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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-g

avernmental in liaison with 1SO_also take part in the wark 1SQ collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draftyinternation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 1

SC 1D, Unification of requirements in the field of metal welding.

This

revised.

Requ

Secretariat of ISO/TC 44/SC 10 via your national standards body. A complete listing of these b

foung

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer\Woting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

4555 was prepared by Technical Committee ISO/TC 44, Welding and allied processes, S

second edition cancels and replaces the first edition (ISO 14555:1998), which has bee

ests for official interpretations of any aspect\of this International Standard should be di

at http://www.iso.org.

Part 2.

al Standards
cation as an
ect of patent
ubcommittee

n technically

ected to the
bdies can be
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Introduction

The purpose of arc stud welding is to weld predominantly pin-shaped metal parts to metal workpieces. In this
International Standard it is referred to simply as stud welding. Amongst other things, stud welding is used in
bridge building (especially in composite structures), steel structures, shipbuilding, facade-wall fabrication, vehicle

manufacture,

equipment design, steam-boiler construction, and the manufacture of household appliances.

The quality @
also on the
components,

This Internat
equivalent af

f a stud weld depends not only on strict compliance with the welding procedure specificatig
correct function of the actuating mechanism (e.g. welding guns), and on the condition d
of the accessories and of the power supply.

onal Standard does not invalidate former specifications, providing the technical requiremen
d satisfied.

n but
f the

S are

Vi
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INTERNATIONAL STANDARD

ISO 14

555:2006(E)

Welding — Arc stud welding of metallic materials

This

It sp
requi

bcifies requirements that are particular to stud welding, in relation to welding knaq

opergtors and testing of production welds.

wie
rements, welding procedure specification, welding procedure qualification, qualificatio

amic loading.
dge, quality
h testing of

This [International Standard is appropriate where it is necessary to demonstrate the capability of a
manufacturer to produce welded construction of a specified quality.

NOTH General quality requirements for fusion welding of metallic materials dre, given in 1SO 3834-1, ISO 3834-2,
ISO 3834-3, ISO 3834-4 and ISO 3834-5.

This |nternational Standard has been prepared in a comprehensive manner, with a view to its beihg used as a
refergnce in contracts. The requirements contained within it can“be adopted in full, or partiglly, if certain
requifements are not relevant to a particular construction (see Annex B).

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated

refergnces, only the edition cited applies. For, undated references, the latest edition of th

docu

ment (including any amendments) applies.

ISO 857-1, Welding and allied processes = Vocabulary — Part 1: Metal welding processes

ISO

the a

ISO 3

requi

ISO

requi

ISO

requi

834-1, Quality requirements farfusion welding of metallic materials — Part 1: Criteria for th

rements

834-4,~Quality requirements for fusion welding of metallic materials — Part4: Elems
‘ements

bpropriate level of quality requirements

834-2, Quality requirements for fusion welding of metallic materials — Part 2: Comprehs
‘ements

834-3, Quality~requirements for fusion welding of metallic materials — Part 3: Star

b referenced

b selection of

nsive quality

dard quality

ntary quality

ISO

Ubs, Welding and allied processes — Nomenclature of processes and reference numbers

ISO 6947, Welds — Working positions — Definitions of angles of slope and rotation

ISO 9606-1, Approval testing of welders — Fusion welding — Part 1: Steels

ISO 9606-2, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium alloys

ISO 13918:—1), Welding — Studs and ceramic ferrules for arc stud welding

1)

©I1SO

To be published. (Revision of ISO 13918:1998)
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ISO 14175, Welding consumables — Shielding gases for arc welding and cutting

ISO 14731, Welding coordination — Tasks and responsibilities

ISO 14732:1998, Welding personnel — Approval testing of welding operators for fusion welding and of
resistance weld setters for fully mechanized and automatic welding of metallic materials

ISO 15607:2003, Specification and qualification of welding procedures for metallic materials — General rules

ISO/TR 15608, Welding — Guidelines for a metallic materials grouping system

ISO 15611,
previous wel

ISO 15613, §
pre-productio

ISO 15614-1
procedure te

ISO 15614-2
test — Part 2

ISO 17636, |

ISO 17662,
ancillary acti

3 Terms

For the purg
ISO 14731, |

3.1
stud
fastenerto b

3.2
auxiliaries
ceramic ferrd

3.3
stud-weldin
operating pe

ing experience
bpecification and qualification of welding procedures for metallic materials — Qualification bas
n welding test

bt — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

Specification and qualification of welding procedures for metallic materials — Welding proc
- Arc welding of aluminium and its alloys

Non-destructive testing of welds — Radiographic testing of fusion-welded joints

Welding — Calibration, verification and validation of ‘equipment used for welding, incl
ities

and definitions

oses of this document, the terms and definitions given in 1SO 857-1, ISO 3834-1, I1SO
50O 14732 and I1ISO 15607 and the following apply.

b attached by stud welding

les and shielding’gases

j operator
sonnel for stud-welding equipment

ed on

ed on

2004, Specification and qualification of welding procedures for metallic ‘'materials — Welding

bdure

Liding

1063,

NOTE In

special cases (e.g. mass production at the manuracturers tactory) the welding can be carried

suitable auxiliary personnel, appropriately trained and supervised.

3.4

stud diameter

d
stud nominal

NOTE

3.5

diameter

See ISO 13918.

welding diameter

dW

diameter at the weld base

ut by

© I1SO 2006 — All rights reserved
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3.6
weld zone
welded area underneath the welding diameter

3.7
current intensity
root-mean-square (RMS) value of the welding current in the steady state during the burning time of the arc

NOTE Current intensity is not applicable to capacitor discharge.

3.8

weldjrg-time

time glifference between the ignition and the final extinction of the main arc
3.9

lift

L

distapce between the stud tip and the work piece surface with the stud-liftingnmechanism in|position and
activated

NOTH 1 For tip ignition, this definition applies to the ignition gap.
NOTH 2  See Figure A.1.

3.10
plunge
axial movement of the stud towards the surface of the work piece

3.11
protrusion
P

(unregulated lifting mechanism) distance between the tip of the stud and the face of the support device in their
initial|positions, where the support device faces the work piece

NOTH 1 A spring-loaded lifting mechanism is an unregulated lifting mechanism.
NOTH 2  See Figure A.1.

3.12
arc blow
magnetic deflection of-the arc from the axial direction of the stud

3.13
flux
aluminium additive on the weld end of the stud, which improves the ignition and de-oxidizes the weld pool

3.14
dual-material stud

two-material stud composed of a material at the weld tip, similar to that of the parent material, and a dissimilar
material outside the weld tip, which are joined by a friction weld, thus avoiding a mixed structure in the weld
zone when stud welding

3.15

structure subjected to fatigue loading

structure subject to a set of typical load events described by the positions or movements of loads, their
variation in intensity and their frequency and sequence of occurrence

© I1SO 2006 — All rights reserved 3
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4 Symbols and abbreviated terms

4.1 Symbols

For the purposes of this International Standard, the following symbols apply.

C capacitance (expressed in mF)
d stud diameter (expressed in mm)
dy, welding diameter (expressed in mm)
h length of the threaded part of the nut
1 curfent intensity (expressed in A)
L lift
P protrusion
t thigkness of plate
tw welding time (expressed in ms or s)
T torque (expressed in Nm)

chgrging voltage (expressed in V)
w chgrging energy (expressed in Ws)
a bending angle (expressed in °)

4.2 Abbrgviated terms
For the purpgses of this International Standard, the following abbreviated terms apply.
CF cerpmic ferrule

HAZ hegat-affected zone

NP no protection

PA flatlwelding:position

PC horizental welding position
PE overhead welding position

pWPS preliminary welding procedure specification
SG shielding gas
WPS welding procedure specification

WPQR welding procedure qualification record

4 © I1SO 2006 — All rights reserved
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Technical review

When a technical review is required by an application standard, by specification or by use of ISO 3834-2,
ISO 3834-3 or ISO 3834-4, the manufacturer shall check, as appropriate, the following aspects:

a) the accessibility and welding position of the stud weld;

b) the nature of the surface and the collar shape of the welded joint;

c) materials and combinations of materials (see Tables A.3 and A.4);

d) theTatio of stud diameter 10 sheet metal thickness (avoidance of damage on the reverse side of the
sheet);

e) dimensions and details of the weld preparation and of the finished weld, including.the’nature of the stud
and sheet-metal surfaces, positional and angular accuracy and the length toleran¢ee of the wglded stud;

f) the use of special techniques to avoid damage to the reverse side of the sheet;

g) techniques to assure the angular position of the welded stud.

NOTH Consideration is paid to the multi-axial stress state arising §rom localized heating/cooling. This stress

concgntration reduces the dynamic strength of a component with welded studs:

6

6.1

Studqwelding operators shall be qualified in accordance with ISO 14732:1998, 4.2.1 or 4.2.2. Th
apprgpriate knowledge to operate the equipment, to adjust it properly, to carry out the welding ¢
whilel doing so, to pay attention to good contact and suitable connection between the work piec
unifofm distribution of ferromagnetic materials (see Table A.8).

The qualification shall include testing in accordance with the acceptance criteria specified in 12.2.

A tes} of job knowledge is required for all qualification methods. This test shall cover, as a minimu

Welding personnel

Stud-welding operators

getting up the weldingequipment in accordance with the welding procedure specification;

iasic knowledge of the way in which suitable connection of work piece cables, the polarity
nd arc blewing can influence the weld result (see Table A.8);

bhasic assessment of the welded joint for imperfections (see Tables A.5, A.6 and A.7);

by shall have
orrectly and,
e cables and

m:

of the stud,

dafa avactitinn AFf tha vaunldines Anaraticne 1A ~ArAA Arntant AF the ot A 1 the oA b

¢

0 movement

o
STUTCCACCOTOTT O thiCvweITmg— UpCrators;, oot CoOma T O tnC—oStat— Tt~ ottt 110

during the welding process, operation checking and correct positioning of the guns).

6.2 Welding coordination

Welding coordination shall be performed in accordance with ISO 14731.

Welding coordination personnel for stud welding shall have knowledge of and experience in the relevant
stud-welding process, and shall be able to select and set the correct parameters, e.g. lift, protrusion (plunge),
current intensity, and welding time.

A welding coordinator is not required for stud welding to structures subjected to unspecified static loading (see
Annex B).

© I1SO 2006 — All rights reserved
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7 Equipment

7.1 Production equipment

Suitable stud-welding equipment shall be used, with power supplies of sufficient capacity to weld the stud
properly to the parent material when the equipment is correctly set up. The following equipment shall be

available, as

required:

a) power sources, control unit and movable fixtures;

b) cables with sufficient cross-section, solid connection terminals and sufficient earth connection;

¢) handling

d) weld dafa monitoring equipment;

e) post-dry
f)  cleaning
g) measuri
h) equipme

i) equipme

7.2 Descijiption of the equipment

A list of the
and stud-wel

a) detailso
b) the max
c) theregu
d) the mod

e) detailso

7.3 Maint

The correct

actuation m¢chanisms shall be performed at fixed intervals. Cables, terminals, stud and ceramic f

holders sha

equipment for the technical aspects of welding fabrication (jigs, fixtures);

ng equipment for ceramic ferrules;

facilities for contact points and welding points;
ng and testing equipment;

nt for pre- and post-treatment;

nt and welding plant for retouching.

stud-welding equipment shall be maintained,. which shall serve as evidence of the perforn
ding application field. It shall include:

f the smallest and largest weldable stud/diameter;

mum number of studs to be welded_per unit of time;

ating range of the power supply;

b of operation and perfermance of mechanized or automatic stud-welding equipment;

f the available test-equipment.

bnance
functioning of the equipment shall be ensured. During production, a function check g

| Cbe " regularly checked and replaced at the appropriate time. For mass production

ance

f the
prrule
and

comprehens
essential sys

g quality Tequirements —imaccordance with t1SO-3834=2,a mmaimtermance pramfor addi
tems shall be drawn up. Examples of such systems are:

a) stud sorting and feeding systems;

b) stud and ceramic ferrule holders;

¢) mechanical guides and fixtures;

d) measuring equipment;

e) cables, hoses, connecting elements;

f) a monitoring system.

ional

© I1SO 2006 — All rights reserved
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8 Production planning

For stud welding, the production planning shall also contain the following elements:

a) a definition of the required stud-welding procedures and equipment;

b) details of which jigs and fixtures are used;

c) the surface preparation method.

9 |

9.1

The
and

Inforr
nece

Rang
Anne

9.2

9.21

— ynambiguous identification.

9.2.2

— alphanumeric designation (reference/code).

9.2.3

— alphanumeric designation (reference code).

9.3

9.3.1

identification of material, preferably by reference to an appropriate standard;

Metdi ; freatiom (WPS)

General
hall contain all relevant information about the welding work.
hation listed in 9.2 to 9.13 is adequate for most welding operations. For’some applicatior

5sary to supplement or reduce the list. The relevant information shall.be specified in the WP

x C.
Information related to the manufacturer

Identification of the manufacturer

Identification of the WPS

Reference to the welding\procedure qualification record (WPQR) or other relevant d

Information related to the parent material

Parent material type

— parent material(s) delivery condition.

velding procedure specification (WPS) shall give details of how a welding operation shall be performed

s, it may be

D.

es and tolerances shall be specified when appropriate. An_example of the WPS formgt is given in

locuments

NOTE A WPS can cover a material group in accordance with ISO/TR 15608. See also ISO/TR 20172,
and ISO/TR 20174.

9.3.2

Dimensions

— the thickness or range of thickness of the parent material;

— other relevant dimensions.

9.4

Welding process

— designation in accordance with ISO 4063.

©I1SO

2006 — All rights reserved
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9.5 Joint

9.5.1 Joint design
— sketch of the joint design showing the relative positions of studs and tolerances;

— the sequence of the welding of studs shall be indicated on the sketch if essential for application.

9.5.2 Welding position

— welding positions-shall be-specified-in-accordancewith 1ISO 6947,

9.5.3 Prepgration of parent material surface

— method pf surface preparation, if necessary (e.g. cleaning, degreasing, pickling);
— maximum time permitted between preparation and welding (if required).
9.5.4 Jigs and fixtures

— the methods to be used (if required);

— fixture details, templates, etc.

9.5.5 Support

— the method of support;

— specificgtion of supporting material;

— dimensigns of support (when welding thin plates).

9.6 Studsg

9.6.1 Designation
— Designation according to standard, supplier or trade name; non-standard studs shall be specified.
9.6.2 Handling

— if the studs are tobe treated (e.g. by cleaning) before use, this shall be specified.

9.7 Auxiliaries

9.7.1 Ceramic ferrules (if any)

— designation according to standard, supplier or trade name; non-standard ceramic ferrules shall be
specified;

— if the ceramic ferrules are to be treated (e.g. by rebaking) before use, this shall be specified.

9.7.2 Protective gas (if any)

— designation in accordance with ISO 14175.

8 © I1SO 2006 — All rights reserved
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9.8 Power source

manufacturer, type.

9.9 Movable fixtures

9.9.1

9.9.2( Shielding gas system (if used)

— :fschematic) description showing nozzle dimensions and position of nozzle(s)'in relation to s
i

9.9.3| Stud feeding system (if any)

9.10| Welding variables

amnor
G arrTPeeTs

gas flow rate;

description of stud feeding system including sketch.

Welding gun/head

manufacturer, type;

ece.

ud and work

arc stud

9.10.l Drawn arc stud welding with ceramic ferrule'or shielding gas and short-cycle drawn
weldjng

a) polarity;

b) welding current;

c) Welding time;

d) ft;

e) protrusion;

f)  damper;

g) mnumber and position of earth clamps.

9.10.R .Capacitor discharge drawn arc stud welding or capacitor discharge stud welding with tip
ignition

a) polarity;

b) capacitance;

c) charging voltage;

d) spring force and/or gap length;

e) number and position of earth clamps;

f)  welding cable configuration (if used for current control).

© I1SO 2006 — All rights reserved
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9.11 Thermal conditions

a) preheat

b)

temperature (if required);

if preheating is not required, the lowest permitted ambient temperature.

9.12 Post-weld heat-treatment

If, in special cases, any post-weld heat-treatment or ageing is necessary, specification of the procedure or
reference to a separate post-weld heat-treatment or ageing specification is required. This should include

specification

9.13 Non-t
a) grinding
b) pickling

C) anyspe

10 Weldir

of the entire thermal cycle.

hermal treatment after welding
machining or any other mechanical treatment;
br any other chemical treatment;

Cial procedure for removal of ferrules.

g procedure qualification

10.1 Principles

Preliminary
with Clause

velding procedure specifications (pWPS) for arc stud welding shall be prepared in accorg
D and qualified prior to production, whenever required. They shall specify the range for 3

relevant parameters. In principle, the following methods of’ qualification are permitted, but specificati

application c
a) qualifica
b) qualifica

c) qualifica
All new weld
of its issue. H
made to forn
previous pro
employed. H

bde requirements can restrict the choice of method:

fion by welding procedure test in accordance with 10.2;

fion by pre-production tests in accordance with 10.3;

fion based on previous experience in accordance with 10.4.

ng procedure qualifieations are to be in accordance with this International Standard from thg
lowever, this Intepnational Standard does not invalidate previous welding procedure qualifica
er national standards or specifications, providing the technical requirements are satisfied ar

cedure qualifications are relevant to the application and production work on which they are
revious procedure qualifications to former national standards or specifications shoul

considered aft the time of the enquiry or contract stage and agreed between the contracting parties.

10.2 Weldi

ance
Il the
bn or

date
tions
d the
to be
d be

rng procedure tests

10.2.1 Application

When welding procedure tests are required, these shall be carried out in accordance with the provisions in
10.2 of this International Standard, unless more severe tests are specified.

10.2.2 Proof of conformity of parent materials and stud materials

For the parent material and the stud material to be used, proof of conformity shall be available.

In the absence of such proof, the parent material and/or stud material shall be subjected to additional material
tests before the welding procedure tests. For this purpose, sufficient amounts of parent material and stud
material from the same melt as used in the test shall be made available.

10
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10.2.3 Shape and dimensions of test pieces

The dimension of the test piece(s) shall be sufficient to carry out all tests. The thickness of th

e test pieces

shall be chosen so that the plate or flange thickness proposed for production is covered (see 10.2.8.6).

10.2.4 Welding

Preparation, set-up and welding of test pieces shall be carried out in accordance with the pWPS, under the

general conditions of production welding that they represent. The same welding positions shall
as on the actual work piece. There shall be sufficient distance from the lateral earth clamps.

be observed

We

ng procedure tests shall be carried out on the smallest and largest stud diameters used In.p

Factice.

As a minimum, the numbers of studs indicated in Table 1 shall be welded in the welding procedure test.

Table 1 — Numbers of studs to be welded in the welding procedure test

Welding process Number df studs to be
welded

Drawhn arc stud welding with ceramic ferrule or shielding gas (d < 12 mm) 12

For Qlack-white combinations 22

Drawn arc stud welding with ceramic ferrule or shielding gas (d > 12.mm) 17
Shor}-cycle drawn arc stud welding 12

When using torque tests instead of macro examination 20

Capdgcitor discharge drawn arc stud welding 30

Capdcitor discharge stud welding with tip ignition 30

NOTH For setting-up tests and replacement specimens (see Clause 14), it is recommended that a sufficient numiper of additional
studs|be provided on the test pieces.

Welding and testing of the testpleces shall be withessed by an examining body (see ISO 15607:2

10.2.6 Scope of examination and testing

The ¢xamination and.testing includes non-destructive and destructive tests, which shall be in acg
the r¢quirements-of.Tables 2, 3 and 4.

003, 3.9).

ordance with

All inspection-and tests shall be performed in accordance with the procedures specified in Clause 11. The

number and type of test stated in Tables 2, 3 and 4 shall only be used in the case of the qua

ification of a

pWPB(based on the use of stud material and parent material, as specified in Table A.3.

10.2.6 Acceptance criteria

The acceptance criteria described in Clause 12 shall be fulfilled unless otherwise specified.

© I1SO 2006 — All rights reserved
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Table 2 — Examination and testing of test pieces welded by drawn arc stud welding with ceramic
ferrule or shielding gas

Number of studs to be tested

Type of test Application < 100°C Application > 100 °C
dy <12 mm dy>12 mm All diameters (d)
Visual examination all
Bend testing 60° (see Figures 1a), 1b) or 1c)) 10 not applied
Bend testing by means of torque wrench (see it anmliad i
Figure 2) T
Tensile testing (see Figures 3, 4 or 5) 104 5b -
b . .
Radiographic|examination not applied Sof(?erﬁ;c;lgatlelgt?rt%a)‘d —
Macro examination (off-set 90° through the centre 2

of the stud)

@  Tensile tegting is only required for welds between stud material of group 8, in accordance with ISO/TR 15608, and parent mhterial
of material groyp 1 or 2, in accordance with ISO/TR 15608.

b Only for stfuctures subjected to fatigue loading.

Table 3 +— Examination and testing of test pieces welded by short-cycle drawn arc stud welding
with d,, <12 mm

Type of test Number of studs to be tested
Visual examiration All
Bend testing $0° (see Figures 1a), 1b) or 1c)) 10
Torque test (3ee Figure 6) or macro examination (off:set-90° through the centre of 10 (torque test)
the stud) .
2 (macro examination)

Table 4/— Examination and-testing of test pieces welded by capacitor discharge stud welding
with tip ighition and capacitor discharge drawn arc stud welding

Type of test Number of studs to be tested
Visual examiration All
Tensile testing (see\Figures 3, 4 or 5) 10
Bend testing B0°Tsee Figures 1a), 1b) or 1c)] 20

10.2.7 Re-testing

If one of the studs fails to meet the requirements, two similar replacements studs can be taken from the
associated test pieces. If this is not possible, equivalent studs shall be welded subsequently. It is therefore
recommended that a sufficient number of replacement studs be provided for the welding procedure tests.

If more than one stud, or one of the two replacement studs, does not satisfy the requirements, the test has
failed.
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10.2.8 Range of qualification

10.2.8.1 General
All the conditions of validity stated below shall be met independently of each other.
Changes outside of the ranges specified shall require a new welding procedure test.

There is no limit to the duration of the validity of the welding procedure qualification, provided that no quality
changes are made and that a production surveillance record is kept in accordance with 14.6.

Howgver, since the result of stud welding depends not only on compliance with the weldirjg procedure
specification, but also, for example, on the way that the mechanical capability of the welding@ung is critical in
termg of weld quality, a production test shall be carried out at least once a year, as specifiediin 14.2.

In th¢ event of production being suspended for more than one year, the validity of the welding procedure
qualification shall be confirmed in a production test.

10.2.B.2 Conditions related to the manufacturer

The qualification of a pWPS obtained by a manufacturer is valid for welding in workshops or sies under the
samg technical and quality control of that manufacturer.

10.2.8.3 Conditions related to the welding process

The qualification is valid only for the welding process used-itvwelding procedure test.

10.2.8.4 Conditions related to the parent material

A wglding procedure test carried out with sone of the steels of a material group, in acc¢rdance with
ISO/TR 15608, covers the steels with lower specified yield strength of this material group, or the [ower alloyed
steel$ of the same material group forthe-intentional added elements, but not for fortuitous |mpurities. In
accordance with ISO/TR 15608, material-group 3 covers material group 1 and material group 2, whilst material
group 21 covers material group 22, and vice versa.

10.2.B.5 Stud material

Weldjng procedure tests.cover all materials of the same material group in accordance with ISO/TR 15608 with
the fqllowing addition:

a) [for drawn-are-stud-welding processes up to 13 mm diameter, material groups 8 and 10 cpver material
groups 1.and 2.1 and vice versa.

b) For/capacitor discharge stud-welding processes, material group 8 covers material groups 1 fo 6 and 11.1
and.vice versa.

c) Material group 21 covers material group 22 and vice versa.

10.2.8.6 Parent material thickness

As recommended in Table A.1, the material thickness used for the welding procedure test applies to all
thicknesses which exceed those specified in Table A.1, providing the pWPS used in the welding procedure
test applies.

For material thicknesses below the recommended minimum thickness, a new welding procedure test is
required.

© IS0 2006 — Al rights reserved 13
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10.2.8.7 Conditions related to the stud diameter and shape

A single weld

ing procedure test covers all stud shapes, but only the diameters used in the test.

Two welding procedure tests on different diameter studs cover the range between the two diameters and all

stud shapes.

10.2.8.8 Conditions related to the welding position

Using drawn arc stud welding with ceramic ferrule or shielding gas and short-cycle drawn arc stud welding,
welding position PC covers welding positions PE and PA, but not vice versa. For welding position PC, special

ceramic ferry

Using capac
welding proc

10.2.8.9 Conditions related to the welding equipment

-

(e

If there is
manufacture

10.2.8.10 Preheating

Welding proq
also valid for|

10.3 Pre-p
The general

a) welding

b) the actu

c) thenum

d) qualifica

and the

10.4 Previous experience

fion is limited to the same type of equipment, the same type and thickness of the parent m4

les can be used. Welding position PE covers welding position FPA, but not vice versa.

tor discharge stud welding with tip ignition and capacitor discharge drawn arc stud\weldi
edure test carried out in any one welding position is valid for welding in all welding positions.

change in the type of welding gun or head, and/or power souree,-or welding equig
[, the welding procedure specification shall be verified by a production test.

edure specifications that have been qualified by a welding.procedure test without preheatin
those for welding with preheating, but not vice versa.

roduction tests

brovisions of ISO 15613 shall be adhered to,*with the following additions and modifications:
procedure specifications, pWPS and WPS, shall conform to the provisions of Clause 9;

bl production shall be controlled by'a’suitable scheme for process control;

ber of studs (produced items)jtested shall meet the requirements of 10.2.4, if possible;

same diameter of studs as used during the pre-production test.

brovisions of ISO 15611 shall be adhered to, with the following additions and modifications:

procedure specifications, pWPS and WPS, shall conform to the provisions of Clause 9;

ng, a

ment

g are

terial

the former production on which the experience is based shall have been controlled by a suitable scheme

for process control, giving a statistical confidence compatible with the future application of the welding

The general
a) welding
b)

procedu
c)

re to be qualified;

and the same diameter of studs as used during the production on which the experience is based.

qualification is limited to the same type of equipment, the same type and thickness of the parent material

The use of previous experience instead of welding procedure tests is not permitted for steel welds with
standard or comprehensive quality requirements (see Annex A).

14
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10.5 Welding procedure qualification record (WPQR)

The welding procedure qualification record (WPQR) is a statement of the results of assessing each test piece,
including re-tests. The relevant items listed for the WPS in Clause 9 shall be included, together with details of
any features that would be rejected on the basis of the requirements in Clause 11. If no rejectable features or
unacceptable test results are found, a WPQR detailing the welding procedure test piece results is qualified,

and

shall be signed and dated by the examiner or test body.

A WPQR format, as shown in Annex D or Annex E, may be used to record details for the welding procedure

and

11

11.1| General

The

selegted according to the application.

In ceftain stud-welding applications, e.g. steam boilers, shipbuilding or nuclear industry, additior
hardness tests or ultrasonic examinations) may be required by application’standards or specificat

11.2| Visual examination

For

visugl examination is used for assessing the following, as@ppropriate for the application:

a)

b)

For dapacitor discharge drawn arc stud-welding and capacitor discharge stud welding with tip ig
exanfination is used for assessing_ the uniformity of the spatter ring.

11.3| Bend testing

The

weld |is subjected to_bending in an undefined manner. If arc blow or another visible imperfection
the sfud shall be béntvin a manner such that the area to be examined is in the tension zone. This
by orfe of the two fellowing methods.

the test results, in order to facilitate uniform presentation and assessment of the data.

xamination and testing

ethods described in 11.2 to 11.7 may be used for examination and testing)of’stud welds. T

drawn arc stud welding with ceramic ferrule or shielding gas and short-cycle drawn arc §

the uniformity of the shape and the size of the>collar (guidance values for drawn arc stud
¢eramic ferrule are given in ISO 13918), and

Ibcation, length and angle of the stud after welding.

test serves as a simple bench test for approximate checking of the chosen welding data. In

ests shall be

al tests (e.g.
ons.

tud welding,

welding with

nition, visual

the test, the
s suspected,
can be done

Iding gas, or
tip ignition or

a) The studs are bent through 60° using drawn arc stud welding with ceramic ferrule or shie
shoft-cycle drawn arc stud welding, through 30° using capacitor discharge stud welding with
¢apdcitor discharge drawn arc stud welding (see Figure 1).

b) The studs are stressed by applying a bending moment below the elastic limit (see Figure 1).

NOTE Values of bending moments for studs by applications > 100 °C are given in Table 5.

© I1SO 2006 — All rights reserved
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Key

1 stud

2 work piece

3 tool

a bending angle

Figure 1 — Examples for bend testing
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a) Torque wrench for bend testing

Figure'2 — Examples for bend testing by means of torque wrench
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Dimensions in millimetres
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17,5
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b) Test tool for bend testing

e drive dimension depends on the tool

e tool diameter can be chosen freely by the manufacturer, depending on the stud spacing.

Figure 2 (continued)

Table' 5 — Bending moments based on stud diameter

Stud diameter Bending moment
d
mm Nm
8 40
10 60
12 85

The acceptance criteria given in 12.3 shall be fulfilled unless otherwise specified.

11.4 Tensile testing

By using a suitable tension device (see Figures 3, 4 or 5) the welded studs are pulled axially until fracture. The
test only applies to studs by application < 100 °C.

18
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1
AL#
7 72
/
3
IN N\
4
— % 56

/

Key

1  sfud

2 sfeel nut

3 washer

4  sleeve

5 copllar

6  work piece

Figure 3 — Example for tensile testing of threaded studs

© I1SO 2006 — All rights reserved

19


https://standardsiso.com/api/?name=0459f38f9e7be5f68c4d2adb8088576c

ISO 14555:2006(E)

5

q/_\
|

4 2
L A
a)
(- 4

stud (shegr Connector)
collar

bridge

work piece

screw for levelling
hydraulic cylinder
washer

N o b WON -

NOTE The washer is required for hardness 40 to 55 HRC.

Figure 4 — Examples for tensile testing of shear connectors
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1 stud

2 work piece

3 tensile device

ISO 14555:2006(E)

Figure 5 — Example for tensile testing of non-threaded studs

11.5| Torque test
Weld|resistance is checked by applying a torque 7 on a cap nut fully tightened on'the stud (see F
]
©
A
 J ]
S || I — eSS
h-z%0,8d
- f <l
Key
d  gtud diameter
h  lpngth of the threaded part of theé nut
t thickness of plate
T tprque
NOTEH Minimum-values of the required torque on mild steel are given in Table 6.
Figure 6 — Example of torque test

gure 6).
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Table 6 — Minimum values of required torque on mild steel

11.6 Macrad

The macro ¢
carried out W

Macro exam

shielding gas
test may be

11.7 Radio

The radiographic examination serves to check the(weld area for internal imperfections. Radiogn

Minimum thickness of the plate | Stud diameter Torque
t d T
mm Nm

M3 1,2

M4 3
0,7

M5 6

M6 9

8 2%
1,5 M10 46

M12 80

examination

xamination serves to check the shape and depth of the penetration. The assessment sh
ith a maximum of tenfold magnification.

nation is only required for the welding processes, drawn arc stud welding with ceramic ferr

, and short-cycle drawn arc stud welding. For the specimen, a stud which has passed the
hosen.

graphic examination

il be

ile or
bend

Bphic

examination s only required for the welding process|.drawn arc stud welding with ceramic ferrule or shiglding
gas above d - 12 mm for applications < 100 °C, when tensile tests are not carried out.

The studs shall be cut off just over the collars,

Radiography|shall be carried out in accordance with ISO 17636, using class B technique.

The imperfegtions shall be in accefdance with limits specified in 12.1.

12 Acceptance criteria

12.1 General

The welds ofthe-studs—shaltbe-freeof imperfections,except-those-which-aretobe—accepted-by-thedifferent

tests and examinations.

The acceptance criteria shall be in accordance with 12.2 to 12.8, unless otherwise specified in application

standards or

specifications.

If comprehensive quality requirements are required in accordance with 1SO 3834-2, the total area of all
imperfections shall not exceed 5 % of the stud area. No individual imperfection on the fracture surface of the
weld shall be larger than 20 % of the stud diameter. Even for small imperfections, the number of imperfections
shall not exceed the value of the stud diameter in mm. Pores with a diameter of less than 0,5 mm are

disregarded.

22

© 1SO 2006 — All rights re

served


https://standardsiso.com/api/?name=0459f38f9e7be5f68c4d2adb8088576c

ISO 14555:2006(E)

If standard quality requirements are required in accordance with ISO 3834-3, the total area of all imperfections

shall

not exceed 10 % of the stud area.

If elementary quality requirements are required in accordance with ISO 3834-4, the limit of the imperfections

shall

12.2

be specified.

Acceptance criteria for visual examination

For drawn arc stud welding with ceramic ferrule or shielding gas, and short-cycle drawn arc stud welding, the
imperfections shown in Table A.5, Nos. 2 to 5, and the imperfections shown in Table A.6, Nos. 2 and 5, are
not acceptable.

For @
impe

12.3

A we

If alg
(e.q.

If inh
base
for tw
show

Crac

12.4

A frg
ISO ]

If sta
are o
surfa

By u

disch
does

12.5

apacitor discharge drawn arc stud welding and capacitor discharge stud welding with~tip
[fections shown in Table A.7, Nos. 2 to 4, are not acceptable.

Acceptance criteria for bend testing
d passes the test if no cracks are found in the weld after bending of the stud through 30° or

w-deformation fracture occurs in the heat-affected zone, the weldability- of the materials sha
fendency to hardening).

bmogeneous deformation has to be expected due to the geametry of the stud, e.g. for studs
or if a bend until the mentioned angle is not possible, e.gxfor studs of short length in relatio
o-material studs and for studs with yield strength above.355 N/mm?2, the suitability of the
n by other means. A sufficient plastic deformability shall be achieved.

s which arise from the thread bottom are disregatded.

Acceptance criteria for tensile testing

cture in the weld area is not permitted, if comprehensive quality requirements in acc
834-2 are required.

hdard quality requirementssinaccordance with ISO 3834-3 are required, fractures within tk
Ce shall be in accordance-with the limits specified in 12.1.
be of flanged stud-and the welding processes, capacitor discharge drawn arc stud welding

arge stud welding with tip ignition fractures within the weld zone are permitted, if the non
not exceed35.% of the flanged area.

Acceptance criteria for torque testing

The required torque shall be reached without weld failure.

ignition, the

50°.

| be checked

with reduced
n to diameter,
veld shall be

brdance with

e weld zone

nly permitted if the nominal tensile strength of the stud material is reached. Imperfections in the fracture

or capacitor
welded area

12.6

Impe

Acceptance criteria for macro examination

rfections with dimensions larger than specified in 12.1 are not acceptable.

In the case of applications > 100 °C, a sufficient weld between stud and tube material has to be achieved
whilst leaving a minimum of 2 mm wall thickness non molten in the tube. In the case of undershooting this
value, the actual conditions shall be proven by calculation.

12.7

Impe

©I1SO

Acceptance criteria for radiographic examination

rfections with dimensions larger than specified in 12.1 are not acceptable.
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12.8 Acceptance criteria for additional tests

Acceptance criteria for additional tests shall be specified. For the assessment, the characteristics of the
stud-welding process shall be taken into account.

EXAMPLE For the hardness test, higher hardness values than those specified in ISO 15614-1:2004, Table 2, are
permitted.

13 Workmanship

Surfaces to e welded shall be maintained dry and free from condensation. VWhen material temperaturds are
below 0 °C, pppropriate preheating may be necessary. For reasons of weldability, the carbon content-of the
steels shoulq be < 0,22 %.

Depending gn the welding process, ceramic ferrules and/or shielding gases are used for.protection |or to
concentrate the arc. The ceramic ferrules shall be correctly chosen for the stud diameter, and the type of|stud.
The following points shall be observed:

a) the ceramic ferrules shall be stored in a dry place;

b) wet cergmic ferrules shall be rebaked at elevated temperatures before use (1 h above 900 °C);
c) the ceramic ferrule shall be pressed against the parent material,

d) the ceramic ferrule shall fit centrally with respect to the stud.

NOTE Tilting or uneven contact of the ceramic ferrule at the studieads to an uneven collar and can inhibit plunging.
In special cases (drawn-arc stud welding of aluminium-and its alloys or CrNi steels) it may be necessary to
use shielding gases. In principle, the ceramic ferrule“can be replaced by shielding gas (for restrictiond, see
Table A.1). Tlhe gas is fed to a device that shall ensuré uniform gas shielding without turbulence. Note alqo the
following points:

— the gas feed should be sealed off on the'stud side;

— the gas ghall displace the atmosphere before welding starts, so a defined pre-flow time shall be obsgrved;

— in the cdse of aluminium, particularly careful gas shielding is essential.

14 Process control

14.1 Geneiral

For quality assurance, various quality requirements shall be met, depending on the stud-welding process and
the field of application (see Annex B). Before, during and after production, tests shall therefore be performed.
The various tests are as follows:

a) production test;

b) simplified production test;

c) production surveillance.

These tests can be carried out by using the actual production pieces or by using special test pieces. The
pieces shall correspond to the production conditions.
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14.2 Production test

14.2.1 General

Production tests shall be performed by the manufacturer before the beginning of welding operations on a
construction or a group of similar constructions, and/or after a specified number of welds. This number shall
be taken from the relevant application standard or shall be laid down in the specification.

The production test is limited to the stud diameter used, the parent material and the type of equipment.

14.2.2 Production test for drawn-arc stud welding with ceramic ferrule or shielding gas and

short-eyele-drawn-are stud-welding

At legst ten studs shall be welded. For setting-up tests and, where appropriate, replacement.tests, a sufficient
number of additional studs should be provided on the test piece. The following examinations.and fests shall be
performed:

a) \isual examination (all studs);

b) bend testing (five studs);

c) lacro examinations of two different studs (off-set by 90° through the-¢entre of the stud).
NOTE For short cycle drawn-arc stud welding, macro examinations can be replaced by torque tests (fiie studs).
The ]:aminations and testing are performed and evaluated in aceordance with Clause 11.

The results of the production test shall be documented (se€ZAnnex F).

14.2.8 Production test for capacitor discharge stud welding with tip ignition and capacitor|discharge
dravln-arc stud welding

At legst ten studs shall be welded. For setting-up tests and, where appropriate, replacement test$, a sufficient
number of additional studs should be provided on the test piece. The following examinations and fests shall be
perfofmed:

a) \Visual examination (all studs);

b) nsile testing (three studs);

The results of the{production test shall be documented (see Annex G).

Simptifi f : i y-the—meanufacturer-before—the—start-of-each—shift. They can
also be requested after a certain number of welds, by the application standard rules or in the specification.

The purpose of the simplified production test is to check that the equipment is correctly set up, and that it is
operating correctly. Three studs shall be welded. The simplified production tests comprise at least the
following test and examination:

a) visual examination (all studs);
b) bend testing (all studs).
The examination and test are performed and evaluated in accordance with Clause 11.

The results of the simplified production test shall be documented.
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14.4 Re-testing for production test or simplified production test

If one of the studs does not meet the requirements, two additional studs of the same type can be taken from
the associated test piece. If this is not possible, similar studs shall be additionally welded.
NOTE This necessitates that a sufficient quantity of replacement specimens be provided in a production test.

If one of the additional studs does not satisfy the requirements, corrective action (see 14.7) shall be taken and
the production test shall be repeated.

14.5 Production surveillance

14.5.1 Visual examination

Visual examipation is generally sufficient for production surveillance and shall cover all welds.

14.5.2 Chedking the welding parameters

The relevant|welding parameters shall be checked regularly.

NOTE THey can be monitored by suitable equipment.

14.5.3 Othel non-destructive examinations and tests

If specified
Suitable tech

n the application standard, non-destructive testing may be added to production surveill
niques are:

Ance.

a) checking the length of the studs after welding;

b) tensile test, bend test, torque test with restricted values.

14.6 Production surveillance record

The manufa
simplified prg
stud-welding

turer keeps a production surveillance record, which contains the results of the production
duction test and production surveillance. The manufacturer shall keep a different record for
process and the record shall be kept available, with the results of all tests recorded. Anne

test,
each
His

an example form and should be used) where appropriate.

14.7 Non-conformance and corrective actions

f the
ngth)
made

If there is an indicatien,'0f non-conforming welding, e.g. porosity, collar not complete or unequal, or
length of ong stud is-outside the specification, a bend test (15°) or tensile test (limited to the design stre
shall be perfprmed,on that stud. If the stud weld fails to satisfy the requirements in this test, three welds
before and, where appropriate, after the defective weld shall also be subjected to bend or tensile testing.

If one of these studs also fails to satisfy the requirements in the test, appropriate testing shall be carried out on
all studs on the same work piece.

Corrective actions shall be taken for all non-conforming stud welds, either by removal of the defective stud,
where necessary, and repeat stud welding, or by repair welding with a suitable welding process. In isolated
cases, stud welding processes may be replaced by other suitable welding processes. Depending on the stud
diameter, a fillet weld shall reach the calculated throat.

NOTE Sometimes defective studs do not need to be removed, but can be substituted by extra studs.

Alternative welding procedures shall be qualified in accordance with 1SO 15614-1 or ISO 15614-2, and
welders shall be qualified in accordance with ISO 9606-1 or ISO 9606-2.
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All repaired or replaced studs shall be tested in accordance with the specifications.

In addition, steps shall be taken to ensure that factors adversely affecting the stud welding are identified and
compensated.

14.8 Calibration of the measuring and testing equipment

In the case of comprehensive quality requirements in accordance with ISO 3834-2, the manufacturer shall be
responsible for the appropriate calibration of inspection, measuring and testing equipment. All equipment shall
be suitably controlled and shall be calibrated at specified intervals (see ISO 17662). See also Annex B.

NOT In the case of drawn-arc stud-welding processes, this applies particularly to current intensity anfl welding time
measjrement.
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Annex A
(informative)

Processing of stud welding

A.1 General

This annex

jves gpnpml guidnnr‘p far the aniqfnr‘tnry Inmdur‘tinn and control of stud wplding

In stud weld
melt and arg
drawn-arc st
actuating de
burn time (a
the diameter
welding.

A.2 Weldi

A.2.1 Drawn arc stud welding

A211

Drawn arc sf|
stud is insert
At the begin
then the mai

and the parg¢nt material to melt. When the welding time has elapsed, the stud is plunged with little

(<100 N) int
Figure A.1 sk

General

then joined. Depending on the nature of the ignition method, a distinction is made” bet
ud welding and stud welding with tip ignition. Each method requires suitable power sup
ices, studs and accessories (e.g. ceramic ferrules). A feature of stud welding jsithe very shg
pproximately 0,5 ms to 3 000 ms) and the associated high rate of heating and‘cooling. Nor
of the stud can range up to 10 mm for tip ignition welding, and up 0,25 mm for draw

ng processes

d into the stud holder and - fitted with a ceramic ferrule, if necessary - applied to the work
ning of the welding process, the stud s liffted by the mechanism and, normally, first a pilo
h arc, are struck between the tip of theé stud and the work piece. This causes the face of the

b the molten pool, and the current source is switched off. The ceramic ferrule is then rem
ows the sequence of events using a ceramic ferrule.

Lid welding can be done mechanically or automatically, using welding guns or welding headd.

ng, an arc is briefly struck between the face of the stud and the work piece; both partsistart to

ween
plies,
rt arc
mally
n-arc

The
iece.
t arc,

stud
force
bved.
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Figure A.1 — Stud movement in drawn-arc stud welding

1.2 Methods of drawn-arc stud-welding processes

stinction is made between three methods of welding processes (see Table A.1).

Prawn arc stud welding with ceramic ferrule or shielding gas (783).This welding proces

gised in the 3 mm to 25 mm diameter range, with welding times of 100 ms to 3000 ms. Itis u
q

ethod is used for the majority ,of applications. The minimum sheet thickness is 0,25 d for CH
r SG, but not less than 1 mm:;

hort-cycle drawn-arc.stud welding (784). A welding time of < 100 ms is used. This varig
r stud diameters up~t0 12 mm, but for the range between approximately 8 mm and
iameter shielding-gas’should be used to prevent increased pore formation. For aluminium,
hall be used. Ahe’fusion zone is narrow and the thermal input modest, so that studs
iameter can<de-welded to thin sheets. For diameters up to 9 mm diameter and with steel,
is frequently\carried out without protection of the weld pool and calls for studs with an upg
ese afford a larger weld area than the plain stud-shaft diameter and thus reach a higher
an thestud shaft, despite pores in the weld zone. The minimum sheet thickness is 0,125
an 9,6 mm.

5 is generally
sually carried

ut with a ceramic ferrule or shielding gas, or with both, or in special cases without pool protection. This

and 0,125 d

nt is suitable
12 mm, stud
shielding gas
ip to 12 mm
he operation
et flange, as
tensile force
L but not less

Capacitor discharge drawn-arc stud welding (785). Very short welding time (< 10 ms) can be achieved

by using a capacitor discharge power source. The diameter range is 3 mm to 10 mm. The mi

nimum sheet

thickness is 0,1 d, but not less than 0,5 mm. The welding process is similar to the short-cycle drawn-arc

stud-welding process, but the peak current can be up to 4 000 A.

working range of the various drawn-arc stud-welding processes is given in Table A.1.

© I1SO 2006 — All rights reserved
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Table A.1 — Working range of the various drawn-arc stud-welding processes

Welding Welding time | Welding diameter, Current Weld pool Minimum sheet
processes 2 tw d,, and welding intensity protection thickness
ms positions ? I mm
mm A
3to 25 PA
Drawn-arc stud >100 |3t 20 PE 300 to 3 000 CF 0,254, but not less
welding withl ceramic 3to0 16 PC than 1 mm ¢
ferrule or shielding 31016 PA 01257 5 I
as (783 to ,125d, but not less
gas (783) > 100 3108 PO 300 to 2 000 SG tham 1 mm ¢
Short-cycle : R
drawn-arc stud <100 3 to. 12’ all welding Up to 1 800 NP, SG 0,125, but nofjeps
. positions than 0,6 mm¢
welding (784
Capacitor dispharge 3 t0 10, all welding Up to 4 000 0,1d¢babnot less|than
drawn-arc stud <10 OSitiOI"lS (peak) NP, (SG) 0’5 r,nm
welding (785 P P ’

b

thicknesses.

@ In accordgnce with 1ISO 4063.
In accordgnce with ISO 6947.
€ The minimum sheet thickness avoids the risk of burning through the sheet. Other applicationi,requirements may call for greater

When the hjgh-power welding process (narrow melt zone), short-cycle welding process or the capfcitor
discharge prpcess is used, the stud tips shall be matched to the fusien penetration shape in the work piece
and made fldtter (e.g. 166° cone angle).

A.2.1.3 Wgld pool protection

A distinction s made between different techniques onthe basis of weld pool protection.

a) Ceramig ferrule (CF). The ceramic ferrule has-several functions:

— profection of the weld pool by creation of metal vapour in the burning chamber at sufficient clirrent

intepsity;

— congentration and stabilization of the arc, thus reducing arc blow;

— moulding of the displaced weld pool to a weld collar and supporting of the weld pool.

Furthermore, it shields the operator from both arc and spatter. The ceramic ferrule is used for onel weld
only and is remaoyed ‘once the molten metal has solidified.

b) Shieldin

gas'(SG). In stud welding with shielding gas, the atmosphere is displaced from the arc rggion

c)

30

by a shielding gas supplied from outside, which greatly reduces the formation of pores. For steel$ and
most other metals, a mixture of argon and carbon dioxide (ISO 14175 -M21) is widely used. For
aluminium and its alloys, pure argon Ar 99,99 (ISO 14175 -I1) or Argon-Helium mixtures (ISO 14175 -13)
are widely used.

The shielding gas influences the arc and affects the fusion of the stud and work piece. It also influences
the shaping of the weld collar and the penetration shape, via the surface tension. A fundamental principle
is that the welding position PA, in accordance with ISO 6947, should be preferred for welding time > 100
ms. An additional ceramic ferrule can also be used to improve the shape of the collar and restrict the arc
to the immediate area of the work piece.

No protection (NP). Stud welding without protection is possible only for small welding diameters

(<10 mm) and with short welding times (< 100 ms). Among the drawbacks of this method are severe
oxidation of the weld zone, increased pore formation and an irregular weld collar.
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A.2.2 Capacitor discharge stud welding with tip ignition (786)
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The two techniques for capacitor discharge stud welding with tip ignition are with contact or with gap.

Table A.2 — Characteristics for capacitor discharge stud welding with tip ignition

Characteristic

Welding Welding Peak Welding Spring Plunging Ignition Typical
Method | process? | diameter current time force speed application
dW ~ ~ ~ ~
1
mm A ms N m/s
60 to 100 Welding of
Contact depending Always (pnalloyed and
786 0,8to 10 5000 1t03 . 0,5 to OJ% alloyed) steel,
method on piston correct :
palvanized or
mass -
pily surfaces
Mostly
Gh 0,8to 10 0,5to1, correct, Welding of
P 786 (aluminium 10 000 0,5t02 40 to 60y™ [ aluminium 1 | advanced | gluminium and
method S
up to 6) upto 1,5 ignition brass
possible

@ Ih accordance with 1ISO 4063.

In welding with contact, the stud is inserted intg.the stud holder of the machine [see Figur¢ A.2 a)] and
positioned with its ignition tip directly on the surface of the component [see Figure A.2 b)]. A |spring in the
welding gun presses the stud against the metal-"Once the capacitor power has been switched on, the ignition

tip apruptly explodes and vaporizes partially, and the arc is generated [see Figure A.2 c)].

The stud is

advapced still further towards the sheetmegtal and finally remains in the solidified melt [see Figurg A.2 d)]. The
weldihg time is < 3 ms.

The

the sfud is held at a defined,-adjustable distance from the work piece [see Figure A.2 a)].

lifference between welding with gap and the technique described above is that, before wellding begins,

When the capacitor bank.is switched on, the stud is speeded up towards the surface of the mietal, and the
welding process continuées as described above [see Figures A.2 b), A.2 c) and A.2 d)]. A welding fime of about

1 ms|makes it possible, among other things, to weld aluminium and its alloys without gas shielding.

The recommended sheet thickness should be > 0,1 4 but not less than 0,5 mm.

H

ol

n

1

e

\

[]

]

L

a)

b)

[]

|

z

c)

S |

]

[B

d)

Figure A.2 — Capacitor discharge stud welding with tip ignition — Main phases of the welding process
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A.2.3 Pare

A231 Ge

nt materials

neral

The brief arc effect initiates melting of both stud and parent material, and the molten metals intermix as the
joint is formed. This phenomenon differs in the various stud-welding processes. Generally speaking, more
stud material melts than parent material. The weld area on the parent material is usually larger than the
cross-section of the stud. The strength and deformation properties at the transition from weld to stud shall
therefore be investigated with special attention. The surface of the parent material should be clean. Layers of
paint, rust, scale, grease and coatings of non-weldable metals should be removed from the weld location. This
can be done mechanically or chemically. Parent materials with scale and rust layers shall be thoroughly

ground off.

he surface preparation shall be specified in the WPS. Where welding times are short (<5

the surface should be cleaned with particular care.

A.23.2 Pa
short-cycle

ent material for drawn-arc stud welding with ceramic ferrule or shielding gas-and
drawn-arc stud welding

Parent matetials for this type of stud welding are those listed in Table A.3.

The use of ¢
also be perm

A.23.3 Pa
welding wit

ther steel grades and other materials such as lead-free brass for drawn-arc stud welding
itted. In such cases, additional or other tests, as described in Clausé)11, can be required.

ent material for capacitor discharge drawn-arc stud welding and capacitor discharge
tip ignition

Parent matetials for this type of stud welding are those listed in Table A.4.

The use of
described in

A.2.4 Stud

A2.41

Stud materia

pther materials is also permitted. In such cases; alternative or additional tests, such as
Clause 11, may be required.

Stud material

s are listed in ISO 13918, Table 2.

A.2.4.2 Stud shapes

The stud shape outside the_weld area can be chosen freely. The shape of the stud tip differs accord

welding proc

32

bss and material (see ISO 13918).

ms),

, can

stud

hose

ng to
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A.2.5 Combinations of stud material and parent material

ISO 14555:2006(E)

The weldability of the various materials, as well as the recommended combinations of stud material and
parent material, depends on the process of stud welding. The combinations are shown in Tables A.3 and A.4.

Other combinations can be welded, but the weldability should be assured by welding procedure qualification.

Table A.3 — Weldability of typical combinations of stud and parent materials for drawn-arc stud
welding with ceramic ferrule or shielding gas and short-cycle drawn-arc stud welding

Stud material

ISO/TR 15608
material groups 1

Parent material

ISO/TR 15608
material groups

ISO/TR 15608
material groups .8

materjal groups 21

ISQ/TR 15608

EN AW-AIMg5/EN AW-5019

and 2.1 2.2,3t06 and 10 and 22
S234
4.8 (eldable) highly wel.dablle f(a)r weldgb!e Vt\)llthln welc.ial?le QNLthln not weldable
any application limits limits °
16M@3
1.4742/X10CrAI18 weldable within weldable within weldable within nob weldable
1.4762/X10CrAlI24 limits d limits d limits d
1.4828/X15CrNiSi20 weldable within weldable within weldable within nol weldable
1.4841/X20CrNiSi25-4 limits P limits © limits P
1.43(01/X5CrNi18-10
1.4303/X5CrNi18-12 weldable within
limits
1.44(01/X5CrNiMo17-12-2 / weldable within highly weldable for nol weldable
1.4529/X1NiCrMoCuN25-20-7 limits b any application @
1.4541/X6CNiTi18-10 highly weldable-for
any application & ©
1.4571/X5CrNiMoTi17-12-2
EN AW-AIMg3/EN AW-5754 i
9 not weldable not weldable not weldable weldable within

limits b

or example, for force transfer:
or force transfer.

nly for heat transfer,

® o O T Q

i
i
®nly for short-cycle drawn=arc stud welding.
q
L

p to 12 mm ingdiameter and shielding gas.
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Table A.4 — Weldability of typical combinations of stud and parent materials for capacitor discharge
stud welding with tip ignition and for capacitor discharge drawn-arc stud welding

Parent material

ISO/TR 15608 material

Copper and
. ISO/TR 15608 | groups 1to 6,11.1 and ISO/TR 15608
Stud material material galvanized and metal ISO/TR 1.5608 lead free material
material copper alloys,
groups 1to 6, | coated steel sheet, max. groups 21
1.1 thickness 25 pm of group 8 e.g. Cuzn37 and 22
’ . (CW508L)
coating
highly highly
S235 weldable for L p weldable for | weldable within
weldable within limits S b not weldaple
4.8 (weldable any any limits
application @ application @
highly highly
1.4301 weldable for Idable within limits b weldable for | weldable within not weldable
14303 any weldable within limits any limits b
application @ application @
R highly‘weldable
Cuzn37 (no ISO weldable L p weldable
f
standard avajable) | within limits o | WeldaPle Within imits >4 i imits orany | notweldaple
application
- weldable wjithin
EN AW-AI99,b not weldable not weldable not weldable not weldable limits B
highly weldgble
EN AW-AIMgB not weldable not weldable not weldable not weldable for any
applicatiop @
@  For examgle, for force transfer.
b For force transfer.
A.2.6 Weld assessment and recommended corrective actions

Weld assess|

ment and recommended corrective actions are shown in Tables A.5, A.6, A.7 and A.8.

34
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Table A.5 — Weld assessment and recommended corrective actions for drawn-arc stud welding with
ceramic ferrule or shielding gas

No.

Appearance

Assessment

Recommended corrective
actions

Visual examination

1

Collar regular, bright and complete.

Length after weld within tolerances.

Acceptable (parameters are
correct).

None.

S

N

Reduced diameter weld.

Length too long.

Insufficient protrusion (plunge) or lift.
Insufficient centering.

Welding power too high.

Damping activity too strong.

Increase protrusion (pjunge) or lift.

Check centering of cefamic ferrule.

Reduce current and/of welding

time.

Reduce damping actiVity.

(&%)

Reduced, irregular and greyish
collar.

Length too long.

Weld-energy too low.

Ceramic ferrule is moist.

Increase current and/orf welding time.

Dry out ferrules in ovehn.

Lift too short. Increase lift.
4 Collar off centre with undercut. Effect of arc blow. See Table A.8.
I‘\l Ceramic ferrule incorrectly centred. | Improve centring.
© I1SO 2006 — All rights reserved 35
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Table A.5 (continued)

Recommended corrective

bright, with large lateral projections.

Length after weld too short.

No. Appearance Assessment -
actions
Visual examination
5 Collar height extremely reduced, Weld energy too high. Reduce current and/or welding time.

Plunge rate too high.

Adjust plunge and/or gun damper.

l

Fracture examination

Greyish fracture surface without
sufficient deformation.

S
G

6 Tefring of parent material. Acceptable (parameters are None:
correct).
7 Fracture above collar after Acceptable,(parameters are None.
sufficient deformation. correct).
8 Fracture within the weld, Weld energy too low. Increase current and/or welding ftime.
High porosity. Unclean surface. Clean the surface.
Material not suitable for stud Select suitable material.
welding.
9 Fracture in HAZ. Carbon content of parent material | Select suitable material.

too high.
Cooling rate too high.

Increase welding time.

Preheating may be necessary.

36
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Table A.5 (continued)

ISO 14555:2006(E)

No.

Appearance

Assessment

Recommended corrective
actions

Fracture examination

10

Fracture of weld.

Bright appearance.

Flux content is too high.

Welding time too low.

Reduce flux quantity.

Increase welding time.

Lamellar tearing of parent material.

Non metallic inclusions in parent
material.

Parent material not suitable.

Select suitable material.

© I1SO 2006 — All rights reserved
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Table A.6 — Weld assessment and recommended corrective actions for short-cycle drawn-arc
stud welding

Recommended corrective
No. Appearance Assessment .
actions
Visual examination
1 Regular collar, no visual defects. Acceptable (parameters are None.
correct).
2 Partial weld. Weld energy too low. Increase curtent'and/or weldinp
time.
Polarity incorrect. Correctpolarity.
I
3 Lafge irregular collar. Welding time too long. Reduce welding time.
4 Pores in collar. Welding time too long. Reduce welding time.
Current too low. Increase current.
Oxidation of weld pool. Provide suitable shielding gas.
Surface contaminated. Clean the surface.
5 Collar off centre with undercut. Effect of arc blow. See Table A.8.
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Table A.6 (continued)

ISO 14555:2006(E)

No. Appearance

Assessment

Recommended corrective
actions

Fracture examination

sufficient deformation.

=N

6 Tearing of parent material. Acceptable (parameters are None.
correct).
1 Fracture above collar after Acceptable (parameters are Nonge.

correct).

t Fracture in HAZ.

[ S

—rr—ee e —  —_—  —

Carbon content of parent material
too high.

Parent materiaknot suitable.

Select suitable material.

[{o)

Lack of penetration.

Heat input too low.

Incorrect weld polarity.

Increase heat input.

Correct weld polarity.

© I1SO 2006 — All rights reserved
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Table A.7 — Weld assessment and recommended corrective actions for capacitor discharge

drawn-arc stud welding and capacitor discharge stud welding with tip ignition

Recommended corrective

No. Appearance of fracture Assessment .
actions
Visual examination
1 Small weld spatter around joint. Acceptable (parameters are
No visual defects. correct).
P PN S
2 Gap between flange and parent Weld energy too low. Increase weld energy.
material. . .
Plunging speed too low. Correct'plunging speed.
Insufficient support of parent Provide support.
material.
L ]
3 Copsiderable spatter around weld. |Weld energy too‘high and/or Reduce weld energy.
insufficient pluhging speed. .
Increase plunging speed.
4 Wald spatter off centre-with Effect of arc blow. See Table A.8.
undlercut.

40
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Table A.7 (continued)

ISO 14555:2006(E)

Recommended corrective
No. Appearance Assessment -
actions
Fracture examination
5 Tearing of parent material. Acceptable (parameters are None.
correct).
6 Fracture of stud above flange. Acceptable (parameters are None:
correct).
L e
7 Fracture in weld. Weld energy too low. Increase weld energy.
Plunging speed too low. Increase plunging speed.
Combination stud/parent material | Select suitable material.
unsuitable,
Jd
e |
8 Deformation on reverse side. Weld energy to high. Reduce weld energy.
Pressure too high. Reduce pressure.
Weld procedure not suitable. Use gap weld procedyre and not
contact weld procedure.
Parent material too thin. Increase thickness of parent
material.
L e
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Table A.8 — Effect of arc blow and some possible remedies

No. Cause Remedy
A — f—_= )
o
N A
@ 4 A ® # 7 4! @
° g '
A M
5 & Z, @ ® # 7 A
@ °
© c
o e °
C d i
o réﬁ Q ez 2
/]
~ @
NOTE Arc blow is proportional to current intensity and can be influenced by symmetrically attaching mass clamps and
compensating masses, or (in the case of hand guns with an external welding cable) by turning the gun around the vertical axis. Arc blow
generates one-sided melting and can increase the number of pores in the welded materials, but it can be reduced by suitable
application of different remedies.
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A.2.7 Drawn arc stud welding with ceramic ferrule or shielding gas and short-cycle
drawn-arc stud welding

A.2.71 Welding equipment

A.2.71.1 General

The welding equipment consists of the power source, control unit, movable fixture and welding cables.

A.2.7.1.2 Power sources

Powar sources are either rectifiers or converters which supply direct current and are suitable“fpr brief, high
loadg. The maximum current intensity in the case of the largest standard studs is approximately R 500 A. The
duty tycle is 3 % to 10 %. This means that even for high currents, systems are relativelyllight and compact.
The ¢pen circuit voltage is between 70 V and 100 V and should conform to IEC 6097441

NOTH Itis intended that the current intensity be continuously adjustable over the entire“range. Systems incorporating
constant current control are particularly advantageous.

A.2.71.1.3 Control unit

Control units switch the welding current in accordance with the desired welding time. They also control the
movgment of the gun. The power source and control unit are conthined in most systems (compact systems).

A.2.1.1.4 Movable fixtures

Movgble fixtures are either hand-held guns or welding:heads. Welding heads are preferable for aitomatic stud
feed pnd are securely connected to a frame.

The movable fixture incorporates the following?

a) the drive, to lift the stud for arc starting and to keep the lift at a constant length during the arc time, with
flespect to the support fixture;

NOTH 1 In most cases, the drive(is\electromagnetic.

b) aspring, to plunge the stud into the molten pool after the end of the welding period;
c) dn some guns, a hiydraulic or pneumatic damper, to reduce the plunge speed;
NOTHB 2  In particular, a damper is incorporated when stud diameters are in excess of 14 mm.

d) g clampingfixture, to hold the stud in the welding position and to transfer the current to the stiid;

e) dsupport fixture, to absorb the reaction force of the press-on force;

NOTE 3 In the case of hand guns, the support fixture can centre the ceramic ferrule or allow the stud to be positioned
on the work piece (e.g. by way of stops or templates). The support can be made either directly mechanically, or by means
of electronic control.

f) in the case of welding heads for automatic feed, a feed chamber and a positioning unit for the stud.

NOTE 4 In most cases, the positioning unit is pneumatic.

Changing clamping fixtures, and sometimes parts, of the support fixture enables a movable fixture to be used
for different stud dimensions.

The movable fixture is a power tool. The appropriate safety regulations should therefore be observed in order
to avoid hazards connected with electrical voltage, heating and arc formation.
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A.2.7.1.5 Welding cables

The welding cables shall conform to ISO 5828 and shall be dimensioned so that impermissible heating is
avoided. 50 mm2 is recommended for studs with a diameter of up to 12 mm. Cross-sections of at least
70 mm2 are recommended for studs of up to 20 mm diameter. Cross-sections of 120 mm?2 are recommended
for larger studs. The cable and, in particular, all connection points should be checked regularly for damage.

Damaged system components shall be replaced.

NOTE
cables is incre

A.2.7.2 Wetdingparameters

A27.21

When weldin
pole. Opposi

A.2.7.2.2
Depending ¢
drawn-arc st
estimated on
I(A)=8
I(A)=9

Normally, a g

A current as

Polarity

Welding current

ased.

Depending on the type of power source and the length of the welding cable, the cross-section of the welding

g steel, the stud is connected to the negative pole and the work piece is connegted to the po
e polarity has proven successful for special metals, e.g. aluminium and its alldys; and brass

n the stud dimensions, the welding current is between approximately 300 A and 3000 A
the basis of Equations (A.1) and (A.2):

D x d (mm) — for studs up to approximately 16 mm diameter

D x d (mm) — for studs of over 16 mm diameter

urrent approximately 10 % less is selected for stainless steel.

high as possible (600 A to 1 800 A, depending on the size of the power source) is s

sitive

. For

d welding with ceramic ferrule or shielding gas of unalloyed-steel, the correct current can be

(A1)

(A.2)

bt for

short-cycle drawn-arc stud welding.
A.2.7.2.3 Arc voltage
The arc voltgge is mainly determined by the lifting height and the welding current. Values of between 20 Y and
40V are thg norm. Surface impurities; such as oil or grease, increase the arc voltage compared with the
normal state] whilst inert gases reduce it.
A.2.7.2.4 Welding time
For drawn-afc stud welding with ceramic ferrule or shielding gas, the welding time can be estimated on the
basis of Equations (A:3) and (A.4):
ty (s) = 0,02 x d (mm) — for studs of up to approximately 12 mm diameter (A.3)
ty (8) = 0,04 x d (mm) — for studs over 12 mm diameter (A.4)

The given values apply to weldings in the welding position PA. The welding time shall be reduced for welding
in the welding position PC, in accordance with ISO 6947.

In the case of short cycle stud welding, the welding time is less than 100 ms. It depends not only on the stud
diameter, but also on the available current intensity. The welding time should be as short as possible in the
case of welding without weld pool protection.
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A.2.7.2.,5 Lift

The lift is between approximately 1,5 mm and 8 mm and is proportional to the stud diameter. In the case of
coated surfaces (e.g. through-deck-welding technique), the lift shall be greater than normal. Greater lift
increases the arc length and therefore the arc voltage. The magnetic deflection of the arc also increases (arc
blow).

A.2.7.2.6 Protrusion

Generally, the protrusion is 1 mm to 8 mm and proportional to the stud diameter. It also depends on the
desired shape of the weld collar, the shape of the stud base and (when welding with a ceramic ferrule) the
collafarea of the ferrule.

A.2.7.2.7 Plunging speed
The plunging speed should be approximately 200 mm/s for studs with a diametercof-up to 14 jnm diameter

and 100 mm/s for larger studs, so as to prevent the weld pool splashing. It is proportional to the|protrusion in
the cpse of movable fixtures without dampers.

A.2.8 Capacitor discharge drawn-arc stud welding and capacitor discharge stud welding
with|tip ignition

A.2.81 Welding equipment

A.2.8§1.1 General

The yelding equipment consists of the power sources-incorporating a charging unit, the movable fixture and
the welding cable.

A.2.8.1.2 Power source

The power source incorporates a capacitor bank with capacitances of between approximately 12 mF and
150 mF. The capacitance is sometimes adjustable in steps. The charging voltages are up to gpproximately
200 Y and require a safety switch=off facility conforming to IEC 60974-1. In most cases, the charging voltages
are cpntinuously adjustable.

Drawn arc capacitor discharge power sources have an additional coil in the welding circuit to provide a
weldipng time of 6 ms to-10"Mms.

The ¢apacitor bank-shall be charged to the desired voltage before every welding operation. The maximum

weldihg sequence depends on the charging speed. Approximately 500 studs per hour can be| welded with
manyal-operated power sources, and up to 3 500 studs per hour can be welded in automatic mode.

A.2.8.1.3 * Movable fixture

The movable fixtures are either hand guns or welding heads. Welding heads are preferable for automatic stud
feed and are securely connected to a frame. In the drawn-arc method, the arc is created by lifting the stud. In
the tip ignition method, the electromagnetic drive creates a gap between stud material and parent material.
The arc is ignited by contact of the tip to the work piece. The design of the movable fixture depends on
whether the method used for starting the arc is the drawn-arc or capacitor discharge method. The movable
fixture incorporates the following:

a) the drive, to lift the stud and to keep the lift at a constant length during the arc time, with respect to the
support fixture;

NOTE 1 In most cases, the drive is electromagnetic.
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b) a spring,

to plunge the stud into the molten pool after the end of the welding period;

¢) a clamping fixture, to hold the stud in the welding position and to transfer the current to the stud;

d) a support fixture, to absorb the reaction force of the press-on force;

NOTE 2

of stops or templates). The support can be made either directly mechanically, or by means of electronic control.

e)
NOTE3 In

An electrom
welding with

Changing cl3

The movabilg
to avoid hazd

A.28.14

Welding cab

The cross-s¢ctions of the welding cables are generally 25 mmZ2_to- 70 mmZ2. They should be as shq

possible, dug
increases th
increased.

A.2.8.2 Wglding parameters

A.2.8.21

In general, the stud is connected to the negative pole and the work piece is connected to the positive

Reverse pola

A.2.8.2.2

The peak cu
and the indu

A.2.8.2.3

Welding cables

Polarity

Welding current

Welding time

in the case of welding heads for automatic feed, a feed chamber and a positioning unit for the stud.

In the case of hand guns, the support fixture allows the stud to be positioned on the work piece, (e.g. by way

most-cases—the. pr\eil‘ir\ning unitis pnnllmal‘ir\
5 -

agnetic drive is not absolutely essential in the case of movable fixtures operating~with
tip ignition. Springs tensioned by hand can also be used to create the necessary arc.'gap.

mping fixtures enables a movable fixture to be used for different stud dimensions,

fixture is a power tool. The appropriate safety regulations should therefore be observed in
rds connected with electrical voltage, heating and arc formation.

es should be used in accordance with ISO 5828.

to the high peak currents and the associated voltage-drop. Winding the welding cable into
e inductive resistance, which in turn reduces_the welding current, but the welding tin

rity can be advantageous-fer.copper and aluminium alloys.

rrent is between )17000 A and 10 000 A and depends on the charging voltage, the capaci
ctive and ohmiCresistance of the welding cable.

The welding

stud

order

rt as
coils
ne is

pole.

ance

f the

time cannot be selected directly. Depending on the stored energy and the inductance ¢

welding circutf, T 1S T ms t0 3 ms (tip ignition), or 3 ms to 10 ms (drawn-arc). A Tonger welding time simplifies

welding on a

coated surface, by virtue of better degassing.

A.2.8.2.4 Charging energy

Together with the capacitance, the charging voltage determines the charging energy on the basis of
Equation (A.5):

w=0,5

><C><U2

The charging energy shall be increased with the weld cross-section.

46

(A.5)

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=0459f38f9e7be5f68c4d2adb8088576c

ISO 14555:2006(E)

A.2.8.2.5 Plunging speed

The plunging speed is in general determined by a spring and the mass of the moving parts. With some
movable fixtures, the spring force can be changed by the operator. The plunging speed is approximately
0,5 m/s to 1,5 m/s (sometimes more). In the case of the tip ignition method, it directly determines the welding
time, in conjunction with the stud tip length. It is therefore necessary to maintain the plunging speed within
limits at all times, in order to obtain a constant quality.
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Quality requirements for stud welding

Annex B
(normative)

Table B.1 shows quality requirements for stud welding.

Table B.1 — Quality requirements for stud welding

Quality re

ISO 3834-2

juirements in
1ISO 3834-3 or

Comprehensive quality
requirements in

Standard quality
requirements in

Elementary quality
requiréments in

ISO 3834-4 rpquired for stud

welding

accordance with
ISO 3834-3

accordance with
ISO 3834-2

accordance with

1SO 3834-4

Fields of appljcation unless

otherwise sp4cified

Structures subjected to
fatigue loading

Structures subjected to
specified static loading

Structures subjected to
unspecified static loading

Technical knqwledge of
welding coordination
personnel

Basic knowledge in accordance with 6.2

6.2 does not apply

Quality recorg

Production surveillance record in accordance with 14.6

14.6 does not apply

Method of quaglification of
pWPS

Welding procedure test in accordance with,10.2 or
pre-production test in accordance with;40.3

Previous experience in
accordance with 10.4

Calibration ofmeasurement

and testing equipment

Procedures shall be
available in accordance with
14.8

14:8-does not apply

Process contiol

Production test in accordance with 14.2; simplified
production test in agccordance with 14.3; production
surveillance in accordance with 14.5

Simplified production test in

accordance with 14.3,
production surveillance
accordance with 14.5

in
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Manufacturer's welding procedure specification (WPS)

Manufacturer's welding procedure
Reference No.:
Manufacturer:

Examiner or Examining body
Reference No.:
Stud-welding process:

WPQR No.:

Parer]t material:

Parer]t material thickness (mm):
Prehdat temperature (°C):
Shielding gas and flow rate:

Method of cleaning or

surface condition of parent material:
Stud material:

Stud designation:

Stud diameter (mm):

Ceraric ferrule designation: Use of damper: [Oyes [Klno
Rednying of ceramic ferrule: ......... ho.... °C
Power source: Control unit:
Weldihg gun/head: Welding position:
Drawn arc stud Welding current Welding time Protrusion Lift Remarks
elding with A
ceramic ferrule or s mm mm
shi¢lding gas and
hort-cycle
drawn-arc stud
welding
Capacitor discharge stud Gap Charging voltage Capacitance Spring force Remarks
welfing with tip ignitionand mm Vv mE N

capacitor discharge
drawn-arc stud'welding

or plunging speed

mm/s

P Vo [o L1 Lo a =1 W = 0 0 1= 11 S TR

Manufacturer:

Examiner or Examining body:

(Name, date and signature):

(Name, date and signature):
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Annex D
(informative)

Welding procedure qualification record form (WPQR) (for drawn-arc
stud welding with ceramic ferrule or shielding gas and short-cycle
drawn-arc stud welding)

Welding procddure qualification — Test certiicaie

Manufacturer:
Address:

Manufacturer'

Reference No|:

welding procedure

Extent of quaIIication

Stud-welding
Stud material:

Parent materi]I:

Parent materi

rocess:

| thickness (mm):

Examiner or Examining
Codel/testing standard:
Date of welding:

Name of operator:
Stud diameter (mm):

Stud length (mm):
Stud designation:

O Application<g 100 °C O Application > 100 °Q

body:

Ceramic ferrule designation: Use of damper: [Oyes [no
Redrying of cdramic ferrule: ......... h...... °C Power source:
Welding positipn: Welding gun/head:
Preheat tempgrature (°C) Control unit:
Shielding gas pnd flow rate:
Other INFOrMBLION ... N T et ettt ettt e emb e eb e s nnn e e sbe e e e naneas

Welding current Welding.time Protrusion Lift

Remarks
A s mm mm

Certified that

test'welds are prepared, welded and tested satisfactorily, in accordance with the requiremepts of

the code/testing-standard indicated ahave

Location:

Date of issue:

Examiner or Examining body:
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(Name, date and signature)
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