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0

welding power
supply

0

S¢hematic view of the TIG-welding unit and welding process

1

shiebd%ng ga; bottle with pressure reducer and gas flow meter L

|

welding torch | =

| | welding lead (electrode) g

work clamp il |
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| weidirg_léad (workpiece)
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For further needs an automatic filler metal feed can be installed.

wire feed rols

wire electrode

current contact
nozzle

shielding gas
nozzle
shielding

nas

The arc burns freely or constricted between the tungsten electrode
and the workpiece. The shielding gas is inert such as argon,
helium or their mixtures.

In addition it can contain small amaounts of hydrogen.

tungsten electrode

current contact tube

shielding gas

shielding gas nozzle

welding pawer
supphy
O

wielding filler

89



Electrode-swire reel

Flux hopper
E = . ) l § YWoltage and
; 3 current control

Contact

Voltage- pickup leads
{optional)

The gas metal arc welding torch is made of the following components: 3. shielding gas supply and inert gas flow meter and magnet valve

1. welding power supply with mains supply and welding lead 4. contral module for central contral and handling of the machine
2. wire feeding with wire spoal and wire feed unit 3. hose package with tarch
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Transverse crack longitudinal crack
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Root piping

Herringbone porosity Cluster porosity
: Cluster porosity slx| Jolgs
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Elongated slag lines Inter pass slag inclusions
bl Jole

Ll o0 0525 55 5 o)l pes e 510 "bes

A &

Arc strike

1-Accidental striking of the arc onto the parent material
2-Faulty electrode holder 3-Poor cable insulation 4-Poor return lead clamping
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INCOMPLETE PENETRATION
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ROOT
PENETRATION

EXCESSIVE PENETRATION
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Crater

Overlap

Lndercut—_|
Cwerlap

Good profile Undercut
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Root undercut Cap undercut
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Weld Root Defect (Shrinkage groove)
Insufficient weld metal deposited in the root pass- Poor welding technique

CAP /! | |

UNDERCUT

P A
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UNDERCUT

Porosity

Spatter
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Excessive current - Damp electrodes —Contamlnatlon Incorrect wire feed speed when
welding with the MAG welding process-Arc blow
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Burn Through
Weld Root Defect (burn through)
High Amps/volts -Small Root face-Large Root Gap- Slow Travel Speed
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Concave root Excess root penetration
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Excess cap reinforcement

Incomplete filled groove
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Toe Overlap Butt weld Toe Overlap Fillet weld
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CRT / A-scan display
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Priciple, echo display and 2nd run
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~covered electrode

e
s

- flux covering
-~ core wire
.~ ,arc
/ ,inert gas shield
/| molten pool
drop transfer of

metal and slag P
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‘weld deposit
- (base and filler metal)

~ workpiece
~ (base metal)
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A= wire feeding motor with
gear box

B - wvire feeding roller

C - wire straightenar

O - welding nozzle

E - wire reel

F - wire electrode

G - flux hoppen

i J H - Hux feeding hose

J - Mux spreader

K - control box

L - travel unil
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Types of joints

Burt Welds s [ 1
crewing
[ |
}
C J
Filler Welds _ Riveting 2%
[
! i
~

Spot/Seam Welds

Plug/Slor Weids Soldering/Brazing

Welding
Edge Welds ( g ! ’ f {

Types of common joints

— —

Buw Joints

T Joinrs

Lap Joinres
Horizonral Leg Length
Open Corner Joinrs Closed Cormer Joinrs
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MMA is a simple process in terms of equipment

The process can by used in AC, DC+ or DC-

from skill high The processis a manual process and demands a

the welder.
Electrode core

wire the The processis widely used throughout

Electrode
cavering

workingsite and industry both for shop welding

conditions
Electric Arc

Gas shield

Penetration

\
USA: SMAW

Parent material

The process uses a non-consumable tungsten electrode

stating, which The arc may be initiated by a high frequency to avoid scratch
weld could cause contamination of the tungsten and

welds. The process produces very high quality
Wl;'gect{:o e core wire
elaing Jorc

slow The TIG process is considered as a il o

welding compared to other arc process

processes Shielding gas

Contact Tube
2 Gas Shield
Arc

Weld Pool

Ceramic
Nozzle

high The processrequires a

level of welder skill Tungsten
Electrode
Filler Wire s

USA: GTAW
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The process uses a continuously fed wire electrode

gas The weld poolis protected by a separately supplied shielding

automatic The processis classified as a semi-

e automated fully welding process but may be

Nozzle

Wire Elec Contact Tip The wire electrode can be either

™ Electrode cored/hollow bare/solid wire or flux
Extension

Nozzle to Wofk :
Ard¢ Length wire

USA: GMAW

Flux core
Insulated extension nozzle

POt Current carrying guild tube
Wire joint

AL

Flux cored hollow wire

Flux powder

o - 4 J
PISLISLIIL, V/‘,};\\\Z\R

Arcshield composed of vaporized

and slag forming compounds
Flux core > Y 2

wires

Molten
weld

Solidified weld pool
metal and slag

Metal droplets covered with
thin slag coating
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Types of Typical Welds

Fillet

Plug

Compound

Types of Typical Joints

Surkk

-
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Single sided Butt Preparations J,ls & (5w &

Single sided preparations are normally made on thinner
materials, or when access form both sides is restricted

Single Vee
Single Bevel

Single U
Single J

Double sided Butt Preparations < ,b g3 g3l ad

Double sided preparations are normally made on thicker
materials, or when access form both sides is unrestricted

Double Vee
Double Bevel

Double U
Double J
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METHOD
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METHODS )
OVERLOADING Initial Overloading |
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METHODS
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FTherma] Stress Relief |
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METHODS
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E7018

E7028

E308-15,16

E389-15,16

E310-15,16

E316-15.16

E347-15,16

E7011-Al1

E7020-A1

EBO18-C3

E10013-C3
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S5 Skl

WELD DEFECTS. VST Ugas
CgE (G A

STRESS CONCENTRATION FACTOR SCALE (a5 S jai 5818 (3l e

LOW SIGNIFICANCE a8 cearl MEDIUM SIGNIFICANCE tow gis Covanl HIGH SIGNIFICANCE YL Cwaal
1-4 5-7 8-10
B
EQUIAXED (g5,5) jaonell golunie LINEAR VOLUMETRIC ks _ax> PLANAR ¢l axic
Rounded and Non linear Slag lines Linear from at least one direction
e R L e B b S Sy Jlas s
Gas pores Slag inclusions Elongated porosity Cracks, lack of fusion
i g o oyl s JUBT azdl slactal foelss AL igd S S
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Pl (0 el ASwd A Ay CoBae Gl Gl figa gae
Root Defects. aiy, wgus

Internal Defects. J51> Cgus
Surface Defects. =hw weus

ROQOT DEFECTS. Al ) gt
INCOMPLETE ROOT PENETRATION. iy a8l dgi
LACK OF ROOT FUSION. azyy adl ogd
ROOT CONCAVITY. dls, ymdS
BURN THROUGH. R G
EXCESS PENETRATION. Lol Sgas
1 Excessive penetration
2 Lack of root fusion
@ Root notch

@ Crater cracks

® Crack

©® Undercutting

@ Excess weld metall
@ Spatter

9 Stray arcing/flash
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alsl a4
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Reheat Cracking  Solidification Cracking Weld Metal

154



Linear Misalignment Incomplete Fusion Incomplete Root
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Stay Arcing

— - Surface Poking

INCOMPLETE ROOT PENETRATION disy Bl Ssi

DEFINITION:

Failure of weld metal to extend into the root of a joint.

d...f.._u ‘7'3‘3 In..'Lc

CAUSES: :cale

Root faces too large azy; pdass ol o3l

Root gap too small ats, sy ad alald o5 l5e
Electrode dia too large 39,2501 5L 5 a8

Incorrect electrode angle 39 78Ul sl asgl;

Arc length too long by yugd Jab
Travel speed too high for current YL o5 > ce o
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INCOMPLETE ROOT FUSION A R s

DEFINITION:

Lack of union at the root of the weld.

B R e

CAUSES: o 1

Amperage too low / too high .l L3 L YL L3 ol

Contaminated weld preps e ela ad as ea4l
ROOT CONCAVITY dudas 3 yri3
DEFINITION:

A shallow groove that may occur in the root of a butt weld.

o3l o BlE] o 4 o Slper 4ty 0 AT Bas o L S

CAUSES: ke

Root face too large 42y mehans a5 o3kl
Low arc energy yasls ged gl
Excessive back purge E P

157



EXCESS PENETRATION el dgai
DEFINITION:

Excessive weld metal protruding through the root of a fusion weld
made from one side only.

als,  Ghem 318 JSlal T g

CAUSES:

Excessive amperage
Excessive root gap
Small root face

Incorrect welding technigue

Type of electrode

BURN THROUGH TGN 55

DEFINITION:

A localised collapse of the molten pool due to excessive
penetration, resulting in a hole in the weld run.

s g3 0pRe S a0 a8 SLolaak LI gl azlgn adge I

CAUSES:
Excessive current

Incorrect welding technique ;5 5o .
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INTERNAL DEFECTS A Cgus

* LACK OF SIDE WALL FUSION. &,lg:5 _adli cgd
LACK OF INTER RUN FUSION. L sls ol a3l g3

* POROSITY. Jl=s

* SLAG INCLUSIONS. (e J6) eybsa JET

LACK OF SIDEWALL FUSION ajlg0 a8l gd
DEFINITION:
Lack of union in a weld.

e Jlail pas
CAUSES: e
Contaminated weld prep e sl 4 yogs s2gll
Amperage too low / high ouly s L YL LS el
POROSITY NEIEY

* DEFINITION:

A group of gas pores, formed by entrapped gas during the
solidification of molten metal.

azd,F S5 g 38 olasdl A5 0 I8 el egore gl o aS g5 Slias Gl ey F
2l

s’ o Blowhole |; mele )b jl =80 ol an
w28 o Wormhole 1500l sulf L IS0 ol dlg) Ol o

w35 o Pinhole 1, 28505 Ol i
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SLAG INCLUSION

DEFINITION:

e 5

A fused, non-metallic residue produced from some processes.

e g e anld (Bl gHlE s ouileSl Jgame 2929

CAUSES:
Insufficient cleaning
Contamination

Arc length too long

Welding over irregular profile

SURFACE DEFECTS.

ARC STRIKES.

SURFACE CRACKS.

SPATTER.

POROSITY.

EXCES5 WELD METAL.

CRATER PIPE.

UNDERCUT.

INCOMPLETELY FILLED GROOWVE.
OVERLAP.

POOR WELD PROFILE.

{b]

ilin (o35 s pas
Fad -0 ‘;ajﬂ
acly ugh Job

e Jligy ol sacli g oma

P Oges

wad e

b el o5

w93 sl
ALl g Gl

(e dlz) pe 4ilad o o
a)ls S p

S S el

aud sl b o9

nd e sl
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ARC STRIKE el 995 p
DEFIMITION:

Damage on the parent material resulting from the accidental
striking of an arc from the weld. e o5 2,65 5 Gl 2l 6o 50

CAUSES:
Electrode straying into parent material asli 15 1 2g,2Sl 5,495

Poor contact of return

¥
]

earth clamp Jlasl ;b ) el cnss | Ll

(ain

SURFACE CRACKS e b oS 55
DEFINITION:

A linear discontinuity produced by fracture.

Cracks may be longitudinal,transverse, edge, centreline, fusion

zone, under bead, weld metal or parent metal.
b #1 g ead sl tas  Sslgul

1..5'n}&.n_y_jsi1_l5:§d&hsﬁﬁﬁh&:ﬁ*ﬂi‘;&ﬁmdfﬂ'dﬁ'ﬁ#hﬁﬁ
il ogme il L pee L8
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SPATTER Wb iy
DEFINITION:

Small droplets of electrode material which have strayed away
from the arc which may or may not have fused to the parent
plate.

el et el als 5B gy es® gl aT 0 Sl ales eSSt

CAUSES: ol 8

Excessive arc energy Wi | yugd g5 !-

Arc — blow o U5

Damp electrodes (gl o) s slmag o5 '

GAS PORES/POROSITY S ol yis] | ol
DEFINITION:

A gas pore is a cavity generally under 1.5mm in dia. Porosity is a
group of gas pores.

adl o gl ol e

CAUSES: s
Moisture on prep / flux sulg jo b adgl cugh,
Contamination Sogll B
Arc length too long ol wgd Jab o

Damaged electrode flux 25,50 flg o5
Loss of gas shield Labloee 55 0 Lads
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EXCESS WELD METAL Mt See 31B
DEFINITION:

Additional weld metal, at either the root or the face, which may
or may not be acceptable.

1 51T el b amyy g Bl e 515
(ool Jou3 LB e all o2 sad el

CAUSES: i P .,
Slow travel speed 05 (59 pnst T pat = S
Incorrect welding technique ¢ ;IS 58> awlel LSS

CRATER PIPE (Dez dla) e dila o i

DEFINITION:

A depression due to shrinkage at the end of a weld run, where
the source of heat was removed.

@l gn a5 (d=e) g2 ol WS 2 PLAT a3 S58 59,8
(Dgs oo 2l
CAUSES: scde e

Liquid to solid volume change

&le 4 dsle s o

Rapid cooling rate

& gt (b 3 gt
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UNDERCUT Rl o LS ujd.!'ﬁ

DEFINITION:

An irregular groove at the toe of a weld run in the parent
material, or in previously deposited weld metal, due to
welding.

Ao bl 38 00 e el amy Ceand 10 )08 Sl po SIS
o e
CAUSES: (e ,fm?l

Excessive welding current el e ol =
High welding speed P LTS | ST LA ‘
Wrong electrode angle s lals 59 2501 gl II .
Excessive weaving 3l olwgi acals

INCOMPELTELY FILLED GROQVE et Faldy el

DEFINITION:

A continuous or intermittent channel in the surface of a
weld running along its length, due to insufficient weld
metal.

a1 g0 ee oladel jo g prbaw 30 diwgw b ahile LIS
(4l 518 gl 2 5ipigar 718 prlaa) AT, pager

CAUSES: Cale
Incorrect welding technique cuslel ¢ ;50 g SLISS
Travel speed too high ol as Sy Car pun 7
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DEFINITION:

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

Og sl U mhas g9y 3B by o 52 45 gz als ) b oamy )0 s

el 800 aloil o] 50 g

CAUSES: UM P
Contamination gl s

Slow travel speed 25 (50 ) i 47
High amperage YU yonl 3

¥
§
Welding technique Gyher SIS “

POOR WELD PROFILE ard e gl

DEFINITION:

A non uniform/irregular appearance at either the weld face or
root.

Can include excessive root penetration/cap height and poor cap

profile.
Aoy b e mhiw 3 ColeSy ik g plin s 2B
CAUSES: vieals
Poor welding technigue. e L R ¥
Too slow/fast travel speed oL Lo b oF o o) iiss o p
Arc blow e 39
&l
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pos 5 (oS 2yl 5 S50 sl Wl o)l 5 Gasr 5 o 50 @ 5 e sledgesT (Oleld] BlaakY
oo AA T Gl b 3o pslie o craml isbon  FRP 4L ot s (gl o5l 5 Stz
o5k ol 0l
VYAZ (g5lw polie 5 s0Ys8 slo o5l jo SYLlasl ¢ 5,25l oo 2So-Y
4-|.Elyasian "Smart Materials and new Technologies", sep 2011, RILEM 2011 Conference in
Honk Kong
5-- I. Elysian “Destructive & Non Destructive Tests in Concrete applications for Evaluation
Deboning Failures of FRP Strengthened System”14th European conference of earthquake
engineering 30 August to 3 September Ohrid2010, Macedonia”
LS OB jolawe o858 ¢ ploislo )3 (s (o3l 5 ) BB92 ]« ojlsl ol slagllae -7
O g pleiS b Slidon S 50 CodeS S35 5 12l Sleds ioletslo o ()b o)l plie ¢ 29,50 eV
Ol el jslie (pmsige « o y5e et Slialojl e (ool plyge (S Sgammo ¢ 03lj dgaza oabA
D Seaslie ads YAV GUTY 1 st YA eilal 52,5 ¢ sl 03,0 (53 pslie ol S sl Gisalo o ool -
5 35 5 pslie piies P dod 5 e Slidges] S8 (gl 5 3l pslie co gl o5l
Ol 435 Grmniges ool e ol llas ldlonslo s (o2 e s3Ysh sl ol (sl Galesl slaedy, ¢ Giom 2o -
VWAL 31015 e pms yoldoo (adiges
53l ol Gl ¢ omyd 053« s 5 63 6l ojles (g1l el Bloyl )Y
o3le Olpl ol i Ghe (o3l ¢ Glawldl eyl Y

b Sl b s, 5 LealSins ¢ glsil decds, (6,85 sl hosl (s o <Y
14- American welding society (AWS)

o Sl Re s 5 s s ¢ laiale ) odisa WLl g (i slaid] ) Gisalla HglioYe

16- www.Ultrasonic testing.com

17- www.tig wellding.com

Biswajit Sarama, A. K.Saraf, Study of landuse — groundwater relationship using an 18-
.ntegrated RS & GIS appraoch, Department of Earth Sciences.India

19-Choudhury, P.R.1999,integrated remote sensing and GIS techniques for groundwater
studies in part of Betwa basin, Ph.D.Thesis, Department of Earth Sciences, University of
.Roorkee,India

20-Shih, S. F., 1996, integeration of remote sensing and GIS for hydrologyic studies,
geographical information system in

\Y‘/\Yl ‘)WL“'C J.;..e(.u cLiMu‘é 3 6o);)l5 LgLQ o)jb 05).7- 3 uyo‘)s 6L€)9A)Tc (SR U‘“‘M} —Y\
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23-www.weld.4t.com
24-WWW.IIIWE.COM
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