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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
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rotechnical Commission (IEC) on all matters of electrotechnical standardization.

rocedures used to develop this document and those intended for its further maintenanee are
O/IEC Directives, Part 1. In particular the different approval criteria needed for thé differen
ents should be noted. This document was drafted in accordance with  the~editorial

C Directives, Part 2 (see www.iso.org/directives).

Attenftion is drawn to the possibility that some of the elements of this documrent may be the sub
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. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
fied during the development of the document will be in the Intreduction and/or on the 1SO
rations received (see www.iso.org/patents).

dorsement.

h explanation on the meaning of ISO specific terms and expressions related to conformity assess
ormation about ISO's adherence to the WTO .principles in the Technical Barriers to Trade
ving URL: Foreword - Supplementary information

ation of requirements in the field of metat welding.
hird edition cancels and replacés the second edition (ISO 14555:2006), which has been technics
orrected version of ISO 14555:2014 incorporates the following corrections:

D.5.6 was renumbered9.6; consequently, subclauses 9.7 to 9.12 were also renumbered;

— in 11.1, "The methods described in 11.2 to 11.7 may be used ..." was replaced with "The method

11.2 1

0 11.8 may belused ... ";

— in Table'A'6, No. 5, the incorrect figure was replaced with the correct one;

— in'Annex C, "B yes no" was replaced with "[] yes ] no".

described in
types of I1SO
rules of the

ect of patent
patent rights
list of patent

rade name used in this document is information given for the convenience of users and does mot constitute

ment, as well
TBT) see the

ommittee responsible for this document-is ISO/TC 44, Welding and allied processes, Subcommittee SC 10,

lly revised.
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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 o

on the correc

the accessori

s and of the power supply.

This International Standard does not invalidate former specifications, providing the technical’séquiremen
equivalent arld satisfied.

\Y

Fa stud weld depends not only on strict compliance with the welding procedure specification bl.it also
L function of the actuating mechanism (e.g. welding guns), and on the condition of the components, of

S are
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Welding — Arc stud welding of metallic materials

1 Scope

This
speci
weld
prod

This
to pr

NOTE
ISO 3

This
refer
requi

g procedure specification, welding procedure qualification, qualification testing of @perators

J,n
ction welds.

nternational Standard is appropriate where it is necessary to demonstrate the‘capability of a
duce welded construction of a specified quality.

General quality requirements for fusion welding of metallic materjals are given in ISO 3834
34-3,1S0 3834-4 and 1SO 3834-5.

nternational Standard has been prepared in a comprehensivé manner, with a view to it be
ence in contracts. The requirements contained within it'can be adopted in full, or partia

[rements are not relevant to a particular construction (see Annex B).

2 Normative references

The fpllowing referenced documents are indispensable for the application of this document. For date
only the edition cited applies. For undated references, the latest edition of the referenced document (
amendments) applies.

ISO 8p7-1, Welding and allied processes — Vocabulary — Part 1: Metal welding processes

ISO 3B34-1, Quality requirements‘for fusion welding of metallic materials — Part 1: Criteria for the s¢
apprapriate level of qualityrequirements

ISO 3B34-2, Quality «equirements for fusion welding of metallic materials — Part 2: Comprehé
requifements

ISO 3B34-3, Quality requirements for fusion welding of metallic materials — Part 3: Standard quality re
ISO 88344, Quality requirements for fusion welding of metallic materials — Part 4: Eleme|
requikerients.

nternational Standard covers arc stud welding of metallic materials subject to static and fatig
fies requirements that are particular to stud welding, in relation to welding knowledge, guality 1

ue loading. It
equirements,
hnd testing of

manufacturer

1, ISO 3834-2,

ng used as a
lly, if certain

d references,

including any

lection of the

nsive quality

quirements

ntary quality

ISO 4063, Welding and allied processes — Nomenclature of processes and reference numbers

ISO 6947, Welding and allied processes — Welding positions

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 13918:2008, Welding — Studs and ceramic ferrules for arc stud welding

ISO 14175, Welding consumables — Shielding gases for arc welding and cutting

©1SO
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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, Specification and qualification of welding procedures for metallic materials — Qualification based on
previous welding experience

ISO 15613, S
pre-productid

ISO 15614-1:
procedure tes

ISO 15614-2,
— Part 2: Ard

ISO 17636-1,

ISO 17636-2,
detectors

[SO 17662, U
activities

3 Terms

For the purp
ISO 14732 an

3.1
stud
fastener to bd

3.2
auxiliaries
ceramic ferru

3.3
stud-welding

becification and qualification of welding procedures for metallic materials — Qualificationpbas
n welding test

D004, Specification and qualification of welding procedures for metallic materigls — Wj
{ — 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 procedur
welding of aluminium and its alloys

Non-destructive testing of welds — Radiographic testing — X- and gamma-ray techniques with fil

Non-destructive testing of welds — Radiographic testing — X< and gamma-ray techniques with d

(elding — Calibration, verification and validation of>equipment used for welding, including ang

and definitions

ses of this document, the terms and-definitions given in ISO 857-1, ISO 3834-1, ISO 4063, ISO 1
d ISO 15607 and the following apply:

attached by stud welding

les and shielding gases

 operator

operating pel

ed on

lding

e test

m

igital

illary

4731,

sonnel for stud-welding equipment

Note to entry
auxiliary perso

3.4

In special cases (e.g. mass production at the manufacturer's factory) the welding can be carried out by suitable

nnel, appropriately trained and supervised.

stud diameter

d
stud nominal

Note 1 to entry

diameter

See ISO 13918.

© ISO 2014 — All rights reserved
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3.5

welding diameter

dy

diameter at the weld base

3.6
weld zone
welded area underneath the welding diameter

3.7
current intensity

root-mean-sguare (RMS) value ofthaewaldine currantin tha standu ctata durinatha hyuyrninag $ima of ¢+ e arc
Hedh-Sqtare(iriro-Yarte-e+the-Wwerehg-edireftih—+n Y-State-at i E-te- B HREtHR O+t

Note o entry  Current intensity is not applicable to capacitor discharge.

3.8
weldjng time
time flifference between the ignition and the final extinction of the main arc

3.9
lift
L

distance between the stud tip and the work piece surface with the-stud-lifting mechanism in [position and
activated

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

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

3.11
protrusion
P
(unrdgulated lifting mechanism) distance between the tip of the stud and the face of the support device in their
initia] positions, where the support.device faces the work piece

Note 1 to entry A spring-loadedlifting mechanism is an unregulated lifting mechanism.
Note 2 to entry See Eigure A.1.

3.12

arc blow

magrletic 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

© 1SO 2014 — Al rights reserved 3
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3.16

through-deck stud-welding

application where shear connectors are welded to a steel structure through thin steel sheet with a thickness of
less than 3 mm

4 Symbols and abbreviated terms

4.1 Symbols

For the purpases. of this document, the fn]]nv\nng cymhn]c npp]y

C caplacitance (expressed in mF)

d stufl 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 pragtrusion

t thi¢gkness of plate

tw welding time (expressed in ms or s)
T torque (expressed in Nm)

U charging voltage (expressed in V)

E chZIrging energy (expressed in Ws)

a berlding angle (expressed in °)

4.2 Abbreviated terms
For the purpgses of this document, the following abbreviated terms apply.
CF cerpmic ferrule

HAZ hedt-affected zone

NP no protection

PA flafwelding position

PC hor1zontal welding position
PE overhead welding position

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

WPQR  welding procedure qualification record

4 © 1SO 2014 — All rights reserved
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5 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); including decking material where the
through-deck technique is being proposed;

d) i\:e ratio of stud diameter to parent metal thickness (avoidance of damage on the reverse side

e) dimensions and details of the weld preparation and of the finished weld, including/the nature o
parent -metal surfaces, positional and angular accuracy and the length tolerance ofithe welded st

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

g)

NOTE
conce

6

6.1

The d
inclu

Stud-

out the welding correctly and, while'doing so, to pay attention to good contact and suitable conned

the w
The v
The (
selecf

783,

A test

etal);

echniques to assure the angular position of the welded stud.

Consideration is paid to the multi-axial stress state arising,/from localized heating/coolin|
htration reduces the fatigue strength of a component with welded studs.

Welding personnel

Stud-welding operators

ualification can be done by a welding prdcedure test (see 10.2) or a pre-production test (see 1
e testing in accordance with the acceptance criteria specified in 12, if relevant.

ork piece cables and uniform distribution of ferromagnetic materials (see Table A.8).
Pelding personnel shallbe qualified in accordance with ISO 14732.

ualified operator/shall be deemed to be qualified for any stud welding equipment with the §
ing the parameters which was used in the qualification test. Change in the welding process vari

y84, 785,486 of ISO 4063) requires a new qualification.

of jobtknowledge is required for all qualification methods. This test shall cover, as a minimum:

of the parent

the stud and
ud;

c. This stress

0.3) and shall

welding operators shall have appropriate knowledge to operate the equipment, to adjust it properly, to carry

tion between

ame mode of
ant (numbers

a) setting up the welding equipment in accordance with the welding procedure specification;

b) basic knowledge of the way in which suitable connection of work piece cables, the polarity of the stud, and
arc blowing can influence the weld result (see Table A.8);

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

d) safe execution of the welding operations, i.e. good contact of the stud in the stud holder, no movement during
the welding process, operation checking and correct positioning of the welding gun).

©1SO

2014 — All rights reserved
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6.2 Welding coordination

Welding coordination shall be performed in accordance with ISO 14731. Refer to Annex B for quality level
according ISO 3834 for the welding coordinator.

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).

7

Equipn

7.1 Produ

Suitable stud
properly to
available, as 1

nent

ction equipment

-welding equipment shall be used, with power supplies of sufficient capacity to weld the
he parent material when the equipment is correctly set up. The folloWing equipment sh
equired:

urces, control unit and movable fixtures;

ith sufficient cross-section, solid connection terminals and sufficient earth connection;
equipment for the technical aspects of welding fabrication (jigs, fixtures);

A monitoring equipment;

facilities for contact points and welding points;

measuring and testing equipment;

a) power sg
b) cables w|
c) handling
d) weld da]
e) cleaning
f)

g) equipme
h) equipmg
7.2 Descr

A list of the {
stud-welding|

a)
b)
c)
d)

e)

details o

nt for pre- and post-treatment;

nt and welding plant for retouching.

ption of the equipment

tud-welding €guipment shall be maintained, which shall serve as evidence of the performanc
application field. It shall include:

F the stnallest and largest weldable stud diameter;

stud
hll be

e and

the maximum number of studs to be welded per unitof time;

the regulating range of the power supply;

the mode of operation and performance of mechanized or automatic stud-welding equipment;

details of the available test equipment.

© ISO 2014 — All rights reserved
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Maintenance

The correct functioning of the equipment shall be ensured. During production, a function check of the actuation
mechanisms shall be performed at fixed intervals. Cables, terminals, stud and ceramic ferrule holders shall be
regularly checked and replaced at the appropriate time. For mass production and comprehensive quality
requirements in accordance with ISO 3834-2, a maintenance plan for additional essential systems shall be drawn
up. Examples of such systems are:

a) stud sorting and feeding systems;

b) stud and ceramic ferrule holders;

) rLechanical guides and fixtures;

d) 1measuring equipment;

e) (

8 1
Fors
a)

b)

ables, hoses, connecting elements;

monitoring system.

Production planning
ud welding, the production planning shall also contain the following elements:
definition of the required stud-welding procedures and‘€quipment;

letails of which jigs and fixtures are used;

c) the surface preparation method.

9

9.1

The |
shall

Infor
neceq

Rang

Welding procedure specification (WPS)

General

velding procedure specification (WPS) shall give details of how a welding operation shall be p
contain all relevantihformation about the welding work.

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

bs and\tolerances shall be specified when appropriate. An example of the WPS format is given in

brformed and

mation listed\in~9.2 to 9.13 is adequate for most welding operations. For some applicatiofs, it may be

Annex C.

9.2

9.2.1

Information related to the manutacturer

Identification of the manufacturer

— unambiguous identification.

9.2.2

Identification of the WPS

— alphanumeric designation (reference code).

©1SO
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9.2.3 Reference to the welding procedure qualification record (WPQR) or other relevant documents

— alphanumeric designation (reference code).
9.3 Information related to the parent material

9.3.1 Parent material type

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

— parent material{s}-delivery-condition;

— identificaition of coating or any other surface condition.

NOTE A WPS can cover a material group in accordance with ISO/TR 15608. See also ISO/TR 20172,4SO/TR 20173 and

ISO/TR 20174

9.3.2 Dimensions

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

— other relevant dimensions (e.g. thickness and configuration of the steel sheét for through-deck applicatigns).

9.4 Welding process
— designatjon in accordance with ISO 4063.
9.5 Joint

9.5.1 Joinfdesign

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

— the sequpnce 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 accordance with ISO 6947.
9.5.3 Preparation of parent material surface

— method ¢f 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.

© ISO 2014 — All rights reserved
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9.5.5 Support
— the method of support;
— specification of supporting material;

— dimensions of support (when welding thin plates).

9.6 Studs

9.6.1 Designation

— (lesignation according to standard, supplier or trade name; non-standard studs shall be specified.

9.6.2| Handling

— if the studs are to be 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 he specified;
— ¢eramic ferrules shall be stored in a clean and dry envitonment.
9.7.2] Protective gas (if any)

— designation in accordance with ISO 14175,

9.8 | Power source

— 1nanufacturer, type.

9.9 | Movable fixtures

9.9.1] Welding gun/lift mechanism
— 1nanufacturer, type;

— damper.

9.9.2  Shielding gas system (if used)
— gas flow rate;

— (schematic) description showing nozzle dimensions and position of nozzle(s) in relation to stud and work
piece.

9.9.3 Stud feeding system (if any)

— description of stud feeding system including sketch.
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9.10 Welding variables

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

a) polarity;
b) welding current;

c) welding time;

d) lift;
e) protrusipn;
f) damper;
g) number And position of earth clamps.
9.10.2 Capdcitor discharge drawn arc stud welding or capacitor discharge stud welding with tip ignition
a) polarity;
b) capacitahce;

c) chargingvoltage;

d) spring fdrce and/or gap length;

e) number And position of earth clamps;

f)  welding fable configuration (if used for current:control).

9.11 Thermal conditions
a) preheat femperature (if required);

b) if prehedting 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 procedulre or
reference to|a separate post-weld heat-treatment or ageing specification is required. This should infclude
specification pfthe entire thermal cycle.

9.13 Non-thermal treatment after welding
a) grinding, machining or any other mechanical treatment;
b) pickling or any other chemical treatment;

c) any special procedure for removal of ferrules.

10 © ISO 2014 — Al rights reserved
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10 Welding procedure qualification

10.1 Principles

Preliminary welding procedure specifications (pWPS) for arc stud welding shall be prepared in accordance with
Clause 9 and qualified prior to production, whenever required. They shall specify the range for all the relevant
parameters. In principle, the following methods of qualification are permitted, but specification or application
code requirements can restrict the choice of method:

a) qualification by welding procedure test in accordance with 10.2;

b) qualification by pre-production tests in accordance with 10.3;

c) qualification based on previous experience in accordance with 10.4.
All ngw welding procedure qualifications are to be in accordance with this International-Standard frqm the date of
its ispue. However, this International Standard does not invalidate previous welding procedure gualifications
mad¢g to former national standards or specifications, providing the technical requirements are satisfied and the
previpus procedure qualifications are relevant to the application and productien work on which they are to be

emplpyed. Previous procedure qualifications to former national standards ér specifications should e considered
at thg time of the enquiry or contract stage and agreed between the contracting parties.

10.2| Welding 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 tlhe 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 pefore 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.

10.2.3 Shape and dimensions of test pieces

The dimension of-the test piece(s) shall be sufficient to carry out all tests. The thickness of the test pieces shall be
chosgn so that{he'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 be observed as on the
actual work piece. There shall be sufficient distance from the lateral earth clamps to avoid arc blow.

Welding procedure tests shall be carried out on the smallest and largest stud diameters used in practice.

As a minimum, the numbers of studs indicated in Table 1 and Table 2 shall be welded in the welding procedure
test.
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10.2.5 Scope of examination and testing

The examination and testing includes non-destructive and destructive tests, which shall be in accordance with the
requirements of Tables 1, 2 and 3.

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 1, 2 and 3 shall only be used in the case of the qualification of a pWPS based on
the use of stud material and parent material, as specified in Table A.3.

10.2.6 Acceptance criteria

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

Table 1 — Examination and testing of test pieces welded by drawn arc stud welding with ceramic fer

or shielding gas

rule

Number of studs to be tested

Application < 100°C Comprehensive Application < 1009€C Application > 100 °C
Typk of test quality requirements acc. to Standard quality, All quality
Ypp ottes ISO 3834-2 requirements ace, to requirements agc. to
ISO 3834-3 ISO 3834
dw <12 mm dw>12 mm All diameters (dyy) All diameters (flyy)
Visual examinption all
Bend testing [see Figures 2 a) 10 > 10 5
’ (60° bending (60° bending o . o .
2b)or2c)] angle) angle) (60° bending angle) (30° bending arjgle)
Bend testing by means of
torque wreng¢h (see Figure 3, not applied 10
applies to boiler pins only)
Tensile testing (see Figures 4, 5 . 5 . .
or 6)
5 (optional
Radiographic pxamination not applied instead of tensile — —
testing)
Macro examirjation (off-set 90° - 2 . a
through the cgntre of the stud) 2

a

Only for w

lds on a tube subjected to pressure.

Table 2 — 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 examination All
Bend testing 60° [see Figures 2 a), 2 b) or 2 ¢)] 10

Torque test (see Figure 6) or macro examination (off-set 90° through the centre of

the stud)

10 (torque test)

2 (macro examination)

12
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Table 3 — Examination and testing of test pieces welded by capacitor discharge stud welding with tip

ignition and capacitor discharge drawn arc stud welding

Type of test Number of studs to be tested
Visual examination All
Tensile testing (see Figures 4 or 5) 10
Bend testing 30° [see Figures 2 a), 2 b) or 2 ¢)] 20
10.2.7Re-testing

If ond
test

If mo
10.2.

10.2.

All th
speci

Therd
chang

Howsd
speci

produiction test shall be carried out at least.once a year, as specified in 14.2. Any stud with a diamef

range
In th

quali
paraf

10.2.

The ¢
techn

10.2.

of the studs fails to meet the requirements, two similar replacements studs can be taken from t

e than one stud, or one of the two replacement studs, does not satisfy the requiréments, the tes
B8 Range of qualification

8.1 General
e conditions of validity stated below shall be met independeitly of each other. Changes outside
fied shall require a new welding procedure test.

res are made and that a production surveillance record is kept in accordance with 14.6.

fication, but also, for example, the skillness/experience of the operator is critical in terms of W
of validity may be used for the production test.
e event of production being- suspended for more than one year, the validity of the weldi

fication shall be confirmedsin a production test. Qualification according to 10.3.2 is vali
heters, changes.

8.2 Conditions related to the manufacturer

ualificationef@ pWPS obtained by a manufacturer is valid for welding in workshops or sites ur
ical and guality control of that manufacturer.

8.3\ Conditions related to the welding process

he associated

ieces. 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.

[ has failed.

of the ranges

is no limit to the duration of the validity of the welding procedure qualification, provided that no quality

ver, since the result of stud welding depends not only on compliance with the welding procedure

reld quality, a
er within the

ng procedure
d until weld

der the same

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

10.2.8.4 Conditions related to the welding parameters

The qualification is valid for changes of the welding parameters within the recommendations of the supplier of the
welding equipment.

10.2.8.5 Conditions related to the parent material

A welding procedure test carried out with one of the steels of a material group, in accordance with ISO/TR 15608,
covers the steels with lower specified yield strength of this material group, or the lower alloyed steels of the same
material group for the intentional added elements, but not for fortuitous impurities. In accordance with
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ISO/TR 15608, material group 8 or 10 cover material group 1 and material group 2, and vice versa, whilst material
group 21 covers material group 22, and vice versa.

10.2.8.6 Stud material

Welding procedure tests cover all materials of the same material group in accordance with ISO/TR 15608 with the
following addition:

a) For drawn-arc stud-welding processes up to 13 mm diameter, material groups 8 or 10 cover material groups
1 and 2.1 and vice versa.

b) For capafitor discharge stud-welding processes, material group 8 covers material groups 1 to 6 and 11.[l and
vice verda.

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

10.2.8.7 P4qrent material thickness
As recommehded in Table A.1, the material thickness used for the welding procedure test applies fo all
thicknesses which exceed those specified in Table A.1, providing the pWPS used in the welding procedurg test
applies.
For material thicknesses below the recommended minimum thickness, a new/welding procedure test is required.

10.2.8.8 Steel sheet thickness for through-deck applications

For through-fleck stud-welding, qualification of the thickest steel Sheet used in production qualifies all thinner
steel sheets.

10.2.8.9 Cdgnditions related to the stud cross-section'and shape
A single weldiing procedure test covers all stud shapes, but only the welding cross-section used in the test.

Two welding|procedure tests on different welding cross-sections cover the range between the two cross-se¢tions
and all stud shapes.

10.2.8.10 Cqnditions related to the-welding position

Using drawn|arc stud weldifigywith ceramic ferrule or shielding gas and short-cycle drawn arc stud we]ding,
welding position PC covers‘welding positions PE and PA, but not vice versa. For welding position PC, special
ceramic ferryiles can be,‘used. Welding position PE covers welding position PA, but not vice versa. We¢lding
positions refdr to 1SO.6947.

Through-deck stud welding shall be carried out in the PA position only.

Using capacitor discharge stud welding with tip ignition and capacitor discharge drawn arc stud welding, a
welding procedure test carried out in any one welding position is valid for welding in all welding positions.

10.2.8.11 Conditions related to the welding equipment

If there is a change in the type of welding gun or head, and/or power source, or welding equipment manufacturer,
the welding procedure specification shall be verified by a production test.

10.2.8.12 Preheating

Welding procedure specifications that have been qualified by a welding procedure test without preheating are
also valid for those for welding with preheating, but not vice versa.
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10.3 Pre-production tests

10.3.1 Pre-production test for workshop applications

The general provisions of ISO 15613 shall be adhered to, with the following additions and modifications:
a) welding procedure specifications, pWPS and WPS, shall conform to the provisions of Clause 9;

b) the actual production shall be controlled by a suitable scheme for process control;

c) the number of studs (produced items) tested shall meet the requirements of 10.2.4, if possible;

d) iilalification is limited to the same type of equipment, the same type and thickness of the parent material and
e same diameter of studs as used during the pre-production test.

10.3.2 Pre-production test for stud welding on site (for through-deck stud welding)

This fest shall be carried out for building constructions with principally static lgads. This test is applicable to an
indiv]dual site under prevailing conditions.

a) Welding procedure specifications, pWPS and WPS, shall conform tothe-provisions of Clause 9.
b) A minimum of 10 studs shall be welded.

c) VYisual examination shall be carried out on all studs.

d) Bend test (30°) shall be carried out an all studs.

The Welding parameters and setup conditions on site shall be recorded in the WPQR (see Annex }) or in a test
repoit according to Annex F. The influence of cable length, cable cross-section, environmental conditions shall be

taker] into account.

Weldgd studs that have been bend tested'shall not be straightened after testing.

10.4| Previous experience
The general provisions of [SO_15611 shall be adhered to, with the following additions and modificatigns:

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

he 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
procedure to be qualified;

c) qualification is limited to the same type of equipment, the same type and thickness of the pa material and

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

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

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.
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A WPQR format, as shown in Annex D or Annex E, may be used to record details for the welding procedure and the
test results, in order to facilitate uniform presentation and assessment of the data.

11 Examination and testing

11.1 General

The methods described in 11.2 to 11.8 may be used for examination and testing of stud welds. Tests shall be
selected according to the application.

In certain stllld-welding applications, e.g. steam boilers, shipbuilding or nuclear industry, additional tests
s or ultrasonic examinations) may be required by application standards or specifications.

hardness test

11.2 Visual

For drawn-ar

examination
a) the unif

welding
b) location,

For capacitor
examination

11.3 Bend

The test serv
subjected to
shall be bent
two following
not exceed 3(

The stugls are bent by 60° using“drawn arc stud welding with ceramic ferrule or shielding gaj

examination

c stud welding with ceramic ferrule or shielding gas and short-cycle drawn arc¢.stud welding, Y
s used for assessing the following, as appropriate for the application:

rmity of the shape of the weld collar, its size and its colour (guidance values for drawn ard
with ceramic ferrule are given in 1ISO 13918), and

length and angle of the stud after welding.

discharge drawn arc stud welding and capacitor discharge stud welding with tip ignition, |
s used for assessing the uniformity of the spatter ring:

testing

s as a simple bench test for approximate checking of the chosen welding data. In the test, the wj
bending in an undefined manner. If ar¢ blow or another visible imperfection is suspected, thg
in a manner such that the area to be examined is in the tension zone. This can be done by one
F methods. Shear connectors that have been bent shall not be straightened. If the bending anglg
° the shear capacity is not sighificantly reduced.

ons < 100 °C, or short-cycle drawn arc stud welding, by 30° using capacitor discharge stud wg
ignition or capacitor discharge drawn arc stud welding or drawn arc stud welding with ce
I shielding gas and applications > 100 °C (see Figure 2). In the case of studs with rectangular ba
shall be performed over the weak axis. In the case of double-ended studs (e.g. Y-anchors) both
ubjected to,the specified bend angle but into different directions (see Figure 1).
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Figure 1 — Bending of the arms of a double ended stud
b) The studs are stressed by applying a bending moment below the elasticlimit (see Figure 1).

NOTE Values of bending moments for boiler pins by applications > 100,°Care given in Table 4.
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Figure 2 — Examples of bend testing
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a) Torque wrench for bend testing
Key
1 stud

Figuve 3 — Example of bend testing by means of torque wrench
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Dimensions in millimetres
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| | =
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20 25
b) Test tool for bend testing
Key
d; stud diameter + 0,3 mm
d> tool diameter
S drive dimension
NOTE 1 THe tool diameter can be chosen freely by the manufacturet;depending on the stud spacing.

NOTE 2 THe drive dimension depends on the tool
Figure 3 — Example of bend testing by means of torque wrench (continued)

Table 4 — Bending moments based on stud diameter (applies to boiler pins only)

Stud diameter
J Bending moment
Nm
mm
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 4 and 5) the welded studs are pulled axially until fracture. The test
only applies to studs by application < 100 °C.
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Figure 4 — Examplesof tensile testing of threaded studs
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Key

1  stud (shear connector)

2 collar

3 bridge

4  work piece

5  screw for levelling

6  hydraulic cylinder

7  washer

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

Figure 5 — Examples for tensile testing of shear connectors
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Weld resistance is checked by applying a torque T on a cap nut fully tightened on the stud (see Figure 6).

|
=
T

o

h=z08d

[/

f
Key
d stud diameter
h length of the threaded part of the nut
t thickness of plate
T torque
NOTH Minimum values of the required torque on mild steel are given in Table 5.

Figure 6 — Example of torque test

Table 5 — Minimum values of required torque on mild steel

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

M3 1,2

M4 3
0,7

M5 6

M6 9

M8 24
1,5 M10 46

M12 80

11.6 Macro examination

The macro examination serves to check the shape and depth of the penetration as well as imperfections. The
assessment shall be carried out with a maximum of tenfold magnification.
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Macro examination is only required for the welding processes, drawn arc stud welding with ceramic ferrule or
shielding gas, and short-cycle drawn arc stud welding. For the specimen, a stud which has passed the bend test
may be chosen.

11.7 Radiographic examination
The radiographic examination serves to check the weld area for internal imperfections. Radiographic examination
is only required for the welding process, drawn arc stud welding with ceramic ferrule or shielding gas 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 imperfectiond shall
be in accordance with limits specified in 12.1.

11.8 Ring test

The ring test serves as a production test for shear connectors principally subject tq static loads in bujlding
constructiong. The ring test is only permitted for studs welded under the qualification.imraccordance with 10.8.2.

The head of the shear connector is tapped with a hammer with a mass of 0,9 kg to 2°kg. The angle of swing shfall be
between 20° aond 30° and shall be allowed to free fall.

NOTE THe execution and the assessment of the ring test needs sufficient experience.

12 Acceptance criteria

12.1 Genernal

The weld zones of the studs shall be free of imperfections, except those which are to be accepted by the different
tests and exafninations.

The acceptarjce criteria shall be in accordance with 12.2 to 12.8, unless otherwise specified in appli¢ation
standards or ppecifications.

If elementary quality requirements‘are required in accordance with ISO 3834-4, the limit of the imperfe¢tions
shall be specified.

If comprehensive quality‘requirements are required in accordance with ISO 3834-2, the total area pf all
imperfections shall notexceed 5 % of the area of the weld zone.

If standard gpality\requirements are required in accordance with ISO 3834-3, the total area of all imperfe¢tions
shall not excded 10 % of the area of the weld zone.

12.2 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 capacitor discharge drawn arc stud welding and capacitor discharge stud welding with tip ignition, the
imperfections shown in Table A.7, Nos. 2 to 4, are not acceptable.
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Acceptance criteria for bend testing

A weld passes the test if no cracks are found in the weld after bending of the stud to the required angle.

If a low-deformation fracture occurs in the heat-affected zone, the weldability of the materials shall be checked
(e.g. tendency to hardening).

If inhomogeneous deformation has to be expected due to the geometry of the stud, e.g. for studs with reduced
base, or if a bend until the mentioned angle is not possible, e.g. for studs of short length in relation to diameter, for

two-material studs and for studs with yield strength above 355 N/ mm?, the suitability of the weld shall be shown

by ot

her means A sufficient plastic deformahility shall he achieved

12.4
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ient thickness of the test piece is recommended.

equired torque shall be reached-without weld failure.

[fections with an extent < 0,5 mm are disregarded provided there is a distance of at least 0,5
hrticular-imperfections.

Acceptance criteria for tensile testing

ture in the weld area is not permitted, if comprehensive quality requirements in acéerdance wi
quired.

e of flanged studs according to ISO 13918 and the welding processes, capacitor discharge dr

ed.

procedure test for drawn arc stud welding a shear\failure of the parent metal is not permitted

An insufficient weld quality would not bé«detected in case a thin parent metal would fail in shear fai

Acceptance criteria for torque testing

Acceptance criteriafor macro examination
otal length of all ¥isible imperfections shall not exceed 20 % of the welding diameter. An ui
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n only and.the bend test which has been carried out in the same test procedure has
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12.7

Acceptance criteria for radiographic examination

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

12.8

Acceptance criteria for ring tests

the case of

A clear resonating ring would typically indicate acceptable fusion characteristics, whereas a dull sound would
indicate possible fusion imperfections.
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12.9 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 be d—sha ainta and
anticipated, appropriate preheating may be necessary.

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

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

b) ceramic ferrules which had become wet shall not be used;

c) the ceraimnic ferrule shall be pressed against the parent material;
d) the cerainic ferrule shall fit centrally with respect to the stud.
NOTE Tifting or uneven contact of the ceramic ferrule at the stud leads.fe an uneven collar and can inhibit plunging]
In special cages (drawn-arc stud welding of aluminium and its-alloys or CrNi steels) it may be necessary tjo use
shielding gasgs. In principle, the ceramic ferrule can be replaced by shielding gas (for restrictions, see Tabld A.1).
The gas is fefd to a device that shall ensure uniform gas)shielding without turbulence. Note also the follgwing
points:
— the gas feed should be sealed off on the stud'side;

— the gas shall displace the atmospherebefore welding starts, so a defined pre-flow time shall be observed;

— in the cape of aluminium, partictilarly careful gas shielding is essential.

14 Process control

14.1 General

For quality agsGrance, various quality requirements shall be met, depending on the stud-welding process ar}d the
field of applitatiom {seeAmmex B)—Before, during anmd—after productiomn; testsstatttherefore beperformed. 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. For stud
welding operations qualified according to 10.3.2 the production test is not required.

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

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

a) YVisual examination (all studs);

b) Bend testing (five studs);

c) 1nacro examinations of two different studs (off-set by 90° through' the centre of the stud), only|applicable to
gtuds > 12 mm.

NOTE For short cycle drawn-arc stud welding, macro examinations can be replaced by torque tests (five sfuds).

The ¢xaminations and testing are performed and eyaluated in accordance with Clause 11. The results of the
prodiiction test shall be documented (see Annex F).

14.2.83 Production test for capacitor discharge stud welding with tip ignition and capacitor discharge
drawn-arc stud welding

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

a) YVisual examination (altstuds);
b) ftensile testing (three studs);

c) bend testing)(five studs).

The examination and tests are performed and evaluated in accordance with Clause 11. The nesults of the
production test shall be documented (see Annex G).

14.3 Simplified production test

Simplified production tests shall be performed by the manufacturer 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);
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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.

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 gdditional studs does not satisfy the requirements, corrective action (see 14.7) shall be taken arld the
production tgst shall be repeated.

14.5 Production surveillance

14.5.1 Visugl examination

Visual examination is generally sufficient for production surveillance and shall coverall 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 Othdr examinations and tests

If specified if] the application standard or by agreement between the contracting parties, non-destructive t¢sting
may be added to production surveillance. Suitable tec¢hniques are:

a) checkingthe length of the studs after welding;

b) tensile t¢st, bend test, torque test with-stress values below the elastic limit.

14.5.4 Production surveillanceffor drawn-arc stud welding with ceramic ferrule with qualification
according to|10.3.2

A bend test (|15 °) shall be'performed on the greater of 5 % or at least on 2 studs on each beam. The follgwing
examinationd and testsshall be performed on all studs:

a) visual examination according to 11.2;

b) ring testaccording to 11.8.

14.6 Production surveillance record

The manufacturer keeps a production surveillance record, which contains the results of the production test,
simplified production test and production surveillance. The manufacturer shall keep a different record for each
stud-welding process and the record shall be kept available, with the results of all tests recorded. Annex H is an
example form and should be used, where appropriate.
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14.7 Non-conformance and corrective actions

If there is an indication of non-conforming welding, e.g. porosity, collar not complete or unequal, unacceptable
ring test or if the length of one stud is outside the specification, a bend test (15°) or tensile test (limited to the
design strength) shall be performed on that stud. If the stud weld fails to satisfy the requirements in this test,
three welds made 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.

necegsary, and repeat stud welding, or by repair welding with a suitable welding process. In iselatéd cases, stud

Corrdctive actions shall be taken for all non-conforming stud welds, either by removal of the aerectlz{nstud, where
eter, a fillet

weldjng processes may be replaced by other suitable welding processes. Depending on the stud di
weld [shall reach the calculated throat.

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

Alterhative welding procedures shall be qualified in accordance with ISO 15614-1 or ISO 15614-2| and welders
shall pe qualified in accordance with ISO 9606-1 or ISO 9606-2.

All reppaired 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 th¢ case of comprehensive quality requirementshin’ accordance with ISO 3834-2, the manufacturer shall be
respdnsible for the appropriate calibration of inspection, measuring and testing equipment. All equipment shall be
suitably controlled and shall be calibrated at specified intervals (see SO 17662). See also Annex B.

NOTE In the case of drawn-arc stud-welding processes, this applies particularly to current intensity angl welding time
measyrement
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Annex A
(informative)

Processing of stud welding

A.1General

This annex gi

In stud weldji
and are then
stud welding
studs and a
(approximatd
the stud can 1

A.2Welding processes

A.2.1 Draw

A2.1.1 Ge

Drawn arc styid welding can be done mechanically or automatieally, using welding gun or welding heads. Th¢

is inserted in
beginning of
arc, are strud
material to m
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of events usiif
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ves general guidance for the satisfactory production and control of stud welding.

Ing, an arc is briefly struck between the face of the stud and the work piece; both parts start tdg
joined. Depending on the nature of the ignition method, a distinction is made between draw
and stud welding with tip ignition. Each method requires suitable power suppliesyactuating de
fcessories (e.g. ceramic ferrules). A feature of stud welding is the very 'short arc burn
ly 0,5 ms to 3 000 ms) and the associated high rate of heating and cooling. Normally the diame|
ange up to 10 mm for tip ignition welding, and up to 25 mm for drawn-areWwelding.

m arc stud welding
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fo the stud holder and - fitted with a ceramie, ferrule, if necessary - applied to the work piece. 4
he welding process, the stud is lifted by thesmechanism and, normally, first a pilot arc, then the
k between the tip of the stud and the@ork piece. This causes the face of the stud and the p
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Figure A.1 — Stud movement in drawn-arc stud welding
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A.2.1.2 Methods of drawn-arc stud-welding processes

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

ISO 14555:2014(E)

a) Drawn arc stud welding with ceramic ferrule or shielding gas (783).This welding process is generally
used in the 3 mm to 25 mm diameter range, with welding times of 100 ms to 3 000 ms. It is usually carried
out with a ceramic ferrule or shielding gas, or with both, or in special cases without pool protection. This
method is used for the majority of applications. The minimum parent metal thickness is 0,25 d for CF and
0,125 d for SG, but not less than 1 mm.

b) Short-cycle drawn-arc stud welding (784). A welding time of < 100 ms is used. This variant is suitable for

ghielding gas should be used to prevent increased pore formation. For aluminium, shielding)gasshall be used.
The fusion zone is narrow and the thermal input modest, so that studs up to 12 mm diameter

to thin parent metals. For diameters up to 9 mm diameter and with steel, the operation is'freq
¢ut without protection of the weld pool and calls for studs with an upset flange, as these afford|a larger weld
grea than the plain stud-shaft diameter and thus reach a higher tensile force thanithe'stud shaft, despite pores
in the weld zone. The minimum parent metal thickness is 0,125 d, but not less than 0,6 mm.

n be welded
ently carried

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

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

Table A.1 — Working range of the various drawn-arc stud-welding processes

Hl‘fing a capacitor discharge power source. The diameter range is 3 mm-te 10 mm. The minimum| parent metal
ickness is 0,1 d, but not less than approximately 0,5 mm. The welding process is similar to the short-cycle
drawn-arc stud-welding process, but the peak current can be up-te 4 000 A.

(785)

Welding Welding Welding Current Weld pool | Minimum parent
processesa time diameter, intensity protection | metaljthickness
tw dw, and'welding 1 mm
ms positionsP A
mm
3to25PA
- 0,25d, but not less
Drayn-arc stud <100 3 to 20 PE 300 to 3 000 CF
welding with thap 1 mm¢
cerahEnic ferrule 3to 16 PC
or shielding gas
o g8 3to 16 PA 0,125d, but not
(783) >100 300 to 2 000 SG
3to 8 PC less than 1 mm¢
3?;)‘1 :E;CZ’S}‘GM"A 100 3to12all Upta1-200 IP_<C 0,125d, but not
Weldilrllgm(;ézlb)m i welding positions | ¢ " T less than 0,6 mm €
Capacitor
discharge drawn- <10 3to 10, all Up to 4 000 NP, (SG) 0,1d, but not less
arc stud welding welding positions (peak) ’ than app. 0,5 mm

C

greater thicknesses.

@ Inaccordance with ISO 4063

b In accordance with ISO 6947.

The minimum parent metal thickness avoids the risk of burning through the parent metal. Other application requirements may call foq
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When the high-power welding process (narrow melt zone), short-cycle welding process or the capacitor discharge
process is used, the stud tips shall be matched to the fusion penetration shape in the work piece and made flatter
(e.g- 166° cone angle).

A.2.1.3 Weld pool protection

A distinction is made between different techniques on the basis of weld pool protection.

b)
shielding
metals, 4
the weld
c) No prots
and with
weld zon
A.2.2 Capa
The two tech
32

ferrule (CF). The ceramic ferrule has several functions:

protection of the weld pool by creation of metal vapour in the burning chamber at sufficient current intensity;

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

a) Ceramic
— concenti
Furthermore

ation and stabilization of the arc, thus reducing arc blow;

it shields the operator from both arc and spatter. The ceramic ferrule is used fop«one weld only and
is removed onhce the molten metal has solidified.

Shielding gas (SG). In stud welding with shielding gas, the atmosphere is displaced from the arc region by a

pure argpn Ar 99,99 (ISO 14175-11) or Argon-Helium mixtures (ISO 14175-13) are widely used.

The shie]ding gas influences the arc and affects the fusion of the stud and work piece. It also influencg
shaping pf the weld collar and the penetration shape, via the surface tension. A fundamental principle i

gas supplied from outside, which greatly reduces the formation of pores. For steels and most
mixture of argon and carbon dioxide (ISO 14175-M21) is widely-ised. For aluminium and its 3

ing position PA, in accordance with ISO 6947, should be preferred for welding time > 100 n

other
lloys,

s the
5 that
s. An

additiongl ceramic ferrule can also be used to improve the shape of the collar and restrict the arc o the

immediate area of the work piece.

citor discharge stud welding with tip ignition (786)

ection (NP). Stud welding without protection is possible only for small welding diameters (< 10
short welding times (< 100 ms). Among'the drawbacks of this method are severe oxidation
e, increased pore formation and an(drsegular weld collar.

hiques for capacitor discharge stud welding with tip ignition are with contact or with gap.

mm)
bf the
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Table A.2 — Characteristics for capacitor discharge stud welding with tip ignition

Method Characteristic
Welding | Welding Peak |Welding| Spring | Plunging | Ignition | Typical
processa | diameter | current | time force speed application
dW ] x ~ ~
mm I ms N m/s
A
Welding of
(unalloyed
60 to 100 and
C"Ta“ 786 | 08t010 | 10000 | 2to10 |9PERAING] 5y (JAlWays || alloyed)
method on piston correct steel,
mass galvanized
or oily
surfaces
Mostly
Gh 0,8to 10 0,5to1, correct, | [Welding of
p 786 (aluminium| 15000 | 0,5to3 | 40%0 60 |aluminium |advanced | aluminium
method N
up to 6) lupto1,5| ignition | |and brass
possible
@ Iy accordance with ISO 4063.

In welding with contact, the stud is inserted into the stud holder of the machine [see Figure 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
presses the stud against the metal. Once the capacitor power has been switched on, the ignition

welding gun
tip abruptly

explodes and vaporizes partially, and, the arc is generated [see Figure A.2 c)]. The stud is advancefl still further
towards the parent metal and finally'remains in the solidified melt [see Figure A.2 d)]. The welding tijne is < 3 ms.

The difference between welding with gap and the technique described above is that, before welding begins, the
stud {is held at a defined, adjustable distance from the work piece [see Figure A.2 a)].

Wher

procgss continues.as described above [see Figures A.2 b), A.2 c) and A.2 d)]. A welding time of about

possiple, among gther things, to weld aluminium and its alloys without gas shielding.

The recomimiended parent metal thickness should be = 0,1 d but not less than approximately 0,5 mm.

the capacitor-bank is switched on, the stud is speeded up towards the surface of the metal, anf the welding

1 ms makes it

C

I i i

q : | !_, v
L‘H@][@*@]@@@]@ﬂ@]
a) 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 Parent materials

A23.1

General

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. The surface preparation

shall be sped
particular caf

A.2.3.2 Pa
drawn-arc st

Parent mater

The use of ot
permitted. In

A23.3 Pa

Parent mater

The use of ot
in Clause 11,

A.2.4 Studs

A.2.4.1 Sty
Stud material

A2.4.2 Sty

The stud sha
process and 1

A.2.5 Combinationsof stud material and parent material

The weldabil
material, dep

1r1ied 1 the WFPS. Where welding times are short (<oU ms), the surface should be cleaned
€.

rent material for drawn-arc stud welding with ceramic ferrule or shielding gas and short
ud welding

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

her steel grades and other materials such as lead-free brass for drawn-are-stud welding, can al
such cases, additional or other tests, as described in Clause 11, can begequired.

als for this type of stud welding are those listed in Table’A.4.

her materials is also permitted. In such cases, alternative or additional tests, such as those desd
may be required.

d material
s are listed in ISO 13918:2008;Fable 2.
d shapes

be outside the weld.area can be chosen freely. The shape of the stud tip differs according to wg
haterial (see SO 18918).

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

rent material for capacitor discharge drawn-arc stud welding.and capacitor discharge stud
welding with tip ignition

with

cycle

so be

ribed

lding

arent

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

34
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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

Parent material

Stud material ISO/TR 15608 ISO/TR 15608 ISO/TR 15608 | ISO/TR 15608
material groups | material groups | material groups | material groups
1and 2.1 2.2,3to06 8and 10 21 and 22
S235 .
highly weldable o s
ldabl th ldabl th
4.8 (weldable) for any wedable within | werdable WHIR | ot weldable
licationd limits? [imits®, ¢
16Mo3 app 1cation
1.4742/X10CrAl18 weldable within | weldable within | weldable within
.o d oo d o d not{weldable
1.4762/X10CrAl24 limits limits limits
1.4828/X15CrNiSi20 weldable within | weldable within | weldable within
. b b C) 1 notweldable
1.4841/X20CrNiSi25-4 limits limits linnits
1.4301/X5CrNi18-10
1.4303/X5CrNi18-12 weldable within
1.4401/X5CrNiMo17-12- limitsb
2 .

/ weldablewithin | M"Y Weldable
1.4529/X1NiCrMoCuN25-| fimitsb or any not{weldable
20-7 highly weldable application?@

o for any
1.4541/X6CrNiTi18-10 application®€
1.4571/X5CrNiMoTil17-
12-2
EN |AW-AIMg3/EN AW-
575¢ weldable within
not weldable not weldable not weldable L b
EN |AW-AIMg5/EN AW- limits
5019
a For example, for force transfer.
b For force transfer.
C  Ohly for shortcycle drawn-arc stud welding.
d o hly fer heat transfer.
€ Uhto412 mm in diameter
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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

For force transfer

ISO/TR 15608 | ISO/TR15608 | ISO/TR15608 | Copperandlead| ISO/TR 15608
material groups | material groups | material group 8 free copper material groups
. 1to6,11.1 1to 6,11.1 and alloys, e.g. 21 and 22
Stud material galvanized and CuZn37
metal coated (CW508L)
steel sheet, max.
thickness 25 pm
of coating
highly highly not weldgble
S235 weldable for weldable weldable for weldable
4.8 (weldaHjle any within limitsP any within limitsb
application? application?
highly highly not welddble
1.4301 weldable for weldable weldable for weéldable
1.4303 any within limitsP any wifhin limitsP
application? application?
; highly not welddble
CuZn37 no IS0} yeldable weldable welddble weldable for
standard avdilable) ] D G ]
within limitsP | within limitsP | withindimits any
application?
weldable
EN AW-AI9D,5 not weldable | notweldable | not weldable | not weldable R A R
within limits
highly]
weldable|for
EN AW-AIMg3 not weldable | notweldable | not weldable | notweldable any
applicatipn?
a For exampl¢, for force transfer.
b

A.2.6 Weld

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

36

assessment and recommended corrective actions
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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 or macro cut

1 |Collar regular, bright and|Acceptable (parameters are|None.
complete. Length after weld |correct).
within tolerances.
2| |Reduced diameter weld. Length | Insufficient protrusionyIncrease protrusign (plunge)
too long. (plunge) or lift. Insufficient|or lift. Check centering of
centering. ceramic  ferrule Reduce
Welding power to. fiigh. current and/or welding time.
Damping activity.too strong. Reduce damping attivity.
3| |Reduced, irregular and greyish | Weld power too low. Ceramic|Increase current and/or
collar. Length too long. ferrule is moist. Lift too short. | welding time. Use {Iry ferrules
only.
| | Increase lift.
4| | Collar off centre with | Effect of arc blow. See Table A.8.
unaceeptable undercut (see . . .
126 Ceramic ferrule incorrectly | Improve centring.
) centred.

=
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bright, large lateral projections.

Length after weld too short.

rate too high.

Table A.5 (continued)
Recommended corrective
No. Appearance Assessment .
actions
Visual examination or macro cut
5 |[Collar height extremely reduced, | Weld power too high. Plunge | Reduce  current  and/or

welding time. Adjust plunge
and/or welding gun damper.

l

Fracture ekamination

6 Acceptable (parameters are|\None.
correct).
7 |Fracture above collar after|Acceptable (parameters are|None.
suffi¢gient deformation. correct).
8 |Fracture within the-weld. High | Weld power too low. Unclean |Increase  current ang/or
porokity. surface. welding time. Clean |the
Material not suitable for stud surface.
welding. Select suitable material.
38 © ISO 2014 — Al rights reserved
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No.

Appearance

Assessment

Recommended corrective
actions

Fracture examination

9 | Fracture in HAZ. Hardening increased. Cooling | Select suitable material.
Greyish fracture surface without rate too high. Increase welding time.
sufficient deformation. Preheating may be necessary.

10| [Fracture of weld. Bright|Flux content is too high.|Reduce flux quantity. Increase
appearance. Welding time too low. welding time.

11| [Lamellar tearing of parent|Non-metallic inclusions in|Select suitable mafterial.
material. parent.material.

Parent material not suitable.

12| [Fracture in the~weld after|Cold plunge (plunging speed |Provide hot plungg
insufficient deformation 2(;)0Low,e)c(lsrr:g;g;gn:ftl\gti}étggg Reduce damping aftivity.
Lack of fusjon'in the border area ) & y

13 | Burn through Weld pool penetrates parent|Increase parent metal

metal thickness
Reduce power input (welding
time)
N\

© I1SO 2014 — All rights reserved

39


https://standardsiso.com/api/?name=5c338dfb6f14a3fb3a63ec35c1561256

ISO 14555:2014(E)

Table A.6 — Weld assessment and recommended corrective actions for short-cycle drawn-arc stud

welding
Recommended corrective
No. Appearance Assessment .
actions
Visual examination or macro cut
1 |Regular collar, no visual defects. | Acceptable (parameters are |None.
correct).
2 | Partial weld. Weld power too low. Polarity | Increase¢™ current angl/or
incorrect. weldingtime.
Correct polarity.
[ o
3 |Largg irregular collar. Welding time togilong. Reduce welding time.
4 | Porepin collar. Welding time too long.|Reduce welding time.
Current too low. Oxidation of | Increase current.
weld . pool. Surface Provide suitable shielding
contaminated.
gas.
Clean the surface.
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Recommended corrective
No. Appearance Assessment .
actions
Fracture examination
with | Effect of arc blow. See Table A.8.

5

Collar off centre
unacceptable undercut (see
12.6).

i

Tearing of parent material. Acceptable (parameters dre|None.
; correct).
Acceptable (parameters are|None.

Fracture above collar
sufficient deformation.

e

after

éorrect).

8| | Fracture in HAZ.

[ ~—

material too high.

Carbon content of parent

Parent material not suitable.

Select suitable material.

—_—— _ ———

Increase heat input. Correct

9 | Lack of penetration.

weld polarity.

Heat input too low. Incorrect

weld polarity.

© I1SO 2014 — All rights reserved

41


https://standardsiso.com/api/?name=5c338dfb6f14a3fb3a63ec35c1561256

ISO 14555:2014(E)

Table A.7 — Weld assessment and recommended corrective actions for capacitor discharge drawn-arc
stud welding and capacitor discharge stud welding with tip ignition

No. Appearance of fracture Assessment Recommend.ed corrective
actions
Visual examination
1 |Small weld spatter around joint. | Acceptable (parameters are |None.
No visual defects. correct).
A
2 | Gap petween flange and parent|Weld power too low. Plunging | Increase weld power. Correct
matdrial. speed too low. Insufficient|plunging speed. Proyide
support of parent support.
material.
L |
3 |Consiiderable spatter around|Weld poweér too high and/or|Reduce weld power. Incrgase
weld insufficient plunging speed. | plunging speed.
4 |[Weld spatter off ~centre with |Effect of arc blow. See Table A.8.
undgrcut.
L
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Table A.7 (continued)

Recommended corrective

No. Appearance of fracture Assessment .
actions

Fracture examination

5 | Tearing of parent material.

& Acceptable (parameters None.
are correct).

6 | |Fracture of stud above flange.
!I ; I ;;I Acceptable (parameters None.
are correct).

7 | |Fracture in weld.

Weld power too low. Plunging
speed too low. Combination
stud/parent material

| | unsuitable.

Increase weld power.
Increase plunging $peed.
Select suitable material.
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Table A.8 — Effect of arc blow and some possible remedies

No. | Cause Remedy

© ©
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T
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® ® ® 4
“ =Ip o o e
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NOTE Are blow is proportional to current intensity and can be influenced by symmetrically attaching mass clamps
and compensating masses, or (in the ease of hand welding guns with an external welding cable) by turning the welding gun
around the vertical axis. Are 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.

N

+) VH
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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

Powdr sources are either rectifiers or converters which supply direct current and are suitable for bri
The rhaximum current intensity in the case of the largest standard studs is approximately 2 500™A.T
is 3 % to 10 %. This means that even for high currents, systems are relatively light and compaet. Th
voltage should conform to IEC 60974-1.

NOTE It is intended that the current intensity be continuously adjustable over the entirg;range. Systems;
constdnt current control are particularly advantageous.

A.2.711.3 Control unit

Contyjol units switch the welding current in accordance with the desired welding time. They als
movegment of the welding gun. The power source and control unit.are combined in most syste
systems).

A.2.7\11.4 Movable fixtures

Movdble fixtures are either hand-held welding guns or welding heads. Welding heads are preferable
stud

The movable fixture incorporates the following:

a)

b)

eed and are securely connected to a frame.

the drive, to lift the stud for arc starting and to keep the lift at a constant length during the 4
tespect to the support fixture;

INOTE1 In most cases, the drive is electromagnetic.

4 spring, to plunge the-stud into the molten pool after the end of the welding period;
n some weldingguns, a hydraulic or pneumatic damper, to reduce the plunge speed;
INOTE 2 Inparticular, a damper is incorporated when stud diameters are in excess of 14 mm.

4 clampihg fixture, to hold the stud in the welding position and to transfer the current to the stud

ef, high loads.
he duty cycle
P open circuit

incorporating

p control the
ms (compact

for automatic

rc time, with

4 support fixture, to absorb the reaction force of the press-on force:

NOTE 3 In the case of hand welding 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.
in the case of welding heads for automatic feed, a feed chamber and a positioning unit for the stu

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

d.

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

© I1SO 2014 — All rights reserved

45


https://standardsiso.com/api/?name=5c338dfb6f14a3fb3a63ec35c1561256

ISO 14555:2014(E)

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.

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 mm? is recommended for studs with a diameter of up to 12 mm. Cross-sections of at least 70 mm?2 are

recommended for studs of up to 20 mm diameter. Cross-sections of 120 mm? 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 Dgpending on the type of power source and the length of the welding cable, the cross-section of the welding fables
is increased.

A.2.7.2 Wglding parameters

A.2.7.2.1 Polarity

When welding steel, the stud is connected to the negative pole and the work piece is-connected to the positive
pole. Opposit polarity has proven successful for special metals, e.g. aluminium and its alloys, and brass.

A.2.7.2.2 Weld current setting

Depending on the stud dimensions, the welding current is set between.approximately 300 A and 3000 A. For
drawn-arc st§td welding with ceramic ferrule or shielding gas of unalloyed steel, the correct current setting dan be
estimated on|the basis of Equations (A.1) and (A.2):

I (A) =80 x d|(mm) — for studs up to approximately 16 mm diameter (A1)
I (A) =90 x d|(mm) — for studs over 16 mm diameter (A.2)
Normally, a cpirrent setting approximately 10 % less.is'selected for stainless steel.

A current as high as possible (600 A to 1 800.A,-depending on the size of the power source) is set for shorticycle
drawn-arc styid welding.

A.2.7.2.3 Arcvoltage

The arc voltage is mainly determined by the lifting height and the welding current. Values of between 20 y and
40V are the horm. Surface impurities, such as oil or grease, increase the arc voltage compared with the nprmal
state, whilst ipert gases reduce it.

A.2.7.24 Weldingtime

For drawn-aijc(stud welding with ceramic ferrule or shielding gas, the welding time can be estimated on the|basis
of Equations (A3)and (A4J:

tw (s) = 0,02 x d (mm) — for studs of up to approximately 12 mm diameter (A.3)
tw (s) = 0,04 x d (mm) — for studs over 12 mm diameter (A4)

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 collar area of
the ferrule.

A.2.7|2.7 Plunging speed

The plunging speed should be approximately 200 mm/s for studs with a diameter of up tp.14 mm diameter and
100 mm/s for larger studs, so as to prevent the weld pool splashing. It is proportional to the protrusipn in the case
of mdvable fixtures without dampers.

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

A.2.811 Welding equipment
A.2.81.1 General

The welding equipment consists of the power source, incorporating a charging unit, the movable fikture and the
welding cable.

A.2.811.2 Power source

The power source incorporates a capacitor bank'with capacitances of between approximately 12 mK and 150 mF.
The ¢apacitance is sometimes adjustable in_steps. The charging voltages are up to approximately 200V and
require a safety switch-off facility cofiforming to IEC 60974-1. In most cases, the charging |voltages are
contihuously adjustable.

Drawln arc capacitor discharge power sources have an additional coil in the welding circuit to provide a welding
time pf 6 ms to 10 ms.

The dapacitor bank shalt: becharged to the desired voltage before every welding operation. The maximum welding
sequence depends on(the charging speed. Approximately 500 studs per hour can be welded with manual-operated
powselr sources, andaip to 3 500 studs per hour can be welded in automatic mode.

A.2.8(1.3 Moevable fixture

The evable fixtures are either hand welding guns or welding heads. Welding heads are preferable for automatic
stud teedandaresecurelycontrected-toaframetrthedrawn-aremethod; the-arciscreated-by tiftinig 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;

NOTE1 In most cases, the drive is electromagnetic.

b) aspring, to plunge the stud into the molten pool after the end of the welding period;
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NOTE 2

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

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

In the case of hand welding guns, the support fixture allows the stud to be positioned on the work piece, (|

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

NOTE 3

An electrom

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

In most cases, the positioning unit is pneumatic.

acacaofmaouabla fivtiine Ay
€as5e aBre—HXtHes—©

e.g. by

with tip ignit

gpnatic driva 3o mat ahealitnly accantial 1 +h
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on. Springs tensioned by hand can also be used to create the necessary arc gap.

Changing claiping fixtures enables a movable fixture to be used for different stud dimensions.

The movable
avoid hazard
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The cross-se
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circuit, itis 1
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connected with electrical voltage, heating and arc formation.

Welding cables

bs should be used in accordance with ISO 5828.

tions of the welding cables are generally 25 mm? to 70 mm2: They should be as short as pos
bh peak currents and the associated voltage drop. Winding.the welding cable into coils increass
stance, which in turn reduces the welding current, but the welding time is increased.

lding parameters

Polarity

e stud is connected to the negative poleiand the work piece is connected to the positive pole. Re
e advantageous for copper and aluminium alloys.

Welding current

rent is between 1 000 A.and 10 000 A and depends on the charging voltage, the capacitance arj
ohmic resistance of the.welding cable.

Welding time

fime cannet b€ selected directly. Depending on the stored energy and the inductance of the wg
ms to 3.ms/(tip ignition), or 3 ms to 10 ms (drawn-arc). A longer welding time simplifies weldi
ce, byovirtue of better degassing.

(

A.2.8.2.4

lding

fixture is a power tool. The appropriate safety regulations should therefore be gbserved in order to

sible,
bs the
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ng on
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SHhg-energy

Together with the capacitance, the charging voltage determines the charging energy on the basis of Equation

(A.5):
W=0,5x%Cx

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

(A5)
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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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Annex B
(normative)

Quality requirements for stud welding

Table B.1 shows quality requirements for stud welding.

Table B-t—Quality requirements for stud wetding

Quality requirements in Comprehensive Standard quality Elementary quality
ISO 3834-2,1S0 3834-3 | quality requirements requirements in requirements in
or ISO 3834-4 required | in accordance with accordance with accordance with
for stud welding ISO 3834-2 I1SO 3834-3 I1SO 3834-4
Studs subjected tio
Fields of application unless|  Studs subjected to Studs subjected to uns.pec1f1ed statif
otherwifge specified fatigue loading specified static loading loading, e.g. furnace
construction, heat
resistant applicatigns
Technical knowledge of
welding ¢oordination Basic knowledge in accordance with 6.2 6.2 does not apply
personnel
Qualify record Production surveillance record in accordance with 14.6 does not applly

14.6

Method of qualification of

Welding procedure test in accordance with 10.2 or

Previous experiencg in

Procej

s control

pWPS pre-productiontest in accordance with 10.3 accordance with 1.4
Calibfation of Procedures shall be
measurement and testing | available infaccordance 14.8 does not apply
equjpment with' 14.8
Simplified productjon

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

test in accordance with
14.3, productior]
surveillance in

accordance with 14.5
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Annex C
(informative)

Manufacturer's welding procedure specification (WPS)

Manufacturer's welding procedure Examiner or Examining body
Reference No.: Reference No.:
Manyfacturer: Stud-welding process:
WPQR No.: Method of cleaning or
Parent material: surface condition of parent material:
Parent material thickness (mm): Stud material:
Prehg¢at temperature (°C): Stud designation:
Shielging gas and flow rate: Stud diameter (mm):
Cerarpic ferrule designation: Use of damper: [l yes [ no
Powdr source:
Weldjng gun/head: Welding position:
D‘;"EWI} arc s.tud Welding We.lding Protrusion Lift Remarks
1ding with current time
ceramic ferrule mm mm
or shielding gas A ms

angl short-cycle

Hrawn-arc
stud welding
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Capacitor discharge stud Gap | Chargingvoltage | Capacitance Spring force Remarks
welding with tip ignition
and capacitor discharge mm v mF N
drawn-arc stud lunei d
welding or plunging spee
mm/s
Additional TEMATKS: ..coviii et e e e e es e e e e e e e e e e en e e e e rnaen e e enn
Manufacturer: Examiner or Examining body:
(Name, date pnd signature): (Name, date and signature):
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Welding procedure qualification record form (WPQR) (for drawn-arc stud
welding with ceramic ferrule or shielding gas and short-cycle drawn-arc

stud welding)

Weld[ng procedure qualification — Test certificate

Manyfacturer:

Address:

Manyfacturer's welding procedure
Referjence No.:

Extent of qualification
Stud-welding process:

Stud material:

Parent material:

Parent material thickness (mm):

Examiner or Examining body:

Code/testing standard:

Date of welding:

Name of operator:

Stud, diameter (mm):
Stud length (mm):
Stud designation:

[ Application > 100 °C

[] Application |00 °C

Cerarpic ferrule designation: Use of damper: [l yes [l no
Weldjng position: Power source:
Prehg¢at temperature (°C) Welding gun/head:
Shielding gas and flow nate:
Other INfOIMAtION ........eii ittt ettt ettt bttt ea s e r s s s es s es s es s e es s s e e se e e
Welding current Welding time Protrusion Lift Remarks
A ms mm mm
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Certified that test welds are prepared, welded and tested satisfactorily, in accordance with the requirements of the

code/testing standard indicated above.

Location: Date of issue:

Manufacturer's welding procedure

Reference No.:

Examiner or Examining body:

(Name, date and signature)
Examiner or Examining body

Reference No.:

[J Application <100 °C

Abbreviations (Abbreviated terms):

uc unequal collar

ic incomplete collar

201-2-3 2 pores of 3 mm diameter (example)
nf no fracture

wf fracture in weld

sf fracture in stud

100 crack

400 lack of fusion

no no

objectionsa | acceptable

na not acceptable

NOTE Nymbers 100 and 400 reférto’ 1SO 6520-1.

1) Visual examination

Remarks: .....dooost e v Assessment: ........

[ Application > 100 °C

2) Bend testing

Bend testing (application < 100 °C) / bend testing by means of torque wrench (application > 100 °C)
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