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1806

Accetylene gas discovered

1831

‘The principle of resistance
welding discovered by Joule

Earhiest carbon arc welding
machines invented

1889-
1890

1900

First patent on resistance
welding machine

Carbon arc welding developed

First arc welding with barc wise

Lelhateher aedited with
discovering the oxygen-
acerylene flame

Aluminothermic reactions
discove

1907-
1910

First oxyacetylene torches made

Coated electrodes developed

Plasma arc system using a gas
vortex stabilized arc invenied

912

First all sieel auvtomobile body
welded by RSW

Flux cored wires used for
hardfacing

Friction stir welding introduced

Inverter technology dominates
power supplies

Vapor phase reflow soldering
introduced

1980s

Solid-state elecyodes used in
control

Transistor-contsolled inverier
welding powes introduced

1969

Plasma arc hot-wire cladding
inroduced

“Hot wire” welding processes
inroduced

“One knod™ (Synergic Control)
introduced for GMAW

1962

Elecuogas welding inroduced

Fisst public disclosure of EBW

1960s

Pulsed power GMAW
introduced

Firsi laser beam produced using
a ruby orystal

<1957

1926

1938

First patent for flux-cored wire

Solid extruded coating for
SMAW clectrodes introduced

Develo tof arc wdding
using He as a shiclding gas

Atomic hydrogen welding
developed

Submerged arc welding
developed

Gas tungsten arc welding
tnvented

First use of CO, with GMAW

Friction wclding invented

1958

Constricted arc (plasma asc)
nty

Self-shielded FCAW inzoduced

1953

Corstricied plasma ¢ invented

First spray wransfer patent for
ges welding

<1950

Electoslag welding intodoced

Y
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v- Fusion Welding
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Encrgy Source

Mechanical

Chemical

Elecinical

Cold wetding (CW)

Hot pressure welding
(HPW)

Forge welding (FOW)

Roll welding (ROW)

Friction welding
{FRW)

Ultrasonic welding
(USW)

Friction stir welding

Explosion welding
(EXW)

Deformation diffusion
welding (DFW)

Continuous scam DFW
(CSDW)

Creep isosiatic pressun
welding (CRISP)
Superplastic forming/
difusion bonding

(SPF/DB)

Pressure gas welding {PGW)
Exothermic pressure welding
Pressure Thermiy

Forge welding {FOW)

Stud arc welding (SW)*

Magnetically impclled zrc
butt (MIAB) welding®

Resistance spol welding
(RSW)»

Resistance seam welding
(RSEW)"

Projection welding (PW)*

Flash welding (FW)*

Upset welding (UW)®

Percussion welding (PEW)®

Resistance diffusion welding

®All involve some fusion, which may or may nol be cssential 10 the formation of the weld,
depending on the degree of defornmation from pressure,
Source: From Joining of Advanced Moterials by R. W. Messler, Jr.. published in 1993 by and used
with permision of Butterworth-Heinemann, Woburn, MA,

1-Solid Phase Welding Processes
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motion of
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Bond g Lower Surface
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Y-Cold Solid Phase Welding
Y-Explosive Welding
Y-Lap joint
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y-Cold Welding (CW)
Y-Ultrasonic Welding (USW)
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1- Roll Welding (ROW)

2-Duralumin
3-Roll Welding (ROW)
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Work piece

Tool shoulder

a Unaffected material
i Heat affected zone [HAZ)

¢ Thermomechanically
affected zone {(TMAZ)

d Weld nugget {Part of
thermomaechanically affected
zone}

Backing bar
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y-Friction Stir Welding (FSW)
Y-Diffusion Welding (DFW)
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\-Forge Welding (FOW)
Y-Pressure Gas Welding (PGW)
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Energy Source

Chemical

Radiant Encrgy

Onxy-fuel gas welding
(OFW)

Torch brazing (TB)

Exothermic welding/
aluminothermic of

Thermic welding (TW)

Reaction brazing:
transient

liquid phase bonding
(TLPB)

raser beam welding (LBW)

Electron-beam welding
(EBW)

Infrared welding/brazing
{IB)

Imaging arc welding

Microwave welding

Furnace brazing (FB)

Dip brazing (DB)
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\-Fusion Welding Processes
v-Gas Welding
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Cylinder pressure Outiet pressure gauge
gavge Flashback Cylinder pressure
Outlet pressure arrester gyouge
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V-Oxy-Hydrogen Welding (OHW)
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Y-Air Propane Welding (APW)
t-Thermit Welding (TW)
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V-Projection Welding (PW)
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V-High-Frequency Resistance Welding
Y-Induction Welding (IW)
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Y-Bare Metal-Arc Welding (BMAW)

AR



Ol g gwkigey g5 3T 50

St el sty 3 o ret Glajte o

D93 50 00 IS0 Dy 4 G985 ) Sdsx

' olatind (5 418895 ¢ 5l po0 CFLC-TEN AL g
CJ)|)_> h_..)js Jl..a.;' L.)—I )0 a5 \:AMJ' 6)li..::§> ..\...:-ljs 6593 LS"L.’J‘A ‘S)LS..:;5>
C}Ja_.: 'DL_A: S35y Ls-i'l):‘i” &2y~ a.o.l.‘x; :\l.:...»jde as Gii}li‘” :\3J> )‘ J..ol:-
J_JLS..A o Jl.-a_'v'l g_s—iij':g” &—oj[i.@ )l LS';'[J C_‘)|)> O!J,o..b 4y ;O,:.)Ls.a D[;.:i! uul.o.s

(Yf L}i.::).)).:fsn Q)}co )L:.3 JL@L' ):.J 9 Qlfj'?

Upper electrode

Wire block Tape quide ass’y Q
S

///44/22//42244044ddd
Lfl gl o a5 5l Sslas sles: TE JS2

Tstowity 5,8 g> Y)Y D
L S (sladeo (300 5013 ()] 50 45 ol (uug® (5,552 (sloaiy T3 51 glowst (6,592
80ty pam A4S gd dagi oY Ol > RET IR Bgd oo Jate 15 dxlad mhaw ol A

et LS aakd 4y ol ¢ 15 dakad oelans g3 5l et S5 go Cyaels 00t oloul IS dald g (535

V-Percussion Welding (PEW)
Y-Stud Welding

YA

Apog jeuoneN pazoyiny '



ﬁ% Ot e wdiang ABg 3 3T
" Ot et Sileug y R Slejte a0

Apog [euoReN paziioyiny

b s Ol Al Gl 53 Saal s il 5 IS U558 on 5 S5 Jlail o o)
plol 55 Lt e LS S5 4 cblas Jee Gcalf.(\’a J58)0,5 cblas> g aslaie ) g

D9

Ferrule

Base metal

10] glossly (g 5852 0l o Jlusl LS55 Jolye: YO U2

' CBli> ) wed 5,189 slaniaT S Y Y0
S0 Doge (5 S cbliz co o cul (B 6 Sagz la ) Sl anl

e Ol g oo el (215 ke S SHAS Gl (20 ey (098 g Dl Ay

T o 538592 1 Lgd (5592 YT 0
Jeol g8 Lawgs 59,5 053 b Jlail (T )3 a5 cel g (6 S5z T p Sy (2, 00
AT 0 S e ygo (508 0928 93 G 0ud SIS ugB b IS aalad g oS 09 28U
S Sy ) e 83Ul 09 ool LT g b JLid Jlas! 5 cliilons 5 eslizl b Wigi on
gz 95 p3Y anTB ) 5 eaniS 58 Sheslaad S1(YE YKol e (See 29y 0l 50

SOl A el K gt o alol g amog> 4 Lol ST ) siiles (s O e A

y-Gas Shielded Arc Welding
v-Carbon-Arc Welding(CAW)
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Y-Gas-Shielded Metal-Arc Welding
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Y-Metal Active Gas Welding (MAG)
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-Metal Inert Gas Welding (MIG)

2- Sigma

Y-Atomic-hydrogen Welding (AHW)
£-Plasma Arc Welding (PAW)
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V-Electro-Gas Welding (EGW)
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V-Gas-Shielded Stud Welding
Y-Slag Shielded Arc Welding
Y -Shielded Metal Arc Welding
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Y-Manual Metal Arc Welding (MMAW)
Y-Flux Cored Arc Welding (FCAW)
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V-Submerged Arc Welding
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V-Gravity Welding
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YV-Arc Seam Welding
Y-Arc Spot Welding
T-Repair Welding
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Term : Examples .
Symbo: Gas-shielded arc welding ) Type of motion
) Guidance of Auvxdiary Handling of
2 TG MSG blowpipe/ feed workpiece
: {tungsten inert-gas weiding) - | {metal shielding-gas welding) workpiece
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Manual welding - Manually Manually Manually
m
Partly =
mechanised Manually Mechanised |  Manually
welding
1 = -
-MSG
Fully
mechanised Mechanised | Mechanised Manually
welding
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v
| St ——
v-MSG
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F’mswe welding processes 3 Non-pressure welding processes
Donfusion Fusion Nonfusion Fusion
P Electrochem.
SR 0% Liquid-metal-
Cold welding Ausing - ‘
Vapor deposition
Die formed +— Percussion e——
Explosive Flash but Homogeneous Heterogeneous
Ulrasonic -— Stud
Pressure Autogenous l»o [ Brazing }.—{So!dering l
thermit C
‘ s Capillary No capillary
“Hot pressure’ Liquid-meta Atomi flow flow
welding [+ bonding N hyt:l?‘o:e:d i
e TG -—f Torch —) raze
Dn‘ius.;or: -~ Resistance spot —— welding
bonding Plasma ~— Fumace «o—
. Resistance
Die formed <« seam Electron | Dip Flow welding
. . bea
Hot upset <— Projection +—— l m Flow
aser o *
a. Buut .
b. Gas pressure '——————lﬁ“a ied Induction o Torch e—of
;: Induction pressure Resistance iron
Frict a—
\Vipl.‘d et

W—{Consumabh electrode ] Dip +—
Gas lGas shielded }"—L——'{ Fluxed I

Cathon ar¢ ~——

L~ Mi 1
GTAW {TIG) | Cellulose coated -— ineral coated
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Welding Energy Thermat Mechanicat Shielding Process
category SOUrce source loading”

S SO0

taying surfaces

P 1S T
0.0
PEW
Flux ESW
Resistance

Pressure RSW @ PW
Electrical

Fusion
weiding

Designation
AAW
AHW
BMAW

EBW
EGW

FLOW
FCAW

Radiain (ememy—{ow)

W

Conduction| FLOW,
Induction Q

Flame Flame oAw H{ OHWH AAW
contact
Chemical

SO s |

reactants
Definitions Definitions Definitions
Weiding process Designation Welding process Designation Welding process
Air acetylene w Flash PW Projection
Atomic hydrogen GMAW Gas meta) arc RASEW Resistance seam
Bare metal arc GTAW Gas tungsten arc RSW Resistance spot
Carbon arc w Induction SAW Submerged arc
Electron beam LBW Laser beam SMAW Shielded metat arc
Electrogas QAW Qxyacetyiene SW Stud arc
Electroslag QOHW Oxyhdrogen ™ Thermit
Flow PAW Plasma arc
Flux cored arc PEW Percussion
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Weiding
category

Energy
source

* Pressure normal to faying surfaces

Solid-
s
welding
Definitions
Designation Welding Process
CEW Coextrusion
cw Cold
DFW Dittusion
EXwW Explosion
FOwW Forge
FRW friction
HPW Hot pressure
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Thermal Mechanicat Shielding Process
source toadmng”
Gas HPW
Vacuum HPW
Pressure
deformation,
FOW H ROW CEwW
Radiation
Gas DFW
Pressure
Vacuum OFwW
induction Pressure
Pressure
uw
detonnation} O
R ce
Pressure RSW @
Flame Pressure } PGW
contact ddormoon/
(e e >—(or)
Radiation
Pressure
FOW
Explosion Deformaion} EXW
Pressure
F
deformation AW
Friction
@
@
Definitions
Designation Welding process
iw Induction
PGW Pressure gas
RSEW Resistance seam

RSW Resistance spot
ROW Roll

usw Ultrasonic

Uw Upset
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Pmmem ey mmeerieneee ge » <]
- r R ded thickness (in.) for: " =
Joining Carbon Low-afloy Staintess Cast N
process steels steely steels frons g
Arc welding g
=+
ARW e e Up to ¥4 Upto, Upto ¥y 'y and up ©
BMAW . ... Upto'y 3
CAW . L. UpwoW Upto, Yyto %, -2
CAW.G ... ... . ...l ... Upw iy UptoY, N, )
CAW-S ... Uptol, Up 10 4 UNTRA °
CAW.T ..Cproln Upto'n Y10 %, Q.
EGW .o Y and up e and vp 4, and upta) <
FCAW ....'yand up Y45 and up iy and up Yy 10 %,
GMAW «on.lpyand up Y5 and up Uy and up 100,
GMAW-P ... .. ... All thicknesses All thicknesses All thicknesses 'y antt up
GMAW-S ... ... ...l Upto ' UpwY, Upto 'y,
GTAW ..... ... Uptol Upto ¥, Uptol,
GTAW.P ... Upto' Upioy, Uptol,
PAW e Upio Y,
SAW .. All thicknesses Al thicknesses All thicknesses Yy and up
SAW.S L ... Yy and up }y and up It and vp
SMAW ... .. All thicknesses All thicknesses All thicknesses All thicknesses
SW e All thicknesses All thicknesses Al thicknesses -

FW e All thicknesses
HFRW . o Upely

PEW ... Upto ¥y
RPW ... Uptolyy
RSEW ... Uptoly
RSW .. ...Uptoly
UW Upto ¥,
Solid-state welding

CW e . and vp
DFEW e e
EXW oot Up to %
FOW .. .. .. All thicknesses
FRW | ...y and up
HPW | ... and up
USW e Uptols

.. All thicknesses
... %, and up

.. ... Upto'ln
................. Upto %

AB e Upto'n
. . » A} thicknesses
... Upto'
.. All thicknesses
Upto ¥,
.. Upto'n
.Upwis
Upw
Uptod,
Upto 'y

Upto'in
. Uproin
Up1to ¥y
... Uptosy
... Upwin

. Uptoly

. Uptoly
Upto Yy

{2) Applicabie 10 EGW using solid elecuade wire

Al} thicknesses
Upw'ly
Upto iy
Upto¥y
Upto ¥y,
Upto'in
Upto ¥,

Al thicknesses
Upto ¥,

'y and up
'y and up
Upto ¥

Uptoly
Upito Y,
Upto'n

All thicknesses
Yiand up

Upto ¥,

Upwl,
All thicknesses
Upto Yy
All thicknesses
Upto ¥,
Upto Yy
Up 1o ¥y
Upoly
Upwod,
Uptoly

Upio iy
Up 1o iy
Uptoly

{continued)

All thicknesses
Upio
Uptoly
Upo ¥,

Upto Y,
Upto ¥
Upto Y,

All thicknesses
Upwo ¥,

Ys and up
its and up
Upto'n

Upto s
Upto 'l
Upto¥s

All thicknesses
Upto'ls

All thicknesses
Y, and up

Up 1o ¥,

Upwo ¥,
All thicknesses
Uptoin
All thicknesses

Upto ¥,
All thicknesses

All thicknesses
Upw?, Upto ¥,
Upto ¥y ven
Upto
Uptol,
Upto ¥,
Uptoly

Upwo iy
Upto i

Upo s
Upiely
Uptolys
Upto 'ty
Upto
Upto !y
Upto Yy
Uptoly
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r R ded thickness (1n.) for:
Nicke Aluminum Tanlom Copper Msgnolom Refraciory
and and and and and metals
Jolnlng pickel aluminem titanium opper magnesium and
process alioys altoys shoys altoys alloys slloys
Arc welding
AHW e s Upio Y UptoYs Upio Yy, Up to 4y
BMAW
CAW
CAW.G
CAW.S
CAW.T
EGW i, and up (3)
FCAW L...Upto?,
GMAW . All thicknesses Upto¥, Upwo¥, Upto ¥, Upto ¥, Yyt Y,
GMAW-p . Al thicknesses Up ol AN thicknesses Up o, Al thicknesses ntwl,
GMAW.S ... Upwoy,
GTAW ..Uptoly, Up o %, Cpro ¥ Upto 'y Up o ¥, Upto '
GTAW.P Upwly Upto Y Upro ¥, Uptoy Upto Upto iy
PAW ... ..Uptod, Upto'iy Uprol, Lpioly, Upto Yy
SAW | cov. Yoand up
SAW.S .. Y, and up
SMAW All thicknesses e
W e All thicknesses All thicknesses
Resistance welding
...................................... Al thicknesses Al thicknesses Al thicknesses Al thicknesses i and up i1y and up
...Upto'is Uptwo ¥y Up o Upto ¥, Uptois, e
.Uproly, Upro'n Uptwo, Upro ¥, Up 1o,
Uproly Upto'y Upto i Upto¥, Upito
SUpwly Uptwo'in Upto ¥y Upto Y, Up to 4,
SUpol, Uprwo Up oty Upto Y Up o i,
Upwol, Upto Y Uptol, Upw Y, Upoly,
Upto¥, Upto s Upw Yy,
TS Upw b, Al thicknesses
EXW Upro?, AR shicknesses Al thicknesses All hicknesses All Whicknesses Cpro ¥,
FOW NS - o v i and vp
FRW . Yy and up hoand up S5 and up I and vp i and vp wre
HPW .. ) . Yy and up Yy and up
USW e e Upioin Upto'n Upwoin Upto s Uptoty, Cpols
Upio ‘n
Upto s

EBW .. e . All thicknresses
Y, and up

Upio'y,

Uptoy,
All thicknesses

........... Upto s

.. -Al thicknesses
L.Upol,
Uproin
LUpwia
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Al thicknesses

Al thicknesses
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All thicknesses
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Upw s
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Up et
Upiw i
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Al thicknesses
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Upwo ¥,
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Upw Y,
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Up g
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Uptolsn
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Upw
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