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(Gas tungsten arc welding) sl 15 L onls wed 5, 8Kde> g, —) ey 39S
(Non consumable electrode)

(Plasma arc welding) L ¢, Kas> g, -Y

(Gas metal arc welding) Lsbxe 55 L g3l osd (o, o9> g, —)

B rae 39,5l
(consumable electrode)

(Flux cored arc welding) (s 5565 95 xS b wgd (6,889 b9, -Y

(Submerged Arc Welding) s, 045 55 L (w58 5, 5is> g, -V




welding position (¢8> gl Cuxdgo
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Flat: PA/ 1G* Horizontal vertical:
PC/2G: Overhead

Vertical upwards PE /4G
PF /3G




welding position (¢8> gl Cuxdgo

450

Weldf Vertical Downwards

PG /5G

% PA/1G

" Weld: Flat

PC/2G

| . :
Pipe: rotated Weld: H(_)rlz.on.tal vertical Pipe: Fixed
Axis: Horizontal Ailiz?.\/zlr);ﬁ:dal Axis: Horizontal
‘/_\./ .

H-LO 45/ 6G




weld type g &gl

Fillet Groove
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BUTT WELD <dJ & <d Y lasl
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BUTT WELD <dJ & <d Y lasl
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Double Bevel Double Vee
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Weld zone Weld cap width




SIBwgx b Wl glgl

Pipe surface

Capping pass

Capping Pass

Pass | Pass
- Filling pass

 HotPass

CUmwewy

Pass

Root pass
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WL b o,y 5> bl

welding direction (leftward) welding direction (rightward)

4[}.;". 50°
¥

*Al und Cu 15._.30° “*Al| und Cu 45_, 80"
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Techniques

= Stringer (drag) (whip) ) s
= Weave y
= crescent
= ZIg zag

= pbox weave
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093 o NS g 0,8,8

FILLER METAL

BARREL

FLANGE COILED FILLER METAL

A} SPOOL {B] COIL WITH SUPPORT
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SMAW  Zwwd 89 Sl 6,8 g wiul 8

Electrode

Workpiece or ~— Holder

Base Metal — I Electrode
S _~~ Lead Cable

Ele::trn__de

r I | !
{ ™~ Plugto

" Power
Source

Welding Table / /

Workpiece —
Connection (Clamp)

s 5 In ut‘*aner
Workpiece Lead” Z z Lei;d (Cable)

(Cable)
Arc Welding Power Source

https://qctm.ir/



Control panel
(amps, volts)

Power source

Electrode Holding oven
oven
Electrodes Inverter power
source
Return lead

Electrode holder
Welding



Shilded metal arc welding  Jwws o9 Sl 5, lga vyl )8

Electrode core
wire

Electrode cover

Electric Arc

Gas shield Solidified slag

Molten weld pool




SMAW  Zewd 09 uiSdI 6,9 vy 48




Diameter .
) [ ,.»SJ‘

E 60

E 6011
/S T

Electrode — | ‘

Tensile Strength

of Completed Weld

Weld Position

1=flat, horizontal, vertical, overhead
2=flat and horizontal only
4=flat, horizontal, vertical down, overhead

Types of Coating and Current
Coating Current

0 = Cellulose sodium DCEP

1 = Cellulose potassium AC, DCEP, DCEN
2 = Titania sodium AC, DCEN

3 = Titania potassium AC, DCEP

4 = |ron powder titania AC, DCEP, DCEN
5 = Low hydrogen sodium DCEP

6 = Low hydrogen potassium AC, DCEP

7/ = lron powder iron oxide AC, DCEP

8 = Iron poweder low hydrogen  AC, DCEP, DCEN

https://qctm.ir/
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GTAW wioT,b 4o 1551 Suilods

Inert-gas

i Cooling- supply ac or dc welder
Electrical conductor water supply _ o O .

[nngsten Filler

O
electrode : : :
passage i
oo o a'e

Shielding gas

Arc | |

Foot pedal —
Solidified (optional) E'L

weld metal

=

Molten weld
metal

ey
o




Power control
panel

Return lead

Torch assembly

Tungsten

Power source

Inverter power source

Source control panel

Power cable hose




SSlep 790 Sl (2l







SSlep 790 Sl (2l

.

(

0
4

Wrong Tungsten Preparation — Wandering Arc
1. Arc Wander

2. Point
3. Grinding Wheel

o

Broad and flat Narrow and deep 4. Radial Ground
penetration penetration
beuejLgfiou beuejgfiou
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Hot Wire g

Solid wire
{a) electrode

Shielding gas
Current conductor

; Feed control hielding-
Travel ; F Control system —___ — gas
' /ire guide and i i source
contact tube Workpiece Gun control - 3

Ill Gun Voltage

control
I

Nozzle : J Solidified
s weld metal
Wire-feed - 110V __

drive motor supply

Contactor -~ Welding
control machine

Molten weld
metal
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GMAW,MIGIMAG ¢ ,Kisgs ail b I3

External wire
feed motor

External wire
feed unit control
panel

Transformer/

Power control Rectifier

panel

Power cable &

15kg wire spool hose assembly

Power return
cable

Spare contact
tips
Welding gun
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CGMAW Bélxo 556 5348 wod (5,509

On/Off switch

Torch body Hose port

Gas
Nozzle

Wire Electrode Contact Tip

+ Electrode
Extension

Arc Length

Nozzle to Work



welding
voltage

[v]
B0

]

1 pulse arc

rotation arc

spray arc

long arc

500 600
amperage [A]

W Jlil glgil
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S8y 29N 5,5
FCAW



(FCAW) (559519 99 551 b (5 )hg2 w8

Flux core
Insulated extension nozzle

Current carrying guild tube

o R
DD

L

N
\
/
N

LS SIS

Wire joint

7

Flux cored hollow wire

Flux powder

Arc shield composed of
vaporized and slag forming
compounds

\ZZZZTZ777. 777

Flux core Z—
wires

@t

e
N /4
o

'



S0 2 S I)Bwe

SAW
.




SAW (5509 35 55592

Filler wire spool
Flux hopper

NN

Power
supply

Slide rail

Wire electrode

Flux



Transformer/
' Rectifier

Power return .
cable

~Welding carriage

Power control control unit
panel

Nelding carriage
Granulated - Electrode wire
flux reel
Granulated
flux




Direction of Travel ]

<R
_J Lﬁnm {Ue7) Typ

Single Wire Twin Wire Parallel
Electrodes
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Tandem zacw vz b dosuw U o

Direction of Travel ,

20 to 160mm Typ

R 6 J
Tandem Electrodes
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Welding po ‘Iflr'def

S!ag._‘_

S8 P b (RO gy Silews p g

E {ec trode

Power supply

" QOverlayering

(build-up welding)

g Workpiece
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Electrodes Electrodes Electrodes Projection

or Welding or Welding or Dies Welds
Tips Wheels _#

g ' ﬁ“
g &

Spot Weld Seam Weld

Electrodes or Dies

|
e

Upset Weld Flash Weld

https://qctm.ir/



Spot Weld  ig> alasis
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Seam Weld g alass

(a) (b)

Electrode wheels

Electrode wheel

/

gctm.ir/



Projection Weld _jg> alass

Flat electrodes

I‘_‘_ roduct

Weld nuggets

Workpiece L
Projections

Force

EOT.CG
I)IO!GC‘:!OUQ https://qctm.ir/



Upset Weld  gig> alasis

A LLLUTRODES

4 AN

——GROUND SMOOTH




Flash Weld e> alais




S)Bwwez> sl ey plw-Y
WELDING



Roll Welding ¢34 g )9

claddmg
matenal

base
material A
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Forge Welding ¢ 5ol ¢, Kog>




Friction Welding  Sxtuol 5,509

STAGE 1 STAGE 2 STAGE 3

One component is positioned in a These conditions are maintained for a Rotational speed is stopped. Then
stationary clamp. The second part is predetermined time until the desired increased axial force is applied for
positioned in the rotating spindle, temperatures and material conditions another predetermined time -
which is then brought up to a pre- exist. It's during this stage that the completing the weld. This provides
defined rotational speed. At the right two materials are plasticized (become molecular bonding and grain
moment, pre-defined axial force is malleable). refinement through the weld zone.
applied.

https://qctm.ir/



Friction Welding  Sxtuol 5,509
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Explosive Welding ¢ ,lxsil ¢ ,ig>

DETONATOR

FLYER PLATE
]I-_E:':PLUSWE - (PRIME METAL)

e

| PLATE ANGLE
detonation shock wave  _ explosive

== |%+— PRIME METAL
A e oA
JET ¥ STAMD-OFF SPACE

BASE METAL

ANWIL

https://qcfm. 17



Explosive Welding ¢ lxail ¢ g




PLASMAWeldINg lewM ,Kig>

Speed: m/min.

TIG

Plasma + TIG

Plak

Thickness

bl92W9S Mms|q

g https://qctm.ir/
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PLASMAWeldIng Ly g,

e
N ‘._.\J_'

Mild Steel

~

Zinc-galvanized plate

.- -
Thermal Couple
A 1% 3734

B




LASER BEAM WELDING 3 o509

Vi Light

o Amplification
CO, laser welding of low carbon stel sheet Stl mu Iated by
Emission of
Radiation

. 1- Nd:YAG
Nd:YAG laser weld in b .
6 mm thick Ti-6Al-4V - - 2- Co?2

https://qctm.ir/

Repair of turbine blades
Nd:YAG lasers and solid wire filler metal
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LASER BEAM WELDING 34 ¢,




LASER BEAM WELDING 3 ¢,Soq>

Tank, Boiler,
and Tube

Robotic Welding

:-r{’vﬁ\_}*-? .

£ Applications —-= ."*:,;’

industry
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ELECTRON BEAMWELDING  gg xSlgi y (5,595

o~ ' a ! -
m  High Voltage Cable e / f?
R m ~ Incandescent Cathode _‘ = - —‘ r hr

i o n.LFs\ w
Prism ~._ |~ Bias Cup ‘ . s t‘h - -
Telescope % = ) _H"W - Primaty Anode S : -. /-
&

L3
LA
for Viewing \i" _ Electron Beam

.'T
‘ ¢ Focusing Coil
|

7 Deflection Coil

= rﬁ // Weld Bead

Vacuum Chamber

https://qctm.ir/




ELECTRON BEAMWELDING  gg xSlgi y (5,595

.




ELECTRO SLAG WELDING S 35Sl 0,y (5,092

Run-off tab \

Weldi%

shoes

\/ 2 Wire

AL Submerged guide
Slag pool ~J Mna ¢ and wire
g JH N | +—Unsubmerged/submerged wire

Weld droplets —¥ ~~Submerged wire

Weld pool

Weld —F




ELECTRO SLAG WELDING S 35Sl 0,y (5,092




STUD WELDING gl 0031} (g ,Sioa>

Stud Welding Gun

Solenoid housing

Stud holder

i

1]
- i
o e camm— |

Plunger

Section
through-gun

FIGURE 3116 Diagramofa
stud welding gun. {Courtesy of
Amernican iMachinist

Control
cable
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THERMIT WELDING cwe g oS>

Thermit Welding

 Heat source

— chemical reaction
belween therrnit
mixbure components

— Iron oxide and
aluminium powder

. . - by
— ignition fuse required m‘c’\

* Fireclay mould
— shapes joint
— allows slag removal

- sjjom22[s8 Lewons]
- gsbe2lowp




THERMIT WELDING cwe g oS>
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(transverse) s ¢ -
(longitudinal) J.b ¥
(crater) i, 4l s -1

(under bead) > 3 .;-¥

(toe) <25 -0 |, <55 e s S
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(cold ) s ¥
| B bw) cde
(lamellar tearing) sl Y S,L -7 5]
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\ Cracks \

Longitudinal parent metal crack Transverse weld metal crack
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Solidification Cracking

= Causes:

= Large depth/width ratio of weld bead

= High arc energy and/or preheat

= Sulphur, phosphorus or niobium pick-up

from parent metal
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Hydrogen Induced HAZ Cracking

= Causes:

O

Hardened HAZ coupled with the presence of hydrogen diffused

from weld metal

= Susceptibility increases with the increasing thickness of section

especially in steels with high carbon equivalent composition

= Can also occur in weld metal

= Increase welding heat beneficial
= Preheating sometimes necessary

- Control of moisture in consumables and cleanliness of weld prep




Lamellar Tearing

= Causes:

= Poor ductility in through-thickness direction in
rolled plate due to non-metallic inclusions

= Qccurs mainly in joints having weld metal
deposited on plate surfaces

= Prior buttering of surface beneficial for susceptible
plate




Reheat Cracking

= Qccurs in creep resisting and some thick
section structural low alloy steels during
post weld heat treatment

= Causes:

= Poor creep ductility in HAZ coupled
with thermal stress

= Accentuated by severe notches such as
preexisting cracks, or tears at weld
toes, or unfused root of partial
penetration weld

= Heat treatment may need to include
low temperature soaking

= Grinding or peening weld toes after
welding can be beneficial







tolol Jolge

Imperfection

T (mm)

Crack

>0.5

end-crater cracking







Gas Cavities&surface pore k. ol




. " ’ .
s 3 e~
" - ; .
A . " »
¥, '
/,o.- &
LD ~
. '_ [}
-




: ol Jelse

955 g 5y Bg2r 8)9—0 ahaio y0 (A5 g paTlBL-)
)lf Axlad cdo.u A S Camwd cmlbioli c\,{g'} -y

)’lf Ly g S GLQ.A.'».J )5 39 szlf bl AL -Y

Imperfection T (mm) D C B

Surface pore 0.5to3 d<0.3s or d<0.3a N.P N.P







Clustered prosity

Imperfection T (mm) D C B

Clustered (localized) porosity >0.5 Max4mm Max3mm Max2mm

https://qctm.ir/
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Worm holes
bl Lole

Imperfection T (mm) D C B

>0.5(B.W) h<0.4s(M4) L<s (75mm) h<0.2s(max2

h<0.3s (Max3mm) mm)
L<s(Max50mm) H<s(Max25m

. m)

Elongated cavity wormholes

>0.5(F.W) h<0.4s(M4) L<s (75mm) h<0.3s (Max3mm) h<0.2s(max2

L<s(Max50mm) mm)
H<s(Max25m

m)

Worm holes

https://qctm.ir/



Solid Inclusions

Slag inclusions are defined as a non-metallic inclusion
caused by some welding process

= Slag originates from welding
flux

I * MAG and TIG welding
\ process produce silica

Slag inclusions  Lack of sidewall Inclusions
fusion with

associated slag Slag is caused by

Inadequate cleaning

= Other inclusions include
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x| Jolge

Imperfection T (mm) D C B

— h<0.4s(md) h<0.35(m3) h<0'L2<S§m2)

D L<s Max75mm L<s Max50mm
Max25mm

(Solid-Slag-Flux-Oxide) inclusions

>0.5(F.W) h<0.4s(m4) h<0.3s(m3) h<0i_2<s§m2)

Y L<s Max75mm L<s Max50mm
Max25mm

inclusions

https://qctm.ir/



Crater Pipe




Crater Pipe

Crater pipe is a shrinkage defect and not a gas defect, it
has the appearance of a gas pore in the weld crater

= Too fast a cooling rate

= Deoxidization
reactions and liquid to
solid volume change

Contamination
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Imperfection T (mm) D C B
End crater pore 0.5t03 b<0.2t N.P N.P
>3 Max2(h<0.2t) Max2(h<0.1t) N.p




|_ack of Fusion



| Lack of Fusion

= Poor welder skill

= |ncorrect electrode

_ manipulation
Incomplete filled groove

+ Lack of sidewall fusion ™= Arc blow

* Incorrect welding
current/voltage

* |[ncorrect travel speed
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Imperfection T (mm) D C B
Lack of fusion(incomplete >0.5 N.P N.P N.P
fusion or micro L.O.F)




| Weld Root Defects(lop&Iof)

= Low Amps/volts

= Large Root face

. = Small Root Gap
Incomplete root fusion

= Fast Travel Speed

* Incorrect Electrode Angle

. = Contamination
Incomplete root penetration




| Weld Root Defects |







Dol Jolss

Imperfection T (mm) D C B

Incomplete root penetration >0.5 h<0.2t Max2 N.P N.P

F
Inadequate [fu' Lack of Panetration
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Cap & Root Undercut |

An irregular groove at the toe of a weld run in the
parent metal

= EXxcessive amps/volts
= EXxcessive travel speed

* |ncorrect electrode angle

= EXxcessive weaving

= |ncorrect welding technique

.
N B
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Root undercut Cap undercut



Sl Jelge

Imperfection T (mm) D C B
Continuous/Intermittent undercut 0.5t03 h<0.2t h<0.1t N.P
>3 Max1(h<0.2t) Max0.5(h<0.1t) \YEV(ORS
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Weld Root Defect(Shrinkage groove)

A shallow groove caused by contraction in the weld
metal along each side of the penetration bead

» |nsufficient weld metal
deposited in the root pass

» Too fast a cooling rate during
the application of the root
bead pass

Shrinkage groove = Poor welding technique




dloul else
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Imperfection T (mm) D C B
Shrinkage groove 0.5t03 h<0.1t+0.2mm h<0.1t N.P
>3 h<0.2t(Max2) h<0.1t(Max1) h<0.05t
\EV(URS




Weld Root Defect(root concavity) |

A shallow groove, which may occur in the root of a butt weld

Concave root

Root faces too large
Root gap too large

Excessive back purge pressure
during TIG welding

Excessive root bead grinding
before the application of the




Weld Root Defect

e




Dol Jolse

Imperfection T (mm) D C B
Root concavity 0.5t03 h<0.1t+0.2mm h<0.1t N.P
>3 h<0.2t (2mm) h<0.1t (1mm) h<0.05t
(0.5m
m)

S ryr=r—y

1 Pt et B
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Root porosity

! Jolge

Imperfection T (mm) D C B

Root porosity >0.5 Locally permitted N.P N.P
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Weld Root Defect(burn through)

A localized collapse of the weld pool due to excessive
penetration resulting in a hole in the root run

High Amps/volts

Small Root face

/

Large Root Gap

Burn through

Slow Travel Speed




Weld Root Defect

Burn Through




Imperfection T (mm) D C B

Burn through >0.5 N.P N.P N.P

Burn through
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Weld Root Defect(excessive penetration)

Root penetration bead in excess in accordance with the
relevant specification being used

= Root faces too small
= Root gap too large

= EXxcessive amps/volts

Excessive root penetration = Sjow travel speed




Weld Root Defect

Excessive root
penetration



- Concave root Excess root penetration -
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Imperfection T (mm) D C B
Excess penetration 0.5to3 h<0.6b+1mm h<0.3b+1mm h<0.1b+1mm
>3 h<1.0b+1(5) h<0.6b+1(4) h<0.2b+1(3)




Weld Profile Defects(excessive&under fill)

Incomplete filled groove Poor cap profile

Poor cap profiles and excessive
cap reinforcements may lead to
stress concentration points at
the weld toes and will also
contribute to overall poor toe







Excess Weld metal

Dol Jolse

Imperfection T (mm) D C B
Excess weld metal (b.w) >0.5 H<0.25b+1(Max10) h<0.15b+1(Max7) h<0.1b+1
Max5mm
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Incorrect weld toe

Dol Jolse

Imperfection T (mm) D C B
Incorrect weld toe >0.5(B.W) a>90 a>110 o >150
>0.5(F.W) o>90 o >110 a>110

defect
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| Overlap

An imperfection at the toe or root of a weld caused by
metal flowing on to the surface of the parent metal
without fusing to it

= Contamination

= Slow travel speed

= |ncorrect welding technique

—




Toe Overlap
Butt weld

Toe Overlap
Fillet weld



slool Jele

Imperfection T (mm) D C B

Overlap >0.5 h<0.2b N.P N.P
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Over Lap
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Unequal Leg Lengths

A variation of leg lengths on a fillet weld

Note: Unequal leg lengths on a fillet weld may be specified
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Imperfection T (mm) D C B

Excessive asymmetry of fillet weld >0.5 h<0.2a+2mm h<0.15a+2mm h<0.15a+1.
5mm




Incorrect root gap(f.w)
Dol Jole

-l (0 0929 o SLige pus i1 4o

Imperfection T (mm) D C B

Incorrect root gap for fillet welds 0.5to3 h<0.5a+0.5mm h<0.3a+0.3mm h<0.2a+0.2m
m

>3 h<0.3a+0.5mm(M4) h<0.2a+1mm(M3) h<0.1a+1mm(
M2)




Excessive throat thickness

ol Jolge

o 0l b -Y 65 S 5o ey )

Imperfection T (mm) D C B
Excessive throat thicness >0.5 Unlimited h<0.2a+1mmMax4mm h<0.15a+1mm
(Max3mm)

Excessive throat thickness
s
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Weld Profile Defects(poor restart)

Poor stop/starts N
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Imperfection

T (mm)

D

Poor restart

>0.5

Permitted

N.P

N.P




Arc strike

= Accidental striking of the arc

onto the parent material

= Faulty electrode holder

Poor cable insulation

Poor return lead clamping



slool Jele
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Imperfection

T (mm)

D

Stray arc

Permitted

N.P
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spatter

Spatter

Excessive current
Damp electrodes
Contamination

Incorrect wire feed speed
when welding with the MAG

welding process




Dol Jolse

Biloro 5 (4 yor (3098 pudaid -V (659 (b yor oo w3l s (098 YUY

Imperfection T (mm) D C B

Spatter >0.5 Acceptance depends on application , 0.g material,
corrosion protection
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Defective Root Penetration
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Poor restarts
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Arc Strike wed 44
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Arc Strike wed 44
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Linear misalignment das oyl pos
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Oxidized root (root coking )
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IIG welding procesis




Oxidized root (root coking )

Rook Coking rOxdised Root
TIG werldhing process
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INSPECTION AND TEST PLAN
FOR
STEELSTRUCTURE FABRICATION
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» WPS and PQR Definition

WPS (Welding Procedure Specification)
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PQR (Procedure Qualification Record)
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» Welding Procedure Specification (ASME)

Welding Variables (QW 250)
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Visual Inspection
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Dye Penetrant Inspection




Dye Penetrant Inspection
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Dye Penetrant Inspection
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Dye Penetrant Inspection
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Dye Penetrant Inspection
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Dye Penetrant Inspection
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Dye Penetrant Inspection

Fluorescent Penetrant

Bleed out viewed
under white light
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Eddy Current Testing
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Eddy Current Testing

* A.C. generates an
alternating field
Alternating field
generates eddy currents
in conductors

Eddy currents generate
opposing field which
modifies current in coil
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Defects will interrupt the eddy current

Interruption in the coil current is displayed on the set
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Eddy Current Testing
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The distance the sound travels can be displayed on the screen
The screen can be calibrated to give accurate readings of the distance

Signal from the backwall

I

Bottom / Backwall
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The presence of a Defect in the material shows up on the screen of
the flaw detector with a less distance than the bottom of the material

Defect signal
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Ultrasonic Inspection
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20/ Radiographic Inspection

Source
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