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Indian Standard

GLOSSARY OF TERMS RELATING TO
WELDING AND CUTTING OF METALS

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Insti-
tution on 11 February 1957, on approval by the Building Division Council
of the draft finalized on 15 June 1956, by the Structural Steel Sectional
Committee.

0.2 In the course of recent years, considerable developments have been
made in the application of welding technique. This has resulted in an
increase in the number of terms used, necessitating standardization of
terminology on more exact basis, so as to avoid ambiguity and confusion
arising out of misinterpretation of terms. It is hoped that this standard
glossary of terms will help in fixing a more precise meaning to words
which, because of their convenience, have acquired too general a signi-
ficance.

0.3 In a number of cases information i$ available where more than one
term is being used for the same purpose. Such alternate terms have
been grouped together. The terms given first are recommended for use
and the use of terms given in brackets is deprecated.

0.4 Taking into consideration the views of the producers, consumers,
technologists, etc, the Sectional Committee responsible for the preparation
of this standard felt that it should be related to the trade practices followed
in the country in this field. Furthermore, due weightage had to be given
to the need for international co-ordination bétween standards prevailing
in different countries of the world These considerations led the Sec-
tional Committee to derive assistance from the following standards and
publications:

IRS PRB. 100 (N)

500
WELDING OF MILD STEEL STRUCTURES. Ministry of Railways,
Government of India.

B.S. 499: 1952 GrossaRy oF Terms ( WITH SYMBOLS ) RELATING TO
THE WELDING AND CUTTING OF METALs. British Standards
Institution.

WEeLDING HanNDBOOK, 3RD Eb. (1951) American Welding Society,
New York.

: 1945 CopE OF PRACTICE FOR ELECTRIC ARC




WELDING AND CUTTING PROCESSES
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|
WELDING WITH PRESSURE

1
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|

'

|
‘ PRESSURE

RESISTANCE |
WFLDING ' WELDING
FORCE !
( FIRE) ! ! l
WE LPI NG Oxy- Heated Press
| acetyvlenc die welding
i pressure  pressure
welding welding
!
| ! 1 |
Constant { Constant i
pressure | pressure |
Constant Constant
temperature temperature
I | |
Blacksmith. Hammer Roll
welding welding  welding
, | 1 - ’
Projection Resistance- | Percussion
(including butt 1 welding I
woodpecker) welding
welding
Spot Flash-butt Seam
(including welding welding
woodpecker) ( including
welding step-by-step
i welding )
| | |
Stitch Multiple Series Roller spot
welding spot spot (including
welding welding step-by-step )

welding

Stud
welding

CUTTING

FUSION WELDING
( WELDING WITHOUT PRESSURE) l
| | | i !
ARC GAS [ GAS ARC
WELDING WELDING l CUTTING CUTTING
| l ;
|_ —‘—_ Oxygen -
i i ' cutting !
Oxy- Oxyv- 1 ’ Carbon-arc
acetvlene hvdrocarhon ! : cutting :
} welidling welding ! Oxy-hydrogen |
; g cutting '
| . : | Metal-arc
; Oxv-hvdrogen Oxy-hydrocarbon cutting
i welding : cutting
| | —
! | | i |
i : Pawer |
g cutting Gouging | ! Desurfacing
i (including !
| spot ‘
1 gouging ) | }
Metal arc Inert-gas Oxygen
{ shielded arc welding lancing
(including ( shielded ) Deseaming
submerged arc
welding and
firecracker Gas-arc
welding ) or cutting
unshielded
( bare wire )]
Carbon arc Atomic- Thermit
welding hydrogen ( fusion )
. ( shielded or welding  welding  Brazing
Thermit unshielded ) ( shielded ) and
( pressure ) bronze
welding welding
: !
With With
consumable non-consumable
electrodes

electrodes

Controlled arc
( automatic )

|
Self-adjusting
arc ( manual )

Fic1 CHART SHOWING DERIVATION OF WELDING AND CUTTING PROCESSES
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0.5 This standard defines the terms relating to welding and cutting of
metals. Other Indian Standards being formulated in the field of welding
comprise the following:

a) Scheme of symbols for welding
b) Specification for covered electrodes for metal arc welding of mild steel

¢) Classification and coding of covered electrodes for metal arc
welding of mild steel and of low alloy high-tensile steels

d) Code of practice for use of metal arc welding for general cons-
truction in mild steel
e) Code of practice for training and testing of metal arc welders
f) Code of practice for safety and health requirements in electric
and gas welding and cutting operations
g) Code of practice for resistance spot welding for light assemblies
in mild steet .
h) Code of practice for use of welding in tubular construction
j) Code of practice for use of welding in pipelines
k) Code of practice for inspection of welds
m) Procedure code for manual metal arc welding of structural steel
n) Code of practice for use of welding in structures subject to
dynamic loading-bridges
0.6 This standard is intended mainly to cover the technical definitions of
terms, and it does not necessarily include all the legal meanings of the terms.

1. SCOPE

1.1 This standard defines the terms relating to welding and cutting of
metals.

2. ARRANGEMENT

2.1 For convenience of reference and comparison of terms on related
processes, this glossary has been divided into seven main classes and
each has been dealt with under a separate part of the standard. Parts I
to 1V deal with terms relating to welding processes and parts V to VII
are devoted to terms relating to testing, weld imperfections and cutting.
The terms in each part have further been grouped together under suit-
able and convenient sub-classes, and under each part the terms have
been listed in alphabetical order. The terms common to the whole class
have been dealt with under the heading ‘ General Terms’ which precedes
other sub-classes.

2.2 A chart showing derivation of welding and cutting processes is also
given for reference (see Fig 1).

~1
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2.3 An index to all the terms defined under Parts I to VII is given in
Part VIII, where all terms including the alternatives mentioned in paren-
theses have been listed in one alphabetical sequence according to IS : 382-
1952 Practice for Alphabetical Arrangement.

PART | WELDING IN GENERAL

3. COMMON TERMS

3.1 As-Welded — The condition of weld metal, welded joints and we..
ments after welding prior to any subsequent thermal or mechanical
treatment.

3.2 Butt Weld — A weld in which the weld metal lies substantially
within the extension of the planes of the surfaces of the parts joined or
within the extension of the planes of the smaller of the two parts of differ-
ing size (see Fig 2).

= =¥
n =

Fic 2 EXxampLes or Burr WEeLDs

3.3 Chipping Goggles — A protective device enclosing a space in front
of the eyes to shield them from injury during chipping or grinding. They
are fitted with two plain glasses.

3.4 Deposited Metal ( Added Metal)
a) In Welding — Filler metal after it becomes part of the weld
b) In Bronze Welding or in Brazing — Filler metal after it becoraes
part of the joint.

3.5 Deposition Efficiency — The ratio of the weight of deposited metal
“to the net weight of core wire of electrodes ‘consumed, exclusive of stubs.

3.6 Electrode Holder — A device to hold an electrode and to convey
current to it. It may be part of a welding machine, or a manual device
held by an operator.

3.7 Face Mask — A protective device worn in front of the face to
shield it from injury during welding. It is fitted with welding glass(es)
and plain glass(es).
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3.8 Face Shield ( Hand Screen, Hand Shield ) — A protective device
held in the hand to shield the face and throat from injury during weld-
ing. It is fitted with a window consisting of welding glass and plain glass.

3.9 Faired ( Tapered) Member -— The thicker member of a joint
tapered down to the thickness of the thinner member.

3.10 Filler Metal — Metal to be added in welding or brazing.

3.11 Fixed Shield — An independently mounted device to protect the
whole of the face and throat from injury during welding. It is fitted
with welding glass and plain glass.

3.12 Full Penetration — Welding, using a technique which ensures full
penetration.

3.13 Flux — Fusible material used in welding or oxygen-cutting to dis-
solve and facilitate removal of oxides and other undesirable substances.
Also commonly used to designate covering of covered electrodes.

3.14 Fusion Penetration

a) In Fusion Welding — The depth to which the parent metal has been
fused.

b) In Spot, Seam, or Projection Welding — The distance from the inter-
face to the edge of the weld nugget, measured in each case on a
cross-section through the centre of the weld and normal to the
surface (see Fig 3}).

Note —* Depth penetration ’ is sometimes used as an alternative term in fusion
welding, but ‘ fusion penetration’ is preferred.

Depth of Fus‘on\'\‘:—\
— %1

C. 'g ?If.i'li‘i;

Dcpth ot Fusion

Fi1c 3 FusioN PENETRATION

3.15 Fusion Zone — The portion of a weld in which parent metal has
been fused (see Fig 4).

3.16 Heat-Affected Zone — Parent metal metallurgically affected by

the heat of welding (or cutting), but neither melted nor made plastic
( see Fig 4).
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Weld 2one

Weld Metal Heat Affected
Zone

— Fusion Zone

Junction

Fic 4 Various ZoNgs or A Typricar WELD

3.17 Helmet ( Head Screen ) — A protective device supported on the
head and arranged to- shield the face and throat from injury during
welding. It is fitted with a window consisting of welding glass and
plain glass.

3.18 Ignition Powder — A readily ignitable mixture, usually of powdered
aluminium and oxidizing material, used for -initiating the reaction in
thermit pressure welding and thermit fusion welding.

3.19 Longitudinal Axis of Weld — A line through the length of a weld,
perpendicular to the cross-section at its centre of gravity (sce Fig 5).

3.20 Melt Run — A line of parent metal which.has been melted by
passing a welding flame or arc along the surface of the plate.

3.21 Parent Metal ( Base Metal ) — The metal to be joined or cut.

3.22 Plain Glass ( Cover Glass ) — Clear glass or other transparent
material used to protect the surface of welding glass.

3.23 Peening — The mechanical working of metals by means of hammer
blows.

3.24 Penetration ( Through ) Pass —— The first run of a multi-run butt
weld, the penetration bead of which can be seen,

3.25 Residual Welding Stress — Stress remaining in a metal part or
structure as a result of welding.

3.26 Strength Weld — A weld designed to be under stress.

3.27 Stress Relief Heat Treatment — Uniform heating of an assembly
or portion thereof to a suitable temperature below the lower critical
point for sufficient time to reduce the residual stresses followed by uni-
form cooling.

3.28 Stubs — Waste ends of electrodes and welding rods.

10
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- S~
Axis ot Weld Axis of

FLAT POSITION Weld

\Alis of Weld Axis of W¢ld<7\
HORIZONTAL-VERTICAL POSITION
| ~Axis of weld |_~Axis of Weld

VERTICAL POSITION
Axis of Weld \Z‘Axis of Weld

¥

OVERHEAD POSITION
Fig 5 LONGITUDINAL AXIS OF WELDS

3.29 Surfacing — The deposition of filler metal by welding process on to
a metal surface to obtain desired properties.

3.30 Weld — A union between two pieces of metal at faces rendered
plastic or liquid by heat or by pressure, or both. Filler metal may be
used to effect the union.

3.31 Weld Gauge — A device designed for checking the shape and size
of welds (see Fig 6).

3.32 Weld Metal — All metal melted and/or made plastic in making a
weld.

3.33 Weld-Metal Zone — The portion of a weld consisting of weld metal
(sre Fig 4).

11
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Fic 6 TyYPE OoF WELD GAUGE

3.34 Weld Width — Distance between the toes of the weld.

3.35 Weld Zone — The sum of the weld-metal zone and the heat-
affected zone (see Fig 4). '

3.36 Welded Joint —For the purposes of design. calculations, a full
strength butt joint is a joint prnduced by a fully penetrated weld or by
fully penetrated welds between parts of equal section aligned and lying
within the included angle of 135 to 180° in such a manner that the flow

of normal stresses does not undergo any considerable deviation in the
zone of the joint.

3.37 Welder — The operator who performs the welding operation.

NoTe — This term is often used in.the United States of America to describe a
welding machine.

3.38 Welder’s Sleeve — Covering to protect the arm during welding.

3.39 Welder’s Spats — Coverings to protect the upper part of the feet
and ankles during welding.

3.40 Welding — The making of a weld.

3.41 Welding Apron — An apron, usually of leather or asbestos, used
to protect the welder from harmful radiation and spatter.

3.42 Welding Glass ( Filter Glass ) — A light-filter to protect the eyes
from harmful radiations emanating from an electric arc or a gas flame.

3.43 Welding Gloves — Gloves to protect the hands, or gauntlets to

protect the hands and forearms, from heat and metal splashes due to
welding.

3.44 Welding Goggles — Goggles with tinted lenses used during weld-
ing or oxygen cutting to shicld eyes from injury during welding or
cutting.

12
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3.45 Welding Procedure — A specified course of action to be followed
in welding, including a list of materials and tools to be used. Three
typical examples of welding procedure are given under 3.45.1 to 3.45.3

3.45.1 Arc Welding

a) Classification and size of electrodes,

b) Current and open-circuit voltage,

c) Length of run per electrode, or speed of travel,

d) Number and arrangement of runs in multi-run welds,
e) Position of welding,

f) Preparation and set-up of parts,

g) Welding sequence, and

h) Pre- or post-heating.

3.45.2 Gas Welding

a) Specification and diameter of filler rod and, if required, specifica-
tion of the flux;
b) Gas pressures and nozzle size;

¢} Manipulation and angles of rod and blowpipe and, if required.
correct application of flux;

d) Technique of welding;

e) Edge preparation and, if required, tacking;
f) Position of welding and number of runs;
g) Welding sequence; and

h) Pre- or post-heating.

-3.45.3 Resistance Welding

a) Electrodes sizes and permissible variations,
b) Particulars of machine settings,
c) Welding sequence, and
d) Particulars of tests required.
3.46 Welding Rod — Filler metal, in wire or rod form, used in gas

welding and brazing processes, and those arc welding processes wherein
the electrode does not furnish the filler metal.

3.47 Welding Sequence — The order and/or direction in which either
welds or runs are made.

3.48 Welding Technique — The manner in which an operator mani-
pulates an electrode, a blowpipe or the like.

13
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3.49 Welding Thermit-— A mixture of iron oxide, finely .divided
aluminium, steel and de-oxidizers. On ignition of the mixture, an exo-
thermic reaction takes place, resulting in the production of molten metal
which acts as a source of heat for the subsequent welding and also as
added metal.

NoTte 1 — This is also known as ‘ standard welding thermit * or (in the USA)
as ‘ forging thermit’ to differentiate it from welding thermits containing other
alloying metals or materials added for specific purposes.

NoTte 2 — ‘ Thermit’, as such, is a mixture of metallic oxides and finely divided

aluminium, the heat from the chemical reaction between which produces molten
metal. This material has no application in welding except as a source of heat.

PART 1l WELDING WITH PRESSURE

4. GENERAL TERMS

4.1 Faying Surface — That surface of a member which is in contact
with another member to which it is to be joined.

4.2 Gather ( Shortening )— The reduction in length accompanying
the production of upset metal.

4.3 Initial Pressure — The first steady or peak pressure, normal to
the surface contact area, applied during a welding cycle.

4.4 Interface — The contact area between faying surfaces.

4.5 Pressure Contact Area — The initial surface contact area of the
components through which pressure is transmitted.

4.6 Sheet Separation — In spot, seam and projection welding, the gap
surrounding the weld, between faying surfaces, after the joint has been
welded.

4.7 Upset Metal — Parent metal proud of the normal surfaces of the
work as a result of forging or pressing.

4.8 Upset Pressure — Pressure producing, or tending to produce, upset
metal.

Norte — Upset pressure may be expressed as force or as pressure per unit of
pressure contact area.

4.9 Welding Pressure — The pressure, at the abutting surfaces of a
workpiece, required to consolidate a weld.

NoTtE — In the resistance welding, this is the electrode pressure less the pressure

required to overcome rigidity of the workpiece when bringing the abutting surfaces
into contact.

14



IS : 812 - 1957
5. TERMS RELATING TO EQUIPMENT

5.1 Angle Electrode — An electrode in which the tip is not normal to
the axis of the shank (see Fig 7).

Axis of Axis of Axis of

Shank ShankZ Shank
|

1

¢ of Tip
Fic 7 ANGLE Fic 8 OFFSET Fic 9 VERTICAL
ELECTRODE ELECTRODE ELECTRODE

5.2 Arc Damper ( Arc Blow Compensator )— A device for centraliz-
" ing an arc in a stud welding tool.

5.3 Arm — A member of a welding machine which conducts current
to an electrode holder, or supports a conductor conveying current to it;
and which is required to withstand the welding pressure.

5.4 *Battery Spot-Welding Machine — A spot-welding machine in
which a battery is used to provide the welding current.

5.5 Bolster — An electrode holder intended for mounting on the platen
of a projection-welding machine.

5.6 Burner — A multi-jet blowpipe used to supply the heat for oxy-
acetylene pressure welding.

NOTE — Burners are usually shaped to the section of the parts joined and may
be split to facilitate removal. They are sometimes water-cooled. The term is
sometimes erroneously applied to operatives.

5.7 *Condenser-Discharge Spot-Welding Machine ( Capacitor Spot-
Welding Machine )— A spot-welding machine in which a large momen-
tary current is obtained in the secondary circuit by discharging a capacitor
through the primary circuit.

*These machines are sometimes referréd to as  stored energy machines ’.

15
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5.8 Electrode Shank — The portion of an electrode intended to be
held by, and to make electrical contact with, an electrode holder,

5.9 Electrode Tip — The portion of an electrode for spot or for stitch
welding intended to make contact with the workpiece.

5.10 Electrode Wheel — A rotatable electrode of disk form.

5.11 Ferrule — A collar or ring of refractory material, surrounding the
base of the stud during stud welding, to protect and contain the molten
metal and, where required, to shape the weld fillet.

5.12 Foot-Operated Welding Machine ( Pedal-Operated Welding
Machine )— A welding machine in which mechanical pressure is applied
by means of a pedal.

5.13 Gun Welding Machine -— A portable spot-welding machine having
a single electrode through which manual pressure is applied directly to
one component of the workpiece; the electrical circuit is completed
threugh a cable connection to the other component of the workpiece.

5.14 Hand-Operated Welding Machine — A welding machine (usually
for flash welding ) the operation of which is controlled by hand.

5.15 *Inductor Spot-Welding Machine — A spot-welding machine in
which a large momentary current is obtained in the secondary circuit
by interrupting a direct current in the primary circuit.

E.16 Insert — A small piece of metal, usually hard wearing andfor of
comparatively high resistivity, used as an electrode tip or attached to
a welding ‘die and projecting sufficiently beyond it to make contact with
the. workpiece where welding is required.

5.17 Motor-Opérated Welding Machine — A welding machine in
which the travel of the electrodes is obtained, and the mechanical pres-
sure is applied, by means of a motor-driven mechanism.

5.18 Offset Electrode — An electrode in which the centre of the elec-
trode tip is offset from the axis of the electrode shank (see Fig 8).

5.19 Pad Electrode ( Flat Electrode )— An electrode in which the
electrode tip is larger than the weld required, the size of the weld being
controlled by the diameter of the other electrode tip.

5.20 Platen — Part of a resistance-welding machine on which welding
dies are mounted and which conveys pressure and welding cufrrent to
them.

Note — Use of platens is generally confined to projection-welding, flash-welding
and butt-welding machines.

*These machines are sometimes referred to as ‘ stored energy machines ’.
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5.21 Plier Spot-welding Machine (Pincer Spot-Welding Machine) —
A portable spot-welding machine in which pressure is applied to the
electrodes by means of a lever system similar to that of pincers.

5.22 Portable-Spot Welding Machine — A spot-welding machine in
which the electrodes, the moving arms and the pressure application
device are connected flexibly to the transformer and control gear so as to
provide a limited amount of portability.

5.23 Power-Operated Welding Machine — A welding machine in
which mechanical pressure is applied pneumatically or hydraulically.

5.24 Resistance-Welding Electrode ( Electrode )— A replaceable por-
tion of a resistance-welding machine which transmits current, and usually
applies pressure, to the workpiece.

5.25 Stud Welding Tool ( Stud Welding Gun)— An appliance for
holding and operating the stud during stud welding, and for conveying
pressure and current to it during the weld cycle.

5.26 Vertical Electrode — An electrode in which the electrode tip -is
normal to the axis of the electrode shank (see Fig 9)

5.27 Welding Dies — A member usually shaped to the work contour to
clamp the parts being welded and conduct the welding current.

6. TERMS RELATING TO FORGE WELDING

6.1 Blacksmith Welding — A group of welding processes wherein weld

is produced by heating in a forge or other furnace and by applying pres-
sure by manual hammering.

6.2 Double-Glut Butt Joint — A butt joint incerporating two wedge-
shaped gluts (see Fig 10).

6.3 Forge Welding ( Fire Welding )— Any welding process in which
the weld is made by hammering or other impulsive pressure while the
surfaces to be united are plastic.

T jOIN 2 - BuTrT JOINT
Fic 10 DouBLE-GLUT BUTT jOINT Fic 11 SINGLE-GLUT
{ BEFORE FORGING ) { BEFORE FORGING )
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6.4 Glut — Metal, asually in the form of a bar, added during blacksmith
welding to facilitate the making of a joint (see Fig 10, 11 and 12).

6.5 Hammer Welding — Forge welding in which weld is produced by
heating in a forge or other furnace and by applying pressure mechanically.

6.6 Plain Butt Joint (Jumped Joint)— A butt joint in which the
ends to be welded are usually upset before welding, i.e. their area is in-
creased by hammering (see Fig 13).

6.7 Roll Welding — Forge welding in which weld is produced by heat-
ing in a forge or other fuinace and by applying pressure progressively
by mechanically operated rolls.

6.8 Scarf Joint — A joint in which the weld lies at an angle to the axis of
the parts joined (see Fig 14).

6.9 Single-Glut Butt Joint — A butt joint incorporating a blunt-
wedge-shaped glut (see Fig 11).

6.10 Split Joint — A double scarf joint in which the tapered end of
each part to be joined is split longitudinally into two halves which are

bent in opposite directions, so that the parts to be joined can be interlocked
to prevent lateral motion during welding (see Fig 15).

6.11 Square Corner Joint — A corner joint incorporating a glut ( see
Fig 12).

6.12 Tee Butt Joint — A tee-joint in which the end of the stalk of
the tee is-upsel before welding (see Fig 16).

Fic 12 SQUARE CORNER JOINT Fic 13 Prawvy BuIT JoinT
( BEFORE FORGING ) ( BEFORE FORGING )
\/\ \
% o
Fic 14 Scarr JoINT Fic 15 Sprit JOINT
( BEFORE FORGING ) ( BeFoRE FORGING )
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TFic 16 Tee BuTr JOINT 16 17 Ter SpLit JOINT
{ BEFORE FORGING ) { BEFOorRE FORGING )

Fic 18 VEr JoixT ( BEFORE I'ORGING )

6.13 Tee Split Joint — A tee-joint in which the end of the stalk of
the tee is tapered and welded within a split formed in the table of the
tee (see Fig 17).

6.14 Vee Joint — A double scarf joint formed between a wedge on the

end of one part to be joined and a vee notch in the end of the other ( see
Fig 18).

7. TERMS RELATING TO PRESSURE-WELDING

7.1 Cold Welding ( Press Welding )— Pressure-welding in which
pressure alone is used.

7.2 Constant-Pressure Pressure-Welding — Pressure-welding in which
gather occurs during the period of increasing temperature at a constant
pressure.

7.3 Constant-Temperature Pressure-Welding — Pressure-welding in
which gather occurs during the application of suddenly increased pressure
at a substantiallv constant temperature.

7.4 Deformation — The local percentage reduction in the total thick-
ness of sheets or plates at a pressure-welded lap joint.

7.5 Heated-Die Welding — Pressure-welding in which the surfaces to
be united are made plastic by heat transferred from heated press tools of
suitable shape. Such tools are known as ‘ dies’.

19
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7.6 Heating Time — In pressure-welding, the time, if any, during ‘wmch
the parts to be joined are held together whilst being heated under reduced
pressure until welding temperature is reached. .

7.7 Oxy-Acetylene Pressure-Welding — Pressure-welding in whi¢h an
oxy-acetylene flame is used to make plastic the surfaces to be united.
No filler metal is used.

7.8 Pressure-Welding ( Solid-Phase Welding ) — Any welding pro-
cess in which the weld is made by sustained pressure while the surfaces
to be united are plastic.

7.9 Welding Time — In pressure-welding, the time during which the parts
to.be joined are maintained at welding temperature under full weldmg
pressure.

8. TERMS RELATING TO RESISTANCE WELDING

8.1 Back Pressure — The pressure or the force (a) tending to separate
the electrodes, or (b) in a dual-pressure cycle, reducing the electrode
pressure by acting in opposition to the forward pressure.

NoTE — Back pressure may or may not be present under (a) during the making
of a weld depending on the type of machine.

8.2 Butt-Seam Welding — A modification of seam welding, used for
making -butt welds, in which the electrode wheels rotate continuously
but do not’apply the welding pressure.

8.3 *Chill Time — The period of time between the end of welding
current and the start of post-heat current.

8.4 *Cool Time ( Off-Time ) —In pulsation and seam wélding, the
period of time between two successive heat times in the same weld cycle.

8.5 Cross-Wire Weld — A resistance weld at the point of contact
between crossed wires or rods with pressure applied continuously.

8.6 *Current-Off Time — The period of time between the cessation
of current in one weld cycle and the beginning of current in the next.

8.7 Cycle — An arbitrary unit of time, of duration equal to that of one
cycle of the alternating current supplv

Nore — The term as here defined is used in a sense different from that in the
definitions under 8.8 and 8.9.

8.8 Dual-Pressure Cycle — A cyclic alternation, during a weld cycle,
of two different predetermined electrode pressures.

*For diagrammatic representation, see Fig 19 to 23.
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8.9 Duty Cycle — The percentage ratio of duration of current flow
during a period to the period.

8.10 Edge Distance — The distance between the toe of the weld and the
nearest edge of the workpicce.

8.11 Electrode Contact Area (Clamp Contact Area)— The area
through which current passes from an electrode or a clamp to the work-
piece.

8.12 Electrode Pressure — The pressure transmitted by the electrodes
to the workpiece.

NoTg — This is the forward pressure less any back pressure.

8.13 Fin ( Flash )— An extrusion of meta! extending outward beyond
the upset in the form of a fin.

8.14 Flash Welding ( Flash-Butt Welding )— A resistance-welding
process wherein coalescence is produced, simultaneously over the entire
area of abutting surfaces, by the heat obtained from resistance to the flow
of electric current between the two surfaces, and by the application of
pressure after heating is substantially completed. Flashing and up-
setting are accompanied by expulsion of metal from the joint.

8.15 Flashing Allowance ( Burn Off )— In making a flash weld, the
length allowed for the total shortening of both components due to flashing.

8.16 Flashing Current — The current flowing during flashing time.

8.17 *Flashing Time — The period in flash welding from the start of
continuous flashing to the time when upset pressure is applied.

8.18 *Forge Time — The period of time between the cessation of weld-
ing current and the end of the weld cycle.

8.19 Forward Pressure — The pressure or the force required to move
the electrodes towards each other and to keep them in contdct with the
workpiece.

Notg — Forward pressure is the sum of the pressures required (a) to overcome
any back pressure, (b) to overcome friction and inertia, and (c) to provide electrode
pressure.

8.20 *Heat Time ( On-Time )— The duration of each successive welding
current impulse during either pulsation or seam welding.

8.21 *Hold Time — In spot and projection welding, the time during
which force is applied at the point of welding after the last impulse -of
current ceases to flow.

In seam, flash and upset welding, the time during which force is applied
to the work after current cecases to flow.

*For diagrammatic representation, see Fig 19 to 23.
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8.22 Machine Stroke — The maximum operational stroke - obtainable.

8.23 Mash Weld — A seam or stitch weld, between two components of
equal thickness with a small amount of overlap, so made that the ultimate
thickness of the workpiece at the weld approximates to that of a com-
ponent.

8.24 Multiple-Spot Welding — Spot welding in which, by the use of
more than two electrodes, two or more welds are made simultaneously
or in an automatically-controlled sequence.

8.25 Operational Stroke — The distance through which the electrode(si~
may travel from rest to the final position during welding.

8.26 Percussion Welding — A resistance-welding process wherein weld
is produced, simultaneously over the entire area of abutting surfaces, by
the heat obtained from an arc.produced by a rapid discharge of stored
electrical energy, with impact pressure applied during or immediately
following the electrical discharge.

8.27 Pick-Up — Particles of the surface of the workpiece which adhere
to the surface of the electrodes, or wvice versa. ( For definition of the
term applicable to gas welding, see 14.13.)

8.28 *Post-Heat Time — The time during which a completed weld
is heated by current for metallurgical reasons.

8.29 *Pre-Heat Time — The time during which pre-heating current
flows. In flash welding, it is the time between the first passage of current
and the start of continuous flashing.

8.30 Pre-Heating Current — Current used to raise gradually the tempe-

rature of a workpiece from ambient temperature to a pre-determined
value below welding temperature just before the application of welding

current.

8.31 *Pressure-Off Time — The period of time between two successive
weld cycles.

8.32 Programme Control — A pre-determined automatic sequence of
operations within a weld cycle.

8.33 Projection Welding — Resistance welding in which throughout

the making of a weld the pressure is applied at a small projection or
projections on one or more of the workpieces. The projections collapse

during welding.
8.34 Pulsation Welding ( Woodpecker Welding ) — Spot or projection

welding in which the welding current is interrupted one or more times
without release of pressure or change of location of the electrodes.

*For diagrammatic representation, see Fig 19 to 23.
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8.35 Resistance Welding ( Upset Welding ) — Welding in which pres-
sure is applied between abutting surfaces at some stage in the process,
and in which welding heat is produced by the electrical resistance at, and
adjacent to, these surfaces during the passage of an electric current.

8.36 Resistance-Butt Welding — A resistance-welding process wherein
weld is produced, simultaneously over the entire area of abutting sur-
faces or progressively along a joint, by the heat obtained from resistance
to the flow of electric current through the area of contact of those sur-
faces. Pressure is applied béfore heating is started and is maintained
throughout the heating period.

8.37 Roller-Spot Welding — Resistance welding in which pressure is
applied continuously, and current impulsively, to produce a series of
intermittent linear welds, the workpiece being between two electrode
wheels or between an electrode wheel and an electrode bar. The elec-
trode wheels apply the pressure, and may be rotated continuously or
stopped during the passage of current.

8.38 Seam Welding — Resistance welding in which pressure is applied
continuously, and current impulsively, to produce a linear weld, the
workpiece being between two electrode wheels, or between an electrode
wheel and an electrode bar. The electrode wheels apply the pressure,
and may be rotated continuously or stopped during the passage of
current.

8.39 Series-Spot Welding — Spot welding in which two or more welds
are made simultaneously in electrical series (see Fig 24).

8.40 Spot Welding — A resistance-welding process wherein weld .is
produced by the heat obtained from resistance to the flow of electric
current through the work parts held together under pressure by elec-
trodes. The size and shape of the individually formed welds are limited
primarily by the size and contour of the electrodes.
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8.41 *Squeeze Time — The period of time between the application of
pressure by electrodes to the workpiece and the first passage of current.

8.42 *Step Time — The time between successive weld times in roller-
spot welding and in step-by-step roller-spot welding.

8.43 Step-By-Step Welding — Seam or roller-spot welding in which
the electrode wheel is stationary during the passage of current and rotates
when no current is flowing.

8.44 Stitch Welding — Spot welding in which successive welds overlap.

8.45 Throat Depth ( Throat)— In a resistance-welding machine, the
distance from the centre-line of the electrodes or platens to *the nearest
point of interference for flatwork or sheets. In the case of a seam-welding
machine with a universal head, the throat depth is measured with the
machine arranged for transverse welding.

8.46 Throat Gap — The minimum unobstructed distance between the
arms of a welding machine.

8.47 Total Allowance — In resistance-butt welding, the upset allowarice.
In flash welding, the sum of the flashing and upset allowances.

8.48 Tread — The peripheral surface of an electrode wheel.

8.49 Upset Allowance —— The length allowed for the total shortening
of both components due to upset.

8.50 Upset Current Time — The duration of current from the com-
mencement of upset travel.

8.51 *Upset Time — The duration of upset travel.

8.52 Upset Travel — The distance travelled by the moving head of a
resistance-butt or flash welding machine in forging a weld. In resistance-
butt welding, it is the travel from the point where the components are
first brought together to the position where the weld is completed. In
flash welding, it is the travel from the point where the components have
been brought together at the end of flashing to-the position where the weld
is completed.

8.53 Wearing Depth — The distance between the tip of an electrode,
or the tread of an electrode wheel, and that part at which further use
becomes impracticable.

8.54 Weld Contact Area — The area through which welding current
passes from one component to another during resistance welding.

8.55 *Weld Cvcle — The time required for one complete welding ope-
ration.

*For diagrammatic representation, see Fig 19 to 23.
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8.56 Weld Nugget — The fusion zone of a spot, projection or seam
weld (see Fig 25).

BT
AR

Fic 25 WELD NUGGET

8.57 Weldifig Current — The current flowing through the welding
circuit during the making of a weld. In resistance welding, the current
used during preweld or postweld intervals is excluded.

8.58 *Weld Time — The total time between the start of welding current
and the end of the welding current during the making of one weld.

NoteE — A seam weld is considered to be one weld.

9. TERMS RELATING TO STUD WELDING

9.1 Lift — The distance, if any, by which the stud is retracted, where
necessary, from the parent metal in order to initiate the arc in stud
welding.

9.2 Stud Welding — Welding in which fusion is effected by the heat
of an arc between one end of a stud and a parent metal surface, and con-
solidation by the application of pressure.

10. TERMS RELATING TO THERMIT PRESSURE WELDING

10.1 Thermit Combined Weld — A weld used for joining rails. The
heads of the rails are joined by thermit pressure welding, with or with-
out the interposition of a shim of suitable metal, and the feet and webs of
the rails are joined simultaneously by thermit fusion welding.

10.2 Thermit Crucible — The vessel in which the thermit reaction
takes place in thermit pressure welding and in thermit fusion welding.
It has a hole in the bottom through which the molten metal passes
(see Fig 26).

10.3 Thermit Pressure Welding — A welding process in which the
parts to be joined, when in contact, are heated by means of ignited
welding thermit and are then pressed together to form a weld.

*For diagrammatic representation, see Fig 19 to 23.
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11. GENERAL TERMS

11.1 Angle of Bevel — The angle at which the edge of a component
is bevelled in preparation for making a butt weld. The angle should be
measured as shown in Fig 27 and 28.

11.2 Automatic Welding — Fusion welding in which control of the
welding operation is predominantly automatic

11.3 Back-Step Sequence — A longitudinal sequence wherein the weld
bead increments are deposited in the direction opposite to the progress
of welding the joint (sec Fig 29). ( See also bleck sequence. )

11.4 Back Weld — A weld deposited at the back of a single-butt weld
after the main weld (see Fig 30).
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11.5 Backing Ring — Backing in the form of a ring generally used in
the welding of piping ( see Fig 31).
11.6 Backing Strip — A piece of metal placed at a root and penetrated

by weld metal. It may remain as part of the joint or may be removed by
machining or other means (se¢ 13.6 and Fig 32).

11.7 Balanced Welding — A welding procedure such that deformation
due to shrinkage on cooling is controlled by proper disposal and sequence
of welds.

11.8 Block Sequence — A combined longitudinal and build-up sequence
for a continuous multiple-pass weld wherein separated lengths are com-
pletely or partially built up in cross-section before intervening lengths
are deposited. (See back-step sequence and see Fig 33.)

11.9 Bead — A single run of weld metal deposited on a surface (see

Fig 34).
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IFic 34 DBrap WELDs Fic 35 DouBLE-BeveL

Burt WeLn

¥ic 36 DousLk-]J Burr WELD I'ic 37 DousLe-U Burr WELD

Fic 38 DouBrLe-V Burr WELD

11.10 Close Joint — A preparation in which the components to bc
joined are substantially in contact before welding.

11.11 Composite Joint — A joint wherein welding is used in conjunc-
tion with a mechanical joining process.

11.12 Concave Fillet Weld — A fillet weld in which the weld face is
concave.

11.13 Continuous Weld — Welding where the continuity is not broken
by recurring unwelded spaces.

11.14 Convex Fillet Weld — A fillet weld in which the weld face is
convex.

11.15 Convexity — The maximum distance from the face of a convex
fillet weld perpendicular to a line joining the toes.

11.16 Double-Bevel Butt Weld — A butt weld in the preparation of
which the edge of one component is double bevelled and the fusion face
of the other component is at right angles to the surfaces of the first com-

ponent ( see Fig 35).
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11.17 Double-J Butt Weld — A butt weld in the preparation of which
the edge of one comporent is prepared so that in cross-section the fusion
face is in the form of two opposing J’s and the fusion face of the other
component is at right angles to the surfaces of the first component ( sce
Fig 36).
NotE - All preparations covered by terms defined under 11.16, 11.19, 11.55 and

11.58 may or may not have root faces. Those covered by definitions under 11.17,

11.18, 11.56 and 11,57 always have root faccs.
11.18 Double-U Butt Weld — A butt weld in the preparation of which
the edges of both components are prepared so that in cross-section the
fusion faces form two opposing U’s having a common base ( see Fig 37).
11.19 Double-V Butt Weld — A butt weld in the preparation of which
the edges of both components.are double bevelled so that in cross-section
the fusion faces form two opposing V’s (see Fig 38).
11.20 Downhand Position (Flat Position ) — A position in which the
weld slope does not exceed 10° and the weld rotation does not exceed 10°
( see Fig 39).
11.21 Edge Preparation — Squaring, grooving or bevelling an edge in
preparation for fusion welding (see Fig 40).
11.22 Edge Weld — A weld used for ‘joining two or more components
in which the edges joined are substantially in the same plane and in
which the weld metal covers a part or all of the edges joined and lies sub-
stantially outside their plane (see Fig 41}.
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11.23 Effective Length of Weld — The length of weld throughout
which the correctly proportioned cross-section exists.
'11.24 Effective Throat Thickness — A dimension arbitrarily adopted
‘as throat thickness for purposes of design (see Fig 42).
'11.25 Full Fillet Weld — A fillet weld whose size is equal to the thick-
ness of the thinner member joined.
11.26 Fillet Weld — A weld of approximately triangular cross-section
joining two surfaces approximately at right angles to each other in a lap
joint, tee joint or corner joint { see Fig 43 and 44 ).
11.27 Fusion Face — The portion 6f a surface, or of an edge, which is
to be fused in making a fusion weld (see Fig 45).
11.28 Fusion Welding — Any welding process in which the weld is
made between metals in a state of fusion without hammering or pressure.
11.29 Gap — The minimum distance, intentional or otherwise, at any
cross-section between edges, ends or surfaces to be joined (see Fig 46).
11.30 Gas Envelope

a) In Atomic Hydrogen Welding — An envelope of gas surrounding an

arc fan.
b) In Gas Welding — An envelope of gas surrounding an inner cone.

c) In Ineri Gas or Other Twvpes of Arc Welding — An envelope of
gas surrounding an arc.

Weld Face

Original Surface
of Work

Fusion
Zone

I'ic 43 FuwLer WELD
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a) Concave b) Convex ¢ Mitre
Weld
[ N Junction—|
IO
Parent
Metal -]
d) iIn @ Corner Joint @) in a Lap Joint
Fic 44 ExampLEs oF FILLET WELDS Fi1c 45 FusioN Face
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Fic 46 EXAMPLES OF GAP

11.31 Horizontal-Vertical Position — A position in which the weld
slope does not exceed 10° and the weld rotation is greater than 10°, but
does not exceed 90° (see Fig 47).

Note — The terms ‘horizontal-vertical overhand weld’ and ‘horizontal-
vertical underhand weld’ are sometimes erroneously used to describe the welds
shown respectively in. Fig 47A and 47B. In the United States, the horizontal-
vertical position is designated as the horizontal position.

i
11.32 Inclined Position — A position in which the weld slope exceeds 10°
but not 45° and in which the weld rotation does not exceed 90° ( see
Fig 48).

11.33 Included Angle — The angle between the planes of the fusion
faces of parts to be welded (see Fig 27).
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47 A 47 8B 47 C

F16 47 HORIZONTAL-VERTICAL PosIiTION

Note — The correct terms to be used for Fig 47A and Fig 47B are respectively
‘ horizantal-vertical fillet weld * and ‘ overhead fillet weld’. Figure 47C shows a
‘ horizontal-vertical butt weld '.
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Fic 48 INCLINED PoSsiTiON

11.34 Intermittent Weld — Welding with a series of welds at specified
intervals along a joint (see Fig 49).

11.35 Leg — A fusion face in a fillet weld ( see Fig 50).

11.36 Leg Length — The distance from the root to the toe of a fillet
weld, measured along the fusion face (see Fig 50).

11.37 Manual Welding — Fusion welding in which the welding device
is held and manipulated by hand.

11.38 Mitre Fillet Weld ( Flat Face Fillet Weld ) — A fillet weld in
which the weld face is approximately flat.

11.39 Molten Pool — The pool of liquid metal caused by the arc or flame.

11.40 Open Joint — A preparation in which the components to be joined
are separated by a specified gap before welding.

11.41 Overhead Position — A position in which the weld slope does
“not exceed 45° and the weld rotation is greater than 90° ( see Fig 51).
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11.42 Penetration Bead — Metal protruding through the root of a
fusion butt weld (see Fig 52).

11.43 Plug Weld — A weld made by filling a hole in one component
of a workpiece with filler metal so as to join it to the surface of a conti-
guous component exposed . through the hole (see¢ Fig 53 ).

11.44 Reinforcement — Weld metal lying outside the plane joining
the toes (see Fig 54).
11.45 Root of Preparation
a) In the Preparation of V-, U-, J- and Bevel-Buti Welds — The zone in
the neighbourhood of, and including, the gap.

b) In an Open Square Buit Weld — The zone between the prepared
edges adjacent to a backing strip.

¢) In Parts Assembled for Fillet Welding — The zone in the neighbour-
hood of the actual or projected intersection of the fusion faces

( see Fig 55).
i

Fic 52 PENETRATION BEAD Fic 53 PLuc Wl;LD
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11.46 Root of Weld — The points, as shown in cross-section, at which
the bottom of the weld intersects the base metal surfaces ( see Fig 56 ).

11.47 Root Face ( Nose )— The unbevelled or ungrooved portion of a
fusion face at the root (see Fig 57).

11.48 Root Radius— The radius of the curved portion of the fusion
face in a compopent prepared for a single-J, single-U, doubl~:] or
double-U weld (see Fig 28).

11.49 Run ( Pass)— The metal deposited during one passage ot the
electrode or blowpipe in the making of a joint.

11.50 Run-Off Plate(s) — A piece, or pieces, of metal so placed as to
enable the full section of weld metal to be maintained up to the end
of a joint.

11.51 Run-On Plate(s) — A piece, or pieces, of metal so placed as to
enable the full section of weld metal to be obtamed at the beginning of a
joint.

11.52 Seal Weld ( Sealing Weld ) — A weld used to assist in obtaining
a liquid-tight or gas-tight joint (see 11.53 and Fig 58).

11.53 Sealing Run ( Backing Run )— The final run deposited on the
root side of a fusion weld (see 11.52).

11.54 Semi-Automatic Welding — Arc welding with equipment which
controls only the filler metal feed. The advance of the welding is usually

manually controlled.
' JIAN
N/

i~><Jr—®—j

Fic 56 Roors oF WELD
( Arrow-head indicates the root of weld)

PYainVaysmi ~,

Fic 57 Root FACEs
( Arrow-head indicates the root face) Fic 58 Sear WELD
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11.55 Single-Bevel Butt Weld — A butt weld in the preparation of
which the edge of one component is bevelled and the fusion face of the
other component is at right angles to the surfaces of the first component
( sec Fig 59).

11.56 Single-J Butt Weld — A butt weld in the preparation oi which
the edge of one component is prepared so that in cross-section the fusion
face is in the form of a ‘]’ and the fusion face of the other component is at
right angles to the surfaces of the first component ( see Fig 60). .

11.57 Single-U Butt Weld -— A butt weld in the preparation of which
the edges of both components are prepared so that in cross-section the
fusion faces form a ‘U’ (see Fig 61).

11.58 Single-V Butt Weld — A butt weld in the preparation of which
the edges of both parts are bevelled so that in cross-section the fusion
faces form a ‘' V' (see Fig 62).

11.59 Size of a Butt Weld — The effective throat thickness of a butt
weld (see Fig 63 ).

11.60 Size of a Fillet Weld — The minimum leg length of a convex
or mitre fillet weld or 1-414 times the effective throat thickness of a
concave fillet weld ( see Fig 64).

11,61 Skip Sequence ( Wandering Sequence ) — A longitudinal se-
quence where continuous weld is obtained by depositing weld increments
at planned intervals.

11.62 Slot Weld — A method of joining two contiguous components
by depositing a fillet weld round the periphery of a hole in one compo-
nent %o as to join it to the surface of the other component exposed through

Fic 59 SINGLE-BEVEL Burt WELD Fic 60 SixcrLe-J Burt 'WELD

Fic 61 SincLeE-U Burr WELD Fic 62 SingLE-V Burr WELD
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Fic 63 Size of Brrt WELD Fic 65 SrLoTr WELD

F1¢ 66 Square Butt WELD

11.63 Square Butt Weld — A butt weld in the preparation of which
the fusion faces lic approximately at right angles to the surfaces of the
components to be joined and are substantially parallel to one another
(see Fig 66)

11.64 Tack Weld — A relatively small weld made to hold parts to-
gether to assist assembly or %o maintain alignment of edges during welding.
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11.65 Throat Thickness — The minimum thickness of weld metal in
a fusion weld measured as under (see Fig 42):

a) For a Fillet Weld or a V-, U-, J- or a Bevel-Buitt Weld — Along a line
passing through the root.

b) For a Close Square-Buit Weld — In the plane of the abutting faces.

¢) For an Open Square-Butt Weld — At the centre of the original gap
in a plane, parallel to the fusion faces.

11.66 Toe of Weld ( Weld Edge ) — The junction between the face
of a weld and the parent metal. ‘

11.67 Vertical Position — Any position in which the weld slope ex-
ceeds 45° and the weld rotation is greater than 90° ( see Fig 67).

11.68 Weaving — Transverse oscillation of the arc end of an electrode
or of a blowpipe nozzle during the deposition of weld metal ( see Fig 68 ).

11.69 Weld Face — A surface of a fusion weld exposed on the side
from which the weld has been made (see Fig 50).

11.70 Weld Junction — The boundary between the fusion zone and
the heat-affected zone (see Fig 4).

11.71 Weld Rotation — The angle between the upper portion of the
vertical reference plane passing through the line of a weld root, and a
line drawn through the same root intersecting the weld surface at a point
cquidistant from cither toe of the weld (see Fig 69-71).

°
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11.72 Weld Slope — The angle between the line of the root of a weld
and the horizontal (see Fig 69-71).

12. TERMS RELATING TO ARC WELDING

* 12.1 Arc Fan — The characteristic fan-shaped flame produced in the
neighbourhood of the atomic hydrogen arc.

12.2 Arc Voltage — The voltage across the welding arc.

12.3 Arc Welding — Fusion welding in which heat for welding is ob-
tained from an electric arc or arcs.

12.4 Arcing Time Factor — The ratio of arcing time to the total time
the supply is available for the arc.

12.5 Atomic-Hydrogen Welding — Arc welding in which hydrogen,
passing through an arc between two non-consumable electrodes, is
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atomized and then recombined thereby to supply the heat for welding.
Shielding is obtained from hvdrogen. Pressur¢ may or mav not be
applied and filler metal may or may not be used.

12.6 Bare Metal-Arc Welding — An arc welding process wherein weld
is produced with an electric arc between a bare or lightly-coated metal
electrode and the work and no shielding is used. Pressure is not used
and filler metal is obtained from the electrode.

12.7 Burden — The layer of melt and fused metal above the welding
zone in submerged-arc welding.
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12.8 Carbon-Arc Welding — Arc welding with a carbon electrode or
electrodes. Filler metal may be used.

12.9 Continuous Test Current — The maximum current that an arc-
welding set can supply continuously at the rated welding load voltage
without exceeding a specified temperature-rise.

12.10 Controlled-Arc Welding -— Metal-arc welding in which the rate
of feed of the electrode is controlled by the arc voltage.

12.11 Controlled Tungsten-Arc Welding — Inert-gas tungsten-arc
welding in which the ‘arc length is controlled by the arc voltage.

12.12 Electrode Negative — Direct-current arc welding in which the
electrode is connected to the negative pole of the supply (see Fig 72).
NoTE — This has sometimes been known in British practice as ‘ reversed

polarity ' and in American practice as ‘ straight polarity°~ Both these terms are
deprecated.

12.13 Electrode Positive — Direct-current arc welding in which the
electrode is connected to the positive pole of the supply (see Fig 73 ).
NoTe — This has sometimes been known in British practice as: ‘straight

polarity * and in American practice as ‘ reversed polarity ". Both these terms arc
deprecated.
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12.14 Firecracker Welding — Shielded-arc welding in which an elec-
trode is laid on the parent metal. An arc is started between one end of
the electrode and the work and travels along the work as the electrode
melts. The electrode is shielded or is enveloped in- a. suitable flux.

12.15 Fused Melt — Glass-like material formed from melt during sub-
merged-arc welding.

12.16 Inert-Gas Arc Welding — Shielded-arc welding in which the
shielding medium is an inert gas, as in argon-arc welding and helium-
arc welding.

12.17 Inert-Gas Metal-Arc Welding — Inert-gas arc welding using
a consumable electrode.

12.18 Inert-Gas Tungsten-Arc Welding — Inert-gas arc welding with
a non-consumable electrode of tungsten.

12.19 Maximum Welding Current — The maximum current permitted
by the current regulator to be drawn from a single welding point at a
specified welding load voltage.

12.20 Metal-Arc Welding — Arc welding with a metal electrode or
electrodes the melting of which provides the filler metal.

12.21 Metal-Run-Out — Molten metal inadvertently lost from a weld
by gravitational flow through a joint.

NoTte — The term is used mainly in submerged-arc welding, where the effect
arises from incorrect edge preparation.
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12.22 Nominal Hand-Welding Current — The maximum permissible
current to be drawn from a single welding point when working continuously
with an arcing time factor of 0-75.

12.23 Open-Circuit Voltage -—— The wvoltage between the output ter-
minals of a welding set ready to weld, but carrying no current.

12.24 Self-Adjusting Arc Welding — Metal-arc welding in which an
electrode is fed at a constant speed while the arc length is maintained sub-
stantially constant by the inherent electrical characteristics of the welding
current circuit.

12,25 Shielded-Arc Welding — Arc welding in which the arc and the
weld metal are protected from the atmosphere by a shielding medium.

12.26 Striking Voltage — The minimum voltage at which an arc may
be struck.

12.27 Submerged-Arc Welding — Arc welding in which a bare wire
clectrode is used; the arc is enveloped in a powdered flux, some of which
fuses to form a removahle covering of slag on the weld.

12.28 Test Load Factor — A function of the arcing time factor used
to obtain the continuous test current.

12.29 Time of Recovery — The time required, after a disturbance has
taken place in a circuit, for either the current or the voltage, or both, to
recover to a specified percentage of their values before the disturbance.

12.30 Welding Load Voltage —The voltage between the output
terminals of an arc-welding set (i.e. those to which the electrode and
retnrn leads are connected) when a specified current is flowing.

13. TERMS RELATING TO EQUIPMENT

13.1 Air-Acetylene Blowpipe ( Bunsen Type ) — A blowpipe incor-
porating an injector to produce a flame suitable for lead-burning or
soldering.

13.2 Air-Acetylene Blowpipe ( High Temperature Type ) — A blow-
pipe incorporating an injector with a hooded head to produce a flame
suitable for brazing.

13.3 Arc-Welding Electrode ( Electrode) -\ rod of metal (which

may be used as filier metal ), or a rod of carbon, between one end of which
and either the work or another electrode, the arc is formed.

13.4 Arc-Welding Set ( Arc-Welding Plant ) — Apparatus for pro-
viding and controlling electrical energy for a single welding arc ( single-
operator welding set) or for two or more welding arcs ( multi-operator
welding set ).
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13.5 Atomic-Hydrogen Torch-— An electrode holder carry.ng the
electrodes and incorporating a means of supplying hydrogen to the arc
in atomic-hydrogen welding.

13.6 Backing Bar — Backing piece of metal or other material used to
assist in making a weld but not intended to become part of the weld ( see
also 11.6).

13.7 Bare Electrode — A filler-metal electrode, used in arc welding,
consisting of a metal wire with no coating other than that incidental to
the drawing of the wire.

13.8 Cast-Iron Thermit — Welding thermit with the addition of ferro-
silicon for the thermit fusion welding of cast-iron.

13.9 Constant-Voltage Welding Generator — A direct-current welding
generator forming part of an arc-welding set and having a terminal
voltage which remains substantially constant-from full load to no load.

13.10 Consumable Electrode -— An arc-welding electrode which pro-
vides filler metal.

13.11 Cored Electrode -— A metal clectrode with a core of flux and/or
other materials to modify the properties of the weld metal and to facili-
tate welding.
NOTE ~~ The term “flux ' in this context is used in its ordinary engineering
sense. The core is sometimes looscly~described as flux, whether or not other
materials are present.

13.12 Covered Electrode — A filler-metal electrode, used in arc weld-
ing, consisting of a metal core wire with a relatively thick covering to
modify the properties of the weld metal and to facilitate welding.

13.13 Covered Filler Rod ( Coated Filler Rod ) — A filler rod with
a covering of flux andfor other material to modify the properties of
the filler metal. ,

NoTEg -— The term ‘flux’ in this context is used in its ordinary engincering
sense.  The covering is sometimes loosely described as flux, whether or not ather
materials are present.

13.14 Drooping-Characteristic Welding Generator — A direct-current
welding generator forming part of an arc-welding set and having a

terminal voltage which drops automatically from the open-circuit volt-
age to the arc voltage when an arc is struck.

13.15 Dual-Gas Economizer — An auxiliary device for temporarily
cutting off the supply of gas and oxygen, except for that to a pilot jet.
Notk - It is actuated by depressing a lever, which generally takes the form

of a hook upon which the blowpipe is hung; it obviates resetting the flame after
interruptions of welding.
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13.16 Fillet Weld Extension — A device for attachment to the weld-
ing head of a submerged-arc welding machine to enable fillet welds to be
made.

13.17 Fillet Weld Guide — A fillet weld extension fitted with a guide
wheel.

13.18 Fitted Hose — A length of hose each end of which is fitted with
a hose coupling nipple and a hose coupling nut.

13.19 HF Unit (HF Ionizer )— A high frequency electrical oscillator
used to enable an arc to be struck without contact between the electrode
and the workpiece.

13.20 Hooded Head — A tubuylar device with an injector fitted into
one end and series of apertures in the base of the tube wall through which
a stream of air is induced. ‘

13.21 Hose Coupler — A metal component, consisting of a hexagonal
centre portion with threaded ends, for connecting two lengths of fitted
hose.

13.22 Hose Coupling Nipple — A metal component, one end of which
is secured in the tail piece by the hose coupling nut and the other end
inserted into the hose.

13.23 Hose Coupling Nut — A nut, provided with a shoulder on one
face, used for securing the hose coupling nipple in position in the threaded

" hose connection.

13.24 Hydrogen Valve — An electrically operated on-off valve used
in atomic-hydrogen welding to allow hydrogen to flow only when an
arc is struck.

13.25 Inert-Gas Shield — A tube, usually of refractory material, which
forms the nozzle of an inert-gas shielded-arc torch and confines the gas to
the immediate neighbourhood of the arc.

13.26 Inert-Gas Shielded-Arc Torch — A combined electrode holder
and gas tube so arranged as to enable an electric arc to be formed in an
inert-gas envelope.

13.27 Lightly Coated Electrode — A filler-metal electrode, used in
arc welding, consisting of a metal wire with a light coating applied sub-
sequent to the drawing operation, primarily for stabilizing the arc.

13.28 Melt — The powdered flux used in submerged-arc welding.

13.29 Melt Distributing Assembly — A system of channels and guides,
attached to the welding head of a submerged-arc welding machine, for
conveying the melt and securing an even and sufficient burden.
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13.30 Melt Hopper — A hopper, attached to a submerged-arc welding
machine, for storing the melt and feeding it to the melt distributing
assembly.

13.31 Non-Consumable Electrode — An arc welding electrode which
does not provide filler metal.

13.32 Pre-Heating Gate —An opening in a mould to facilitate pre-
heating of parts to be joined by thermit fusion welding ( see Fig 26 ).

13.33 Plugging Material — Refractory material placed on top of the
tapping pin to prevent its melting.

13.34 Sheathed Electrode — A covered electrode with an external
sheath, usually of metal.

13.35 Spacer Strip — A metal strip or bar inserted in the root of a
joint prepared for a groove weld to serve as a backing and to maintain
root opening during welding (sec Fig 74).

>'"!'{if','\'x’fs’s's’((;’{({((«((:;

Spacer Strip

['1¢ 74 SPACER STRIP

13.36 Stone — A ring of refractory material, usually pressed magnesite,
built into the bottom of a thermit crucible for the reception of a thimble.

13.-37 Tapping Pin
Fig 26).

13.38 Thimble — A renewable ring of refractory material ( usually
magnesite ) inserted in a stone, through the centre of which the molten
metal passes (see Fig 26 ).

13.39 Threaded Hose Connection — The threaded component (inlet
or outlet ) on a welding or cutting appliance into which the bull-nose end
of the hose coupling nipple is inserted.

13.40 Wax Pattern — Wax introduced between parts to be joined by
means of thermit fusion welding. It forms the foundation for the mould
and is removed by the pre-heating operation.

13.41 Welding Blowpipe — A device used in gas welding for control-
ling the admixture of gases so as to produce a flame suitable for welding.

A metal plug closing the hole in a thimble ( see
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13.42. Welding Head — A device used for automatic arc welding and
comprising an electrode feed machanism and means for conveying car-
rent to the electrode(s). It may include electrode straightening gear and
the head may be stationary and the work in motion.or vice versa.

13.43 Welding Regulator — A valve, for attachment to a gas cylinder
or pipeline, to reduce the pressure to the working-pressure of the blowpipe.

NoTe — After adjustment by the operator, the valve maintains the working-
pressure automatically.

14. TERMS RELATING TO GAS WELDING

14.1 All-Position Rightward Welding — A variation of rightward
welding in which the flame is approximately normal to the molten pool
( see Fig 75).

All Position
Rightward

Fic 75 ALL-PosITION RIGHTWARD WELDING

14.2 Backfire — The momentary recession of the flame into the blow-
pipe followed by immediate re-appearance or complete extinguishment
of the flame, usually accompanied by an explosive sound,

14.3 Carburizing Flame — A reducing flame in which gas or gases burnt
are carbonaceous.

Note — In an oxy-acetylene carburizing flame the inner cone is not sharply
defined and is surrounded by a quantity of unburned gas known as a ‘ feather .

14.4 Flame Snap-Out — Harmless unintentional extinction of a gas
welding flame, sometimes accompanied by a minor explosion.

14.5 Flashback — Dangerous retrogression of a gas welding flame beyond
the blowpipe body into the hose,” with subsequent explosion.

NotE — The violence of the explosion depends upon where it occurs.

14.6 Full-Fusion Welding — A name given to gas -(fusion) welding
to distinguish ‘it- from surface-fusion (semi-fusion) welding and non-
fusion welding.

14.7 Gas Welding — A group of welding processes wherein weld is
produced by heating with a gas flame or flames, with or without the
application of pressure and with or without the use of filler metal.
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14.8 Inner Cone — The inner part of a gas welding flame adjacent to
the blowpipe nozzle (see Fig 76).

14.9 Leftward Welding ( Forward Welding )— Welding in which the
flame is directed towards the unwelded part of the joint (see Fig 77).

14.10 Neutral Flame — A gas flame wherein the portion used is neither
oxidizing nor reducing ( see Fig 78).

NoTe — In an oxy-acetylene neutral flame the quantities of gas and admixed
oxygen are generally approximately equal and the inner cone is sharply defined,
except for a haze or mistiness at its extremity.

14.11 Non-Fusion Welding — A term applied to the deposition, by

the oxy-acetylene process, of filler metal on parent metal without fusion
of the latter.

14.12 Oxidizing Flame — A gas flame wherein the portion used has
an oxidizing effect due to the existence of excess of oxygen over fuel
gas (see Fig 79).

14.13 Pick-Up — That property of a flux which causes some of it to
adhere to the heated end of a filler rod, i.e. the property which gives rise

Fic 76 CoMPoSITION DiAGRAM SHOWING INNER CONES OF VARIOUS FLAMES

Nore — N=Neutral Flame, 13 N and 2N are relucing flames for non-fusion
welding and for the welding of some non-ferrous metals (see 14.11).
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to the ‘tuft ' which is applied to the molten pool. (For definition of
the term appuicable to resistance welding, see 8.27.)

14.14 Reducing Flame — A gas flame wherein the portion used has
reducing effect due to the existence of excess of fuel gas over oxygen
( see Fig- 80 ). '

14.15 Rightward Welding ( Backward. Welding )— Welding in which
the flame is directed towards the welded part of the joint { see Fig 81).

NOTE —— The use of the term ‘ backhand welding ' in this connection is depre-
cated.

Direction

Con¢

Intense White Cone

'
Whits or Colourless
orangz to Biuish

Reducing Zone

Fiame as seen without Flame as s2¢n with

welder's Goggles welder’s Goggles
I'tc 80 REDUCING FLAME Fi1c 81 RIGHTWARD WELDING

14.16 Surface-Fusion Welding ( Semi-Fusion Welding ) — Gas
welding in which a carburizing flame is used to melt the surface of
the parent metal, which then unites with molten metal from a suitable
filler rod.

Note — This application is used for Linde welding, hard surfacing, building-up
and the like.

14.17 Sustained Backfire — Possibly harmful retrogression of a gas
welding flame into the blowpipe neck or body, the flame remaining
alight.

NoTE — It is usually accompanied by popping or squealing and sometimes
there is a small pointed flame 4t the nozzle.

15. TERMS RELATING TO THERMIT FUSION WELDING

15.1 Collar — Weld metal projecting around the periphery of weld
made by thermit fusion welding (see Fig 26 ).

Note — It has the effect of supplying sufficient metal for feeding the main
section on cooling and also of ensuring fusion at the extreme edges of the parts

being joined.

15.2 Thermit Fusion Welding -—— A fusion welding process in which
welding heat is obtained from welding thermit and the molten metal
acts as added metal. The parent metal is pre-heated.
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PART IV BRAZING AND BRONZE WELDING

16. GENERAL TERM

16.1 Stopping-Off Agent — Lamp-black, graphite, or similar material
placed on a workpiece around the joint to prevent molten filler metal from
adhering to adjacent surfaces.

17. TERMS RELATING TO BRAZING

17.1 Brazing — A process of joining metals in which molten filler metal
is drawn by capillary attraction into the space between closely adjacent
surfaces of the parts to be joined. In general, the melting point of the
filler metal is above 500°C.

17.2 Brazing Alloy — Filler metal used in brazing.

17.3 Dip Brazing — A process in which a workpiece is partially or
totally immersed in a bath of molten filler metal which is covered by a
layer of molten flux.

17.4 Flame Brazing ( Torch Brazing )— A process in which heat for
brazing is obtained from a gas flame from a manually operated blowpipe
or torch.

17.5 Furnace Brazing — A process in which brazing heat is obtained
by putting a complete workpiece into a furnace which may contain a pro-
tective atmosphere.

17.6 Induction Brazing — A process in which brazing heat is obtained
by inducing high-frequency electric current within the material in -the
neighbourhood of the joint. A protective atmosphere may be used.

17.7 Resistance Brazing — A process in which brazing heat is ob-
tained by

a) the passage of an electric current between the parts to be joined,
as in resistance welding, or

b) the passage of an electric current through two carbon electrodes
and the parts to be joined. The greater part of the brazing heat
is generated in the electrodes and conducted to the joint.

17.8 Salt Bath Brazing — A process in which brazing heat is obtained
by immersing a complete workpiece in a bath of molten salt of suitable
melting point. The salt used should act as a flux.

17.9 Spelter — A brazing alloy consisting nominally of 50 percent copper
and 50 percent zinc.

NoTe — The term ‘ spelter ’ is not used here in the ordinary metallurgical sense.

57



IS : 812 - 1957

18. TERMS RELATING TO BRONZE WELDING

18.1 Bell Butt Joint — A joint between two pipes of the same dia-
meter, in which one pipe end is swaged out to receive the end of the
other pipe (see Fig 82).

18.2 Branch Tee Saddle Joint — A joint between a branch pipe set
at 90° to a main pipe, the end of the branch pipe being shaped to fit
snugly against the main pipe (see Fig 83 ).

18.3 Bronze Filler Metal — A filler metal used for bronze welding,
consisting basically of copper and zinc. It may also contain nickel,
manganese; andfor other metals.

NoTe -—— The term ‘ bronze ’ is not used here in the ordinaryv metallurgical sense.

18.4 Bronze Welding — A method of joining metals by means of the
deposition of molten copper-rich filler metal on the parts to be joined,
without necessarily fusing them. In general, the melting point of the
filler metal is above 850°C.

NotE — The meaning now attached to the term is quite arbitrary, since bronze
is not used and the process is not necessarily welding. Bronze welding, unlike
brazing ( qv), does not depend upon capillary attraction.

18.5 Diminishing Bell Butt Joint— A joint between two pipes of
different diameters, in which the end of the smaller pipe is swaged out
to fit the bore. of the larger pipe (see Fig 84). )
18.6 Short Beil Branch Joint — A branch joint in which the metal
round a hole in a main pipe is swaged out to receive the end of a branch
pipe (see Fig 85).

18.7 Weldable Fitting — A specially shaped component of suitable
copper alloy, fitted to copper or copper-alloy pipe to facilitate joining
them by bronze welding.

PART V TESTING

19. TERMS RELATING TO TESTING

19.1 AH-Weld Test Piece — A block of metal consisting ot one bead
or of a number of beads fused together. It may, or may not, include
portions of parent metal.

19.2 All-Weld Test Specimen — An all-weld test piece after prepara-
tion for testing.

NoTe —— Some test specimens may have portions of parent metal at their ends
to facilitate gripping during testing, but all parent metal is removed from the
portion under test.

19.3 Cruciform Test Piece — A flat plate to which two other flat
plates or bars are welded at right angles. It may be of Type A or
Type B as shown in Fig 86.
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19.4 Cruciform Test Specimen— A portion cut from a cruciform
test piece of Type A (see Fig 86) and prepared for testing as shown in
Fig 87 or the whole of a test piece of Type B (see Fig 86).

19.5 Flattening Test ( In Bronze Welding ) — A test in which a bronze
welded pipe joint (see 18.1, 18.2, 18.5 and 18.6) is flattened until the
internal walls are substantially in contact.
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19.6 Free Bend Test — A bend test made by pre-setting the ends of
a specimen to promote bending, and by concluding the test without
using a former.

19.7 Guided Bend Test — A bend test made by bending the specimen
round a former.

19.8 Hot Cracking Test— A test designed to indicate the cracking
propensities of metal while it is solidifying after it has been deposited
from an electrode.

19.9. Normal Bend Test ( Face Bend Test) — A bend test in which
a specified side of the weld specimen is adjacent to the bending former,
namely:

a) the side containing the root or to which the root is nearer, or

b) the side other than that containing the last-made run when the

root is central, or

c) the inner side of a pipe or tube in welds made with pressure.

19.10 Notch-Break Specimen ( Nick-Break Specimen)-— A test

specimen in which small notches are cut to promote fracture in a pre-
determined position for inspection of the interior of the weld.

19.11 Reverse Bend Test-— A bend test in which the side other than
that specified for a normal bend test is adjacent to the bending former.

19.12 Shear-Test Piece — A test piece incorporating an agreed number
(usually not more than three) of spot or projection welds (see Fig 88).

19.13 Shear-Test Specimen — A shear-test piece prepared for testing
in a tensile testing machine by drilling out or otherwise rendering ineffec-
tive those welds not to be tested.

Discard

Fig 87 MEgTHOD OF OBTAINING CRUCIFORM TEST SPECIMEN

NoTeE — The test is a tensile test of the fillet welds in which the free ends
of the parts welded on are gripped in tensile testing machipe.
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19.14 Slug Test — A test of a spot weld or of a projection weld in
which the plates containing the weld are forced apart by bending one
plate until the two separate.

I;Iom — In a good weld, the weld metal adheres to one of the plates and is called
a slug.

19.15 Test Piece — Components welded together in accordance with

a specified welding procedure, or a portion detached from a welded
structure, for test.

19.16 Test Specimen-— A portion detached from a test piece and
prepared as required for testing.

19.17 Tongue-Bend Test Specimen — A portion so cut in two straight
lengths of pipe butt-welded together as to produce a tongue containing
a portion of the weld. The cuts are made so that the tongue is-parallel

to the axis of the pipes and the weld is tested by bending the tongue
round a former (see Fig 89).

.19.18 Transverse Bend Specimen — A test specimen for a bend test,
which is transversely bisected by the portion of the weld included in it.

19.19 Transverse Tensile Specimen — A test specimen for a tensile

test, which is transversely bisected by the portion of the weld included
in it.

19.20 U-Tensile Test — A method of tensile testing spot or projection

welds. After welding the test plates are bent as shown in Fig 90 and the
specimen is then pulled apart.

PN
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PART VI WELD IMPERFECTIONS

20. TERMS RELATING TO WELD IMPERFECTIONS

20.1 Blowhole — A large cavity due to entrapped gas.

NoTe — This term is coaveniently applied to cavities exceeding 1:6 mm (or
{ in.) in diameter.

20.2 Capillary Pipe — A fine pipe extending along the junction of
weld and parent metal.
Notg — The defect is caused by faults in the parent metal (e.g. laminations

or layers of segregation ) mostly occurring along the whole length of the metal
concerned.

20.3 Crack — A discontinuity produced either by tearing of the metal
while in a plastic condition (hot crack or hot tear) or by fracture when
cold (cold crack or cold tear).

20.4 Crater — A depression left in weld metal where the arc was broken
or the-flame was removed.

20.5 Edge of Plate Melted Of — An imperfection in a fillet weld due
to a free edge of a plate being melted off and insufficiently built up
{see 21.1.3 ).

20.6 End Crater — A crater at the end of a weld or at the end of a
joint ( see 21.1.2.1).

20.7 Exposed Inclusion — An inclusion near the surface, exposed, but
not completely removed, by dressing.

20.8 Exposed Porosity — Porosity near the surface, exposed, but not
completely removed, by dressing.

20.9 Gas Pore — A small cavity due to entrapped gas.

NorE — This term is conveniently applied to cavities not exceeding 1-6 mm ( or
45 in.) in. diameter.

20.10 Inclusion — Slag or other foreign matter entrapped during welding.

20.11 Incomplete Inter-Run Penetration — A gap occurring in a
multi-run weld where the weld metal fails to fill a crevice formed by a
previous run or runs. The crevice is usually at the toes of the underlying
run or runs (see 21.2.6).

20.12 Incomplete Root Penetration — A gap left by failure of weld
metal to fill the root (see 21.2.7).
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20.13 Incorrect Profile (Incorrect Contour ) — A departure of the
shape and/or size of an otherwise correctly formed weld from that specified.
20.14 Lack of Fusion — Lack of union in a weld.
NoTE — Lack of union in a weld may be

a) between deposited metal and parent metal, or

b) between parent metal and parent metal, or

¢) between deposited metal and deposited metal (see 21.2.8 und Fig 91)
20.15 Lack of Inter-Run Fusion — Lack of union between adjacent
runs of weld metal in a multi-run weld (see 21.2.8).
20.16 Lack of Root Fusion — Lack of union between weld metal and
parent metal, or between the adjacent faces of the parent metal at the
root (see 21.2.8).
20.17 Lack of Side Fusion — Lack of union between weld metal and
parent metal at a side of a weld outside the root {see.21.2.8).

20.18 Overiap — An imperfection at a toe or root of a weld caused by
metal flowing on to the surface of the parent metal without fusing to the
latter ( see 21.1.10).

20.19 Pipe — An elongated or tubular cavity in weld metal due to
entrapped gas ( see 21.2.9).

20.20 Porosity — A group of gas pores ( see 21.2.10 ).

NOTE — Porosity may be conveniently differentiated according to size as fine,
- medium, or coarse, and may occur as clusters or chains, or may be scattered.

20.21 Root Concavity — An ‘intermittent broad groove, or series of
cavities, occurring in submerged-arc welding in the penetration bead,
or-in the root, of a weld.

NoTe — The imperfection occurs when a copper backing-bar is used, and is
caused by fused flux powder trickling through the irrégular abutting faces of the
parent metal and the copper backing-bar. ‘

x® g

Lack of
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Iic 91 ILack or Fusion
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20.22 Root Groove — A shallow 3roove occurring tortuitously in the
root of a butt weld during welding ( see 21.1.13).

20.23 Shrinkage Groove — A shallow groove in the parent metal
along each side of a penetration bead.-

20.24 Undercut — A groove cut into the base metal along the toe of
a weld and left unfilled by the weld metal ( see 21.1.18).

20.25 I_Inderﬂushing — A reduction in metal thickness due to excessive
dressing { see 21.1.19).

21. TERMS RELATING TO WELD IMPERFECTIONS
APPROPRIATE FOR RADIOGRAPHIC EXAMINATION

21.0 Introduction

21.0.1 The terms given under 21.1 and 21.2 are intended to be
comprehensive, with the exception of those relating to characteristic
defects confined to specialized methods, such as flash butt welding
or spot welding, in which radiographic inspection is not yetin genmeral
use.

21.0.2 Since the terms primarily concern radiographic inspection
of welds, the definitions have been amplified by means of diagrams and
illustrative radiographs. The radiographs have been selected with the
one object of illustrating the salient features of the defects, and the
examples have been chosen to facilitate their reproduction in. .half-
tone blocks. Consequently, the faults are rather more marked than is
usual, in order to compensate for losses in the printing process: The
radiographer will appreciate that the image of a given defect on a photo-
graphic film becomes more ill-defined and more indistinct as the thickness
of metal increases, or if salt intensifying screens are used instead of
metal screens, etc. Moreover, the sharply defined contours of a blowhole,
or a pipe viewed end-on, may be blurred and diffused by halation, so
that interpretation may be more difficult than these illustrations would
suggest.

21.0.3 Not only is interpretation more difficult when these condi-
tions are present, but it is also complicated by the fact that defects of
more than one kind often occur together: porosity is often mixed with
fine inclusions; incomplete penetration or lack of fusion may be accom-
panied by inclusions, or may be partially obscured by overlying defects
in other runs of the weld ; cavities may be partially filled with foreign matter,
while inclusions sometimes have cracks radiating from sharp edges and
corners.
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21.0.4 In some of the terms, the radiographic shadows are eharac-
teristic of a particular defect (e.g. crack, blowhole); in others, the first
interpretation is not free from ambiguity ( e.g. lack of side fusion may be
indistinguishable from capillary piping; undercut from a line inclusion ).
Tube-shift or stereo-radiographic exposures as also the position of the
image relative to the centre-line of the weld may assist in resolving the
ambiguity. For the sake of completeness a few imperfections, such as
overlap, which cannot in general be detected radiographically, have. also
been included. Other surface imperfections in the weld or adjacent metal,
which are readily seen by visual surface inspection, have also been in-
cluded since they may be revealed in the radiograph. They would be re-
moved in the final surface dressing where this is required by specification,
but if their elimination is incomplete they are liable, in the first exami-
nation of the radiographs, to be interpreted erroneously, as internal
defects, and are therefore of significance in radiographic inspection.

21.0.5 The terms are defined under the following two headings:
a) Surface imperfections in the weld or adjacent metal, and
b) Internal defects in the weld or adjacent metal.

21.0.6 This distinction between surface imperfections and internal
defects has been drawn because of the different standards of acceptance
which would normally be applied in the two cases.

21.0.7 Surface imperfections are generally removed in the final
dressing of the surface of the weld where this is required by specification,
but, if their elimination is incomplete, they are liable to be interpreted
erroneously as internal defects in the first examination of the radiographs.
Where visual inspection of the surface is impracticable, surface imperfec-

- tions may be distinguished from internal defects by stereo-radiography
or tube-shift methods.

21.1 Surface Imperfections in the Weld or Adjacent Metal

21.1.1 Chipping Mark — An indentation resulting from chipping in
preparation or dressing. It gives rise to a dark shadow of corresponding
shape in the radiograph. ‘

21.1.2 Crater — A depression” left in a weld wheére the arc was
broken or the flame was removed. It appears in the radiograph as a
dark shadow varying in density and shape with the dimensions of the
imperfection.

21.1.2.1 End crater — A crater at the end of a weld or joint. It
gives a radiographic image similar to that of a crater.

21.1.3 Edge of Plate Melted Off — An imperfection in a fillet weld
due to a free edge of a plate being melted off and insufficiently built up.
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It appears in the radiograph as a dark ribbon with diffuse edges corres-
ponding in position to the toe of the weld (see Fig 92).

21.1.4 Excessive Penetration Bead (Excessive Under-Bead )— Excess
of metal protruding through the root in a fusion butt weld. It appears
in the radiograph as a continuous or intermittent light irregular band within
the image of the weld (see Fig 93).

21.1.5 Exposed Inclusion — An inclusion near the surface, exposed,
but not completely removed, by dressing. The radiographic image is
similar to that given by an inclusion situated wholly within the metal
(see also 21.2.5).

21.1.6 Exposed Porosity — Porosity near the surface, exposed,
but not completely removed, by dressing. The radiographic image is
similar to that given by porosity situated wholly within the metal
(see also 21.2.10).

21.1.7 Grinding Scraich — A groove in the surface of parent metal
or of a weld made by a grinding wheel or surfacing tool. A grinding
scratch, if of sufficient depth, may give a radiographic appearance similar
to that of a welding defect.

21.1.8 Incompietely Filled Groove — A continuous or intermittent
channel in a butt-weld face where the thickness of the throat is less than
that of the parent metal. It appears in the radiograph as a dark area
corresponding to the size and shape of the defect, When present at a
fusion face, the radiographic appearance is similar to that of undercut,
except that the edge of the image corresponding to the edge of the fusion
face preparation is straight (see Fig 94).

21.1.9 Incorrect Profile (Incorrect Confour )— A departure of the
shape and/or size of an otherwise correctly formed weld from that specified.
The presence of this defect may sometimes be inferred from the variation
in density of the radiograph in the region of the weld.

21.1.10 Overiap — An imperfection at a toe or root of a weld
caused by an overflow of weld metal on to the surface of the parent
metal without fusing to the latter. Visual and radiographic examina-
tion may give an exaggerated impression of the width of the reinforce:
ment fused to the parent plates. It is not possible to detect overlap
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radiographically, but it may usually be revealed in steel welds by magnetic

crack detectors (see Fig 95).

21.1.11 Peening Mark — An indentation, due to a peening blow,
in the weld or parent metal. It gives rise to a dark shadow of correspond-
ing shape in the radiograph.

21.1.12 Root Concavity — An intermittent broad groove or series of
concavities in an under-bead, or in the root of a weld. It appears in the
radiograph as a series of dark areas along the centre of the weld seam
varying in density according to the depth of the imperfection. It is
usually intermittent (see Fig 96).

Note — The imperfection occurs in submerged-arc welds when a copper-backing
plate is used and is caused by fused flux powder trickling through the irregular
abutting faces of the parent metal and becoming entrapped between the weld

‘metal and the copper-backing plate.

Overlap
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21.1.13 Roof Groove — A shallow groove in the root of a butt weld
formed during welding. The edges of the groove are smoothly continuous
with the metal surface on both sides. It may be present even though
full fusion has occurred. - It appears in the radiograph as a dark band
varying in density according to the depth of the groove (see Fig 97).

21.1.14 Shrinkage Groove — A shallow groove in the parent metal
along each side of an under-bead in a butt weld. The radiograph shows

each groove as a dark band varying in density according to its depth
(see Fig 98 and 99 ).

Note — The imperfection occurs in .gas welding and is -caused by plastic

deformation andjor oxidation of the parent metal adjacent to the roots of the
- weld.

21.1.15 Spatter ( Splatter, Splash, Spitting )— Globules of metal ex-
pelled during arc welding on to the surface of parent metal or of a weld.
Spatter appears in the radiograph as small light rounded area ( see Fig 100).

21.1.16 Surface Pitting — An imperfection in the surface of the
parent metal usually in the form of small depressions which may be so

Fic 97 RooTr GROOVE

F1c 98 MACROGRAPH OF SHRINKAGE GROOVES
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Fic 99 RADIOGRAPH OF SHRINKAGE GROOVES

Fic 100 SPATTER

close to a weld as to be mistaken for a welding defect. The imperfection
appears in the radiograph as small dark images (se¢ Fig 101).

21.1.17 Torn Surface — A surface irregularity due to the removal
of tack-welded jigs and the like. The radiographic appearance corres-
ponds in outline to that of the affected area and may be either light or
dark, depending on whether the tack or the parent metal has been torn.
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Fic 101 SuURrRFACE PITTING

Fic 102 UNDERCUT

21.1.18 Undercut — A groove or channel along a toe of a weld
caused by wastage of the parent metal. It appears in the radiograph
as a dark line, sometimes broad and diffuse, in a position corresponding
to the toe of the weld (see Fig 102 and 103 ).

21.1.19 Underflushing ( Excessive Dressing, Excessive Grinding )— A
reduction in metal thickness due to excessive dressing. The imperfection
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el
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Fic 103 ExampLES OF UNDERCUT

( Arrow-head indicates the undcrcut)

Fic 104 UNDERFLUSHING

produces a characteristic appearance of extended dark arcas with diffuse
edges (see Fig 104).
21.2 Internal Defects in the Weld or Adjacent Metal

21.2.1 Blowhole (Void, Gas Pocket)— A large cavity duc to en-

trapped gas. It appears in the radiograph as a dark shadow of rounded
contour (see Fig 105).

NoTe -— This term is conveniently applied to cavities exceeding 1:6 mm ( or
4 in.) in diameter,
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Fig 105 BLOWHOLES

16 106 MACROGRAPH OF CAPILLARY PIPES

21.2.2 Capillary Pipe — A fine pipe extending along the junction
of a weld and parent metal. It appears in the radiograph as a straight,
dark, rather diffuse line which may be either continuous or intermittent
( see Fig 106 and 107).

Notk —— The defect is caused by faults in the .parent metal (e.g. lamination
or layers of segregation ), mostly occurring along the whole length of the metal
coneerfied.
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Fic 107 RaDIOGRAPH OF CAPILLARY DIPES

Fic 108 Crack

21.2.3 Crack (Hot Tear, Springing)— A discontinuity produced
either by tearing of the metal while in a plastic condition (hot crack),
or by fracture when cold (cold crack). Radiographically, the former
is revealed as a fine dark line wandering in direction and ‘tapered at the
ends; often discontinuous, when the segments are roughly parallel but
slightly displaced and possibly overlapping. A cold fracture gives, in
general, a shadow which is finer, -straighter, continuous and free from.
bifurcations (see Fig 108). '

Nore 1 — The detection of a crack, or part of it, is dependent on its orienta-
tion relative to the X-ray beam and accordingly it may not be equally well
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revealed along its entire iength. As the orientation diverges from the optimum
direction for detection, the radiographic shadow becomes broadened and increas-
ingly difficult to recognize.

Norte 2 — Cracks may be further differentiated as longitudinal, transverse,
crater, centre line, fusion zone, under-bead, weld metal, or parent metal cracks,
and it is helpful to include such descriptions in radiographic reports.

21.2.4 Gas Pore— A small cavity due to entrapped gas. The
radiographic appearance is a sharply defined dark shadow of circular
contour (see also 21.2.10). ‘

Note — This term is conveniently applied to cavities not exceeding 16 mm ( or
4 in.) in diameter.

21.2.5 Inclusion (Slag, Slag Trap )— Slag or other foreign matter
entrapped during welding. The defect is usually more irregular in shape
than a gas cavity. The radiographic image is, in general, of lower con-
trast than that of a gas cavity of the same dimensions. The inclusions
are more generally encountered in the following forms ( see Fig 109 ):

a) Large isolated inclusion — This appears in the radiograph as a
-dark shadow of irregular contour.

b) Cluster of small inclusions — This appears in the radiograph as
a group of dark ill-defined spots.

c) Line inclusion — This appears in the radiograph as a dark shadow
with wavy edges along the weld, often occurring in a long, conti-
nuous run. It'is sometimes found along both edges of a run of
welding in roughly parallel lines, rather like tram lines or wagon

Fic 109 INcLuUsIONS
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tracks. It may also appear as a series of dashes somewhat
similar to characters in the Morse alphabet (see Fig 110).

Note — The defect may be accompanied by fine cracks, although these are
not always revealed in the radiograph.

21.2.6 Incomplete Inter-Run Penetration ( Lack of Inter-Penetration )—
A gap occurring in a multi-run weld where the weld metal fails to fill a
crevice formed by a previous run or runs ( usually at the toes of the under-
lying run or runs ). It appears in the radiograph as a dark, intermittent
or continuous line which may have both edges wavy or one ddge straight
and the other wavy (see Fig 111).

21.2.7 Incomplete Root Penetration (Lack of Root Penetration, Non-
Penetration)— A gap left by failure of the weld metal to fill the root.
It appears in the radiograph as a dark continuous or intermittent line
which may have both edges straight or one edge straight and the other
wavy (see Fig 112).

21.2.8 Lack of Fusion ( Lack of Adhesion, Non-Adhesion, Adhesion \—
Lack of union in a weld between weld metal and parent metal, or between

Fic 110 LiNE INCLUSIONS

Fic 111 INtoMPLETE INTER-RUN PENETRATION
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Fic 112 IncoMPLETE R0OOT PENETRATION

w
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Fic 113 Lack orF SipeE FusionN Fic 114 Lack oF Root Fusion

parent metal and parent metal, or between weld metal and weld metal.
Its radiographic detection depends on its orientation with respect to the
X-ray beam. It occurs in the following forms:

a) Lack of side fusion — Lack of union between weld metal and
parent metal at a side of a weld outside the root. - When revealed
in the radiograph, it appears as a dark, straight line, of low in-
tensity, with sharply defined edges (see Fig 113 ).

b) Lack of root fusion — Lack of union between weld metal and parent
metal, or between the adjacent faces of the parent metal at the
root. When revealed in the radiograph, it has a similar appear-

* ance to that of lack of side fusion (see Fig 114 and 115).

c) Lack of inter-run fusion — Lack of union between adjacent runs
of weld metal in a multi-run weld. When revealed in the radio-

graph, it appears as a faint line with sharply defined edges ( see
Fig 116):.

21.2.9 Pipe ( Worm Hole )— An elongated or tubular cavity due to
entrapped gas. It appears in the radiograph as a dark shadow of which
the shape depends on the orientation of the defect. If the pipe is end-on
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to the X-rays, a very dark rounded shadow is produced, often showing
halation at the cdges; if it is at an angle to the X-ravs, an elongated
shadow is produced (see Fig 117),

I1c 115 Lack o¥ Roor IUSION

It 116 Lack or INTER-RUN lUsios

itc 117 D1pEs
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21.2.10 Porosity — A group of gas pores. Porosity has a radio-
graphic appearance of dark shadows of circular contour (see 21.2.4 and
Fig 118).

Note — Porosity may conveniently be differentiated according to size as fine,.
medium or coarse. It may occur as clusters or chains or may be scattered.

PART VIl CUTTING

22. GENERAL TERMS

22.1 Cutting Oxygen — Oxygen used at a relatively high pressure for
gas cutting.

22.2 Drag — A component of the distance between the two ends of a
drag line, measured as shown in Fig 119.

Fic 118 Porosity

Drag —ei e
|

\; f/ g// .\/
t\ Drag Lines

Fic 119 Drac anNDp KERF

78



IS : 812 - 1957

22.3 Drag Lines — The serrations left on the face of the cut by the gas
cutting or arc cutting.

22.4 Gas Cutting — The cutting of metal by the chemical action of
oxygen with or without other materials.

NoTE — The metal is raised to ignition temperature progressively and then
cut by a jet of oxygen which also removes molten material from the cut.

22.5 Kerf — Gap left after cutting ( see Fig 119).

22.6 Stack Cutting — The gas cutting of a stack of plates usually
clamped together.

23. TERMS RELATING TO ARC CUTTING

23.1 Carbon-Arc Cutting — The cutting of metal by melting a narrow
strip with the heat of an arc between a carbon electrode and th< metal
to be cut.

23.2 Metal-Arc Cutting — The cutting of metal by melting a narrow
strip with the heat of an arc between a metal electrode and the metal to
be cut.

24. TERMS RELATING TO EQUIPMENT

24.1 Cutting Blowpipe — A device used in gas cutting for controlling
the gases used to produce ignition temperature and for controlling and
directing the stream of cutting oxygen.

NoTE — A cutting blowpipe is sometimes erroneously called a cutter or burner.

24.2 Cutter Guide — A device, attached to a manual cutting blow-
pipe, for maintaining the nozzle at a constant distance from the surface
of the metal to be cut and assisting the operator in cutting to a required
shape.

24.3 Floating Head — A holder for the blowpipe in a gas-cutting
machine; it permits vertical movement of the blowpipe.

NoTte — In conjunction with a device riding on the surface of the work, it

enables a constant distance to be maintained between the blowpipe nozzle and
the work.

24.4 Gouging Blowpipe — A cutting blowpipe designed for gouging.
Note — It is sometimes erroneously called a gouging cutter.

24.5 Oxygen Lance — A steel tube used for oxygen lancing. It may
be packed with steel wires which, with the tube, are consumed in the
process.
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24.6 Oxygen-Lance Holder — A device for holding an oxygen lance
and for controlling the flow of oxygen through it.

25. TERMS RELATING TO GAS CUTTING

25.1 Deseaming ( Scarfing )— The removal of surface defects from cold
ingots, blooms, billets and slabs by means of manual gas cutting.

25.2 Desurfacing — The removal of surface layers from hot blooms,
billets and slabs by means of a gas-cutting machine.

25.3 Gouging — The forming of a groove by means of gas cutting, using
a special blowpipe.

254 Oxygen-Arc Cutting — Cutting in which ignition temperature is
produced by an electric arc, and oxygen is conveved through the centre
of a covered electrode, the latter being consumed in the process.

25.5 Oxygen Lancing — Cutting or boring holes in metals or other
materials by means of an oxygen lance.

NoTE — The end of the oxygen lance is first brought to ignition temperature
and oxygen is then passed through it whilst the lance is pressed against the metal
or other material.

25.6 Pre-Heating Oxygen — Oxygen used at a relatively low pressure
in conjunction with fuel gas for raising to ignition temperature the metal
to be cut by gas cutting.

25.7 Powder Cutting — Gas cutting in which powder is used in addition
to the cutting oxygen.

25.8 Spot .Gouging — Gouging in which the groove is short.
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PART VIII ALPHABETICAL INDEX OF TERMS

Clause
No.
A

Added Metal 34
Adhesion, Lack of 21.2.8
Agent, Stopping-Off 16.1

Air-Acetylene Blowpipe:
Bunsen Type e 131
High Temperature Type 13.2
Allowance, Flashing 8.15
Total 8.47
Upset 8.49
Alloy, Brazing 17.2
All-Position nghtward Weldmg 141
All-Weld Test Piece 19.1
All-Weld Test Specimen 19.2
Angle Electrode 51
Angle, Included 11.33
Angle of Bevel 11.1
Apron, Welding 3.41
Arc Blow Compensator 5.2
Arc Cutting, Carbon- 231
Metal- - 23.2
Oxygen- 25.4
Arc Damper 5.2
Fan ... . 121
Arcing Time I‘actor 12.4
Arc Voltage 12.2
Welding 12.3
-Welding Electrode 13.3
-Welding Plant 13.4
-W'elding Set 13.4
Arc Welding, Carbon- 12.8
Controlled- 12.10
Controlled Tungsten- 12.11
Inert-Gas . 12.16
Metal-... 12.20
Self-Adjusting 12.24
Shielded- 12.25
Submerged- 12.27
Area, Clamp Contact 8.11
Electrode Contact 8.11
Pressure Contact ... 45
‘Weld Cqntact 8.54
Arm . 5.3
‘As-Welded 3.1
Assembly, Melt Dlstrlbutmg 13.29
Atomic-Hydrogen Torch 13.5
Welding 12.5
Automatic Weldmg 11.2

Clause
No.
B
gackﬁre 14.2
ckfirc, Sustained . 14.17°
Backing Bar 13.6
Ring ... 11.5
Run ... 11.53
Strip ... 11.6
Back Pressure v 8.1
Back-Step Sequence 11.3
Backward ( Backhand ) Welding 14.15
Back Weld 11.4
Balanced Welding 11.7
Bar, Backing 13.6
Bare Electrode . 13.7
Bare Metal-Arc VVeldmtr 12.6
Base Metal 3.21
Battery Spot-\Veldmg Machme 5.4
Bead ... 11.9
Bead, Excessive Penetration 2:.1.4
Penetration . 11.42
Bell Branch Joint, Short 18.6
Bell Butt Joint 18.1
Bend Specimen, Transverse 19.18
Bend Test, IFace 19.9
Free ... 19.6
Guided 19.7
Normal 199
Reverse 19.11
Bend Test Spcmmen Iongue 19.17
Bevel, Angle of . 11.1
Blacksmith Welding 6.1
Block Sequence . 11.8
Blowhole 20. 1, 21.2.1
Blowpipe, Air Acctylcne
Bunsen Type 13.1
High Temperature Type 13.2
Blowpipe, Cutting 24.1
Gouging 24.4
Welding 13.41
Bolster ... 5.5
Branch Joint, Short Bell 18.6
Branch Tee Saddle ]omt 18.2
Brazing .. 171
Brazing Alloy 17.2
Brazing, Dip 17.3
Flame 17.4
Furnace 17.5
Induction 17.6
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Clause
No.
Brazing, Dip (Contd ):
Resistance . 17.7
Salt Bath -17.8
Torch 17.4
Bronze Filler Metal . 18.3
Bronze Welding 18.4
Burden ... 12.7
Burner ... 5.6
Burn-Off 8.15
Butt Joint, Bell 18.1
Diminishing Bell ... 18.5
Double-Glut 6.2
Plain ... 6.6
Single-Glut 6.9
Tee ... 6.12
Butt Seam Weldmg 8.2
Butt Weld 3.2
Batt Weld, Double- Bevel .. 1116
Double-J .o 1117
Double-U ... 11.18
Double-V .o 1119
Single-Bevel e ... 11.55
Single-] .. 11.56
Single-U .. 11.57
Single-V ... 11.58
Size of ... 11.59
Square ... 11.63
(o]

Capacitor Spot-Weldmg Machine 5.7
Capillary Pipe 20.2
Carbon-Arc Cuttlng 23.1
Welding . 12.8
Carburizing Flame ... 14.3
Cast-Iron Thermit . 13.8
Chill Time .. 8.3
Chipping Goggles, Mark 3.3,21.1.1
Clamp Contact Area L. 811
Close Joint . .. 11.10
Coated Filler Rod ... ... 1313
Cold Welding 7.1
Collar ... 151
Combined Weld, Thermit 10.1
Compensator, Arc Blow 52
Composite Joint e 1111
Concave Fillet Weld oo 1112
Concavity, Root ... 20.21, 21.1.12

Condenser-Discharge Spot-Weld-
ing Machine ... 5.7
Cone, Inner 14.8

Connection, Threaded Hose ... 13.39
Constant-Pressure Pressure-Weld-
ing ... 7.2

Constant-Temperature Pressure-

Welding

Constant-Voltage Weldmg Gene—

rator

Consumable Electrode

Contact Area, Clamp
Electrode
Pressure
Weld .

Contmuous Test Current

Continuous Weld

Clause

No

7.3

13.9
13.10
8.11
8.11
4.5
8.54
12.9
11.13

Contour, Incorrect ...

2013, 21.1.9
Control, Programme . 8.32

Convex Fillet Weld ... ..o 1114
Convexity ... 11.15
Cool Time 8.4
Cored Electrode .. 1311
Corner Joint, Square o611
Coupler, Hose . ..o 1321
Coupling Nipple, Hose e 1322
Coupling Nut, Hose ... 13.23
Cover Glass 3.22
Covered Electrode ... .o 1312

Filler Rod 13.13
Crack ... 203 21.2.3
Cracking Test, Hot . ... 19.8
Crater 204.21.1.2
Crater, End 20.6, 21.1.2.1
Cross-Wire Weld 8.5
Crucible, Thermit 10.2
Cruciform Test Piece 19.3

Test Specimen 194
Current, Continuous Test 12.9

Flashing 8.16

Maximum Weldlng 12.19

Nominal Hand-Welding 12.22
Current-Off Time 8.6
Current, Pre-Heating 8.30
Current Time, Upset 8.50
Current, Welding 8.57
Cutter, Gouging 244
Cutter Guide 24.2
Cutting Blowpipe . 24.1
Cutting, Carbon-Arc 231

Gas ... .. 224

Metal-Arc 23.2
Cutting Oxygen . 221
Cutting, Oxygen-Arc 25.4

Powder . 25.7

Stack . 22.6

Cycle ... . 8.7
Cycle, Dual- Pressure 8.8

Duty . 8.9

Weld ... 8.55



Clause
No.
D

Damper, Arc 5.2
" Deformation . 7.4
Deposited Metal 3.4
Deposition Efficiency 3.5
Depth Penetration ... 3.14
Depth, Throat 8.45
Wearing 8.53
Deseaming 25.1
Desurfacing .- 25.2
Die Welding, Heated- 7.5
Dies, Welding 5.27
Diminishing Bell Butt Jomt 18.5
Dip Brazing 17.3
Distance, Edge . 8.10
Distributing Assembly, Melt 13.2¢
Double-Bevel Butt Weld 11.16
Double-Glut Butt Joint 6.2
Double-]J Butt Weld 11.17
Double-U Butt Weld 11.18
Double-V Butt Weld 11.19
Downhand Position 11.20
Drag ... 22.2
Drag Lines 223
Dressing, Excessxve 21.1.19

Droopmg-Characterlstxc Weldmg
Generator 13.14
Dual-Gas Economizer 13-15
Dual-Pressure Cycle 8.8
Duty Cycle 8.9

E
Economizer, Dual-Gas w1315
Edge:

Distance. . 8.10
Of Plate Melted Off 20. 5 21.1.3
Preparation . 11.21
Weld . 11.22
Edge, Weld 11.66
Effective Length of Weld 11.23
Throat Thickness . 11.24
Electrode . 5. 24 13.3
Electrode, Angle 51
Arc Welding 13.3
. Bare ... 13.7
' Consumable 13.10
Electrode Contact Area 8.11
Electrode, Cored 13.11
Covered 13.12
Flat ... 5.19
Electrode Holder ... 3.6
Electrode, Lightly Coated 13.27
Electrode Negative ... 12.12
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Fixed Shield

Clause
No.
Electrode, Non-Consumable 13.31
Offset 5.18
Pad ... 5.19
Electrode Positive ... 12.13
Pressure 8.12
Electrode, Resistance Weldmg 524
Electrode Shank ... 5.8
Electrode, Sheathed ... 13.34
Electrode Tip . 5.9
Electrode, Vertical . 5.26
Electrode Wheel 5.10
End Crater 20.6, 21.1.2.1
Envelope, Gas .. 11.30
Excessive Dressing . .. 21.1.19
Grinding .- ... 21.1.19
Penetration Bead . 2114
Under-Bead. .o 2114
Exposed Inclusion ... 20.7, 21.1.5
Porosity 20.8, 21.1.6
Extension, Fillet VVeld .. 1316
F
Face Bend Test 19.9
Face, Fusion 11.27
Face Mask - 3.7
Face, Root 11.47
Face Shield 3.8
Face, Weld .. 11.69
Factor, Arcing Time 124
Test Load 12.28
Faired (Tapered) Member 39
Fan, Arc 12.1
Faying Surface 4.1
Ferrule ... 5.11
Filler Metal . 3.10
Filler Metal, Bronze 18.3
Filler Rod, Covered ( Coated ) .. 13.13
Fillet Weld 11.26
Fillet Weld, Concave 11.12
Convex 11.14
Fillet Weld Extensxon 13.16
Fillet Weld, Flat Face 11.38
Full .. 11.25
Fillet Weld Guide 13.17
Fillet Weld, Mitre 11.38
Size of 11.60
Filter Glass ( Weldmg Glass ) 3.42
Fin 8.13
Fire \Vcldmg 6.3
Firecracker \\'oldmg 12.14
Fitted Hose 13.18
Fittings, Weldable ...
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Clause
No.
Flame Brazing 17.4
Flame, Carbunzlng 14.3
Neutral 14.10
Oxidizing 14.12
Reducing 14.14
Flame Snap Cut 14.4
Flash ... 8.13
Flashback . 14.5
¥Flash-Butt \Veldmg 8.14
Flashing Allowance . 8.15
Current . 8.16
Time ... 8.17
Flash Welding 8.14
Flat Electrode . 5.19
Flat Face Fillet Weld 11.38
Flat Position 11.20
Flattening Test 19.5
Floating Head 24.3
Flux . 3.13
Foot-Operated Weidmg Machme . 512
Forge Time . 8.18
Welding 6.3
Forward Pressure 8.19
Welding 14.9
Free Bend Test 19.6
Full Fillet Weld 11.25
Full-Fusion Welding 14.6
Full Penetration 3.12
Furnace Brazing ... 17.5
Fused Melt 12.15
Fusion Face .o 1127
Fusion, Lack of . 20 14, 21.2.8
Fusion Penetration ... 3.14
Fusion Welding . 11.28
Fusion Welding, Full- 14.6
Non- ... . 14.11
Semi- ... 14.16
Surface- 14.16
Thermit 15.2
Fusion Zone 3.15
G

Gap 11.29 -
Gap, Throat 8.46
Gas Cutting 22.4
Gas Economizer, Dual- 13.15
‘Gas Envelope 11.30
Pocket 21.2.1
Pore 20 9 21.2.4
Welding 14.7
Gate, Pre-Heating 13.32
Gather 4.2
Gauge, Weld 3.31

Clause
No.
Generator:

Constant-Voltage Welding 13.9

Droopmg-(,haractenstlc Weld-
ing . . 13.14
Glass, Cover 3.22
Filter ... 3.42
Plain ... 3.22
Welding 3.42
Gloves, Welding 3.43
Glut . 6.4
Goggles, Chlppmg 33
Welding 3.44
‘Gouging 25.3
Gouging Blowpipe ( Cutter) 24.4
Gouging, Spot . 25.8
Grinding, Excessive ... 21.1.19

Grinding Scratch ... 21.1.7
Groove, Incompletely Filled .. 21.1.8
Root ... 20.22, 21.1.13
Shrinkage 20.23,21.1.14
Guide, Cutter 24.2
Fillet Weld 13.17
Guided Bend Test ... 19.7
Gun, Stud Welding ... 5.25
Gun Welding Machine 5.13
H

Hammer Welding ... 6.5
Hand-Operated Welding Machme 5.14
Hand Screen ( Shield ) 3.8
Hand-Welding Current, Nommal 12.22
Head, Floating . 243
Hooded 13 20
Head Screen e 317
Head, Welding - 13.42
Heat-Affected Zone .. 3.16
Heat Time 8.20
Heat Treatment, Stress Rehef 3.27
Heated-Die Welding 7.5
Heating Time 7.6
Helmet ... 3.17
HF Unit ( HF Ionizer ) .. 13.19
Hold Time .. 821
Holder, Electrode 3.6
Oxygen-Lance 124.6
.29

Hole, Worm 2

Hooded Head 13.20
Hopper, Melt 13.30
Horizontal-Vertical Position 11.31
Hose Connection, Threaded 13.39
Hose Coupler 13.21
Hose Coupling:

Nipple 13.22

Nut 13.23



Clause
No.
Hose, Fitted 13.18
Hot Cracking Test ... 19.8
Tear ... 21.2.3
Hydrogen Torch, Atomm 13.5
Hydrogen Valve . 13.24
Hydrogen Welding, Atomic- 12.5
I
Ignition Powder 3.18
Inclined Position 11.32
Included Angle ... 11.33
Inclusion 20.10, 21.2.5
Inclusion, Exposed ... 20.7, 21.1.5
Incomplete Inter-Run Penec-
tration 20.11, 21.2.6
Incomplete Root Penetra-
tion . 20.12, 21 2.7
Incompletely Filled Groow, .. 21.18
Incorrect Contour 20.13, 21 1.9
Profile 20.13, 21.1.9
Induction Brazing ... . 17.6
Inductor Spot-Welding Machme 5.15
Inert-Gas Arc Welding . 12.16
Metal-Arc Welding 12.17
Shield 13.25
Shielded-Arc Torch 13.26
Tungsten-Arc Welding . 1218
Initial Pressure = ... 4.3
Inner Cone 14.8
Insert 5.16
Interface . - 4.4

Intermittent \Weld ...

o 11.34
Inter-Run Fusion, Lack of 20.15, 21.2.8

Inter-Run Penetration, Incom-
plete 20.11, 21.2.6
Ionizer ( HF ) .. 1319

J

Joint, Bell Butt 18.1
Branch Tee Saddle 18.2
Close ... 11.10
Composite Lo 1111
Diminishing Bell Butt 18.5
Double-Glut Butt 6.2
Jumped 6.6
Open ... 11.40
Plain Butt 6.6
Scarf . . 6.8
Short Bell Branch 18.6
Single-Glut Butt . 6.9
Split ... 6.10
Square Corner . 6.11
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Clause
No.

Joint, Bell Butt (Contd): ‘

Tee Butt 6.12

Tee Split 6.13

Vee ... 6.14

Welded .. e 3.36

Jumped Joint 6.6

Junction, Weld . 11.70
K

Kerf 22.5
L

Lack of Adhesion
Lack of Fusion
Inter-Penetration
Inter-Run Fusion
Root Fusion
Root Penetration
Side Fusion
Lance, Oxygen
Lance Holder, Oxygen-
Lancing, Oxygen
Leftward Welding

20.14,

NN

)
=3
.
N
o
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Leg .
Leg Length 11.36
Length, Effective 11.23
Leg ... ... 11.36
Lift . 9.1
Lightly Coated Electrode e 13.27
Lines, Drag 22.3
Load Factor, Test ... 12.28
Load Voltage, Welding 12.30
T.ongitudinal Axis of Weld 3.19
M

’VIachme ,Battery Spot-Welding 5.4
Capacitor Spot-Welding . 5.7

Condenser—stcharge Spot-Weld-
ing 5.7
Foot-Operated Weldmg 5.12
Gun Welding . 5.13
Hand-Operated Weldmg 5.14
Inductor Spot-Welding 5.15
Motor-Operated Welding 5.17
Pedal-Operated Welding 5.12
Plier ( Pincer } Spot-Welding 5.21
Portable Spot-Welding 5.22
Power-Operated Welding 5.23
Stored Energy 5.4
Machine Stroke 8.22
Manual Welding 11.37
Mark, Chipping 21.1.1
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Clause Clause
No. No.
Mark, Peening 21 1.11  Oxy-Acetylene Pressure Weldmg 7.7
Mash Weld ... 823 Oxygen-Arc Cutting . 254
Mask, Face 3.7 Oxygen, Cutting 22.1
Material, Plugging ... ... 13.33 Oxygen Lance . 245
Maximum Welding Current ... 1219 Oxygen-Lance Holder 24.6
Melt ... 13.28 Oxygen Lancing . . 25.5
Melt Distributing Assembly ... 13.29 Oxygen, Pre-Heating 25.6
Melt, Fused e 12,15
Melt Hopper .. 13.30 P
Run ... 3.20
Metal, Added 3.4 Pad Electrode 5.19
Metal-Arc Cutting ... 23.2  Parent Metal 3.21
Welding .. 1220 Pass .. 1149
Metal—Arc Welding, Inert—Gas ... 12,17 Pattern, Wax 13.40
Metal, Base 3.21  Pedal-Operated Weldmg Machine 5.12
Bronze Filler 18.3  Peening .. 3.23
Deposited 3.4 Peening Mark 2111
Filler e e 3.10 Penetration Bead ... .. 1142
Parent 3.21  Penetration Bead, Excessive ... 21.1.4
Metal-Run-Out ... 12.21  Penetration, Depth ... 3.14
Metal, Upset 4.7  Penetration, Full ... 3.12
Weld ... 3.32 Fusion 3.14
Mitre Fillet Weld ... .. 11.38 Incomplete Inter-Run 20.11, 21.2.6
Molten Pool 11.39 Incomplete Root . 20.12, 21.2.7
Motor-Operated VVeldmg Machine 5.17  Penetration ( Through } Pass ... 3.24
Multiple-Spot Welding . 8.24  Percussion Welding .. .. 826
Pick-Up 8.27, 14.13
N Piece, All-Weld Test 19.1
, Cruciform Test ... 19.3
Negative, Electrode e 1212 ?2:: r-Test o o }g}g
Neutral Flame e 14100 oo Tapi;l'ng 13:37
Nick-Break Specimen oo 19100 pipeer Spot-Weldmg Machine ... 5.21
Nipple, Hose Couvpling 1322 pioe 20.19, 21.2.9
Nominal Hand-Welding Current 12.22 p N . Ny 219
Pipe, Caplllar) 20.2, 21.2.2
Non-Consumable Electrode .. 1331 Pitting, Surface 21.1.16
Non-Fusion Welding .. 1411 Plain %utt Joint et 6 6
Normal Bend Test ... 19.9 Plain Glass b 3 2'2
Nose _ .. o 1147 prant, Arc-Welding .. 13.4
Notch- Break Spec1men .. 19.10 Plate Melted Off, Edge of 20 5 2113
Nugget Weld 8.56 Platen 5.20
Nut, Hose Coupling « 1323 piates, Run-Off ... T
Run-On .. 11.51
o Plier Spot-Weldmg Machme .. 521
Plug Weld ... 11.43
Offset Electrode 5.18 Plugging Material ... .. 13.33
Off-Time 8.4  Pocket, Gas 21.2.1
On-Time .. 820 Polarity, Reversed 12 12 12.13
Open-Circuit Voltage .. 1223 Straight 12.12, 12.13
Open Joint .oy 11.40  Pool, Molten ... 1139
Operational Stroke ... ... 8.25 Pore, Gas . 209, 21.2.4
Overhead Position ... ... 1141 Porosity 20.20, 21.2.10
Overlap ... 20.18, 21.1.10  Porosity, Exposed 20.8, 21.1.6
Oxidizing Flame ... ... 14.12 Portable Spot-Welding Machine 5.22
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Clause
No.
Position, Downhand ( Flat ) 11.20
Horizontal-Vertical 11.31
Inclined . 11.32
Overhead 11.41
Vertical . 11.67
Positive, Electrode ... 12.13
Post-Heat Time 8.28
Powder Cutting 25.7
Powder, Ignition ... 3.18
Power-Operated Welding Machine  5.23
Pre-Heat Time . 8.29
Pre-Heating Current 8.30
Gate . 13.32
Oxygen 25.6
Preparation, Edge ... .o 1121
PressuTre, Back 8.1
Pressure Contact Area 4.5
Cycle, Dual- 8.8
Pressure, Electrode ... 8.12
Forward 8.19
Initial . e 4.3
Pressure-Off Time 8.31
Pressure, Upset 4.8
Welding 4.9
Pressure-Weldmg 7.8
Pressure-Welding, Constant- Pres-
sure 7.2
Constant- Tempera’cure 7.3
Oxy-Acetylene 7.7
Thermit 103
Press Welding 7.1
Procedure, Welding 3.45
Profile, Incorrect 20 13 21.1.9
Programme Control 8.32
Projection Welding ... 8.33
Pulsation Welding ... 8.34
R
Radius, Root . 11.48
Recovery, Time of ... 12.29
Reducing Flame 14.14
Regulator, Welding .. 13.43
Reinforcement . 11.44
Residual Welding- -Stress 3.25
Resistance Brazing . 17.7
Resistance-Butt Welding 8.36
Resistance Welding 8.35
Resistance Welding Electrode 5.24
Reverse Bend Test ... 19.11
Reversed Polarity 12. 12 12.13
Rightward Welding ... 1415
Rightward Welding, All-Position 14.1
Ring, Backing . 11.5

1S:812-1957

Rod, Coated ( Covered) Filler ...

Rod, Welding .
Roller-Spot \Veldmg
Reil Welding .
Root Concavity

Clause

No.

13.13
3.46
8.37

6.7
2021 20.1.12

Face ... 11.47
Fusion, Lack of 20 16 21.2.8
Groove 20.22, 21.1.13
Of Preparation . 1145
Of Weld .. 11.46
Penetration, Incomplete 20 12, 21.2.7
Radius . 11.48
Rotation, Weld 11.71
Run . 11.49
Run, Backing 11.53
Melt ... 3.20
Sealing 11.53
Run-Off Plates 11.50
Run-On Plates 11.51
Run-Out, Metal 12.21
)
Saddle Joint, Branch Tee 18.2
Salt Bath Brazing 17.8
Scarfing ... 251
Scarf Joint 6.8
Scratch, Grinding 21.1.7
Screen, Hand 3.8
Head ... 3.17
Sealing Run 11.53
Weld ... 11.52
Seal Weld 11.52
Seam Welding 8.38
Self-Ad]ustmg Arc Weldmg 12.24
Semi-Automatic Welding 11.54
Semi-Fusion Welding 14.16
Sequence, Ba.ck-Step 11.3
Block 11.8
Sequence, Welding . 3.47
Series-Spot Weldmg 8.39
Set, Arc-Welding 134
Shank, Electrode 5.8
Shear-Test Piece 19.12
Test Specimen .- 19.13
Sheathed Electrode ... 13.34
Sheet Separation 4.6
Shield, Face 3.8
Fixed ... 3.11
Han& .. 3.8
Inert-Gas .. 13.25
Shielded-Arc Torch, TInert-Gas ... 13.26
Shielded-Arc Welding 12.25
Short Bell Branch Joint 18.6
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Clause

No.
Shortening 4.2
Shrinkage Groove 20. 23 21.1.14
Side Fusion, Lack of 20. 17 21.2.8
Single-Bevel Butt Weld 11.55

Single-Glut Butt Joint 6.9

Single-] Butt Weld 11.56
Single-U Butt Weld 11.57
Single-V Butt Weld 11.58
Size of Butt Weld 11.59
Of Fillet Weld ... ... 11.60
Skip Sequence ( Wandering Se-
quence ) ... 11.61
Slag 21.2.5
Slag Trap 21.2.5
Sleeve, Welder's 3.38
Slope, Weld 11.72
Slot Weld 11.62
Slug Test 19.14
Snap-Out, Flame ... 144
Solid-Phase Weldmg 7.3
Spacer Strip ... 1335
Spats, Welder's 3.39
Spatter ... 21.1.15
Specimen, All-Weld Test 19.2
Cruciform Test ... 19.4
Notch-Break ( Nick- Break) 19.10
Shear-Test . ... 1913
Test ... 19.16
Tongue-Bend Test 19.17
Transverse Bend . 19.18
Transveérse Tensile 19.19
Spelter ... 17.9
Spitting ... 21.1.15
Splash 21.1.15
Splatter ... 21.1.15
Split Joint 6.10

Split Joint, Tee ... 6.13
Spot Gouging ... 258
Spot Welding . .. 8
Spot-Welding Machine:
Battery
Capacitor
Condenser-stcharge
Inductor
Pincer ( Plier )
Portable
Springing
Square Butt Weld ...
Corner Joint
Squeeze Time
Stack Cutting
Step-by-Step \Veldmg
Step Time
Stitch Welding

E3
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Clause
No.
Stone ... 13.36
Stopping-Off Agent 16.1
Stored Energy Machines 5.4
Straight Polarity 12.12, 12.13
Strength Weld 3.26
Stress Relief Heat Treatment 3.27
Stress Residual-Welding 3.25
Striking Voltage 12.26
Strip, Backing 11.6
Strip, Spacer 13.35
Stroke, Machine 8.22
Operational 8.25
Stubs ... ... 3.28
Stud Welding 9.2
Stud Welding Gun ( lool 5.25
Submerged-Arc Welding 12.27
Surface, Faying . 4.1
Surface-Fusion Weldmg ... 1416
Surface Pitting . 21.1.16
Surfacing e 3.29
Surface, Torn ..o 21117
Sustained Backfire ... . 1417
T

Tack Weld .. 11.64
Tapered ( Faired ) Member 39
Tapping Pin . .. 13.37
Tear, Hot . 21.2.3
Technique, Weldmg 3.48
Tee Butt Joint . 6.12
Tee Saddle Joint, Branch 18.2
Tee Split Joint . 6.13
Tensile Specimen, Transverse 19.19
Test Current, Continuous 12.9
Test, Face Bend 19.9
Flattening 19.5
Free Bend 19-6
Guided Bend 19.7
Hot Cracking 19.8
Test Load Factor 12.28
Test, Normal Bend 19.9
Test Piece 19.15
Test Piece, All-Weld 19.1
Cruciform . 19.3
Shear . 19.12
Test, Reverse Bend .. 19.11
Test Specimen 19.16
Test Specimen, All-Weld 19.2
Cruciform S 19.3
Shear . 19.13
Tongue-Bend 19.17
Test, Slug 19.14

Test, U-Tensile



Clause
No.
Thermit, Cast-Iron ... 13.8
Thermit Combined Weld . 10.1
Crucible 10.2
Fusion Welding ... 15.2
Pressure Welding 10.3
Thermit, Welding ... 349
Thickness, Effective Throat e 11.42
Throat «. 11.65
Thimble ... 13.38
Threaded Hose Connectlon .. 1339
Throat ( Throat Depth ) .. 845
Throat Gap 8.46
Throat Thickness ... . 1165
Throat Thickness, Effective ... 11.24
Time, Chill . 8.3
Cool ... 8.4
Current-Off e 8.6
Time Factor, Arcing 12.4
Time, Flashing 8.17
Forge ... 8.18
Heat ... 8.20
Heating 7.6
Hold ... 8.21
off- ... 8.4
Time of Recovery 12.29
Time, On- 8.20
Post-Heat 8.28
Pre-Heat 8.29
Pressure-Off 8.31
Squeeze 8.41
Step 8.42
Upset ... 8.51
Upset-Current 8.50
Weld ... 8.58
Welding 7.9
Tip, Electrode 5.9
Toe of Weld ROt ... 11.66
Tongue-Bend Test Specimen ... 19.17
Tool, Stud-Welding .. .. 525
Torch, Atomic- Hydrogen .. 13.5
Torch Brazing e 17.4
Torch, Inert-Gas Shielded-Arc .. 13.26
Torn Surface . . 21117
Total Allowance 8.47
Transverse Bend Specimen .. 19.18
Tensile Specimen ... ... 1919
Travel, Upset . 8.52
Tread ... . 8.48
Tungsten-Arc \Veldmg, Inert-Gas 1218
u

Under-Bead, Excessive .. 2114
Undercut 20.24, 21.1.18
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Underflushing

Unit, HF

Upset Allowance
Current Time
Metal ...
Pressure
Time ...
Travel
Welding

U-Tensile Test

v

Valve, Hydrogen ...

V Butt Weld, Double-
Single-

Vee Joint

Vertical Electrode
Position

Void

Voltage, Arc
Open-Circuit
Striking
Welding Load

w

Wandering Sequence
‘Wax Pattern
Wearing Depth

Weaving

Weld ...

Weld, Back

Butt ...

Concave Fillet ...
Weld Contact Area ...
‘Weld, Continuous

Convex Fillet

Cross-Wire
Weld Cycle
Weld, Double—Bevel Butt

Double—] Butt

Double-U Butt

Double-V Butt
Weld Edge
Weld, Edge .

Effective Length of
‘Weld Extension, Fillet
Weld Face
Weld, Fillet

Flat Face Fillet

Full Fillet
Weld Gauge

Guide, Fillet

Clause
No.

20.25, 21.1.19
... 13.19

11.12

11.13
11.14

8.55
11.16
11.17
11.18
11.19
11.66
11.22
11.23
13.16
11.69
11.26
11.38
11.25

3.31
13.17
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Weld, Intermittent .

Weld Junction

Weld, Longltudmal Axis of
Mash

\’V ela LVleta.l
Metal Zone

Weld, Mitre Fillet

Weld Nugget

Weld, Plug
Root of

‘XI.JA Ratatinn
vy €1G n0tTalioil

Weld, Seal ( Sealmg)

Single-Bevel Butt
Q-ncr]n_T Butt

Smgle-U Butt
Single-V Butt
Weld, Size of Butt ...
Size of Fillet
Weld Slope
Weld, Slot
Square Butt
Strength
Tack
‘Weld, Thermit Combmed
Weld Time
Weld, Toe of
‘Weld Width
Zone ...
Weldable Fittings
Welded Joint
‘Welder
‘Welder’s Sleeve
Weider’s Spats
‘Welding
Welding,
ward
Welding Apron
Welding, Arc
nl.uuu\.";j._y rdro
Automatic
Backward ( Backhand)

Ralanced

Qianced

Bare Metal-Arc
Blacksmith
Welding Blowpipe
Welding, Bronze
Butt-Seam
Carbon-Arc
Cold

geil. .

Constant- Pressure Pressure-

Constant-Temperature Pres-
sure-’
Controlled-Arc ...
Controlled Tungsten-Arc

All-Position Right-

.....

3.35
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12.10
12.11

Welding Current
Current, Maximum
Current, Nominal Hand
Welding Dies .
Electrode, Aic .
Electrode, Resxstance
Welding, Fire

Tiracrackar
L ITCCIracCker

Flash ( Flash Butt )
Forge ..
rnrwnrﬂ
F ull-Fusion
Fusion
Gas ...
W'eldmg Generator
Voltage
Drooping Charactenstlc
Welding Glass
Gloves -
Goggles
Gun, Stud
Welding, Hammer ...
Welding Head .
‘Welding, Heated-Dle
Inert-Gas Arc .
Inert-Gas Metal-Arc
Inert-Gas Tungsten-Arc
Leftward
Welding Load Voltage

Wemmg Macnme, Foot- Uperatea

Gun ..
Hand- Operated
lVJ.OIOI'- perdteu

Pedal-Operated
Power—Operated

mlon Qamcd TXV 12 o R
\ See also Qyut' vy EiQing

Welding, Manual
Metal-Arc

Multinle-Snot

Multiple-Spot
Non-Fusion
Oxy-Acetylene Pressure
Percussion iee

Welding Plant, Arc ...

Welding, Press

‘Welding Pressure

‘Welding, Pressure .

Welding Procedure ...

Welding, Projection
Pulsation

Welding Regulator ...

Welding, Resistance
Resistance-Butt
Rightward

Welded Rod

90

Constar;;

Machine ’

Clause
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Welding, Roll
Roller-Spot
Seam ...
Self-Adjusting Arc
Semi-Automatic
Semi-Fusion
Welding Sequence
Welding, Series-Spot
Welding Set, Arc ...
‘Welding, Shielded-Arc
Solid Phase
Spot ...
Step-by-Step
Stitch
Welding Stress, Resxdual

Clause
No.

6.7

- 8.37
8.30
12.24
11.54
14.16
3.47
8.39

9
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Welding, Stud .
‘Welding, Submerged \r«.
Surface-Fusion .
Welding Technique ...

Thermit
Welding, Thermit Fuslon

Thermit Pressure .
Welding Time

Tool, Stud
Welding, Upset

Woodpecker
‘Wheel, Electrode
‘Width, Weid .
Woodpecker W eldlng
Worm Hole

Clause
No.

9.2
12.27
14.16

348
3.49
15.2
10.3
7.9
.25

OOL'JJIOOW'JI
ODERDEG

3
3
51
3
3
21.2.






	2: ( Reaffirmed 2003 )


