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Welding Process

Type of Discontinuiiy

Arc Porosity

Slag

Incomplete Incomplete
Penetration Undercnt

Fuslon

Overlap

Cracks

SW—Stud welding

PAW—Plasmu arc welding
SAW—Submerged arc welding
GTAW—Gas arc tungsten welding

E]

X

-~

»

GMAW—Gas metal arc welding
FCAW--Flux corcd arc welding
SMAW—Shielded metal arc welding
CAW—Carbon arc welding

EE -

Reslstance

i

B ]

B E

MR

oo e

b

RSW--Resistance spot welding
RSEW—Resistance seam welding
PW—Prajection welding

FW-—Flash welding
UW—Upset welding

Oxyfuel Gas

B E

bl i

OAW-—-Oxyacetylene welding
OHW—Oxyhydrogen welding
PGW—Pressure gas welding

Solid siate*

E

E

-

S

CW—Cold welding
DFW-—Diffusion welding
EXW-—Explosion welding

g

FOW—Forge welding
FRW-—Friction welding
USW—Ultrasonic welding

Other

e B

EBW-—Electron beam welding
ESW—Electroslag welding
IW—Induction welding

g

LBW—Laser beam welding
PEW—Percussion welding
TW-—Thermit welding X

X

54 34 3¢ [543 5

Bl

*Solid State is not a fusion process, so incomplete joining is incomplete welding rather than incomplete fusion,
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Actual thiroat —

@ Effective throat —]

| —— Conwexity

Leg and size

Leg and size @

CoirCan ity ——

Actual throat and

affective throat

Theoretical throat —"

Mumbers in circles refer to Tabla 1

Theaoretical throat ——

/—- Undercut @
/— Qvarlap

e

3

Numbers in ¢ircles refer to Table 1

A

_/\/_

Z Ingomplete fusion @

abgS o9 wgae iV S
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Face Weld face
reinforcement

Root
reinfarcement

Root surface

(A] Weld root

(8]

Groove weld made
before welding other side
Face Groove weld made
after welding other side

reinforcamaent

Face
reinforcamant

Weld root

Backing weld

(D)

Gt iz 4 by yo Sl ¥ IS5
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MNumnbers in circles refer to Table 1 P @
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Note: C denotes convexity,

(A} Dasirable fillet weld profiles

Insufficient Excessive Excessive Ovarlap Insutficient Incomplete
throat convexity undercut leg fusion :

{C} Unaceeptable fillet weld profiles
I' R

{

ir

Note: R denotes reinforcement,

(D) Acceprable butt wald profile

Expessive Insufficiant Excessive Overlap
convexity throat undereut

{E} Unacceptabla butt weld profiles
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Yolumetric Naws

Porosity
Inclusions
Slag
Tungsten
(iher
Shrinkage
Haoles and volds
Corrosion thinning
Corrosion pitting
NDE detection meihods

Visual (surface)

Replica (surface)

Ligquid penetrant (surface}
Magnetic particle (surface and subsurface)
Eddy current

Microwave

Ultrasoni

Radiography

Xeray comparted tomography
Meutron radsography
Thermography

Optical holography

Speckle metrology

Digtal image enhancement (surface)

Flanar Maws

Seams

Lamination

Lack of bonding
Forging or rolling lap
Casting cold shut

Heat treatment cracks
Grimding cracks
Flating cracks

Fatigue cracks
Stress-cormosion cracks
Welding criscks

Lack of fusion
Incomplele penetration
Brazing debond

NDE detection methads

Wisual

Replication microscopy
Magnetic particle
Magnetic field

Eddy current
Microwave

Eleciric current perturbation
Magabsorption
Liltrasanic

ACoustic emission
Thermography
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Surface

Wisual

Replica

Liguid penctrant
Magnetic particle
Mag—n::i:: Tiz=bd
Electric current
Magabsorplion

Eddy curment
Ultrasonic

Agoustic emission
Thermography
Optical holography
Speckle metrobogy
Acoustic holography
Dagital image enhancement
ACOUSHC MCroscopy

Interior

Magnetic particle (limited usel
Magnetic field

Electric current perturbation
Magabsorption

Eddy current

Microwave

Ultrasonis

Acoustic emission
Radiography

X-ray computed tomography
Meutron redicgraphy
Thermography [possisle)
Optical holography (possibic)
Acoustic holography (possible)}
Acoustic microscopy (possible)
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Surface only bt lndependent of size

Visual

Replica

[hgital enhancement

Liquid penctrani

Shallow depih or thin object (thickness =1 mm,
or 0.0 im.)

Magnelic particle

Magnetic Geld

Magabsorption

Eddv carrent

Incresced thickmess (thickness =3 mm, or 0,12 in.)

Microwawve

Optical holography

Speckle metrology

Acoustic holography
Acoustic microscopy

Increased thickness (thickmess == 1M mm, or 4 in, b
K-ray computed tomography
Increased thickness (thickness =250 mm, or 1 in.)

Meutron radiographyy{a)

X-ray radiography

Thickes (dimension =10 m, or 33 )
Ultrasonic

fa) All MDE metheds suitiabie for thick objects can b used o hin
ohjects, except neutron radiography, shich is no wseful Tar mast
ehun obgeots,
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Methad o Charscteristic

Liguid peneteant . ... ..........Fkam'mus1intn:-|;ceptsu1fa|:e.

Magnetic particle ..................oo . Material must be magnetic.

Eddy curment ... Malerial must e electrically conductive or magnetic.

MICROWRYE ... e Microwave transmission

Radiography and x-ray compuied tomography........... Changes in thickness, density, and/or elemental
composition

Neutron radwgraphy .. ... Changes in thickaess, density, andlor elemental
CoOmposiion

Optical holography.................oooo oo, Surface optical properties
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Approx.
equivalent
X-TRY Useful thickness
Radicisotope machine kVp range, in.
Iridium-192 BOD 05-25
Cesium-137 1040 05-35
Cobalt-60 2000 2-8
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Table 9.4
Advantages and limitations of radiation sources
Radioisotopes X-ray machines
Advantages
(1) Small and portable (1} Radiation can be shut off
(2) No electric power reguired (2) Penetrating power (kV) iz adjustable
(3) No clectrical hazards (3) Can be used on all metals
{4) Rugged (4) Provides radiographs with good contrast and
(5) Low initial cost sensitivity
(6) High penetrating power
(T)y Access into small cavities
(B) Low maintenance costs
Limitations

(1) Radiation emitted continuously by the isotope (1} High initial ¢ost

(2) Rodiation hazard if improperly handled (2} Reguires source of electrical power
(3) Penetrating power cannot be adjusted (2} Equipment comparatively fragile
(4) Radicisotope decays in strength requiring recal-  (4) Less portable

ibration and replacement .
P (3) Tube head vsually largs in size

5) Radiographic contrast generally lower than with
© ot rast generally lower tan Wi ) Electrical hazard from high volage

(6) Cannot be used on all metals, e.g., alominum (/) Radiation hazard during operation
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IP = Inadequate Penetration

IPD = Inadequate Penetration Due to High-Low
ICP = Inadequate Cross Penetration

IF= Incomplete Fusion

IFD= Incomplete Fusion Due to cold lap

IC = Internal Concavity

BT = Burn - Through

SI=Slag Inclusion

ES! = Elongated Slag Inclusion
181=Isolated Slag Inclusion

P = Porosity

8P = Scatered Porosity

CP = Cluster Porosity

HB = Hollow-bead Porosity
C=Crack

EU =Extenal Undercutting

1U = Internal Undercutting

Al = Accumulation of Imperfections
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