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(ZJatt  Classifyingpiningprocesses
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CLOSE WITH FORM CLOSE BY FRICTION

Shaft coupling,
clutches, screw
connections

—1 Key, pin and bolt _—

=l AXis connections

Stamped axis-hub connections

with or without
] L - ] flexible parts
=] Positioning parts —

Tensioning and
S— pressing parts




@att Historicaloverview

Iron pillar of Delhi, erected in Delhi, India
about 310 AD

iy s it
— . { A /:ﬁ/‘ g :_,sssﬂ N
——‘;> - 7,_é‘;;»‘: j\ D\ 5
‘ r-":'/”ﬂ ,-;('_ = 5 .
: L = e -



Weldingnowadays
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@att Classifyinghe weldingprocesses iz sz

ABased on the source of energy used to create joint
ABased on the filler material type

ABased on the protection of the weld

ABased on the level of mechanizing or automation
ABased on the technological parameters

Most frequently the source of energy is the classifgnitgrion



@““ Anotherpossiblearrangement &
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TEMPERATURE

Melting temperature .

\ Hot pressure welding pr. >l< Cold pressure welding pr.

\.

~ PRESSURE

PRESSURE WELDING PROCESSES

K

FUSION WELDING
PROCESSES




(7 att Creatingaweld bead

MATERIAL ENERGY
| | CLASSIFICATION CLASSIFICATION |
BY PHASE BY PRESSURE BY ENERGY
LIQUID SOLID l THERMIC OTHER
WITHOUT
PRESSURE

v
W. PRESSURE THERMOMECHANIC «¢--| MECHANIC




ESGEYSE ST E

)
| -
S
V)
V)
QO
| -
g

(0p)
L @
=9
S o
L O
= O
L o
L
o
@)
-
—
S
B
| -
@)

(Z)att

————————

9210J SAIS|N

—— cetfiene—

das 9210j 2ARORINE

(V]
O
C
(D]
fudt
e
©
C
e,
42
©
-+
C
2
P~
O
Vi
o s Y Iy P
I Ly - L o I
]
Oy ha g ]
= ]
Iy P Il
C— 1 N P A It
Iy Fa s
AN - 7y =
=
Iy ) ™
[AEa I It Y IV Y N It
s M Ia [ ™
. = ] 7

Condition of pressure welding:

orientation difference —% 0°

a




Creating the weld beaglpressure
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Direction of
detonation

Explosiorwelding

A cladding

Flyer plate

_ Characteristic
Parent plate wavy profile

Anvil
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@att The role of heating at pressure .

welding
v 1
F
—t—p | G F (do/dt),
: (do/dt),
O oy :ﬁ\/(o-l _O-z) +(O-2 0-3) +(O-1 _0-3) >
T
O-eqv — Y Y _[ d_gp TJ Y
P ar
Rp0,2
Heating: (p=

Y decreases = welding time shortens




(Z)att Resistancepotwelding

Crystallization under force
creates theweld.

Higherjoint strength




@att Creating the weld beagimelting
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Fusion zone
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Temperature gradient, G

G/R determines morphology
of solidification structure

- O
3\ GxR determines size of
% solidification structure
5 o\ —
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c©®
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axed
Equiaxe Low
Dendrtic o/R @b

Growth rate, R
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Manualmetal arcwelding
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@) Electrode Power
holder Source
Welding I Cable 1
I4:_iire\ction Stick
electrode
. Cable 2
Workpiece
Core wire
(b) |
Flux covering
Metal Gaseous shield
droplet
Flux Arc
droplet Slag
(@)
Weld
y " metal
4 7
Base’metal Weld pool




(ZJatt  Roles of the flux covering

MUEGYETEM 178

w Stabilizingthe arc (K, Na, Cadecreasedhe emissionenergyand
the ionizationpotential)

W Evolving gas (organic matters, for example cellulogid;{Os),
and from CaCg)

W Deoxidizingdenitridizing(Mn, Si, Al, VTi, etc.)

W Alloying (alloys depending on base material, in the forideib-
alloys as F&i, FeTl, FeCr etc.)

W Making up the slag (from rutile, from organic materials, from,SiC
andMnQetc.)

W Decrease the comlgspeed, metallurg@&l processes
W Increase the meingrate (meltingefficiency can reach 220 %)



Z;Ia ' Applications based on the type of___immi___a

flux covering ST T

W Acid flux electrode should be applied when the welding positic
simple but the penetration to be reached is high.

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

wwdzi At S FtdzE St SOGNRRS A& dza
and when the expected mechanical properties atenedium
level

() Basic electrodeare usedfor constructions where mechanical
properties are important and high.

Nowadaydlux mixturesare usedaselectrodecovering



(7 att Weldingparameters

W Wire diameter: d.=1,50 6 mm

W Current: | = 300500 A(l = (3@60) xd, A)
W Arc voltage: U=20050V (U=0,041+ 20, V)
W Welding speed: Vo= 8006 200 mm/min

W Pull out length: L= 1000 400 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.
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@att Weldingpowersources  Smmmsmimm:

DC and ACurrentcanbe appliedproducedby:

W Weldingtransformers y! power source
: - electric arc
W Weldingrectifiers /
. >
W Weldinggenerators ___L_l_ L
/K —L
. . | ]
K t
working poin ni

Characteristicanternal control




@att Application of manual arc welding

W Widely 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
requirehighcapital investment.

W Onsite welding

W Forsurfacingandrepairwelding most welding materials are availak
In the form of flux covered electrodes.

W Disadvantages the low meltoff efficiency, therather strong
contribution of the human factor, and it is hard to apply for non
ferrousmetals *
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(7 att Oxyfuelgaswelding
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Flow mete Regulator
Oxygen
Welding
direction
- Valve
02
Gas torc C,H,
Acetylene
(a)
\i Workpiece
Oxygen/acetylene
Filler rod 2”““"3
Protection ’
envelope Primary
Metal combustion
eta
droplet Slag
Weld
(b) = hetal
Base metal Weld pool




Oxyfuelgaswelding

Primary combustion in inner
| cone (2/3 total heat) :

Torch 2C,H, + 20, (from cylinder)
— 4CO + 2H,

2800 - 3500 °C INNer  gacondary combustion in outer
CON®  envelope (1/3 total heat) :
Flame 2500 °C outer  4CO + 20, (from air)—#» 4CO,
envelope

2H, + O, (from air) —» 2H,0

1000 °C




att Oxyfuelgaswelding
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Carburizing
flame

\

Acetylene oxygen

Neutral
flame

Oxydizing
flame

25



Weldingtorch

MUEGYETEM 1

Threaded tube and
tip combination

Union nut Fingertip
Body acetylene

valve \
ﬁ’ F /
?

MiXing _d__f-""_'-- e = —— }
— B
chamber —

Acetylene
hose
Oxygen
hose
Fingertip
oxygen valve
Buminggas and oxygemixed Gas blowing through the little diameter
based on the theory of injecter  hole arrives into a bigger volume, this
effect. way its pressure decreases.



(Z)att

Backward welding is applied for thin metal sheets
(s K5 mm), forward welding is usedfor thicker metal sheetsand
tubes In caseof forward weldingthe weld bead is heated,sobigger
penetrationcanbe reached



(ZJatt  Applicationof oxyfuetgaswelding ST simm;

Welding parameters wWOnsite welding

wd, =1....10 mm WRepairs (for example cal
(filler material diametey chassis).

WPy, = 0,1....0,6 bar wWFor assemblies central

Wpe, = 2....5 bar heating, water, gas pipin

C other procedures are

WVyelg = 10....100 mm/min hard to apply.

WVeoo=1..... 50 I/min
WV, = 1.....55 I/min.



(7 att Oxyfuelgaswelding

OxVifuetgaswelding
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(7 att Oxyfuelgascutting

Oxygen

The process

APreheating for flashing
point temperature

ABurningwith oxygen

ABlowing outthe products
of combustionto form
the gap

Fuel gas and
oxXygen

Heating flame




AThe material must be capable to
burn in oxygen

AFlash point temperature must be
lower than melting point.

AMelting point of the oxide must be
lower thanthat of the metal itself.

AThe combustiomproductmust be a
fluid, so it can be flown oub ; ;
form the gap. 1 og 43

A point
0

C, %

Well cuttable materials
Weldableunalloyed and low alloyed steels.
(Alloying materials usually decreaseldability)



(7 att Oxyfuelgascutting

Oxvfletgascutting
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@a ' Semiautomated and automated a___imi___a

welding processes

To be automated:
AElectric arc regulation to keep the arc length
AConsumable electrode feeding
AMovements needed to form the bead

Main movement (along the bead)

Side movements (alternating, circling)
ASemiautomation: the movements are not automated.
AApplication of robots and Nébntrol.



Basiagasshieldedprocesses
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AGastungstenarcwelding#
AGasmetal arcwelding
APlasmawelding

Theseare semtrautomatedprocessesif the flller materlal
feedis automateq. A




@att Gastungstenarcwelding(GTAW)

Flow Regulator
meter
@) N
Welding
direction

Torch

Cable 1
Power
. Cable_2\ s.clnurce‘

'C\JWorkpiece
Tungsten electrode
Shielding, o 2

Contact tube
Cable 1

Filler rod

Shielding gas "\
cylindergg /:D

Shielding

Pure tungsten

droplet

'WI""I”" 2% Ceriated
AT

1.5% Lanthanated

Base metal Weld pool

2% Zirconiated

2% Thoriated




% tcicle: tbase+ 1%mp B T!eg, ZOGIAC QC
o timlo l - %

S e vieNy "
7\ [ | r s
e 3. B e

tbase B ' —

Impulse welding enables well
controlled heat input.



(7 att GTAWapplications
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ANon 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
unalloyed and lovalloyed steels.

AApplication constraint;

ASmall mekoff efficiency
ANeeds highly qualified personnel with practice.

ACannot ensure proper gas shielding at windy place:

._

)




(7 att TIGweldingof Ti

TIGweldingof
Czalifm
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Gas Metal Arc Welding (GMAW ).
processes "

=
éatt

Metal activegaswelding (MAG)
Metal inertgaswelding (MIG)
Flux cored arc welding (FCAW)




Flow meter Regulator

el 2

Wire
Wire drive reel \'
& control Wi
. ire
c\ﬂfrggtli%% Gun \ electrode
-~
©Vv
© ©
Power i| Shielding
Cable 1| Source [ gas
. 3 | cylinder
Cable 2
Wire electrode
. . -
Sh|eld£|}gg Contact tube
(b)
o Cable 1
" Yl shrase
dl\/’le’[i':llt \‘>>5<Arc
rople —
i ’ Weld
Y, j( " metal
7 7
Base metal Weld pool




@att Powersourcefor GMAW
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A
powersource
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GMAWapplication

ACQ shieldinggas
-Unalloyed and low alloyed mass stee
construction

-DBTE
AAG

0cC

- Mass steel constructio®BTT=-20cC
- Robot supported operations

Alux cored wire

- Mass steel constructiobBTT=-60cC

- High a
AVIG

loyed steels, surfacing

- Nonferrous and light metals
- High alloyed steels, surfacing




(7 att Plasmarcwelding

APlasmalonized and dissociated gas state of material in a
thermodynamic balance

APlasma can be developed on high temperatures. It has f
energy level, suitable for welding, cutting and other thern
manufacturing processes. |




Shielding gas

(a) Control
console\ Orifice gas

Weldin
directio% TTT7 gg‘tfjv'%re
T L ]
Filler
rod Cables\
| \( Workpiece
o Orifice gas
Tungsten N .
(b) elechrode—— Shielding
gas
Orifice gas nozzle o
(water cooled) 1 §Q|Zezlllcé|ng gas
Orifice
/
Arc plasma ‘/ Molten metal
Weld
® “* etal

Base metal *
Keyhole




WORK BEING CUT

N\
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(ZJatt  Underwaterplasmacutting

Underwaterplasma
cutting
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Submergedarcwelding




( Wire reel

Welding
direction

-4—— \Wire electrode

<¢— Wire drive & control
(©)

Cables Power
Source

Granula
flux

Base metal

/Wire electrode

Arc Molten slag
Solidifiled slag

Metal pool/

§TIT

17 8 2




T

economical

@att Submerged arc welding IS a___immi___
If:

ALong straight or slightly
curved seamarewelded
(quide is applied when
curve).

Al X welde¥ seam
length)

Ad x pnetadf dheed
thickness

ol ;". .
e 3
%
v
/
“

Cylindrical welded seangFE=
can bemadeby rotating I
device.

i
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Submergedrcwelding

Ad.=1,2....12 mm
Al..= 130....5000 A
AU,.=20...60 V

AVW9|d = 100....5000
mm/min

AI—powder: 10 @, mim

parameters

Welding Process (100% Duty Cycle)

Deposition Rate, Lb/hr

Deposition Rate, Kg/hr

40 80 120 160 200
1 1 | | 1 | 1 1 |
6010
018 Smaw
7024
cold GTAW/PAW
wire
fine wire
CO, shielded
1 FCAW
[ | iron powder ] SAW
/| N | with iron powder added ]
1 electrode 2 electrodes
| —- |, 3electrodes ESW
I 7
4 electrodes + -+ | |
| : | 5lelectrqdes : | |
0 20 40 60 80




Z att Weldingpowersources
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DC and ACurrentcanbe appliedproducedby:

wWWeldingtransformers Ul _power source
electric arc

wWWeldingrectifiers

wWWeldinggenerators _ 7 ______

working point |

Characteristics
externalregulation
by the wire feeding
velocityusingnU




Z?latt SAWapplication ST T

AMass steel construction

AUnalloyed and low alloyed steelsgh alloyed
steels

ABig layer thickness structures
Along straight or slightly curved welded seams

AHorizontal or turn to horizontal arrangements ce
be welded

AOne sidedx wéld ¢ up to 10 mm
ATwo sidedx lweéld ¢ up to 20 mm
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\’herged Arc (SAW) a
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Resistancevelding




Resistancéeating

AThe Joule heat is generated by the current running
through the work pieces(direct heating) and this heat is
proportionalwith the resistancg R)andthe current(l):

Dissipation to Surroundings

Convection_gc%eflicient (h)

eatin Fiber
‘V{i
Heat Generation by Electrical Current (/)
I Electrical Conductivity (o)
AThe second option is to apply induced current, called
iIndirect heating




@a 4 Resistance welding: advantages e

and applications

AWorkpiecedimensionsetweenwide limitations:
AhGSNI I LILIAYy3 LXIFGaSay a T
A dziG 6Sft RSR NRRAY 5 T

Al N2aaAay3d NRRay 5
AAlmosteverymaterialcanbe welded

AThe welding process is fully mechanized, well
controllable and can be automated.
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and applications
AWelding quality is high and stable

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

@att Resistance welding: advantages._im.

AHigh productivity
AMaterial and energy saving is an additional advantage

Disadvantages
AExpensive welding equipment

AEquipment calibration, setting and maintenance needs
highly qualified personnel

ABig amount of scrap when settisgre incorrect
AProblem with the mechanical characteristics in some ca




Zlatt Resistancspotwelding

PRESSURE

ELECTRODES




SQUEEZE TIME, WELD TIME, HOLD TIME, OFF TIME,

APPLICATION OF CURRENT FLOWS FORGING OCCURS RELEASE OF
ELECTRODE FORCE ELECTRODE

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



5 a t t }gég (OO XK i:‘[!””_ :i-ﬁ .i“_'I AHANA S
MUEGYETE

Pressingthe electrodesonto the work piece (F), presetting
time (teg haspassed,the current (l) is turned on, after the
weldingtime hasexpired(ty) the pressureis kept for the post
keepingtime (ty). Main welding parametes are |, F, t,, , the
pre and postkeepingtimes are supporing parameters
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ontinuous spotveldings
are carried out between
disc electrodesOnce the
spots overlaps each other
seam IS made, with no
overlapping a row of spots
IS created.




