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Classifying joining processes
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Historical overview
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Iron pillar of Delhi, erected in Delhi, India 
about 310 AD

Elihu Thomson in 1885

First welded road bridge in the world in 1928



Welding nowadays
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Classifying the welding processes
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ÅBased on the source of energy used to create joint

ÅBased on the filler material type

ÅBased on the protection of the weld 

ÅBased on the level of mechanizing or automation

ÅBased on the technological parameters.

Most frequently the source of energy is the classifying criterion.



Another possible arrangement
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Creating a weld bead
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Creating the weld bead ςpressure 
processes 

8



Creating the weld bead ςpressure 
processes 
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Explosion welding
Ą cladding



Explosion welding
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Explosion welding
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The role of heating at pressure 
welding
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Resistance spot welding
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Higher joint strength

Crystallization under force 
creates the weld. 



Creating the weld bead ςmelting 
processes
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A-A cross-section



Basic solidification concept

14Sindo Kou: Welding metallurgy



Basic manual processes
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Manual metal arc welding
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Roles of the flux covering
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ωStabilizingthe arc (K,Na, Cadecreasesthe emissionenergy and 
the ionizationpotential)

ωEvolving gas (organic matters, for example cellulose (C6H10O5)n

and from CaCO3)

ωDeoxidizing, denitridizing(Mn, Si, Al, V, Ti, etc.)

ωAlloying (alloys depending on base material, in the form of ferro-
alloys as Fe-Si, Fe-Ti, Fe-Cr etc.)

ωMaking up the slag (from rutile, from organic materials, from SiO2

and MnOetc.)

ωDecrease the coolingspeed, metallurgical processes

ωIncrease the melting rate (melting efficiency can reach 220 %)



Applications based on the type of 
flux covering
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ωAcid flux electrode should be applied when the welding position is 
simple but the penetration to be reached is high. 

ωCellulose flux electrode is used for tubes root pass welding 
(transmission line tubes).

ωwǳǘƛƭŜ ŦƭǳȄ ŜƭŜŎǘǊƻŘŜ ƛǎ ǳǎŜŘ ŦƻǊ αŀǊƻǳƴŘ ǘƘŜ ƘƻǳǎŜέ ǘȅǇŜ ƻŦ ǿƻǊƪǎ 
and when the expected mechanical properties are at medium 
level.

ωBasic electrodes are used for constructions where mechanical 
properties are important and high.

Nowadays flux mixtures are used as electrode covering



Welding parameters
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ωWire diameter: de=1,5 õ6 mm

ωCurrent: I = 30 õ500 A (I = (30õ60) x de, A)

ωArc voltage: U = 20 õ50 V   (U = 0,04 I + 20, V)

ωWelding speed: vweld= 80 õ200 mm/min

ωPull out length: Lpull= 100 õ400 mm.

 Pull out length means the length of the weld seam that can be 
madewith the efficient length of the electrode. 

 By the pull out length, the cross section of the weld and the 
heat input (welding speed) can be well controlled. 



Welding power sources
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DC and AC current can be applied produced by:

ωWelding transformers

ωWelding rectifiers

ωWelding generators

 

 

U

I

L1 > L

L

ɲ I

power source
electric arc

working point

Characteristics: internal control



Application of manual arc welding
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ωWidely used in every segment of the industry, because of its 
simplicity, and low price. Practically there is suitable electrode for 
every type of material, easy to learn the procedure and does not 
require high capital investment. 

ωOn-site welding

ωFor surfacing and repairwelding most welding materials are available 
in the form of flux covered electrodes. 

ωDisadvantageis the low melt-off efficiency, the rather strong 
contribution of the human factor, and it is hard to apply for non-
ferrous metals. 



MMA welding
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MMA welding
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Oxyfuel-gas welding
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Oxyfuel-gas welding
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Oxyfuel-gas welding
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Welding torch
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Burninggas and oxygen mixed
based on the theory of injector-
effect. 

Gas blowing through the little diameter 
hole arrives into a bigger volume, this 
way its pressure decreases.



Welding technique
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Backward welding is applied for thin metal sheets
(s Җ 5 mm), forward welding is used for thicker metal sheetsand
tubes. In caseof forwardweldingthe weld bead isheated,sobigger
penetration can be reached.



Application of oxyfuel-gas welding
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Welding parameters:

ωdh = 1....10 mm 
(filler material diameter)

ωpC2H2 = 0,1....0,6 bar

ωpO2 = 2....5 bar

ωvweld = 10....100 mm/min

ωVC2H2= 1.....50 l/min

ωVO2 = 1.....55 l/min.

ωOn-site welding

ωRepairs (for example car 
chassis).

ωFor assemblies ςcentral 
heating, water, gas piping 
ςother procedures are 
hard to apply. 



Oxyfuel-gas welding
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Oxyfuel-gas welding
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Oxyfuel-gas cutting
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The process:

ÅPreheating for flashing-
point temperature

ÅBurning with oxygen

ÅBlowing out the products
of combustion to form 
the gap



Oxyfuel-gas cutting conditions
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ÅThe material must be capable to 
burn in oxygen

ÅFlash point temperature must be 
lower than melting point. 

ÅMelting point of the oxide must be 
lower than that of the metal itself.

ÅThe combustion productmust be a 
fluid, so it can be flown out to 
form the gap.

Well cuttablematerials: 
   Weldableunalloyed and low alloyed steels. 
   (Alloying materials usually decrease weldability.)

 

C, % 

A kºnnyŤ l§ngv§ghat·s§g hat§ra 

 T, ºC 

2,1 

4,3 0,8 

Limit of well cuttability



Oxyfuel-gas cutting
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Oxyfuel-gas cutting
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Semi-automated and automated 
welding processes

To be automated:

ÅElectric arc regulation to keep the arc length

ÅConsumable electrode feeding

ÅMovements needed to form the bead

Main movement (along the bead)

    Side movements (alternating, circling)

ÅSemi-automation:  the movements are not automated.

ÅApplication of robots and NC-control.
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Basic gas shielded processes
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Shielding gas welding processes

ÅGas tungsten arc welding

ÅGas metal arc welding

ÅPlasma welding

These are semi-automated processes (if the filler material 
feed is automated).

35

Wire



Gas tungsten arc welding (GTAW)
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Applying impulse welding
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time
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Impulse welding enables well 
controlled heat input.

tbase

t imp

tcicle = tbase + timp 



GTAW applications

ÅNon ferrous- and light metals, high alloyed steels (tool 
repairs and pile up welding, corrosion resistant steels). 
Cylindrical welded seams on tubes, also for root pass at 
unalloyed and low-alloyed steels. 

ÅApplication constraint:

ÅSmall melt-off efficiency

ÅNeeds highly qualified personnel with practice.

ÅCannot ensure proper gas shielding at windy places. 
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TIG welding of Ti
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TIG welding of 
titanium
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Gas Metal Arc Welding (GMAW) 
processes
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Metal activegas welding (MAG) 
Metal inert gas welding (MIG) 
Flux cored arc welding (FCAW) 



Gas shielded metal arc welding 
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Power source for GMAW
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GMAW application
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ÅCO2 shielding gas
-Unalloyed and low alloyed mass steel 
construction 
- DBTT= 0 ϲC

ÅMAG
- Mass steel construction DBTT= - 20 ϲC
- Robot supported operations

ÅFlux cored wire
- Mass steel construction DBTT= - 60 ϲC
- High alloyed steels, surfacing  

ÅMIG
- Non-ferrous and light metals
- High alloyed steels, surfacing



Plasma arc welding
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ÅPlasma: Ionized and dissociated gas state of material in a 
thermodynamic balance.

ÅPlasma can be developed on high temperatures. It has high 
energy level, suitable for welding, cutting and other thermal 
manufacturing processes.



Plasma arc welding
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Plasma cutting
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Underwater plasma cutting
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Underwater plasma 
cutting
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Submerged arc welding
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Submerged arc welding
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Submerged arc welding is 
economical 

50

ÅLong straight or slightly 
curved seams are welded 
(guide is applied when 
curve). 

Å[ җ н Ƴ όwelded seam 
length)

Åǎ җ р ƳƳ όmetal sheet 
thickness)

Cylindrical welded seams 
can be madeby rotating 
device. 

If:



Submerged arc welding 
parameters
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Å de = 1,2....12 mm

Å Iarc = 130....5000 A

Å Uarc = 20....60 V

Å vweld = 100....5000 
mm/min

Å Lpowder = 10 de, mm



Welding power sources
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DC and AC current can be applied produced by:

ωWelding transformers

ωWelding rectifiers

ωWelding generators

 

U
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Characteristics:
   external regulation
   by the wire feeding
   velocity using ɲU



SAW application
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ÅMass steel construction 

ÅUnalloyed and low alloyed steels, high alloyed 
steels

ÅBig layer thickness structures

ÅLong straight or slightly curved welded seams 

ÅHorizontal or turn to horizontal arrangements can 
be welded

ÅOne sided αLέweld ς up to 10 mm 

ÅTwo sided αLέ weld ς up to 20 mm



SAW
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SAW
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Resistance welding
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Resistance heating
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ÅThe Joule heat is generated by the current running
through the work pieces(direct heating) and this heat is
proportionalwith the resistance(R)andthe current (I):

ÅThe second option is to apply induced current, called
indirect heating.

dtRIQ
ht

ñ=
0

2



Resistance welding: advantages 
and applications 
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ÅWorkpiecedimensionsbetweenwide limitations:

ÅhǾŜǊƭŀǇǇƛƴƎ ǇƭŀǘŜǎΥ ǎ Ґ лΣллр Χ ол ƳƳ

Å.ǳǘǘ ǿŜƭŘŜŘ ǊƻŘǎΥ   5 Ґ лΣлм Χ орл ƳƳ

Å/ǊƻǎǎƛƴƎ ǊƻŘǎΥ        5 Ґ лΣлм Χ ул ƳƳ

ÅAlmosteverymaterialcanbewelded

ÅThe welding process is fully mechanized, well 
controllable and can be automated.



Resistance welding: advantages 
and applications
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ÅWelding quality is high and stable

ÅHeat affected zone is small, so the microstructure 
change and remaining deformation is negligible

ÅHigh productivity

ÅMaterial and energy saving is an additional advantage.

Disadvantages

ÅExpensive welding equipment

ÅEquipment calibration, setting and maintenance needs 
highly qualified personnel

ÅBig amount of scrap when settingsare incorrect

ÅProblem with the mechanical characteristics in some cases.



Resistance spot welding
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Process of creating a welded spot
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The top electrode approachesthe work piece, electrodesare pressedto the work
piece,after the preset time the current flows, the material starts to melt in a lens
shapedvolume.
The melted volume is increasing, if the current is on for too long time, the melted
material can be spattered, after the proper time and post keepingthe top electrode
movesaway.



Simple working order
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tes th tu 
t 

I 

F 

Pressingthe electrodesonto the work piece (F), presetting
time (tes) has passed,the current (I) is turned on, after the
weldingtime hasexpired(th) the pressureis kept for the post
keepingtime (tu). Main welding parameters are I, F, th , the
pre andpostkeepingtimesaresupporting parameters.



RSW automotive industry
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RSW automotive 
industry
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Resistance seam welding
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Continuous spot weldings
are carried out between 
disc electrodes. Once the 
spots overlaps each other a 
seam is made, with no 
overlapping a row of spots 
is created.


