does not
become molten and splash. On the other hand,excessively rapid
collapse of a projection will 1imit the heat generated.
Projection height, diameter, and shape must therefore wvary
systematically with metal thickness. The process does not end
with the collapse of the projection, however,this stage is of
critical importance because the hot slug of metal formed

during collapse acts as a marker for the nugget.

Because heat is generated during projection collapse there is
a tendency for the part of the workpiece containing the
projection to become hotter than the other. Where unequal
thicknesses are to be joined, therefore, the projection is
placed in the thicker material . Similarly , if different
composition materials are being welded together heat balance
is improved by placing the projection in the metal with the
higher +thermal conductivity. As with spot welding , if one
electrode has a low thermal conductivity the nugget will move
toward the electrode.These are the main methods by which heat

balance is controlled.

The process is used extensively for making attachments to
sheet and pressings and these attachments may be either sheet
metal or solid parts. Joints of the latter type could not be
made by normal spot welding. Other important applications are
the joining of small solid components to forgings or machined
parts. Crossed-wire projection welding is widely used.A great
variety of joints 1is possible, the limitations being chiefly
those of material and the ingenuity of the designer to devise
projections to satisfy the conditions for heat generation.

Because there is no possibility of wusing post-weld current
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pulses for heat treatment weld assemblies 1in hardenable
materials must be heat treated in a furnace. Apart from mild
steels projection welds may be made readily in alloy steels
and titanium alloys.

Opset Welding

This early form of resistance welding is limited to joining
members of approximately egual cross section. The parts to ke
welded are brought together under pressure and current is
passed through the contact area (fig.2.6). This results in
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Fig 2.6 The basic upset welder
creating a forge weld of symmetrical shape.The heat generated
at the juncture of the work pieces 1is purely that resulting
from the inhcrent resistance of the materials to the flow of
glectricity.The heat induced ic the I*RT guantity as discuss-
ed in section 2.1.Pressure and current are maintained through
out the welding cycle,although pressure is initiated at a low
value(to raise the initial contact resistance)and subseqguent-
1y raised to that necessary for forging. ¥When the reguired

upset is achieved,welding current is cut i i N

In upset welding it is difficult to distribute heat uniformly
throughout the cross - sectional area of the work. For this
reason upset welding is limited to parts with a cross -
secticnal area of not over 200-250 mm- . Bars with & cross-
se
61
Flash Welding

In this process the parts are brought together lightly, with

ctional area of 250-100 000 mm- are joined by flash welding
]

-

current flowing, and then seperated slightly; a flashing act-
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ion iz created at the interface (£ig9.2.7). Thiz heatz them to
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Fig 2.7 The basic flash welder
their fuzion temperature and permits  the precszure which is
then applied to force the fused areas together and form the
weld . Flash welding differs from the resiztance welding
processes in that greater masses can be joined., For example,
two pieces of bar stock can be jolned to each other. Flash
welding iz uzed more than upszet welding becauze of greater
weld strength §} no need for speclal preparetion of weld sur-
face ; lower powexr demand with leses power consumption; fasterxr
speed and smaller upset; and less heat in the work since most
heat appears at the interface. It is pozsible to weld diz-
similar metals of widely differing melting points since
flazhing may be continued until both metal:z have reached

theiy individual fusing temperatures [7].
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3.1 - Definition And General Description Of The Process

Flash welding is defined by the American Welding Scciety [2]
as a resistance welding process wherein coalesence is
produced,simultaneously over the entire area of abutting sur-
faces, by the heat o¢btained from resistance to the f£flow of
electric current between the two surfaces and by the appli-
cation of pressure after heating is substantially completed.
Flashing and upsetting are accompanied by expulsion cof metal

from the joint.

The flash welding process was developed from resistance butt
welding probably by accident in attempts to increase the
capacity of the butt welding machines by raising the voltage
and applying pressure intermittently [3].Similar equipment is
used for flash and for upset welding. This consists of one
fixed and one movable clamp so that the workpieces may be
gripped and forced togetherya power source which is usually a
heavy-duty single phase a.c. transformer with a single-turn
secondary,and finally equipment for controlling current,move-
ment force and time. In flash welding the parts to be welded
are gripped by the clamps and brought into very light contact
in an electric current (see fig.3.1l).When the welding voltage

Clamps

;:1 _____.-‘MovaHe platen

ey Il e

Brccom

Flexible lead
\VEHing
transformer

Ac. supply

Fig 3.1 Basic arrangement for flash welding



is applied at the clamps a current flows through the initial
points of contact. The current is of sufficient magnitude to
produce a flashing action between the adjacent pieces of
metal. The metal is thereby heated to the fusion point,and the
weld is completed by the application of sufficient upset
force. Fig.3.2 illustrates the relationship of parts for this

] b

LIGHT (ONTACT

application.

Fig 3.2 Relationship of parts for flash welding
3.2 - Principles Of Operation

Segquence
There are additional steps involved in the cycle 1in many
applications.The sequence of operations which may be reguired
is indicated in the following list:

1. Load machine

2. Clamp werk

3. Apply preheating force

4. Preheat

5. Release preheat force to separate workpieces

6. Connect parts lightly for flashing

7. Apply welding voltage

8. Flash at high voltage

9. Flash at normal voltage

10. Upset
11, Cut off welding current

12. Reclamp and postheat

13, Pinch-off and shear die operation

14. Unclamp work
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15. Beturn platen and unload

16. Trim flash

The basic or most generally used cycle is obtained by using
only the underlined operations. One of the most complicated
forms of a flash welding cycle is illustrated by the add-
itional operations . All of the =teps are necessary for
certain applications.The additional operations are used only
when the design of the parts or the nature of the material
makes them necessary . The basic cycle is followed in all
cases.The trimming of the flash may or may not be necessary,

depending upon the reguirements of the particular assembly.

when heavy or unequal sections or nonferrous metals are flash
welded, it is often difficult to establish a flashing action,
because rather large amount of cold metal may be present
at the flashing surfaces. Preheating of the workpieces before
flashing may help to improve this condition . Preheating
reduces the required secondary voltage and,therefore, the
power demand . Another method is to bevel the surfaces to be
welded.

The flashing action may be established manually by shorting
the pieces intermittently until the temperature has risen to
a point where flashing may take place as a part of the auto-
matic cycle of the machine . ’Flashing at high voltage’ which
is given as item B8 in the sequence of operations indicates
another method of establishing a flashing action wherein a
higher open circuit voltage is used at the start of flashing
than is used later in the cycle. All of the foregoing methods
have proved satisféctory in production and in many instances
combinations of them are employed.

Flashing

A brief description has been given of the flashing which
takes place between two parts prior to upset and is started

by the rassage of welding current through the initial points
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of contact. The current which has a high concentration at the
first contacting points heats up these minute areas to incan--
descence angd causes the molten metal to be blown out in the
form of small particles.The platen on which the movable clamp
is mounted is moving forward while this takes place and fresh
contacts are then made elsewhere so that cycle of events can
be repeated. This intermittent process, during which much of
the metal contained in the molten bridge is expelled viclent-
ly in a spectacular manner is called "fliashing’ [3]. Flashing
is allowed to continue until the surfaces to be joined are
uniformly heated or molten. By this time the moving platen
will have advanced at an increasing rate, to close the gap as
metal is expelled,the total distance up to the point of upset
being known as the flashing allowance or flash off.

In order to maintain a ceontinious flashing action , it is
necessary to accelerate the platen at the proper rate. This
rate is determined by the size of the workpieces and by the
amount of electrical current used. Both the instantaneous and

the average rates of flashing must be considered.

The average rate of flashing is equal to the total distance
the platen travels during the flashing period divided by the
time reqguired for this travel . If the rate is too high , the
workpieces freeze together without welding,but if the rate is
too low, flashing is obtained only intermittently , and it is
difficult +to obtain sufficient heat, in the parts to provide

for an adeguate upset.

The overall flashing time is the total time during which the
flashing action takes place . The time taken over the process
directly affects the loss of metal and, therefore, the total
flesh off. The effect of flashing time on surface temperature
and temperature gradient has greater importance in relation

to weld quality.



1f the time is too short , insufficient heat is generated in
the parts and it is impossible to obtain a proper upset . In
contrast , if the time is too long , the welding surfaces are
overheated and again it is impossible to obtain a proper up-
set . This is due to the fact that there is a rather large
amount of molten or plastic material to be forced out of the
weld area , making it difficult to wutilize the correct force

during the upset cycle.

The flashing rate and the flashing time on automatic machines
may usually be considered as a single variable , because any
change in driven mechanism of the movable platen affects both

variables.

Flashing current and voltage are usually determined by the
transformer setting and, therefore, cannot be changed indivi-
dually . Since current control is by the turns ratio on the
transformer through a primary tap switch , high voltages are
associated with high currents . Setting the current too high,

therefore , results in greater ease of maintaining the micro-
arcs formed in the flashing period , but deep craters can be
caused in the flashing face. Deep empty craters formed in the
latter stages of flashing may not be filled with molten metal
or closed during forging so that dangerous regions of lack of
fusion , called 'flat spots’ may be left in the plane of the
weld. The effect of having too low an energy input is similar.
to that of having too high a rate of flashing.It is difficult
to obtain sufficient heat , and there is a possibility of

freezing the pieces together as the platen is accelerated.

Fig. 3.3 indicates the effect of flashing with too high a rate

of energy input.

As soon as sufficient heat to obtain a fusing temperature has
been generated , an upset force is applied suddenly and the
welding current is cut off.To cobtain plasticity for upsetting

some large pieces , it is necessary to prclong the flashing
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Fig 3.3 Effect of correct rate of energy input (left)

compared with too high rate of input (right)
cycle after the surfaces have reached a fusing temperature.
Some authorities have maintained that the flashing action
assists in providing a protective atmosphere by combustion of
the particles expelled.It is alsoc believed that combustion of
these particles furnishes heat in addition to that obtained
from the electrical energy. Investigations, however, indicate

that the importance of these effects is negligible.

It is sometimes necessary to use shielding gases to improve
the gquality of the weld joint by reducing the possibility of
oxidation of the flashing edges.Flash welding of mild and low
alloy steels does not call for a shielding atmosphere,because
imperfections in the seam and oxides can be eliminated from
the weld junction by the upsetting process if the parameters
are correctly chosen.However,practice has shown that reliable
ignition and start up of the arc is more readily guaranteed
if a suitable shielding gas is used . On the other hand , a
perfect gas shielding should be supplied if aluminium and
high alloy steels are to be welded . In such cases , the gas
shield must be complete since the oxides which form under the
influence of the atmosphere are of very low mobility and can
no longer be removed from the vicinity of the seam during the
upsetting process, thus leading to imperfections in the seam.
Upsetting

The upset force is applied suddenly to complete the weld,
after the flashing action has progressed for a sufficient
time to establish a plastic zone of metal.Application of this
force not only provides a forging action of sufficient inten-

sity to unite the plastic weld metal, but also squeezes out
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slag or oxidized materials which may be on the abbuting sur-

faces just prior to upset.

The current flowing through the pieces during upset must be
sufficient to prevent the material from chilling too rapidly.
If the upset current is too low, it is impossible to sgueeze
cut the oxides and slag inclusions, causing an improper upset
similar to one made with insufficient heat in the material
prior to upset. On the other hand, too high an upset current
may blow out molten material adjacent to the weld, causing a
defect.It is necessary, therefore, to have sufficient current
to provide a proper upsetting action with no blowing-out or
loss of pressure due to plastic material in back of the weld
region.Excessive upset current may also result in overheating
to the extent of burning the weld apart. Overheating can be
prevented by reducing the amount of current £flowing during

this pericd.

The upset force should extrude the molten metal so0 that the
the weld is made in the plastic metal immediately adjacent.
This force is greatest at the center of the section and de-
creases toward the outer edges. Since slag trapped in the
center of the section must travel the farthest, it is reason-
able to expect that the center section must be freed first of
any unwanted slag particles during the upset.If these foreign
particles become trapped on their way out, they will produce

defects in the completed weld.

The upset force should be sufficient to extrude the molten
metal completely at the weld line beyond the original cross
section of the workpiece, in order to ensure that slag and
inclusions will be removed when the upset material is removed.
There should be no external evidence of the weld after the
flash and upset have been removed by machining.If the weld is
sectioned and etched, there should be no evidence of porosity

or slag. Porozity or defects indicate incomplete upset, due
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or slag. Porosity or defects indicate incomplete upset, due
either to insufficient upset force or insufficient plasticity

of the metal in weld region.

The upset velocity is closely related to the upset force and
must be sufficiently rapid to avoid oxidation or cooling of
the material . The upset force reguired on any material
depends primarily on the physical properties of the materials

being wclded.

Values of upset force normally used with various materials
are indicated 1in the section o©of this chapter discussing

classification of steels for flash welding.
3.3 - Effect Of The Process On Material Welded

As previously described , flash welding heats the abutting
surfaces to a plastic temperature. The surfaces should be
reascnably uniformly heated and if not actually molten all
over then at least the metal shold be highly plastic and
close to the melting point.The welding procedure employed has
considerable effect wupon the temperature gradients from the
weld 1line to the cool material. The temperature gradient
should be such that when the upset force is applied the
molten metal can be expelled and flow can take place at the
interface. It is generally felt that knowledge of the temper-
ature gradients at the time of upset will assist in deter-
mining optimum welding conditions , and thus the machine
settings may be predetermined without the necessity of making

a conslderable number of samples.

As the material is heated to a plastic condition, alloy or
high carbon steel will tend to harden unless the cooling rate
is retarted. Carbon steels containing more than 0.4 %C, or
alloy steels with egquivalent hardenability require post weld

heat treatment to prevent excessive formation of the hard
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be achieved by delaying the cooling as a result of passing
the postheating current after upset has taken place. After
removal from the clamps the parts may be transferred to a
bath of powdered insulating material to delay cooling still
further. In some cases it is necessary to heat the complete

assembly after welding in order to obtain a uniform structure.

Because of flashing and upsetting, a certain amount of mater-
ial is lost when this process is used. Since it is desired
that the upset pressure be maintained consistently, it is
usually necessary to have the parts made to close tolerances,
especially on machines with automatic feed. The tolerances of
the parts should be closer than those of the assembly after
welding.

Because of the slow cooling and symmetrical shapes usually
flash welded,residual stresses at the conclusion of the weld-
ing operation are not a major problem. Residual stresses may
be developed, however, when tubular sections are welded to
heavy forgings, and it may be necessary to stress relieve or
heat treat completely after welding.

Weld Quality

Welds made on manually operated machined may show large vari-
ations in guality, depending upon the skill of the operator.
The guality of the flash welds can be determined easily by a
simple bend test. Other mechanical tests, such as a tensile
test, can alsc be made to determine the weld guality. Another
method of determining whether any defects are present is the

use of a cut and etched cross section.

The outward appearance of a weld which has been made properly
is illustated in fig3.4a. Fig.3.4b shows a weld which cracked
longitudinally because of insufficient heat in the material
at the time of wupset, and fig.3.4c 1illustrates a weld upset
with insufficient heat and/or force. It should be noted that

the slope of the upset material on the weld properly made.
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Fig 3.4 Influence of process variables on the condition of
the upset metal in flash welding (a) satisfactory
heat and upset, (b} cracks due to insufficient heat
(c) insufficient heat and insufficient upset force

In order to maintain consistant gquality, it is necessary that
both the parts to be welded and the dies used in the welding
machines be designed properly.The pieces should be clamped to
prevent them from slipping during the upset c¢ycle. These
clamps and dies must be designed so that they will carry
sufficient current to the parts and distribute this current

properly.

3.4 - Design

General

Flash welding is a satisfactory welding process,provided that
the parts are properly designed for its use. The follewing
fundamental product design principles are recommended in
flash welding [41].

1. Parts must be shaped so that both pieces will obtain the
same degree of plasticity and the same depth of plastic zone
during the flashing action and hence weld properly during the
forging action.This characteristic is generally designated as
obtaining an even or good heat balance. For this reason it is
necessary to weld sections of nearly identical shape and size
2. The design must take into account the metallurgical

changes tl:t occur as the result of all welding processes.



Air hardenable steels are normally harder in the weld zone
than in normalized parent metal. The copper dies that hold
the parts during welding and the metal behind the welding
surfaces of the parts serve as cooling agents. Any additional
strength given to a part by cold work before welding will be
altered and often destroyed in welding.

3. Parts must be designed so that the forging force exerted
by the welder is resisted in the workpieces by forces that
are parallel to the axis of the workpieces that are in the
direction of the welding force.

4, Sections to be welded must be of such shape that they can
be held in alignment by the clamping dies during the forging
action. This implies sufficient clamping area to allow appli-
cation of the necessary clamping force , at parts of such
shape that the reactive resistive forces do not tend to
destroy alignment during the forging operation. Obtaining an
adeguate die contact is also important for current flowing
into the workpieces.This involves provisions for a sufficient
area of electrode contact. These areas must also be clean in
order to conduct the high currents while preventing flashing

or contact burns of the welding dies at the electrodes.

When close tolerances are reguired in the welded assembly, it
is essential that the locating points which are used in the
dies be held to the same, or closer tolerances than those
desired on the completed assembly. Closer tolerances are
obtainable with flash welding than are obtained consistently
by any other welding process. The accuracy in production is
influenced by the following factors : (1) tolerances of the
parts before welding, (2) the rigidity and precision of the
welding machine and fixtures,(3) the diessing and maintenance
given to welding electrodes to control normal electrode wear,
and (4) the care used in loading the work in the welding
machine.

Heat Balance

So that similar temperatures may be reached and plastic flow
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can take place on both sides of the joint there must be a
heat balance. This may be difficult under certain conditions,
because of either a difference in the cross-sectional area of
the two parts or differences in their heat conductivity and
melting temperature.If a part with a small cross-gection must
be joined to one considerably larger, the larger part must be
prepared so that the weld is made between similar areas. In
the case of joining of dissimilar metals by £lash welding
proper allowance must be made for differences in thermal
conductivity. If +two such parts are dispesed symmetrically
between the clamps the weld would tend to finish up closer to

the clamp holding the low thermal conductivity metal.

Several techniques may be used to obtain proper heat balance.
One method is to extend the part which has the higher thermal
conductivity farther from the clamping electrode so that the
length of its resistance path is increased | fig.3.5 ). The

|

LOW COMNDUCTIVITY HIGH CONDUCTIVITY
METAL METAL

Fig 3.5 Method of heat balance by unequal
extension of workpieces from dies -
electrode, being nearer to the weld on the lower-conductivity
side, remo-es more heat from that part.Differences in melting
points between the two alloys being welded will alsc affect

the amount of extension.



34

Other methods invoclve the unegual beveling of the two parts,
as in fig.3.6, and the use of appropriate electrode design. In
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Fig 3.6 Method of heat balance by unegual

beveling of workpieces
extreme cases it is possible to preheat one piece, either
before it is put into the welding machine or while it is
already in the machine, by the use of a bridge (Fig.3.7).5uch

a bridge is usually made of copper and is designed to short
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Fig 3.7 Method of heat balance by use of copper bridge.

circuit one workpiece in the machine in order to preheat the
cther piece. After the preheating is accomplished, the bridge

is removed and the pieces are welded in the usual manner.

In the design of flash welded assemblies the heat balance
should be designed into the parts vrather than obtained by

special procedures during the welding operation.
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When heavy sections are welded,it is often advisable to bevel
the end of at least one part in order to facilitate the
starting of flashing. By means of such beveling, it may be
possible to eliminate the necessity for preheating or flash-
ing at a voltage higher than normal for the first part of the
flashing period. This type of beveling, with suggested dimen-

sions, is shown in fig.3.8.
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Fig3.8 End preparation for heavy pieces to facilitate
flashing.
It is of prime importance that the surfaces to be welded
should 1line up properly in the welding machine so that the

heat generated by flashing 1s the same over the entire con-
tact area.Should the parts be out of alignment flashing will
occur only in the sections where contact is obtained, and at
the time of upset the parts will tend to slip past each other
on the cold metal as illustrated in £fig3.9.This factor shcould
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Fig 3.9 Effect of alignment.

be given careful consideration in the design of the machine,
the parts to be welded and the tooling for welding them,
especially when the ratio of the length to the width of the



sections is high.

In the design of a flash-welded assembly it is necessary to
allow extra stock for flashing,and in most cases the sections

to be joined should be approximately the same. It is also
essential that the provisions made for clamping the pieces
enable the welding dies to hold the parts in proper alignment,
Clamping

Whenever practical, the workpieces should be backed up by us-
ing fixed stops on the platens, and the upset force should be
transmitted through these stops. Under this condition the
clamping pressure on the electrodes has only to be sufficient
to provide a low - resistance contact to the welding current
and to maintain alignment of the weld. The usual range of
clamping pressure is from 200 to 300 kp/cml of the weld area.

Where it is not practical to back up the work such as in cir-
cular rings or 1long pieces, the clamps have to grip the work
with sufficient force to prevent slippage when the upset
pressure is applied. It is necessary to consider the upset
force in relation to the coefficient of friction between the
workpiece and the electrode or jaws. It has been common
practice of welding machine designers to assume a ratio of
2.5 to 3 times the upset pressure for determining clamping
pressures. wWhen one of the clamping jaws is made of steel,and
slight markings on the work are not objectionable, serrations

on teeth may be placed on the face of the clamping jaws. The
necessary clamping force 1is thus reduced. Stainless steels

which require high upset forces need still higher clamping

forces because of their smooth surfaces.

When rings of any design, such as wheels and ring gears, are
welded, the application must be analyzed carefully to deter-
mine whether or not it can be flash welded satisfactorily.
Consideration must be given to the fact that He}ding current
will shunt around the solid section of the ring, thus cutting

down the effective welding current., The amount of this shunt-
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ing action,of course,depends upon the ratio of the length of
the ring to the area being welded and the electrical conduct-
ivity of the material. It is also necessary to recognize the
fact that the ring must be deformed to a smaller diameter
during the welding operation. This naturally requires add-
itional force. It is particularly difficult to use adequate
clamping jaws on small rings because of space limitations.
Flash Removal

As indicated before,a ragged fin or flash is formed round the
joint by the expelled metal after the application of upset
force. Ideally, all the molten contaminated metal produced
during flashing should be remcved in this way to produce a
high guality joint.This increased size which is caused by the
flash and the upset material,left at the point of weld is the

only serious problem encountered in flash welding.

1f the finish area of the weld 1is important, then it beccmes
necessary to remove both the flash and the upset material. In

some cases, this necessary only for the sake of appearance.

The tensile strength of the joint 1is somewhat greater before
the flash is removed because of the added rigidity of the up-
set material. However, the notch effect at the weld line may
cause a reduction of fatigue strength. A portion of the upset
material may be retained when the design of parts indicates

that reinforcement is beneficial.

This material may be removed by the following means: (1) air
chisels, (2) machine tools and cutting toels, (3) grinding
wheels, (4) high-speed burning wheels, (5) die trimming, (6)
oxXygen machining or oxyacetylene cutting, (7) high-speed

sander, and (8) flash trimmer.

The use of any of the above methods of flash removal |is
dependent upon the type of operation. When alloy steels are

welded, the removal of flash by means of cutting tools is
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often difficult because of the hardness of the flash. Either
grinding or oxyacetylene cutting is usually employed. It is
generally easier to remove the flash immediately after weld-
ing while the material is still hot.

Tooling

The welding electrode used in the flash welding usually carry
current to the workpieces and clamp them. It is necessary,
therefore, to use an electrode material of the right physical
and electrical properties to accomplish the clamping properly
and to carry current to the workpieces. Many materials have
been developed for this use. In the design of these welding
electrodes it is important that adeguate water cooling be
provided to avoid changes in electrical and mechanical pro-

perties caused by elevated temperatures.

3.5 - Inspection And Testing

visual inspection is the most widely used method of inspect-
ing flash welds. It is wusually necessary to inspect the
appearance prior to removing the flash and upset material,
because this material often tends to hide defects. There are
several other nondestructive inspection methods which have
been used with varying degrees of success. None of them, how-
ever, actually locates all types of defects.Magnetic particle
inspection will indicate cracks and small inclusions and dis-
continuities, provided that they are of sufficient size and
in such a location that an indication may be obtained. Natur-
ally, magnetic inspection is not applicable on nonmagnetic
materials , and its use has been rather 1limited for the
inspection of flash welds. Other methods of inspection suit-
able for certain applications are those using eddy currents

as well as ultrasonic and dye penetrant methods.

Radiographic inspection of flash welds has not been wholly
satisfact ry , because small defects which are known to be

detrimental may not be brought out on the radiograph.
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In some cases good inspection is automatically obtained by
stressing the material well above the yield point in sizing
operations. Where uniform high strength is imperative, the
assembly may be proof lcaded to design specification. Dest-
ruction testing of a percentage of the assemblies welded has

also been employed with good results.

Macrographic examination 1is satisfactory for determining
whether or not the machine is properly set up to weld a part-
jcular assembly. It is not, however, usually employed as a

regular inspection procedure.

when automatic welding machines are used,it is most important
to make sure that the setup remains constant after production
starts, because there is little that the operator can do to

influence welding conditions or weld guality.

Flash welds may be tested by most of the means available for
testing the base properties of the metal. The following pro-
perties of a flash weld may be investigated, in addition to
those previously mentioned : (1)} hardness, {2) strength, (3)
tension impact, (4) fatigue, (5) bending, (6) cupping, (7)

corrosion resistance, and (8) metallographic structure.

With the proper application of the flash welding process it
is possible to obtain high joint efficiency,provided that the
joint has been designed properly and that the proper steps

have been taken to obtain a metallurgically sound weld area.

The reliability and speed of the operation, as well as the
fact that the training of operators 1is not difficult (when
the autcmatic types of machines are used), have done much
toward making flash welding practical on high - prcduction

applications.



3.6 - Equipment Used

Machines

Flash welding machines may be either manual, semiautomatic or
fully automatic in their operation. Most of the equipment
being manufactured today is either semiautomatic or fully
automatic. Many of the small-capacity flash welding machines
are provided with platen motion by means of a variable-speed

cam driven by an electric motor through a speed reducer.

Usually the large-capacity machines are hydraulically ope~
rated and are equipped so that the speed of the platen motion

may be changed.

In fully manual operation the operator controls the speed of
the platen from the time that flashing is initiated until the
upset is completed. In semiautomatic operation the operator
usually initiates flashing manually, after which the rest of
the cycle is completed automatically. In fully automatic
operation the workpieces are loaded into the machine, after

which the cycle is completed automatically.

Controls And Ruwxilary Equipment

Electrical controls on flash welding machines are primarily
designed to start and stop the current supply to the welding
transformer and to seguence the motion of the movable platen.
The contactor for making and breaking the pOWer supply may be
either magnetic or electronic in operation. The contxols for
automatic flash welding machines in some instances are Cap-
able of sequencing all of the steps listed earlier in this
chapter.Most of the control equipment in service, however, is
designed to use the basic cycle without preheat, postheat or

any other special operations.

3.7 - Classification Of Steels For Flash Welding

The values of the upsettting forces required for variocus sec-



tions of various steels are related to the temperature
gradient of the workpieces in the plastic zone and to the
compressive strengths of the steel at these elevated temper-
atures. The classification of steels and typical steels of
various classes are given below [21 :

Low Forging Strength Steels - This class is typified by SAE
1020, SAE 1112 etc.

Medium Forging Strength Steels - This class is typified by
SAE 1045, SAE 1065, SAE 3135, SAE 4130, SAE 4140, etc.

High Forging Strength Steels — This class is typified by SAE
4640,stainless steel({chromium type) ,stainless steel(chromium-
nickel type),stainless steel (cutlery typel},high-speed steel,
special tool, die and austenitic valve — stem steels, etc.
Extra High Forging Strength Steels - This class is typified
by all steels exhibiting extra high compressive strength at

elevated temperatures.

The selection of flash welding eguipment depends, to a great
extent, upon the forging strength of the steel +to be flash
welded.

Steels with low forging strength reguire a relatively low
pressure, but high forging strength steels require equipment

capable of exerting extremely high pressures.

Experience indicates that the selection of equipment should
be based on the following values of recommended platen force,
Such values are based on the welding heat attained solely by

flashing, i.e, no preheating :

Low Forging Strength Steels - 700 daN/cm; of weld sectional

area
Medium Forging Strength Steels - 1000 daN/cm” of weld section-

al area
High Forging Strength Steels - 1750 daN/cm™ of weld sectional

area
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gxtra High Porging Strength Steels - 2500 daN/cm” of weld

sectional area.

1.8 - pDefinitions Of Process Variables

Flash welding process has a number of variables which are
defined in this section. When the definitions presented here
are considered, it should be realized that neither all flash
welding eqguipment nor all flash welding schedules make use of
all the listed variables.See flash welding definitions chart,
fig: 310 £2)

{1)Weld Line is the plane of fusion of the welded workpiece

(2)Flash is the extraneocus material which is thrown and
extruded from weld line during the flashig and upsettting
action.

(3) Initial Electrode Opening (A,mm) is the distance between
the electrodes when the workpieces first contact.

(4)Material Lost (B,mm) is the total length of material used
in making the weld.

(5)Pinal Electrode Opening(C,mm} is the distance between the
electrodes at the completion of the weld.

(6)Total Flash-Off (D,mm) is the total length of material
lest in flashing.

(7) Manual Flash-0ff (E,mm) is the length of material lost
in flashing while the flashing is controlled manually.

(3) Automatic Flash—Off{(P,mm} is the length of material lost

in flashing while the flashing is controlled automatically.

{9) Preheating Lost{G,mm) is the length of the material lost
as a result of the preheating action.
(10) Total Upset (H,mm) is the length of material 1lost as a
result of the forging action.
(11) Material X Lost (J,mm) is the length of material x used

in making the weld.
(12) Material Y Lost (E,mm} is the length of material y used

in making the weld.

(13) Initial Extension,Material X(L,mm) is the dimension from
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the electrode which clamps material X to that point on
material X which first contacts material Y.

(14) Initial Extension,Material Y(M,mm)
the electrode which
material Y which first contacts material X.

{15) Pinal Extension Material X (N,mm} is the dimension from

is the dimension from

clamps material ¥ to that point on

the electrode which clamps material X to the weld line at
the completion of the weld.
{16) Final Extension Material Y (P,mm) is the dimension from
the electrode which clamps material Y to the weld line at
the completion of the weld.
(17) Travel At I (Q,mm) is the dimension the movable platen
(material Y)travels during the time flashing current I

flows.
(18) Travel At I

{material ¥Y)travels during

the dimension the movable platen

the

(R,mm} is
time flashing current I
flows.

(19) Spring Back{mm) is the deflection of the welding machine
when making the weld.

{20) Preheating Time (sec.) is the time during which preheat-
ing takes place.

{21) Manual Flashing Time

flashing by manual control is taking place.

(sec.} is the time during which

surfaces during upsetting.
{22)
flacshing by automatic control is taking place.

Automatic Flashing Time (sec.) is the time during which

{23) Time At Flashing Current I (sec.) 1is the time during
which flashing with current I is taking place.
(24) Time At Plashing Current I (sec.) 1is the time during

which flashing with current I is

taken place.

(25) Plashing Time (sec.) is the time during which the flash-

ing action is taking place.

(26) Upsetting Current Time (sec.) 1is the time during which

upsetting current flow is taking place.

(27) Opsetting Time (sec.) is the time during which upsetting
is taking place.

(28) Welding Time(scc.] is the time during which flashing and

upsetting arg tal ace,
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is taking place.

(30) Clamp Holding Time (sec.) is the time measured from the
end cof the postheating time(or end of upsetting time when no
preheat is used) to the time at which the clamping force is
released from the workpieces.

(31) Welding Period (sec.) is the time that elapses from the
start of the preheating time to the end of the clamp-holding
time.

{32) Platen Force (daN} is the force available at the movable
platen to cause upsetting. This force may be dynamic, theora-
tical or static.

(33) Upsetting Force(daN! is the force exerted at the welding

surface during upsetting.

(34) Clamping Force (daN) is the force exerted on the jaws by
the clamping system.

(35} Preheating Force {(daN) is the force exerted on the weld-
ing surfaces during preheating.

{36) Preheating Current (amp.) is the current that flows
through the workpieces during preheating.

{(37) Flashing Current(amp.) is the current that flows through
the workpieces during flashing.

{38) Upsetting Current{amp.)is the current that flows through
the workpieces during upsetting.

(39} Postheating Current f(amp.) is the current that flows
through the workpieces during postheating.

(40} Secondary Voltage (E ,volts} is the open circuit voltage
of the welding transformer measured on the secondary side.
(41) Load Voltage (E ,volts) is the voltage across the work-
piece during welding and postheating.

(42) Instantaneous Rate Of Flash-Off (mm. per sec.) 1is the
instantaneous__velocity of one workpiece relative te the
other during the flashing action and is the first derivative
of such motion at a specified position.

{43) Average Rate Of Flash-Off (mm. per sec.) is the average
velocity of one workpiece relative to the other during the

entire flashing action.
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(44) Instantaneous Velocity Of Upset (mm. per sec.) 1is the
instantaneous o©of one workpiece relative to the other during
upsettting action and is the first derivative of such motion
at a specified position.

{45) Average Velocity Of Upset (mm. per sec.) is the average
velocity of one workpiece relative to the other during the

entire upsetting action.

3.9 - Common Applications

Flash welding is particularly suited to joining two pieces of
metal end to end or welding cone piece of material to a
projecting part of another piece.Typical applications include
{1} the welding together of two shafts, tubes or strip of
steel, (2) the welding of a forging or casting either to an-—
other forging or to some standart section,and (3) the welding
of strips or bars to form rings, such as wheel rims. Fig.3.11
illustrates various joints made by using flash welding. If any
of these applications are to be practical, it is necessary
that the cross-sections of the workpieces be nearly identical
Where thin sections are joined high guality jigging is re-

guired to secure accurate alignment.

Mild, carbon and alloy steels are extensively welded by flash
welding as well as aluminium alloys and other non-ferrous
metals.In the following discussion,the weldability of various
metals by the flash welding process 1is considered from the
standpoint of the number of steps necessary to ensure good
welds. Steels of low haredenability may be welded without pre-
heat or postheat consistently good results. As the harden-
ability of the steel increases, it is necessary to resort to
combinations of preheat or postheat or to other methods of
immediate heat treatment to make the welded joint as good as

that obtained in steels of lower hardenability . It is
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(11) "y I (13) '!ﬁﬂ 115)

Fig 3.11 RApplications for flash welding.

(1) Connecting rod (6) Angle (11) Drill blank
{2} Flange {7) Metal casement (12) Track rail
(3) Housing {8 Adapter {13) Bean

(4} Tie bar {89} Tube T piece {14} Auto wheel
(5) Buffer end {11} Bolt {15) Heavy rim

generally considered that flash welding is satisfactory on
almost all types of steel,provided that the proper steps are
taken to obtain a sound joint. Combinations of steel, such as
high speed tcol steel and low carbon steel, are welded satis-
factorily,although it is usually necessary to employ special
procedures to eguilize the differences in hardness , fusion
temperature, electrical and thermal conductivity,geometry and
crack sensitivity. Most of the nonferrous metals are welded
satisfactorily. The procedures and technigues required are

varied, and each case must be considered individually.

The flash welding of cast iron has been successful only to a
limited extent. Lead, tin, zinc, antimony, bismuth and alloys
in which they are the principal constituents, as well as
copper alloys in which any cf the aoné metals are present in
large percentages, are not generally recommended for flash
welding application. These are the exceptions. The process

usually can be considered applicable to almost any of the



combination of metals , regardless of their dissimilarity,
although the necessity for special procedures and technigues

might make certain applications impractical.

The essentially automatic nature and high speed of flash
welding make it a mess production process which is being used
generally by almost all the fabricating industries. Tts use in
job shop fabrication or industries with low production is
limited, because of the expense of tooling and establishing

welding procedures.

Flash welding is used to a considerable extent in conjuction
with the manufacture of autcomative and aircraft products. The
process is also used widely in the manufacture of household

appliances, refrigerators and farm implements.
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CHAPTER 4
THE ELECTRIC ARC - ITS USE AND MAGNETIC CONTROL IN
FLASH WELDING

4.1 - Introduction

The flashing action , which is started by the melting of
initial contacting points by the passage of welding current
through the workpieces and progresses by the formation of
short-lived arcs after rupturing the mcolten bridges , is
analagous to a consumable electrode arc system and has some
features in common with the short-circuit arc processes. The
arcing process which is accompanied by flashing greatly
increases the temperature of abutting surfaces and allowed to
continue until the surfaces to be joined are uniformly heated

or molten.

This chapter deals with the structure and features of an
electric arc and alse covers the magnetic comtrcl of the arc

in flash welding to cbtain a uniform heating.

4.2 - Definition And Structure Of The Arc

The electric arc is the heat source for a variety of the most
important welding processes, possibly because it is an easily

produced high intensity source.

An arc is an electric discharge between tiwo electrodes
through an ionized column of gas called 'plasma’. The space
between two electrodes or the space between the parts to be
joined in flash welding can be divided into three areas of

heat generation ; the cathode, the ancde, and the arc plasma.

The welding arc is characterized as a high-current , low-
voltage arc that requires a high concentration of the clec-
trons to carry the current. As shown in fig.4.1 , negative

electrons are emitted from the cathode and flow-along with
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the negative ions of the plasma - to the positive anode.

Positive ions flow in the reverse direction. A negative 1lonis
an atom that has picked up one or more electrons beyond the
number needed +to balance the positive charge on its nucleus-
thus the negative charge.A positive ion is an atom that has
lost one or more electrons - thus the positive charge.However
just as in a solid conductor,the principal flow of current in

the arc is by electron travel.

Heat is generated in the cathode area mostly by the positive
ions striking the surface of the cathode.Heat at the anode is
generated mostly by the electrons.These have been accelerated
as they pass through the plasma by the arc voltage and they

give up their energy as heat when striking the anode.

The plasma,or arc column, is a mixture of natural and excited
gars atoms.In the central column of the plasma,electrons,atcms
and ions are in accelerated motion and constantly colliding.
The hottest part of the plasma is the central column where

the motion is most intense. With a high current arc at



atmospheric pressure extremely high temperatures,from 5000 to
50000°K, can exist in the axis of the arc column. The outer
portion of the arc flame is somewhat cooler and consists of
recombining gas molecules that were disassociated in the cent-

ral column.

The distribution of heat or voltage drop in the three heat
areas can be changed.Changing the arc length has the greatest
ceffect on the arc plasma . Changing the shielding gas can
change the heat balance between the ancde and the cathode. The
additicn of potassium salts to the plasma reduces the arc

voltage because of increased ionization [81.

4.3 - Initiation And Maintenance Of The Arc

An electric arc cannot be switched on merely by applying the
potential required by the arc to the cold electrodes which
are connected to the workpieces. The arc can only be ignited
by providing a conducting or ionized channel between the
parts to be welded.This can be done in two ways at atmospher-
ic pressure; by applying a sufficiently high voltage between
the workpieces to cause a discharge or by touching the work-
pieces together and drawing them apart.2As discussed before in
section 3.2 both sclutions are adapted in flash welding

process to establish a flashing action.

Spark discharges are sometimes used for igniting the arc in
flash welding. Voltages in excess of 10q V are reguired to
to break down the arc gaps used. Once breakdown has occured,
however, the voltage drops rapidly and the current begins to
rise until after about 1 ms the normal arc veltage and the
steady-state conditions of a ctable arc are approached. Velt-
age and cufrent continue to change slowly for seconds later
as thermal eguilibrium is achieved in both workpieces.The use
of voltages sufficient to breakdown arc gaps directly would

pe lethal in welding and it is therefore necessary to employ



a high freguency discharge.

The most common method of striking an arc in flash welding is
by tcuching onec of the workpieces to the other, thus seiliing
up a closed circuit , and allowing the initial contacting
points to rise in temperature owing to the heat generated by
the current flow through these high electrical resistive
points, and then withdrawing the movable workpiece from the
fixed one for a distance of 1 mm or a 1ittle more.Just as the
movable workpiece is withdrawn from the other , thermionic
cnission of electrons begins from the hot points of contact.
The stream of electrons jonizes the gases and metal vapour
present in the gap between the workpieces which are the ancde
and the cathcocde in the process. Then both an electron and an
jon current begin to flow in the arc.The arc discharge may be
taken as a steady-state one within 1x10 to 10 s of its

initiation. If the power circuit is suitable a stable welding

arc will then be established.

Oonce an arc has been ignited and thermal equilibrium estab-
lished it can often be re-ignited after a momentary extinct-
jon with relative ease. Thus, thousands of volts might be
required to ignite an arc with cold workpieces, only tens or
hundreds of volts are required to re-ignite a thermonic arc.
Re-ignition is a particular problem with the a.c. arc which
is extinguished at the point of current zero on each reversal
twice in every cycle. For the arc to re-ignite the required
voltage must be available at this time of current zero. This
problem with a.c. arcs can be solved by the inclusion of a
reactive impedance {an increased inductance} in the welding
circuit. When an inductivc reactance is included 1in the weld-

ing circuit, the arc is not extinquished periodically.

In d.c. welding it is only necessary to consider re-ignition
after arc extinction due to accidental short circuiting or

jnsufficient speed of movable part during £flashing. This



requires a suitable dynamic characteristic from the power
source so that voltage and current can recover their normal

values rapidly giving a smooth arc.

4.4 - Magnetic Control Of The Arc

One of the most important properties of plasma, which is a
mixture of electrons, icns, neutral atoms, photons, excited
atoms and molecules,is that it can be controlled by the elec-
tric and magnetic fields. The total force acting on a charged

particle in the presence of both electric and magnetic fields

is given by :
F = gE + g(VxB) (2)

Here, QE is the force which is caused by the electric field
and has no major effect on the arc. So, it can be neglected.
The other term q (VxB) is known as Lorentz force,where B is a
vector field referred to as the magnetic induction and V is
the velocity of the charge g moving through the field. The
Lorentz force is always perpendicular to the direction of the
velocity of the charge. Thus, unlike electric field, magnetic
field does not affect the energy of the charge , it only
changes the direction of the charged particles. The Lorent:z
force acting on a negative charge (electron) is illustrated
in fig 4.2 [9].

F = -e(VzB) _

Fig 4.2 Lorentz force exerted on an electron moving

through the magnetic field
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In flash welding, external magnetic colils are used to control
the arc. A magnetic field which is created by these coils
exerts a force (Lorentz force) on the arc, causing it to run
along the surfaces to be flash welded. The surfaces are heated
up and become uniformly surface melted. After adeguate uniform
heating the process is completed Dby an upsetting process as

mentioned before.

Flash welding using a magnetically controlled arc is a mech-
anized process for joining hollow sections with a closed con-
tour. It is predominantly used in mass production on compo~
nents with a wall thickness of between 0.8 and 5 mm {mainly
between 2 and 4 mm)and tube diameters of 5 to 300 mm (prefer-
ably between 20 and 80 mm) most cases of use involve mild or
low alloy steels and combinations of the same £101.

4.5 — Theoxretical Ma netic Fiel pistribution In The Welding
Gap

t

In this section,the distribution of magnetic field created by

flat-cored magnetic coils with pole plates is explained.

In a magnetic field,the magnetic lines of force indicates the
direction of the force which are perpendicular to the surface
of ferromaghetic materials. Fig 4.3 shows the lines of force
for the welding gap according to this theoretical definition.
The lines of force emerge at right angles from the surfaces
to be welded in the welding gap and are immediately deflected
to form a predominantly radial field. They are symmetrical
about both halves of the werkpiece. The inside of the tube is
free of magnetic fields. However, the actual distribution of
the field differs somewhat from this assumption. In the weld-
ing area, the location of iron masses which are the path of
magnetic lines of force and varying resistances (air gap)
which act against the magnetic field, have important effects

on the actual distribution of the field. The distribution of
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Fig 4.3 Theoretical magnetic field distribulion in
the welding gap.
the magnetic field is also changed by the relative motion of
magnetic poles and welding gap during process. The more the

distance between the welding gap and magnetic poles is, the

more easily influenced the arc from disturbance and the

slower the speed of rotation becemes [1017.



CHAPTER 5
5.1 - Welding Machine

This scction gives the characteristic fetures of the welding

machine on which the tests were carried out (Fig.5.1).

Fig 5.1 The flash welding machine

As shown in f£ig.5.2 wide ring-like copper electrodes are uced
to give the current to the workpieces which are clamped by
means of two mechanically centred three-jaw chucks in this

horizontally designed flash welding machine.

TPhe values of the d.c. generator which was used throughout
the tests are : welding current 40 to 315 A, no load voltage
45 to 94 V, welding voltage 22 to 36 V.

The magnetic coils were wound using long copper tube which
had an outside diameter of 6.25 mm and a thickness of 1 mm.
Usage of such a coil material limited the number of turns (60
for each coil), and made it necessary to use high amperages
(up to 200 2} to obtain reguired magnetic field density. The
magnetic coils have ferromagnetic cores and pole plates which
are formed to suppply a homogenous distribution of magnetic
field around ti~ nicces (see fig.5.2).An investigation on the

actual magnet:: ieo)d distributieon is given in section 5. 3.



The movable part was drived by means of a hydraulic system
(cylinder bore: 100 mm, stroke: 150 mm).The scale of hydrolic
pressure gage was calibrated in terms of upset force by using
a load cell. Due to the difficulty in precise control of the
hydraulic system during flashing, this stage was controlled
manually by a screw mechanism which is the section connecting

the hydraulic system to the moving part of the flash welder.

Fig 5.2 Clamps, coppper electrodes and magnetic coils
of the flash welder

5.2 — Test Material

As mentioned before, flash welding using a magnetically con-
trolled arc is especially suitable for joining hollow sec-
tions with a closed contour.For this reason,a tubular section
was chosen to use in investigations.”The outside diameter and
wall thickness of the tubes vere 27mm and 2.5mm respectively.
The chemical composition and mechanical properties of the

test material are given in table 1.
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The values of mechanical properties were obtained by using
the same test procedures and same type of specimens as used

for welded materials (see section 5.5).

The specimens Wwere produced by first cutting the tubes into
pieces, them turning their faces and finally removing any
burrs from the edges.The average length of the specimens were
70 inm. Some of them were also bored by using a drill having a

diameter of 1 mm to prepare thermocouple slots.

Table 1. Chemical composition and mechanical properties

of test material

Chemical Composition

0.1060 ©0.0079 0.3907 0.0024 0.0081 0.0172 0.0126

Mechanical Properties

yield strength tensile strength elongation hardness
N/mm™ N/mm?* % BV

143

[
Lt

382 445

5.3 - Determination Of Magnetic Pield Distribution In The

Gan

The theoretical magnetic field distribution in the welding
gap was éxplained in chapter 4 and also showed in fig. 4.3.The
magnetic field after reaching the workpleces completes its
cycle through the parts to be welded and components of the

welding machine which are made of ferromagnetic materials.
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The distribution of lines of force can be demonstrated by imn-
troducing the iron filings into the welding gap. A three di-
mensional representation which was obtained by blowing the

iron filing directly into the welding gap is shown in fig.5.3

Fig 5.3 Representation of magnetic lines of force through
direct application of irom filings.
When magnetic current is switched on and the iron fillings
are blown on, they congregate at points where the magnetic
field is most concentrated. The lines of force run between
the pole plate and the tube, and the inferior of the tube is
free from the magnetic field. The field density is also low
along the inside edge of the tube. At the outer edge of the
tube the radial field is stronger than the axial field. At
the inside edge of the tube the ifon filings stand upright,
so the axial field is much stronger there than the radial
field. The transition from radial to axial field always pre-

ceeds from the ocutside inwards.



Go

5.4 - Carrving Out The Tests

The process was started by driving the movable part of the
welding machine,after switching on the magnetic ceoil and weld
ing currents. The flashing was initiated by touch-withdraw
method (see chapter 4).The movable workpiece which was driven
manually by screw mechanism was slightly touched to the other
workpiece. This caused a very high short-circuit current te
flow through them, which heated the contact area and made it
possible to ignite flashing after withdrawing the movable
part from the other for a distance of 1 mm or a little more.
The arc was rotated along the faces o©of the tubes by the
Lorentz force exerted by the magnetic field which was created
by the external magnetic coils. The process was completed by
the application of an upset force after a predetermined

flashing time.

A number of tests were carried out for wvaricus upset force,
flashing current and flashing time. One of the three upset
values,which were 610, 1360, and 2060 daN,was applied to each
joint. The rates of the movable part at these upset force

levels were : 11.74, 12.56, and 12,60 mm/sn respectively.

A strip-chart recorder with four channels was used to obtain
the variations of welding current and voltage and temperature

of specimens at certain points.

The welding current was measured by using a shunt resistance
(60 mV/300A), while the welding voltage was measured directly
at the clamping jaws.NiCr-Ni thermocouples of 0.5 mm diameter
were used for measuring the temperature at a point 4 mm away
from the face. In this way temperatures of up to 1200 C could

be recordéd.?igS.& gives a record of these measured variables

By using the cobtained data, important parameters,such as weld-

ing power and welding heat were calculated, and the variation



current

Fig.5.4 Records of current, voltage, and temperature
{4 mm away from the butting surface of the
workpiece) in making a flash weld. Ig: short
circuit current, U,: open circuit voltage.A:
arc initiation,B : flashing, C : upsettting,

D : switching off the current,-

chart speed = icm/sn).
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of the temperature was investigated.Welding power and welding

heat was calculated by using the following simple equations :

P =0.1 (3}
where P = welding power (W),
U = voltage across the electrodes (V},
I = welding current (A}.

Welding heat, the energy given to the workpieces, is directly

related to the welding power :

H=P.t = 0.I.¢t {4)

vwhere t is the time during which the current
passes through the workpieces.
As no preheating and postheating were used in our tests, the
total energy was taken as the energy given to the parts dur-
ing flashing. The energy given to the workpieces during ini-
tiation of arc and upsetting was neglected. Because,the total
duration of these phases is very short, and the short circuit
voltage being only a few volts,greatly decreases the power at

the stages in question (see fig.5.4).

Records of current,voltage and temperature (4mm away from the
butting surface of the workpiece) in making a flash weld.I :
short circuit current, U: open circu it voltage.A: arc initi-
ation,B: flashing,C: upsetting, D: switching off the current,

chart speed = 1 cm/sn.

All of the obtained and calculated data were classified
according to main welding parameters. The effects of main
parameters were investigated taking into consideration the

certain weld groups.

Mechanical And Metallurgical Tests : The produced joints were

tested to obtain the optimum welding conditions. Tensile,



bending and metalographic itests were made (and also hardness

of some joints was measured).

Flash welded tubes were cut to produce longitudinal test
specimens for tensile testing (fig.5.5.a). The specimens, the

dimensions of which is given in fig.5.5.b, were prepared in

(a)

6 R
W-Width 8.00
G-Gage length 25.00
T-Thickness 2.50
R-Radius of fillet,min 12.50
A-Length of reduced section,min 30.00
B-Length of grip sectton,min 25.00
C-Width of grip section,approximate 13,50
(b)

Fig.5.5 (a) The location of a longitudinal tensile test
specimen on the tube. (b} Dimensions of the
specimen. -
accordance with ASTM E8 standards [11].The tensile tests were

made at a speed of 0.5 cm/dk.

Three specimens were produced from each joint, to investigate
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the homogenitly of the tensile properties, which is related to

the weld quality.

In tensile testing some specimens fractured from the weld
zone while the other fractured from the heat affected zone
(HEAZ). In this way, useful information to compare the quality

of welds were cobtained.

A semi-guided bend test, in accordance with ASTM E290, was
made to investigate the ductility of the welds.The tubes were
machined to produce flat strip specimens. After removing the
flash and upset from both inside and out of the strips, the
longitudinal edges of the specimens were rounded to a radius
not exceeding 1.5 mm. The arrangement of bend test, which is

preferred especially for thin materials, is shown in fig.5.6.

Specimen

Bending Die

Fig.5.6 Schematic fixture for semi-guided bend test of thin
specimens - one end held.
Diameter of bending die is 15 mm, while the thickness of

specimen is 2.5 mm. The tests were finished through a 180-deg

bend.

In order to investigate the hardness profiles of the welds
vickers hardness tests were made at a test load of 10 kgf

applied for 15 s.



Metallographic tests were carried out to observe the structur
al changes due to welding. After polishing and etching with
nital (95 % ethyl alcohol, 5 % nitric acid) joints made by

various welding parameters were examined using a conventional

light-microscope.

5.5 — BEffects Of Changes In Welding Powexr

In order to evaluate the effect of welding power on the joint
guality, all welded joints were grouped into three levels.The
average values of these levels are given in table 2 for

comparative purposes.

Table 2 Comparison of main parameters for three levels of

power.
Groups Parameter Average Standard Minimum Maximum
value deviation
%

Power (kw) 2.88 0.19 6.6 7 3.3
1 Current (A) 113.82 13.29 11.6 §85.0 137.0
Heat (ki) 24.4 8.66 35.5 11.3 36.5
Power (kw!} 3.88 0.228 5.9 3.5 4,2
2 Current {A) 152.2 13.14 8.6 135.¢0 175.0
Heat tkij) 24.718 8.0 36.3 14.5 35.0
Power (kw} 6.51 0.416 6.4 5.62 7.0
3 Current (A) 198.0 13.114 6.6 §0.0 230.0
Heat (ki) 28.45 8.43 23.9 20.0 50.0

{Number of welds for each group : 23,9 and 17 respectively.)
The welding power is directly related to welding current. If
the current is too low, as in group 1, the arc becomes weak.

This level of current or power is uncapable of making the
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workpieces surface melted in a reasonable period. The joints
made at this current level after a flashing period of 5 - .6s.
could reach a temperature of 500-550 °C. A temperature about
1000 °C could be reached in 15s. of flashing(the tempecratures
were recorded at a distance of 4 mm away from the butting

surfaces as mentioned before!.

At the medium level of current or power(group 2) sufficiently
strong arc could be obtained. The temperature can be reached

to 1000° if the flashing pericd is continued about 8.5 s.

The most powerful arcs were obtained by adjusting the D.C.
generator about a level of 200A(group 3).The material lost in
the form of small particles during flashing prevent us from
increasing the current any more. Fig.5.7 gives the flashing
periocd at this current level. The time for reaching 1000°C

decreased to 5.5 s. in this high speed level.

Fig 5.7 Flashing at high currcnt.

7o summarize: Short times and high flashing speeds gave steep



temperature gradients and long times and low flashing speed
allowed heal to spread. In the case of high welding speeds
(high currents) the width of the plastic or molten material
was narrow. On the other hand the low power arc created a
wider plastic region {for the same energy input).This rela-

tion is given in £ig5.8 for the three groups of welding power

I (N 110 115 187
t (s} 11 g.2 6.1
Fig.5.8 Effect of welding power On the formation of
upset band.

after flashing,a proper upsel process is required to complete
the weld. As indicated before Lhree different upset forces
were used in investigations.Upset force directly affected Lhe
upset loss as expected. Effect of wupset force 1is given in

fig.5.9 for a given welding speed and heat.

5.6 - BEffects Of Changes In Welding Heat

The effect of welding heat on the weld guality was investi-
gated by the classification of the produced joints into three

groups according to vielding heat. Table 3 gives the average

values and limits of these groups.

The most significant measure!l variable that differed frcm

group to group Wwas temperature. The maximum temperature



Upset Force (daN} 610 1360 2650
Upset Loss {mm) P 2.7 4.3

Fig.5.9 Effect of upset force on the formationm of upset.

Table 3 Comparison of main parameters for three levels

of heat.
Groups Parameter Average Standard Minimuam Maximum
value deviation
&
Heat (ki) 16.65 2:32 13.9 11.3 20.7
A Power (kw!? 3.85 1.35 34.1 2.62 6.63
Current (A) 142.6 33.16 23.2 87.0 200.0
Heat (kij? 25.56 2.989 I1.7 21.0 30.0
B Power {kw) . 1.62 377.0 2. B 7. 0
Current (A) 153.3 43.113 28.1 95.0 200.0
Hcat  (kj)  38.0 4.58  12.0 34.5 51.0
C Power thw) 4.5 1.63 36.3 2 53 . 65
Current (A) 155. 5 43.21 27.7 107.0 200.0

{Humber of welds for each group: 17,19, and 13 respectively.)



measured from a specimen that belonged to group A was 745°C.
In group B, 980°C was measured as maximam temperature. In the
case of application of 38 kj welding heat {(group C), tempera-
tures exceeded 1000°C and sometimes thermocouples were

destroyed due to excessive temperatures (+1200°C).

The cross sections of flash welded tubes, belonging to the
groups A, B and C ( mentioned above } for different upset
forces are given in fig 5.10.

Heat

610 dapn 1360an ZoAD cal

Fig.5.10 Weld-seam cross sections with different level
of heating and upset force {the axis of the
tube is always below}.

The strength of the joints was low, when 16 kj of welding
heat is applied. They fractured immediately in the semi-
guided bend test and tensile test, irrespective of the
upsetting force. The fracture surfaces had the brightness
from turning and only one half of the wall thickness on
the inside were surface melted. There were slight fusions
only at these points. Total flash off and total upset of
the specimens were 0.5 to 1.2mm depending upon the upsett
ing force. Where 25 kj of welding heat was applied, very
evenly formed upset bands were obtained at medium and
high upset forces. The total flash off and upset of the

specimens amounted to between 1.6 to 3.8 mm depending on
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The results of the bend itest were in good agreemeni with the
tensile tests. The results of the tests were not changed much
by increacing the upset force to 1360 daN. Although tensile
strengths up to 38 daN/cm* were reached, all of the specimens

fractured at the weld line.

In the case of 25 kj heat and 2060 daN upset force, most of
the specimens fractured at the HAZ,a2 few milimeters away from
the weld line. Bend test specimens produced from the same
joints proved the ductility of the weld zone by being bent
through 180-deg. without cracking.

The application of maximum energy, 36 Lkj, was resulted in the
abutting surfaces being heated to considerably high tempera-
tures in excess of 1000 ¢ . Increased plasticity of the
materials due to high temperatures,caused the total upset and
flash off to increase. The loss of metal at the highest upset
force level was about 10mm.Onder thses conditions satisfacto-
ry welds were made by the application of medium (1360 daN}

and maximum (2060 daN) levels of upset forces.

5.7 = Metallographic Tests 2nd Hardness Measurement

The structure in the vicinity of the seam undergoes certain
changes as a result of the flash welding process. The micro-
structure of a flash weld, which is made by the application
of 28 kj heat !(welding power:7kw) and 2060 daN upset force,
is given in fig.5.11 . The centre of the secam has a fine

structure and adjacent to a coarse grailn zone.

The reasons for the fracture of specimens of certain groups
at lower upset forces was understoed after the metallegraphic
examination of such specimens.Fig.5.12 shows a weld zone that
has some slag or oxidized materials. This welding was made by
the application of 34 kj heat (welding power: 4kw) and 610 daN

upset force . The maximum temperature of the material at a



Fig.5.11 Microstructure of a flash welded joint (Z160).
distance of 4 mm from the butting surface was 1010 C, so the
heating process was proper. This formation was caused by the

improper upset force and/or slow upset speed.

The factors determining the width of HAZ were also investi-
gated by measuring this distance for various welds . The
maximum measured length was 12.7 mm,and the weld was made by
applying 39 kj heat (current = 107A,time = 15s.) and 610 daN

upset force.

The width of the HAZ is affected by the welding heat,welding

speed (welding power), and upset force.

A higher upset force gives narrower BAZ by increasing the
cexiruded metal. The width of the HAZ is directly proporticnal
to the amount of welding heat. On the other hand, for a

certain level of heat, if the welding speed is increased by



Fig.5.12 Microstructure of a joint with slags

and inclusions (X160).
raising the welding current, the welding time will be cshorten

ed and the HAZ will be narrow.

A number of hardness measurements were made to obtain the
hardness profiles of certain specimens.The variations in the
hardness of the material in the various portions of the weld
were insignificant. Only small hardness peeks were obtained

on the ccarse grain zones.



CIHADTER &
RESULTS AND DiSCUSSTON

In this study, effects of welding parameters on the quality
of flash welded thin-walled tubes were investigated.

The joints which were produced at different levels of weld-
ing power,welding heat,and upset force,were tested to obtain

optimum parameters.

Effects of welding power,welding heat and upset force on the

guality of flash welds are given in fig.6.1.Good welds can
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Fig.6.1 Effects of main parameters on the weld quality.
be ob!ained by choosing the parameters above the given

Jines of force.

1-A lew welding power,causes a weak arc to form and
increases the welding time.The low welding speed reduces

the rate of production and increases the heat loss.On



the other hand it makes the HAZ wider and increases the
vwidth of upset band.

2-Settting the welding power too high (by increasing the
current} results 1in greater ease of maintaining the
micro - arcs formed in the flashing period and deep
craters can be caused in the flashing face. Deep empty
craters may not be filled with molten metal or closed
during upset causing the dangerous regions of lack of

fuasion.

Cn the other hand the flash-off rate is increased in the
case of flashinf at high pewer. This causes the material
to be blown of inte the air in the form of small
particles. These molten droplets may cause important
problems such as fire - and personnel hazards.

3-If the welding energy is not sufficient, materials can-
not be plastic enough for proper upset and there is a
tendency to freeze.

£-2Applying the welding heat too high greatly increases
the material lost which is wasted and should be compen-
sated for in the origipnal dimensions of the pieces being
welded.

5-1If the upset force is insufficient, the defects cannot be
squeczed out of the weld and the weld will have oxides,
inclusions and voids.

6-Too much an upset force causzing a deflection of the flash
welder, increases the tendency for improper alignment.
Excessive upset force may also squeeze out too much
plastic material and make poor welds.

T7-The flash welding machine used throughout the tests has
an hydraulic drive mechanism which is not fast enough. It
alsoc needs a precisce control mechanism for travel.
Although adeguate heating was supplied at lower heat
levels the process could not be completed properly due to

the insufficient upset travel.
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