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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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1 is drawn to the possibility that some of the elements of this document may/be the subject
hts. ISO shall not be held responsible for identifying any or all such patent-rights. Details

list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n
e an endorsement.

xplanation on the meaning of ISO specific terms and;expressions related to conformif
ent, as well as information about ISO’s adherence to. the WTO principles in the Technic
to Trade (TBT) see the following URL: Foreword - Supplementary information

mittee responsible for this document is ISO/TC 44; Welding and allied processes, Subcommitte
resentation and terms, in collaboration with Commission VI, Terminology, of the Internation
of Welding (1IW).

t edition of ISO/TR 25901-3, together‘with the other parts of ISO/TR 25901, cancels an
[SO 857-1:1998 and ISO/TR 25901:2007, of which it constitutes a revision.

P5901 consists of the following‘parts, under the general title Welding and allied processes -
ry:

1: General terms [Technical-Report]

3: Welding processes.[-Fechnical Report]
4: Arc weldingffechnical Report]

wing partsiare under preparation:

2: Saféty and health [Technical Report]

bf
bf
r

Dt

d

Welding is to form the subject of a future part 5.

Requests for official interpretations of any aspect of this International Standard should be directed to
the Secretariat of ISO/TC 44/SC 7 via your national standards body. A complete listing of these bodies
can be found at www.iso.org.
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Welding and allied processes — Vocabulary —

Part 3:
Welding processes

[y

Scope

—3

his part of ISO/TR 25901 contains terms and definitions for welding processes, classified'in ac
ith their physical characteristics and to the relevant energy carrier.

s

ot

tf does not contain terms and definitions related to specific processes or partictilar aspects of
nd allied processes that are covered in other parts of this Technical Report‘(see Foreword) of
[§0 standards.

job)

Ig the main body of this part of ISO/TR 25901, terms are arranged.in a systematic order.
provides an index in which all terms are listed alphabetically “with reference to the apj
stibclause. In addition, it provides French translations, coveringtwo of the three official ISO 13
(English, French and Russian). German translations are also‘provided; these are published u
r¢sponsibility of the member body for Germany (DIN) and-are given for information only.

NOPTE1 Only the terms given in the official languages (Ehglish, French and Russian) are to be cons
I§0 terms and definitions.

NOTE 2  All these terms and definitions are also available on the ISO Online Browsing Platform (OBP
W

ww.iso.org/obp/ui/

2| Terms and definitions

Fpr the purposes of this document, the following terms and definitions apply.

2l1 Basic terms and definitions

2111

njetal welding

operation which_Gnifies metal(s) by means of heat or pressure, or both, in such a way that
bntinuity in thedature of the metal(s) which has (have) been joined

(@)

Npte 1 to entry: A filler metal, the melting temperature of which is of the same order as that of the paren
cdn be used and the result of welding is the weld.

Npte 2'to entry: This definition also includes surfacing.

rordance

welding
in other

Annex A
ropriate
nguages
nder the

idered as

: https://

there is

metal(s),

2.1.2
welding with pressure

welding in which sufficient external force is applied to cause a greater or lesser degree of plastic

deformation of both the faying surfaces, generally without the addition of filler metal

Note 1 to entry: Usually, but not necessarily, the faying surfaces are heated in order to permit or to
unifying.

2.1.3
fusion welding

facilitate

welding without application of external force in which the faying surface(s) has (have) to be molten

Note 1 to entry: Usually, but not necessarily, molten filler metal is added.

© ISO 2016 - All rights reserved
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energy carrier
physical phenomenon which provides the energy required for welding either by transmission to or by
transformation within the workpiece(s)

Note 1 to entry: The following energy carriers with their respective sequential numbers are used in 2.2:

1) solid body;

2) liquid;

3) gas;

4) electrical discharge;

5) radigtion;

6) movément of a mass;

7) electric current;

8) unsplecified.

Note 2 to entry: When welding using a solid body, a liquid, a gas or an electrical-discharge, the heat requir¢d
for weldihg should be applied to the workpiece(s), while when welding by means of a beam of radiant energy,
movemert of mass or electric current, the heat (or the mechanical energy in cold welding with pressure) fis
generated by energy transformation within the workpiece itself.

For a solid body, liquid and gas, the decisive factor is their enthalpy.Electrical discharge and current passage
are mechpnisms guiding the energy of moving charged particles to.the welding zone. In the case of an electricpl
dischargd, this is done by plasma or sparks and in the case.pf‘lectric current, by resistance heat where the
current i produced by induction or transmitted by conduction.

Radiation
movemery
are trans

2.2 Te

221

2.2.11
2.2.1.1.1

is propagation of energy in the sense of dissemifration of waves by light or charged particle beams. F
t of a mass, the characteristic factors are force and displacement in time. Different kinds of moveme
ational motion, rotation and oscillation.

rms related to welding processes
Welding with pressure

Energy carrier: selid body

heated :Il}ement welding

welding
joint wil

Note 1 to

ith pressure{2.1.2) where the workpieces are heated by the heating tool in the area where tk
be made

pr
nt

e

addition

entTy:'Heating can be constant or pulsating and the weld is made by the application of force without tixe

f'dfiller material. The force is applied by either a wedge shaped tool or through a nozzle through whi

h

one of the workpieces is fed.

© ISO 2016 - All rights reserved
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2.2.1.1.2
heated wedge welding
heated element welding (2.2.1.1.1) by means of a heated wedge

ISO/TR 25901-3:2016(E)

Note 1 to entry: Heated wedge welding can also be carried out by energy carrier (2.1.4) movement of mass

(ultrasonic welding (2.2.1.6.1)) or as a combination of both.

Note 2 to entry: Heated wedge welding is illustrated in Figure 1.

Key
1| weld 3  power source 5 ~\workpiece
2| workpiece feed 4  wedge-shaped tool

212.1.1.3

heated nozzle welding

heated element welding (2.2.1.1.1) by means of a heated nozzle
N

(

Yltrasonic welding (2.2.1.6.1)) or as & combination of both.

Npte 2 to entry: Heated nozzle welding is illustrated in Figure 2.

i
.o
/

NN

AN

S————SNN\N\

1,

Figure 1 — Heated wedge welding

pte 1 to entry: Heated nozzle welding can also be carried out by energy carrier (2.1.4) movemenf of mass

Key
1  workpiece 3 nozzle
2 power source 4 weld

Figure 2 — Heated nozzle welding

© ISO 2016 - All rights reserved
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2.21.1.4

nail head welding

heated nozzle welding (2.2.1.1.3) in which the end of one or two wires which has been fed through the
nozzle and heated by a flame or electric discharge, forms a small globule, which under the effect of the
applied force is flattened into the shape of a nail head

Note 1 to entry: Nail head welding can also be carried out by energy carrier (2.1.4) movement of mass (ultrasonic
welding (2.2.1.6.1)) or as a combination of both.

Note 2 to entry: Nail head welding is illustrated in Figure 3.

Key
1 flamg 3 power source 5  workpiece
2 moltpn metal globule 4 nozzle 6 weld

Figure 3 — Nail head welding

2.2.1.2 | Energy carrier: liquid

2.2.1.2.1
flow welding with pressure
welding With pressure (2.1.2) where thejoint assembly is in a mould and molten metal is poured over the
surfaces|to be welded until the joifitis made

Note 1 tofentry: The molten metaljs often produced by an aluminothermic reaction (see 2.2.2.2.2).

Note 2 tolentry: Flow weldig with pressure is illustrated in Figure 4.

Key
1  mould 3 weld 5  molten metal
2 workpiece 4  workpiece

Figure 4 — Flow welding with pressure

4 © IS0 2016 - All rights reserved
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2.2.1.3 Energy carrier: gas

2.2.1.31

oxyfuel gas pressure welding

welding with pressure (2.1.2) in which the workpieces are heated at the faying surfaces by an oxyfuel
gas flame and the weld is made by applying a force without addition of filler metal

Note 1 to entry: The assembly may be of the open or closed type.

Note 2 to entry: Oxyfuel gas pressure welding is illustrated in Figure 5.

73 \
s N
. i &y

T R

a) Closed assembly b) Opened assembly
Ky
1| upset 3 welding blowpipe 5  workpiece
2| weld 4  gas flame

Figure 5 — Oxyfuel gas pressure welding

2{2.1.4 Energy carrier: electric discharge

212.1.4.1
grélgnetically impelled arc welding

PRECATED: magneticallyimpelled arc butt welding
rc welding (2.2.2.4.1)with pressure in which an arc, impelled by a magnetic field, moves 4long the
qint, heating the faying-surfaces which are then brought together by a force and welded

—

212.1.4.2
percussion welding
welding with/pressure (2.1.2) employing the heat from an arc produced by a rapid discharge of
electricalenergy

pte’ I\to entry: Pressure is applied percussively during or immediately following the electrical dischafge. It can
b dccompanied by additional resistance heating.

o Z

Note 2 to entry: This process is mainly used for the welding of studs.

2.2.1.4.3

arc stud welding

arc welding (2.2.2.4.1)with pressure that uses an arc between a metal stud, or similar part, and the
workpiece

Note 1 to entry: Ceramic ferrule, shielding gas or both may be used.

© IS0 2016 - All rights reserved 5
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2.2.1.44

drawn arc stud welding
drawn arc stud welding with ceramic ferrule or shielding gas

arc stud welding (2.2.1.4.3) where a discharge is ignited by lifting the stud and the weld pools are
shielded by a ceramic ferrule, shielding gas or both

Note 1 to entry: The welding time is usually more than 100 ms.

Note 2 to entry: Drawn arc stud welding is illustrated in Figure 6.

Key
1 weld 4 stud (workpiece)
2 arc 5 welding gun
3 ceramfic ferrule 6  spring
Figure 6 — Drawn arc stud welding with ceramic ferrule
2.2.1.4.5

\

55] \
o) \ \
e \
% \
TG IIIITIIIITIIGIIIIISS
\
;1 \
)

[

~N OO,

short-cycle drawn arc stud welding

drawn af

2.2.1.4.4
capacitd
drawn a
capacito

Note 1 to

r discharge drawmnarc stud welding

" and the welding time is between 1 ms and 10 ms

-9
)
7  lifting magnet
8  power source
9  workpiece

¢ stud welding (2.2.1.4.4) iwhere the welding time is between 10 ms and 100 ms

c stud welding.(2.2.1.4.4) in which the electrical energy is provided by the discharge of|a

entry: Capacitor discharge drawn arc stud welding is illustrated in Figure 7.

© ISO 2016 - All rights reserved
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Key
1| stud 3 arc
2| workpiece 4  support tube
Figure 7 — Capacitor discharge drawn arc stud welding
2{2.1.4.7

capacitor discharge stud welding with tip ignition
alc stud welding (2.2.1.4.3) where the arc is ignited by<explosively melting and partially vap
pecially formed tip of the stud

%)

Npte 1 to entry: The workpieces are pressed together*before the capacitor is totally discharged.
Npte 2 to entry: Welding time is usually between 0,6 ms and 5 ms.

Npte 3 to entry: Capacitor discharge stud welding with tip ignition is illustrated in Figure 8.

brizing a

!
F—~__6
S 7
7 P,
4\
3. S
7
%k
2
Ky
1| Gweld 4 arc 7  spring
2 studtip 5  stud (workpiece) 8  power source
3 workpiece 6  welding gun
Figure 8 — Capacitor discharge stud welding with tip ignition
2.2.1.4.8

drawn arc stud welding with fusible collar

drawn arc stud welding (2.2.1.4.4) where a discharge is ignited by lifting the stud which has a fusible collar

© ISO 2016 - All rights reserved
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Energy carrier: radiation

esses known so far)

Energy carrier: movement of a mass

2.2.1.6.1
ultrasonic welding
welding with pressure (2.1.2) in which mechanical vibrations of high frequencies and of low amplitude,

osed on a static force, make a weld between the two workpieces to be joined at a temperature

superim
well beld

Note 1 to

Note 2 to

w the melting point of the material
entry: Additional heat can be applied.

entry: Ultrasonic welding is illustrated in Figure 9.

Key
1 weld 3 transducer 5  vibrating tool
2 ultrasgnic vibration 4  sonotrode 6  workpiece
Figure 9 — Ultrasonic welding

2.2.1.6.2
ultrasonic hot welding
ultrasonic welding (2.2.1.6.1) in which'the anvil is heated separately during the welding operation
Note 1 tofentry: Ultrasonic hot welding’is illustrated in Figure 10.
Key
1 electrically heated support (anvil) 3 transducer 5  vibrating tool
2 ultrasonic vibration 4 sonotrode 6  workpiece

Figure 10 — Ultrasonic hot welding
8 © IS0 2016 - All rights reserved
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2.2.1.6.3

friction welding

welding with pressure (2.1.2) in which the interfaces are heated by friction normally by rotating one or
both workpieces in contact with each other or by means of a separate rotating friction element

Note 1 to entry: The weld is completed by an upset force, generally after rotation has ceased.

Note 2 to entry: Friction welding is illustrated in Figure 11.

3N
\\\\'\\\\\\\\\\\\\\\\\&"////J//////////””n
d 3

'\4 \ / A\

Tos 1

2 2
Ky
1| brake 3 flash 5 clamp
2| workpiece 4  weld
Figure 11 — Friction welding

212.1.6.4

djrect drive friction welding
PRECATED: continuous drive friction welding
fiiction welding (2.2.1.6.3) using constant speedrotation

N

2.1.6.5

nertia friction welding
fHiction welding (2.2.1.6.3) where the rotational energy is stored in a fly wheel; thus the rotational speed
dgcreases continuously

ot

Npte 1 to entry: Inertia friction welding is illustrated in Figure 12.

Figure 12 — Inertia friction welding

© IS0 2016 - All rights reserved 9
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2.2.1.6.6

orbital friction welding

friction welding (2.2.1.6.3) in which an orbital motion is produced at the weld interface by rotating

both the

workpieces at the same speed in the same direction but displacing the axis of rotation of one

workpiece slightly with respect to the other

Note 1 to

Note 2 to

entry: At the end of the displaced cycle, the workpieces are aligned again and are welded.

entry: Orbital friction welding is illustrated in Figure 13.

2.2.1.6.7

radial fijiction welding

friction
hollow s

Note 1 to
to expand
weld a rin

2.2.1.6.8
friction
friction

2.2.1.69

~
- N

Figure 13 — Orbital friction welding

pelding (2.2.1.6.3) in which a shaped ring is rotated and radially-compressed onto two circular
ections in such a manner that a joint is formed

entry: Conventional radial friction welding is illustrated in Figure 14 a). The technique can also be us¢d
| a ring inside hollow sections to form a joint; see Figuré«14'b). In a third embodiment, it is possible to
g usually of a dissimilar material to the outside of a solid bar; see Figure 14 c).

Figure 14 — Radial friction welding

stud welding
belding (2:2.1.6.3) of studs

friction

stir welding

joining process producing a weld by the friction heating and mixing of material in the plastic state

caused b

Note 1 to

10

y a rotating tool that traverses along the weld

entry: Friction stir welding is illustrated in Figure 15.

© ISO 2016 - All rights reserved
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Key

1 rotatinag taol 2 workniece
<] )
Figure 15 — Friction stir welding

2.1.6.10
hock welding
elding with pressure (2.1.2) in which the workpieces are welded by the applidation of a striking force

2.1.6.11

kplosion welding
DEPRECATED: explosive welding
shock welding (2.2.1.6.10) in which the workpieces are{welded when impacted togethef by the
dptonation of an explosive charge

2
S
W
Npte 1 to entry: The heat generated by the sudden collision contributes to the welding.
2
e

Npte 1 to entry: Explosion welding is illustrated in Figure 16:

I KKINNSTTKS
N t\\\ NN

Key
1| tube 4 detonator 6 main explosive charge
2| protective sheath 5 detonation wires 7 plastic transmission medigim
3| tube plate
Figure 16 — Explosion welding of tube to plate
221612

magnetic pulse welding

DEPRECATED: magnetic impulse welding

shock welding (2.2.1.6.10) in which a high current impulse passing through a coil surrounding the
workpieces produces a magnetic field which exerts the welding force

Note 1 to entry: Magnetic pulse welding is illustrated in Figure 17.

© IS0 2016 - All rights reserved 11


https://standardsiso.com/api/?name=e35352b6290e6fa0f454dd79e868e615

ISO/TR 25901-3:2016(E)

Key

Q

1 tube (workpieees

PpPovweTSource >4 TIra g TrCTrc—CoTT

S

2 plug (workpiece) weld

Figure 17 — Magnetic pulse welding

2.2.1.6.13

forge welding
welding With pressure (2.1.2) in which the workpieces are heated in air in a forge and the weld is made
by applying blows or some other impulsive force sufficient to cause perfmanent deformation at the
interfacqs

Note 1 tolentry: Forge welding is illustrated in Figure 18.

Key
1 anvil 3)  hammer
2 workpjece 4  weld
Figure 18 — Forge welding
2.2.1.6.14

cold pressure welding
welding with pressure (2.1.2) in which continuous pressure alone is used, producing considerable plastic
deformation

2.2.1.6.15

cold upset welding

cold pressure welding (2.2.1.6.14) in which dies are used as jaws to provide the required deformation
and flow

Note 1 to entry: Cold upset welding is illustrated in Figure 19.

12 © IS0 2016 - All rights reserved
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[EnN

QO aN

2
workpiece 2 weld 3 clamps
Figure 19 — Cold upset welding
2.1.6.16
bld pressure extrusion welding

pld pressure welding (2.2.1.6.14) using a special extrusion die

pte 1 to entry: Cold pressure extrusion welding is illustrated in Figure 20«

Ky
1| weld 3 . “plunger
2| workpiece 4> die
Figure 20 — Cold pressure extrusion welding
2{2.1.7 Energy carrier: electric current
2{2.1.7.1
resistance welding
welding with pressure (2.1.2) in which the heat necessary for welding is produced by resistamce to an
electrical current flowing through the welding zone
2.2.1.7.2

resistance spot welding
resistance welding (2.2.1.7.1) in which the weld is produced at a spot in the workpieces between spot
welding electrodes, the weld being of approximately the same area as the electrode tips

Note 1 to entry: During the process, force is applied to the spot by the electrodes.

N

ote 2 to entry: Resistance spot welding is illustrated in Figure 21.

© ISO 2016 - All rights reserved
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N \\\\\‘(«fi\\\\
”/////////,(,/4

2 1
a) Direct spot welding b) Indirect spot welding
Key
weld|spot conductive base plate
spot{welding electrode weld spot
workpiece

spot{welding electrode power source

Ul s W N =

1
2
3 worlpiece
4
5

power source spot-welding electrode

Figure 21 — Resistance spot welding

2.2.1.7.3
resistance seam welding
resistande welding (2.2.1.7.1) in which force is applied continuously and current continuously ¢r
intermitfently to produce a linear weld, the workpieges being placed between two electrode wheels ir
an electrjode wheel and an electrode bar

Note 1 td entry: The wheels apply the force apd-current and rotate continuously during the making of the
seam weld.

2.2.1.7.
lap seam welding
resistande seam welding (2.2.1.7.3) to produce an overlap joint

Note 1 tolentry: Lap seam welding’is illustrated in Figure 22.

14 © IS0 2016 - All rights reserved
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Key
1| electrode wheel 3 workpiece 5 power source
2| weld 4  electrode wheel

Figure 22 — Lap seam welding
2{2.1.7.5

ash seam welding

sistance seam welding (2.2.1.7.3) of two workpieces of similar thickness, where the overlap de
e width of the weld so that the ultimate thickness of the workpiece at the weld approximatg
f one component

o o 3

=z

pte 1 to entry: Mash seam welding is illustrated in Figure 23.

§

| oo ral

: = .i‘\?\\l =z '/: g ?; )
1 f v 1 2
a) Before welding b) After welding
Key
1| workpieces 2 weld
Figure 23 — Mash seam welding
2(2.1.7.6

prep-lap.seam welding
dp_.seéam welding (2.2.1.7.4) with prior preparation of the sheet edges

~

fermines
s to that

Note 1 to entry: Prep-lap seam welding is illustrated in Figure 24.

© ISO 2016 - All rights reserved
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2.2.1.7.7
wire sed
resistand
wires be|

2.2.1.7.8
foil butt
resistand
centrally

Note 1 to

Key
1 electr
2 weld

25901-3:2016(E)

e T

Figure 24 — Prep-lap seam welding

m welding
e seam welding (2.2.1.7.3) of two overlapped coated components with copper or copper allc
tween the electrode wheels and the surfaces of the components

seam welding
e seam welding (2.2.1.7.3) of two close square butted workpieces with metal tape placed or fe
to bridge both sides of the joint

entry: Foil butt seam-welding is illustrated in Figure 25.

de wheel 3 contact strip 5 electrode wheel
4 workpiece 6 power source

2.2.1.79

Figure 25 — Foil butt-seam welding

seam welding with strip

lap seam

Note 1 to

16

welding (2.2.1.7.4) using a contact strip on one side or both sides of the lapping workpieces

entry: Seam welding with strip is illustrated in Figure 26.

y

d
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Key
1| electrode wheel 3 contact strip 5 electrode wheel
2| weld 4 workpiece 6 power source
Figure 26 — Seam welding with strip
212.1.7.10
projection welding
r¢sistance welding (2.2.1.7.1) in which the force and current-are localized by the use of a projgction or
projections raised on or formed from one or more of the’faying surfaces, the projections cpllapsing
dpring welding
Npte 1 to entry: Current and force are usually transmittéd through platens, fixtures, jigs or clamps.
Npte 2 to entry: Projection welding is illustrated inFigures 27 and 28.
5. 4
4
& \\\\\\ '////J ’/////1//”,,,,,,4/,>/ \/
T2 /)‘/\})}‘: A 2 g
2 1 f 3 5 i
a)Before welding b) After welding
Key
Al  beforewelding B after welding
1| workpiece 1  workpiece
2| ~base plate 2 weld
3 l)UVVCl SUUILT 3 bClDC P}dtc
4  projection welding electrode 4  projection welding electrode
Figure 27 — Indirect projection welding
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/Y
2205 '//'////\

Zy
a0 /B
2 1
Key
A befole welding 2 weld 4  power source
B  aftejwelding 3  electrode 5  projection welding electrode

1  workpiece

2.2.1.7.11
flash welding

resistande welding (2.2.1.7.1) during which heating is obtained when thé<workpieces are progressively
and repeatedly advanced towards each other, causing the current to flow'through localized points, thys

creating|flashing and expulsion of molten metal

Note 1 to|entry: When the welding temperature is reached, the rapidiapplication of force produces upset metpl
and comp]letes the weld. Flashing can be preceded with preheating{241) or without (242). Current and force afe

transmitfed by clamps.

Note 2 tolentry: Flash welding is illustrated in Figure 29.

Figure 28 — Direct projection welding

Key

A beforgwelding 2 weld 5 workpiece

B after welding 3 flash 6 flashing area

1 clamp 4 clamp 7 power source
Figure 29 — Flash welding

18
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2.2.1.7.12
resistance butt welding

resistance welding (2.2.1.7.1) in which the components are butted together under pressure before

heating is started

Note 1 to entry: Pressure is maintained and current is allowed to flow until the welding temperature is reached

at which point upset metal is produced.

Note 2 to entry: Current and force are transmitted through clamps.

l\l ta 2 o axnte, Docicton o ot ool i oo 31l oo d s Do g 20
NPtE—St0-Chery e stSstan e ot wWw oG SIS Sstrattt e g utre=5o-

Key
A| before welding 2 weld 5 workpiece
B| after welding 3 upset 6 power source
1| clamp 4 clamp
Figure 30 — Resistance butt welding
212.1.7.13
resistance stud welding

(%]

tud welding using projection welding (2.2.1.7.10)

Npte 1 to entry: Resistance stud welding is illustrated in Figure 31.

é:
—

Key
1 projection welding electrode 3 projection welding electrode 5  weld
2 power source 4 stud (workpiece) 6  workpiece

Figure 31 — Resistance stud welding
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2.2.1.7.14

HF resis

tance welding

high frequency resistance welding
resistance welding (2.2.1.7.1) in which alternating current of at least 10 kHz is fed through mechanical

contacts

or induced by an inductor in the workpiece

Note 1 to entry: The high frequency current is concentrated along adjacent surfaces to produce highly localized
heat prior to the application of welding force.

Note 2 to

entry: HF resistance welding is illustrated in Figure 32.

Key
1 weld
2 high-fi

2.2.1.7.1
inductid
welding
induced

2.2.1.7.1
inductid
inductior
after hed

Note 1 to

2.2.1.7.1
inductid
inductior
linear fo

3 electrode 5~ electrode
equency power source 4 workpiece

Figure 32 — HF resistance welding

5
n welding

with pressure (2.1.2) in which the heat is obtained from the resistance of the workpieces {
blectric current

6
n butt welding

welding (2.2.1.7.15) inlwhich the components are butted together under pressure before
ting is started

entry: When the welding temperature is reached, upset force is applied to produce a forge weld.

7
n seam welding

welding*(2.2.1.7.15) in which the force is applied by one or more forging wheel(s) to produce
rgeaveld

r

a

Note 1 t
sheets or

Note 2 to

20

s | F 11 4 AN £ of £ H L lot 4 aalaao] o £ P
CIeT y . T 15— gCniCTatry aSCtvv It o SCTOT 10T STt v nCCrStO—protaatC—raotrar COTITPOTICIICS T OTIT St Ip

plates.

entry: Induction seam welding is illustrated in Figure 33.
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a) Welding using rod inductors b) Welding using a surrounding induc
Key
1| inductor 1 power source
2| workpiece 2 induction ¢oil
3| power source 3  workpiece
4| pressure roller 4  pressure roller
5] weld 5 weld

Figure 33 — Induetion seam welding

212.1.7.18
HF induction welding
hjigh frequency induction welding

~

induction welding (2.2.1.7.15) in whichjalternating current of high frequency is fed through mg
bntacts or induced by an inductar in the workpiece

(@)

2.1.8 Energy carrier: unspecified

2

2(2.1.8.1
dfffusion welding
elding with pressure (2.1.2) whereby the workpieces are kept in contact under specified ¢

Ver a contrelled time

Npte 1 te-eritry: This results in local plastic deformation and thereby intimate contact of the sur
d|ffusion-of the atoms through the interface. This produces complete continuity of the material. The
qnr-take place in a vacuum, under a gas shield or in a fluid, preferably without the addition of a filler me

o

tor

chanical

ontinual

W
pressure and afe heated either on their faying surfaces, or in their entirety at a defined temperature
0

faces and
bperation
tal.

Note 2 to entry: Diffusion welding is illustrated in Figure 34.
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1 Wor
2 weld

2.2.1.8.2
hot pres
welding

deforma

2.2.1.8.3

: 2 PR . 1 .
hPICCC o) HIAQUCLIOIT IICdUITE

4 work chamber

Figure 34 — Diffusion welding

sure welding
ith pressure (2.1.2) where sufficient heat and pressure are applied“to produce significal
Fion of the workpieces

roll welding

hot pres$
after hed

Note 1 to

Key
1 weld

2.2.2 1

2.2.21

ure welding (2.2.1.8.2) in which a force is progressively applied by mechanically operated rol
ting

entry: Roll welding is illustrated in Figure 35.

2 workpiece 3 roll

Figure 35 — Roll welding

‘usion welding

Energy carrier: solid body

ht

Is

(No processes known so far)

2.2.2.2

Energy carrier: liquid

2.2.2.21
flow welding
fusion welding (2.1.3) where the weld assembly is enclosed in a mould and molten filler metal is poured

over the

Note 1 to

22

surfaces to be welded until the weld is made

entry: Flow welding is illustrated in Figure 36.
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Key
1| mould 3 weld 5 molten metal
2| workpiece 4 workpiece
Figure 36 — Flow welding
212.2.2.2
aJuminothermic welding

flow welding (2.2.2.2.1) whereby the welding heat is obtained frdm reacting a mixture of metpl oxides
wlith finely ground aluminium powder whose ignition produces-an exothermic reaction in which the
molten metal produced is the filler metal
Npte 1 to entry: Preheating can be employed. In certain variants of the process, additional pressufe is also
applied.
Npte 2 to entry: Aluminothermic welding is illustrated in Figure 37.
Ky
Al crucible 5 ignition powder 11 preheating gate
B| section through mould 6 crucible cap 12 mould box
1| slagseal 7 thermal insulation 13 riser
2| crucible shell 8 thimble 14 slagtrough
3| refractory lining 9 tapping pin 15 pouring gate
4 —cirarge TO—waxdraimn T6—workpiece
Figure 37 — Aluminothermic welding
2.2.2.3 Energy carrier: gas
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2.2.2.31

gas welding

fusion welding (2.1.3) in which the heat for welding is produced by the combustion of a fuel gas, or a
mixture of fuel gases, with an admixture of oxygen

Note 1 to entry: Gas welding is illustrated in Figure 38.

3
e o
> .-

Key

1 workpiece 3 filler metal 5 fuel gasand oxygen

2 weld 4 gas flame 6  weldihgblowpipe
Figure 38 — Gas welding

2.2.2.3.2

oxyacetylene welding
gas welding (2.2.2.3.1) where the fuel gas is acetylene

2.2.2.3.3
oxypropane welding
gas weldjng (2.2.2.3.1) where the fuel gas is propane

2.2.2.34
oxyhydrogen welding
gas welding (2.2.2.3.1) where the fuelgas is hydrogen

2.2.2.4 | Energy carrier: electric discharge

2.2.2.4.1
arc welding
fusion welding (2.1.3)sing an electric arc

2.2.2.4.2
metal arc welding
arc welding f22.2.4.1) using a consumable electrode

2.2.2.4.3
metal arc welding without gas protection
metal arc welding (2.2.2.4.2) in which no external shielding gas is used

2.2.24.4
manual metal arc welding
manually operated metal arc welding (2.2.2.4.2) using a covered electrode

Note 1 to entry: Manual metal arc welding is illustrated in Figure 39.
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Key

1| workpiece 4 arc 6  electrode holder
2| weld 5 covered electrode 7  power source
3| slag

Figure 39 — Manual metal arc welding

212.2.4.5

gravity welding

gravity (arc) welding with covered electrode
metal arc welding (2.2.2.4.2) using a covered electrode supported by a mechanism which allows the
electrode to slide down and move along the joint under gravity

Npte 1 to entry: Gravity welding is illustrated in Figure 40!

Key
1| workpiece 4 arc 6 bar
2| weld 5 covered electrode 7  power source
3| slag
Figure 40U — Gravity welding
2.2.2.4.6

self-shielded tubular cored arc welding
metal arc welding (2.2.2.4.2) using a tubular cored electrode without external shielding gas

Note 1 to entry: Self-shielded tubular cored arc welding is illustrated in Figure 41.
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Key
1 workpiece 4 torch 7  wire feed rolls
2 arc 5 contact tip 8 power source
3 weld 6 flux-cored electrode

Figure 41 — Self-shielded tubular cored arc welding
2.2.2.4.%

submerged arc welding
metal arg welding (2.2.2.4.2) in which one or more wire electrode(s)or strip electrode(s) are used, the
arc(s) beling completely enveloped by molten slag which fuses from the granular flux that is depositgd
loosely in the joint

Note 1 tolentry: Submerged arc welding is illustrated in Figure@2:

Key
1 arc 5 solidified slag 9  wire feed rolls
2 cavity 6—liquefied-slag H0—He
3 weld pool 7 contact tube 11 power source
4 weld 8 wire electrode

Figure 42 — Submerged arc welding
2.2.2.4.8

submerged arc welding with solid wire electrode
submerged arc welding (2.2.2.4.7) using a solid wire electrode
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2.2.2.49
submerged arc welding with strip electrode
submerged arc welding (2.2.2.4.7) using a solid or cored strip electrode

2.2.2.4.10
submerged arc welding with metal powder addition

submerged arc welding (2.2.2.4.7) using one or more wire electrodes with the addition of metal powder

2.2.24.11
submerged arc welding with tubular cored electrode

sibmerged arc welding (£.2.2.4.7) using one or more tubular electrodes

212.2.4.12
ibmerged arc welding with cored strip electrode
sibmerged arc welding (2.2.2.4.7) using a cored strip electrode

%]

ded from

2|12.2.4.13
ghas-shielded metal arc welding
ghs metal arc welding
MIG/MAG welding
mletal arc welding (2.2.2.4.2) using a wire electrode in which the arc and-the weld pool are shiel
the atmosphere by a shroud of gas supplied from an external source
Npte 1 to entry: Acronyms MIG and MAG, respectively, stand for metal inert gas and metal active gas.
Npte 2 to entry: Gas-shielded metal arc welding is illustrated in\Eigure 43.
? ) > 8
i)
6
\3n
i T
5. B
N
4, U - 9
: y
2~ 1
Key
1| workpiece 4 nozzle 7  wire electrode
2| ar¢ 5 shielding gas 8  wire feed rolls
3| weld 6 contact tip 9  power source
Figure 43 — Gas-shielded metal arc welding
2.2.2.4.14

MIG welding with solid wire electrode

gas-shielded metal arc welding (2.2.2.4.13) using a solid wire electrode and the shielding is provided by

aninert gas

Note 1 to entry: Acronym MIG stands for metal inert gas. The shielding gas used typically consists
helium or a mixture of both.

© ISO 2016 - All rights reserved
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2.2.2.4.15

MIG welding with flux cored wire electrode

gas-shielded metal arc welding (2.2.2.4.13) using a flux cored wire electrode and the shielding is provided
by an inert gas

Note 1 to entry: Acronym MIG stands for metal inert gas. The shielding gas used typically consists of argon,
helium or a mixture of both.

2.2.2.4.16

MIG welding with metal cored wire electrode
gas-shielffed metal arc welding (2.2.2.4.13) USINg a metal cored wire etectrode and the snielding s
provided by an inert gas

Note 1 td entry: Acronym MIG stands for metal inert gas. The shielding gas used typically consists of argopn,
helium or]a mixture of both.

2.2.2.4.17

MAG we]ding with solid wire electrode
gas-shielfled metal arc welding (2.2.2.4.13) using a solid wire electrode and the shielding is provided by
a chemidally active gas

Note 1 tolentry: Acronym MAG stands for metal active gas. The shielding gas usedtypically consists of a mixtufe
containinfg 0,5 % or more of oxygen or carbon dioxide.

2.2.2.4.18

MAG we]ding with flux cored electrode
gas-shielfled metal arc welding (2.2.2.4.13) using a flux cored witeelectrode and the shielding is providgd
by a cheinically active gas

Note 1 tofentry: Acronym MAG stands for metal active gas. Theshielding gas used typically consists of a mixture
containinfg 0,5 % or more of oxygen or carbon dioxide.

2.2.2.4.19

MAG welding with metal cored electrode
gas-shielfled metal arc welding (2.2.2.4.13) @sing a metal cored wire electrode and the shielding fs
provided by a chemically active gas

Note 1 tofentry: Acronym MAG stands fer\metal active gas. The shielding gas used typically consists of a mixtufe
containinlg 0,5 % or more of oxygen ot carbon dioxide.

2.2.2.4.20

electrogas welding
gas-shieliled metal arc welding (2.2.2.4.13) using a wire or strip electrode to deposit metal into the weld
pool, which is retainedin.the joint by cooled shoes which move progressively upwards as the weld is made

Note 1 tolentry: El€ctrogas welding is illustrated in Figure 44.
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8
7 9
10
11
12
13
— 14
Key
1| weld 6 wire feed rolls or strip feed rolls 11 shielding gas
2| workpiece 7 electrode guide 12 weld pool
3| power source 8 workpiece 13 ¢~weld metal
4| water cooling 9  sliding shoes 14\7 water cooling
5| wire electrode or strip electrode 10 arc

Figure 44 — Electrogas welding

2.2.4.21

hs-shielded arc welding with non-consumable tungsten electrode

hs tungsten arc welding

hs-shielded arc welding (2.2.2.4.1) using a non-¢onsumable, pure or activated tungsten ele
hich the arc and the weld pool are protected by a shielding gas

2.2.4.22

[G welding with solid filler material{wire/rod)
ns-shielded arc welding with non-copsumable tungsten electrode (2.2.2.4.21) with a solid wil
nd an inert shielding gas

OQ =N S0Q0Q0 N

Npte 1 to entry: Acronym TIG stands for tungsten inert gas. The shielding gas used typically consists
helium or a mixture of both.
N

pte 2 to entry: TIG welding with solid filler material is illustrated in Figure 45.
8

3 2 1
Key
1 workpiece 4 filler metal 7  collet
2 arc 5 nozzle 8 tungsten electrode
3 weld 6 shielding gas 9 power source

Figure 45 — Tungsten inert gas welding
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2.2.2.4.23
autogenous TIG welding
gas-shielded arc welding with non-consumable tungsten electrode (2.2.2.4.21) without filler material

Note 1 to entry: Acronym TIG stands for tungsten inert gas. The shielding gas used typically consists of argon,
helium or a mixture of both.

2.2.2.4.24

TIG welding with tubular cored filler material (wire/rod)
gas-shielded arc welding with non-consumable tungsten electrode (2.2.2.4.21) using a tubular cored wire
or rod aifd an inert shiefding gas

Note 1 to|entry: Acronym TIG stands for tungsten inert gas. The shielding gas used typically consists of argo
helium o1} a mixture of both.

B

2.2.2.4.25

TIG weldling using reducing gas and solid filler material (wire/rod)
gas-shielfled arc welding with non-consumable tungsten electrode (2.2.2.4.21) using @ solid wire or rqd
and a redlucing shielding gas

Note 1 toentry: Acronym TIG stands for tungsten inert gas. The shielding gas used typically consists of a mixtufe
containinfg 0,5 % to 50 % of hydrogen.

2.2.2.4.26

TIG weldling using reducing gas and tubular cored filler material{(wire/rod)
gas-shielled arc welding with non-consumable tungsten electrode (2.2.2.4.21) using a tubular cored wire
or rod and a reducing shielding gas

Note 1 toentry: Acronym TIG stands for tungsten inert gas. The shielding gas used typically consists of a mixtute
containinlg 0,5 % to 50 % of hydrogen.

2.2.2.4.27

gas-shi€lded arc welding with non-consumable tungsten electrode using active gas
TAG welding

gas-shielfled arc welding with non-consumable tungsten electrode (2.2.2.4.21) in which the arc and the
weld poaql are protected by an active shieldinig gas

Note 1 td entry: Acronym TAG stands.for tungsten active gas. The shielding gas used typically consists of|a
mixture dqontaining 0,5 % or more of 0xygen or carbon dioxide.

2.2.2.4.28
plasma arc welding
arc welding (2.2.2.4.1) usiig the plasma of a constricted arc

Note 1 tolentry: Shielding can be supplemented by an auxiliary gas. Filler metal can be added.

2.2.2.4.29
plasma MIGwelding
combinalion of MIG welding (2.2.2.4.14) and plasma arc welding (2.2.2.4.28)

Note 1 to entry: This is a hybrid welding process. If the MIG welding is done with a solid wire electrode, the
process number should read 15 + 131.

Note 2 to entry: Acronym MIG stands for metal inert gas. The shielding gas used typically consists of argon,
helium or a mixture of both.

Note 3 to entry: Plasma MIG welding is illustrated in Figure 46.
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2|2.2.4.30

ppwder plasma arc welding
p

N

Figure 46 — Plasma‘MIG welding

pte 1 to entry: Powder plasma arc welding is illustrated in Figure 47.
10

cj L
— 11

T
Loy

7 S—
oo/

S

2

3 Q 1 1

5 | mf:

B O o

. iy W 010

7 —r‘—‘j’/[ 1 E:”
Key
1| collet 5 plasma gas nozzle 9 plasma gas
2| wire electrode (MIG) 6 plasma arc 10 (shielding gas (MIG)
3| plasma electrode 7  welding arc (MIG) 11/ water cooling
4| shielding gas nozzle 8  shielding gas

asma-arc welding with transferred arc (2.2)2.4.31) and metallic powder feeding

13

Key

weld

transferred arc

extra shielding gas nozzle (optional)
plasma gas nozzle

Ul s W N

plasma gas

extra shielding gas (optional)
shielding gas nozzle
filler powder + shielding gas

O© 0 39 O

collet

Figure 47 — Powder plasma welding
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2.2.2.4.31

plasma arc welding with transferred arc
plasma arc welding (2.2.2.4.28) in which the electrical power supply is connected between electrode

and workpiece

Note 1 to entry: Plasma arc welding with transferred arc is illustrated in Figure 48.

Key
transf¢rred arc
weld
filler metal

Bow N R

plasmj gas nozzle

2.2.2.4.32

N o

wam \|
o
I

o o
2727

AT AT 7 AN
SASSSS S

w
N
N
L

plasma gas
shielding gas nozzle
shielding gas

R N o v

collet

Figure 48 — Plasma arc welding-with transferred arc

plasma arc welding with non-transferred.arc

plasma Jet welding

plasma drc welding (2.2.2.4.28) in whicH _the electrical power supply is connected between the collg¢

and the plasma gas nozzle thus producing a plasma jet

Note 1 tofentry: Plasma arc welding-with non-transferred arc is illustrated in Figure 49.

10
11
12

tangsten electrode
ignition device
power source
workpiece

1%
(i
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8
T 5= Y
SENIRIEN
55—/ 10
4—N[
3 ‘E\%
%
1 12
Key
1| non-transferred arc 5 plasma gas 9 tungsten electrode
2| weld 6 shielding gas nozzle 10 ignitiondevice
3| filler metal 7 shielding gas 11 powersource
4| plasma gas nozzle 8 collet 12 workpiece

Figure 49 — Plasma arc welding with non-transferred arc

212.2.4.33

plasma arc welding with partially transferred arc

plasma arc welding (2.2.2.4.28) where the arc switches'between transferred and non-transferrg¢d modes
N

N

pte 1 to entry: Plasma arc welding with partially transferred arc is usually used for surfacing.

pte 2 to entry: Plasma arc welding with partially-transferred arc is illustrated in Figure 50.

8
7% N
6 N
3 5 _JY
4-NA 10
S E\Ig -
7

1
Key
1| Semi-transferred arc 5 plasma gas 9 tungsten electrode
2 build-up welding 6 shielding gas nozzle 10 ignition device
3 filler metal 7 shielding gas 11 power source
4 plasma gas nozzle 8 collet 12 workpiece

Figure 50 — Plasma arc welding with partially transferred arc
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Energy carrier: radiation

2.2.2.5.1
electron beam welding
fusion welding (2.1.3) using a focused beam of electrons

Note 1 to entry: Electron beam welding is illustrated in Figure 51.

6
e C = 7
T
5 =]
mE Lt
‘ 9
a ]l 1%,
3]
i e s
ST T
1
Key
1 workpiece 5 anode 8 power source
2 work ¢hamber 6 cathode 9 focusing coil
3 electr¢n beam 7  vacuum chamber 10  weld
4 deflector coil
Figure 51 — Electron beam welding
2.2.2.5.2
electron beam welding in vacuum
electron peam welding (2.2.2.5.1) performed in vacuum
2.2.2.5.3
electrorn beam welding in atmosphere
electron peam welding (2.2.225.1) performed in atmosphere
2.2.2.54
electron beam welding with addition of shielding gases
electron peam welding (2.2.2.5.1) where a shielding gas is used
2.2.2.5.%
laser wdlding
fusion wetding {Z-t=3)usingacoherent beanrof monochronmatic Hght
Note 1 to entry: Laser welding is illustrated in Figure 52.
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8
9
a)
T ™
>

Key
1| workpiece 5 laser rod or gas filled tube 8 lense
2| light source 6  light beam 9 shielding gas
3| power source 7  laser beam 10 weld
4| elliptical mirror

Figure 52 — Laser welding

N

2.2.5.6
plid state laser welding
ser welding (2.2.2.5.5) in which the lasing mediufiris a solid state crystal

= @

N

2.2.5.7
gas laser welding
dser welding (2.2.2.5.5) in which the lasing medium is a gas

~

2.2.5.8
fode laser welding
qser welding (2.2.2.5.5) in whieh the lasing medium is a diode

S e N

2|2.2.5.9
light radiation welding
elding where lightadiation focuses the welding energy to the welding point

\
2{2.2.5.10

infrared welding

light radiatioh welding (2.2.2.5.9) where the welding energy is achieved by infrared radiation

2{2.2.6° Energy carrier: movement of a mass

(NO process kKnown so tar)

2.2.2.7 Energy carrier: electric current

2.2.2.71

electroslag welding

fusion welding (2.1.3) using the combined effects of current and electrical resistance in a consumable
electrode, or electrodes, and a conducting bath of molten slag through which the electrode passes into
the molten pool, both the pool and the slag bath being retained in the joint by cooled shoes which move
progressively upwards

Note 1 to entry: After the initial arcing period, the end of the electrode is covered by the rising slag and then
melts continuously until the joint is completed. Electrodes can be bare or flux cored strip(s) or plate(s).
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ISO/TR

Note 2 to

25901-3:2016(E)

entry: Electroslag welding is illustrated in Figure 53.

NO
P
Key fb :
1 workpiece 6  electrode holder 10 weld pool Q\
2 power|source 7  workpiece 11  weld metal (C)%
3 water ooling 8 sliding shoes 12 water coolilé:]/
4 electrgde 9 slag bath 13 weld <&
5 feedrglls
\Z
S
Figure 53 — Electroslag wel ¢®Q
2.2.2.7.2 $\\§\
electroglag welding with strip electrode %)

electroslgg welding (2.2.2.7.1) using a strip electrode \\S\

2.2.2.7.
electro
electrosl

2.2.2.8

2.2.2.81 O®
hybrid welding
welding jn which two or mor@e ding processes are used simultaneously in the same weld pool

Note 1 to

@
ag welding with wire electrode e
1g welding (2.2.2.7.1) using a wire ele{ﬁ*ode
‘\\O
Energy carrier: unspecified C)

entry: Hybrid we‘@s?ls illustrated in Figure 54.

Key
1 welding process 1 2 welding process 2
Figure 54 — Hybrid welding
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