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1. Welding Fundamentals




Welding Fundamentals >
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https://youtube.com/shorts/L0pAlxjG7Uo?si=PZbfQK3jEAjxZalr
https://youtube.com/shorts/9FJ3mfhW-8s?si=aUpQATunK-OfZ26L

Welding Fundamentals
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What Is Fusion Welding? (cont.)

o Filler metal may be added
(improves strength and fill) g el

Shielding gas /
Nozzle
Molten weld metal / /
' Electrode
Solidified weld / : >
metal / / \

o Shielding protects molten metal N

(prevents oxidation and porosity) AU //////

o Used for permanent joints
In structural applications




Welding Fundamentals

Classification of Welding Processes

L

Arc welding (electric
arc generates heat)

Gas welding (combustion
flame melts metal)

High-energy beam welding
(laser, electron beam)

Consumable vs.
Non-consumable electrodes

Welding

.

Fusion Welding

Arc welding

> (SMAW, GMAW, etc.)

Gas welding

* (0AW, OHW, etc.)

Resistance welding
(RSW, PW, FW, etc.)

. |High Energy welding
"l (EBW, LBW, etc.)

Manual, semiautomatic, automatic processes

!

Solid State Welding

Diffusion welding

(DFW)

Roll welding "

(ROW)

Friction welding

(FRW)

Forge welding

(FOW)

Selection depends on material, thickness, quality,
productivity



2. Oxyfuel & Arc Welding Basics




Oxyfuel-Gas Welding (OFW) )

L

;’; : GAS TORCH

Combustion of fuel gas
+ oxygen (produces

high-temperature flame) 1 —
——

Common fuel gases: e

acetylene, propane, hydrogen ————

Three flame types: neutral, e ——

oxidizing, carburizing (affects chemistry) é ﬁ

e
er rod

Filler rod may be used (manual feeding) ‘

Good for repair work and N o
medium-thin sections o

/ Molten weld metal

Base Metal

Equipment includes torch, hoses, regulators, cylinders




Oxyfuel & Arc Welding Basics

Oxyfuel-Gas Equipment T

o Gas cylinders with pressure GAs WELDING

regulators x

o Hoses for oxygen & fuel gas W//

o Mixer and welding torch i
(combines gases before e id(,
Ignition)

ARRESTORS REGULATORS

o Tip size controls flame intensity

o Flashback arrestors prevent
flame from entering hose

0 Portable, flexible, low-cost
equipment

GAS & OXYGEN HOSES




Arc Welding Fundamentals

L

Electric arc forms between
electrode & workpiece —,
(intense heat ~6,000°C)

Molten Weld Pool

Arc melts base metal and filler —
(if consumable electrode used)

Power supply may
be AC or DC

Shielding prevents
contamination (gas or flux coating)

Weld pool solidifies to form joint
Applicable to wide range of thicknesses

Electrode Cable



https://youtube.com/shorts/dChbTBLe8L4?si=eDjOPJsekjaatek8

3. Non-consumable Electrode
Processes




Non-consumable Elecirode Processes

GTAW (Gas Tungsten Arc Welding / )

L

Uses non-consumable
tungsten electrode (has

very high melting point)

Filler rod optional N
(added manually) ilorwire \

Shielding gas: Ar or He Vetenwedmeta —. A
(protects weld pool)

Electrical conductor

Tungsten electrode

Shielding gas
Arc

Solidified weld metal

Produces clean, high-quality welds (no slag)
Suitable for thin sections and reactive metals (Al, Mg, Ti)

Lower deposition rate compared to consumable
processes




Non-consumable Elecirode Processes

o Advantages:
High-quality, precise welds
No spatter or slag

Suitable for thin materials —

o Limitations:

o Lower productivity (slow process)
o Requires high operator skill
o Expensive equipment compared to




Non-consumable Electrode Processes

Plasma Arc Welding (PAW)
o Similar to GTAW, but arc e

gas

constricted through nozzle
(higher energy density) i
Produces narrow,
deep welds

Can CUt Or WEId Tungsten

electrode

various thicknesses Plasma gas

Shielding gas
Non-transferred and
transferred arc modes

Higher productivity than
GTAW (but more expensive)

a) transferred-arc
b) non-transferred arc




4. Consumable Elecirode
Processes




Consumable Electrode Processes

SMAW (Shielded Metal Arc Welding)

o Consumable electrode
with flux coating (flux melts Electrode g OR
— forms protective slag) Weld N QL eldins

N Power Supply

Most widely used manual ﬁ!

welding process Workpiece
Simple and portable equipment

Works for steel, cast _
Iron, stainless steel, NG — Coating

Solidified slag

: -1 : xU — Electrode
Good penetration & versatility C W /x — Shielding

Slag must be removed Basometal}
after welding

Weld metal Arc



Consumable Electrode Processes

Electrode Coatings (for SMAW)

o Flux coating generates
shielding gas Consumbi { Wire care
(prevents oxidation)

o Forms slag (protects
cooling weld metal)

o Adds alloying elements
(improves mechanical
properties)

Electrode
holder

Flux coating

P
N
: N Wy &
=)
/ Gas shield from

/ melted coating

Molten weld pool

Electrode Cable

Base Metal

o Provides arc stability l Ground Cable

o Different coatings for
different applications

Power source




Consumable Electrode Processes

GMAW (Gas Metal Arc Welding)

aka MIG (Metal Inert Gas) or
MAG (Metal Active Gas) welding

Consumable wire electrode
fed CO“U”UOUSIy Current conductor

Shielding gas supplied o T
externally (CO,, Ar, mixtures)

High productivity & long welds s s

Less operator skill required
(compared to SMAW)

Good for thin-to-medium thicknesses

~Wire guide and
contact tube

Minimal post-weld cleanup (no slag)




Consumable Electrode Processes

FCAW (Flux-Cored Arc Welding)

o Tubular consumable wire |
with flux inside /A \

D TWO types: Self—ShieIded Flux-cored wire
(outdoor) and gas-shielded
Sllgdfd / gngldtfgm
o High deposition rate =~/

(faster than SMAW
and GMAW)

o Good for structural
steel fabrication

o Produces more spatter than GMAW
o Suitable for thick materials

Electrode cable

Weld Metal




Consumable Electrode Processes

SAW (Submerged Arc Welding)

Arc submerged under granular flux (no VISIble arc)
Very high
dep05|t|0n rate Contact tube ——=

Good for thick plates
and long welds

Minimal spatter,
deep penetration

Arc cavity

Molten flux

Base metal

\
Weld metal Liquid weld metal Weild pool

Automated process
(used in shipbuilding, pipes)

Requires flat or horizontal positions




5. High-Energy & Cutting
Processes




High-Energy & Cutting Processes

High-Energy Beam Welding (EBW & LBW)

Vacuum chamber

D Electron beam Weldlng Focusing coil

Deflecting coil
f A -

(vacuum chamber, . i
deep penetratlon) Electron beam

o Laser-beam welding
(precise, high speed)

o Very small HAZ

o High quality &
minimal distortion

o Excellent for aerospace, micro-welding
Expensive and specialized equipment

~

7~ Shielding gas . N

. Shielding gas

100 mm Laser beam




High-Energy & Cutting Processes

Cutting Processes

Oxyfuel cutting
(oxidation process for steels)

Plasma arc cutting
(lonized gas jet melts material)

Laser cutting

(high precision, minimal HAZ)

Cutting often integrated
with welding operations

Choice depends on
material and thickness

Good complement to welding preparation




High-Energy & Cutting Processes

Joint Design in Welding

L

(a) Single square-groove weld (b) Single V-groove weld (c) Double V-groove weld

Butt joints, lap joints, @ @ @

T-joints, Cormer JoInts  wspeyogpge LYo Kokt
Groove types:

square, V, bevel, U, J @ EB <~
Fillet welds vs L] (e
groove welds

Access and welding @ @ @ @

(j) Corner joint (k) T joint () Lap joint m) Edge joint

position influence

Weld Type

deSIg n % Fitlet Groove
Joint preparation essential for quality

Over-welding increases cost and distortion

Butt N.A. ==

A | L

odAy uop




6. Defects, Symbols & Safety




Defects, Symbols & Safety me

Under filled Undercut

¢

Welding Defects, Quality, & Testing ® ’
Poor penetration Lack of fusion
o Weld discontinuities: porosity,
slag inclusions, underfill e o
o Cracks: hot cracking, e e
cold cracking (HAZ-related) L 4 @
o Surface irregularities: o e
spatter, undercut, overlap ' 0
. . . . A\
o Visual inspection (first step) N -
xcess reinforecement Cracks
o NDT methods: radiography, Radiographic Testing
ultrasonics, magnetic PartiCle rusmemen - % s aaiy noca \/
Burn through
o Mechanical tests: bend test, .
tensile test Y R

Radiographic film with latent image after exposure




Defects, Symbols & Safety

Welding Symbols (AWS Standard)

O Reference Iine & arrow Basic arc- and gas-weld symbols
indi . : Plug Groove
(indicate location) Bead | Fillt | 9 et

o Weld symbol placed N2 0 IV VY
on reference line

o Fillet weld symbol (triangle) l
o Groove weld symbols - -
(V, U, J, etc.) .

o Additional info: size,

length, pitch . H AL\ H 49_\ H

o Tail may include
pProcess or notes




Defects, Symbols & Safety

Welding Safety :til /’

UV radiation (requires
helmet and PPE)

Sparks and spatter
(protective clothing)

Electric shock risk
(proper grounding and insulation)

Welding fumes
(ventilation required)

Hot surfaces and burns g
(handled with gloves)

Oxygen cylinder hazards (for OFW and cutting)

Danger
Oxygen
cylinders




