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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
establlshed has the rlght to be represented on that comm|ttee Internat|onal organlzatlons governmental and

Technical Committee ISO/TC 44, Welding and allied processes, Subcommittee SC 10,
requirements in the field of metal welding, in accordance«with the Agreement on technical
between ISO and CEN (Vienna Agreement).

Throughout the text of this document, read “...this European Standard...” to mean “...this |
Stapdard...”.

ISO| 15614 consists of the following parts, under the general title Specification and qualification

pro

Standards

ication as an

edures for metallic materials — Welding.procedure test:

Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys
Part 2: Arc welding of aluminitm and its alloys

Part 3: Arc welding of cast\irons

Part 4: Finishing welding-of aluminium castings

Part 5: Arc welding-of titanium, zirconium and their alloys

Part 6: Arc welding of copper and copper alloys

Part 7: Corrosion resistant overlay, cladding restore and hardfacing

Part 8=Welding of tubes to tube-plate joints

Part.9: Arc underwater hyperbaric wet welding

jgct of patent

bration with
Unification
cooperation

hternational

of welding

Part T0: Underwater hyperbaric ary welaing
Part 11: Electron and laser beam welding
Part 12: Spot, seam and projection welding

Part 13: Resistance butt and flash welding

Annex ZA provides a list of corresponding International and European Standards for which equivalents are not
given in the text.

For the purposes of this part of ISO 15614, the CEN annex regarding fulfilment of European Council
Directives has been removed.
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Foreword

This document (EN ISO 15614-5:2004) has been prepared by Technical Committee CEN/TC 121 “Welding”, the
secretariat of which is held by DIN, in collaboration with Technical Committee ISO/TC 44 “Welding and allied
processes”.

This EurtLpean Standard shall be given the status of a national standard, either by publication of an iderLticaI text or
by endofisement, at the latest by September 2004, and conflicting national standards shall be,'withdrawn at the
latest by [September 2004.

Annex Alis informative. Annex ZA is normative.

This dociment has been prepared under a mandate given to CEN by the European Commission and the European
Free Trafle Association, and supports essential requirements of EU Directive(s),

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countrieq are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republi¢, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland) ltaly, Latvia, Lithuania, Luxembpurg, Malta,
Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain,:Sweden, Switzerland and United Kingdom.
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Introduction

All new welding procedure tests are to be in accordance with this standard from the date of its issue.

However, this standard does not invalidate previous welding procedure tests made to former national standards or
specifications.

Where addTionaI tests have to be carried out to make the qualification technically equivalent, it is only necessary to
do the addifional tests on a test piece which should be made in accordance with this standard.

vi © 1SO 2004 - All rights reserved
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1 Scope
This standard is part of a series of standards, details of this series are given in prEN ISO 15607:2000, annex A.
This standard specifies how a preliminary welding procedure specification is qualified by welding procedure tests.

This standard defines the conditions for the execution of welding procedure tests and the range of qualification for
welding procedures for all practical welding operations within the range of variables listed in clause 8.

Tests shall be carried out in accordance with this standard. Additional tests may be required by application
standardg-

This starjdard applies to the arc welding of titanium, zirconium and their alloys in all product forms(
Arc weld|ng is covered by the following processes in accordance with EN ISO 4063.

131 - metal inert gas welding, MIG welding

141 - tungsten inert gas welding, TIG welding

15 — plagma arc welding

The pringiples of this standard may be applied to other fusion welding processes.

2 Normative references
This Eurppean Standard incorporates by dated or undated reference, provisions from other publicatjons. These
normative references are cited at the appropriate places in the text and the publications are listed hgreafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest eglition of the
publicatign referred to applies (including amendments).

EN 439, Welding consumables — Shielding gases for arc welding and cutting.

EN 571-1, Non destructive testing —(Penetrant testing — Part 1: General principles.
EN 895, Pestructive tests on welds in metallic materials — Transverse tensile test.
EN 910, Pestructive tests-on welds in metallic materials — Bend tests.

EN 970, Non-destructive examination of fusion welds — Visual examination.

EN 1321{ Destrustive tests on welds in metallic materials - Macroscopic and microscopic examination of welds.

EN 1418| Welding personnel — Approval testing of welding operators for fusion welding and resistance eld setters
for fully mechanized and automatic welding of metallic materials.

EN 1435, Non-destructive examination of welds — Radiographic examination of welded joints.

EN ISO 5817, Welding - Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding excluded) -
Quality levels for imperfections (ISO 5817:2003).

EN ISO 6947, Welds — Working positions — Definitions of angles of slope and rotation. (ISO 6947:1993).

EN ISO 9606-5, Approval testing of welders - Fusion welding - Part 5: Titanium and titanium alloys, zirconium and
zirconium alloys (1ISO 9606-5:2000).

prEN I1SO 15607:2000, Specification and approval of welding procedures for metallic materials — General rules.
(ISO/DIS 15607:2000).
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CR ISO 15608, Welding — Guidelines for a metallic material grouping system (ISO/TR 15608:2000).

prEN 1SO 15609-1, Specification and approval of welding procedures for metallic materials — Welding procedure
specification — Part 1 : Arc welding. (ISO/DIS 15609-1:2000).

prEN 1SO 15613, Specification and approval of welding procedure for metallic materials - Approval by a pre-
production test (ISO/DIS 15613:2000).

3 Terms and definitions

For the pur

4  Prelimpinary welding procedure specification (pWPS)

The prelimipary welding procedure specification shall be prepared in accordance with prEN-ISO 15609-1

5 Weldipg procedure test
The welding and testing of test pieces shall be in accordance with clauses 6,and7.
The welder|or welding operator who undertakes the welding proceduréitest satisfactorily in accordance|with this

standard is|qualified for the appropriate range of qualification according to EN 1SO 9606-5 or EN 1418 providing
that the relgvant testing requirements are met.

6 Test piece

6.1 General
The welded joint to which the welding procedure will relate in production shall be represented by fnaking a

standardized test piece or pieces, as specified in 6.2. Where the production/joint geometry requiremenfs do not
represent the standardized test pieces as.shown in this standard, the use of EN ISO 15613 shall be requir¢d.

6.2 Shape|and dimensions of test pleces

6.2.1 General
The length pr number of test pieces shall be sufficient to allow all required tests to be carried out.

Additional test pieees, or longer test pieces than the minimum size, may be prepared in order to allow|for extra
and/or for re-testing specimens (see 7.7).

For all test pleces except brancit CoONMections (See Figure 4 and fittetwelds(see Figure 8y the materiat thickness, t,
shall be the same for both plates/pipes to be welded.

The thickness and/or outside pipe diameter of the test pieces shall be selected in accordance with 8.3.2.1 to
8.3.2.4.

The shape and minimum dimensions of the test piece shall be as follows :

6.2.2  Butt joint in plate with full penetration

The test piece shall be prepared in accordance with Figure 1.

2 © 1SO 2004 - All rights reserved
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6.2.3 Butt joint in pipe with full penetration
The test piece shall be prepared in accordance with Figure 2.

NOTE The word “pipe”, alone or in combination, is used to mean “pipe”, “tube” or “hollow section”.

6.2.4 T-joint
The test piece shall be prepared in accordance with Figure 3.

This may be used for fully penetrated butt welds or fillet welds.

6.2.5 Branch connection

>

The test piece shall be in accordance with Figure 4. The angle a is the minimum to be used in/productio)

This may| be used for fully penetrated joints (set-on or set-in or set-through joint) and for fillef welds.

6.3 Weldling of test pieces

Preparatjon and welding of test pieces shall be carried out in accordance withvthe pWPS, and under [the general
conditions of welding in production which they shall represent. Welding pasitions and limitations for the angle of
slope angl rotation of the test piece shall be in accordance with EN ISO-6947. If tack welds are to be fused into the
final jointfthey shall be included in the test piece.

Welding pnd testing of the test pieces shall be withessed by an eéxaminer or examining body.

© ISO 2004 - All rights reserved 3
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Key

~

Joint pfeparation and fit-up as detailed

in the greliminary Welding Procedure Specification (pWPS)
Minimym value 150 mm

Minimum value 300 mm

Materigl thickness

Figure 1 —Test piece for a butt joint in plate with full penetration
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Join
in th

preparation and fit-up as detailed
b preliminary Welding Procedure Specification (pWPS)

Minimum value 150 mm

Outs|
Matg

de pipe diameter
rial thickness

Figure 2 — Test piece for a butt joint in pipe with full penetration

f2

Joint preparation and fit-up as detailed

in the preliminary Welding Procedure Specification (pWPS)
Minimum value 150 mm

Minimum value 350 mm

Material thickness

Figure 3 — Test piece for a T- joint
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1 Joint pfeparation and fit-up as detailed
in the greliminary Welding Procedure Specification (pWPS)
a Branch angle
a Minimym value 150 mm
D; Outsid¢ diameter of the main pipe
ti  Main p|pe material thickness
D, Outsid¢ diameter of the branch pipe
L,  BrancH pipe material thickness

Figure 4 — Test piece for a branch connection

7 Examjnation and testing

7.1 Extent of testing

Testing includes both non-destructive testing (NDT) and destructive testing which shall be in accordance with the
requirements of Table 1.

An application standard may specify additional tests, e.g. :
O longitudinal weld tensile test;

O all weld metal bend test;

O hardness test;

O impact test;
6 © 1SO 2004 - All rights reserved
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O corrosion tests ;

O chemical analysis.
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NOTE Specific service, material or manufacturing conditions may require more comprehensive testing than is specified by
this standard in order to gain more information and to avoid repeating the welding procedure test at a later date just to obtain

additional test data.

Table 1 — Examination and testing of the test pieces

Test piece Type of test Extent of testing Footnote

Butt joint{with full Visual 100 % -

pegeéfatl 3n2— Figure 1 Radiographic testing 100 % ]

and Figure Penetrant testing 100 % -
Transverse tensile test 2 specimens -
Transverse bend test 4 specimens a
Macro/microscopic 1 specimen b
examination

T- joint with full Visual 100 % o

penetratipn - Figure 3 Penetrant testing 100 % c

Branch cpnnection with Radiographic testing 100 % c

full penefration - . . .

_ Macro/microscopic 2 specimens bandc

Figure 4 examination

Fillet welds - Figure 3 Visual 100 % C

and Figure 4 Penetrant testing 100 % C
Macro/microscopic 2 specimens bandc
examination

@ Fol bend tests, see 7.4.3.

b Fol microscopic examination, see 7.4.4.

¢ Tepts as detailed do not\previde information on the mechanical properties of the joint. Where these properties

arg relevant to the application an additional qualification shall also be held e.g. a butt weld qualification.
7.2 Locgtion anéstaking of test specimens
Test spegimens shall be taken in accordance with Figures 5, 6, 7 and 8.

Test specimens shall be taken after all non-destructive testing (NDT) has been carried out and which has passed
the relevant inspection criteria for the NDT method(s) used.

It is acceptable to take the test specimens from locations avoiding areas which have imperfections within the
acceptance limits for the NDT method(s) used.

© I1SO 2004 — Al rights reserved 7
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| - |
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N —
;:_>J\
\ - [~ 6

1 Discar

25 mm

2  Welding direction
3  Areafor:

4  Areafq
-
5 Areafq

6 Areafq

NOTE No

tensile test specimen;
end test specimens.
r:
Impact and additional test specimens if required.
r:
| tensile test specimen;

- bend test specimens;

r:
|-macro test spécimen;
1 hardness téstspecimen.

t to scale:

Figure 5 — Location of test specimens for a butt joint in plate
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Top ffor fixed pipe

Area for :

- 1 tensile test specimen ;
- bend test specimens.
Area for :

- additional test ;
specimens if required.
Area for :

- 1 tensile test specimen ;
- bend test specimens.
Area for :

- 1 macro/micro test specimen.

NOTE Not to scale.

Figure 8.= Location of test specimens for a butt joint in pipe
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) L

Key
1 Discard 25 mm
2 Macro/micro test specimen
3 Macro/micro test specimen
4  Weldinp direction

Figure 7 — Location of test specimens in a T- joint
Key

1 Macro and hardness test to be taken
(in position A)

2  Macro test specimen in position B

o Branch angle

Figure 8 — Location of test specimens for a branch connection or a fillet weld on pipe
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7.3 Non-destructive testing

All non-destructive testing in accordance with 7.1 and Table 1 shall be carried out on the test pieces prior to cutting
of the test specimens. Any post-weld heat treatment that is specified shall be completed prior to non-destructive

testing.

Depending upon joint geometry, materials and the requirements for work, the NDT shall be carried out as required
in Table 1 in accordance with EN 970 (visual examination), EN 1435 (radiographic testing), and EN 571-1
(penetrant testing).

7.4 Destructive testing

7.4.1

eneral

The exte
742 T
Specime

For pipe

Nt of testing shall be as required by Table 1.

fansverse tensile test
hs and testing for transverse tensile testing for butt joint shall be in accordance-with EN 895.

5 > 50 mm outside diameter, the excess weld metal shall be removed_on both faces to g

specimen a thickness equal to the wall thickness of the pipe.

ve the test

For pipe$ <50 mm outside diameter, and when full section small diameter pipes are used, the excess weld metal
may be l¢ft undressed on the inside surface of the pipe.
The tensjle strength of the test specimen shall not be less than thé,corresponding specified minimum value for the
parent metal unless otherwise specified prior to testing.
For dissipilar joints the tensile strength shall not be less than the minimum value specified for the pargnt material
having the lowest tensile strength.
7.4.3 Bend test
Specimeps and testing for bend testing for buft joints shall be in accordance with EN 910.
For thickhesses <12 mm two root and:two face bend test specimens shall be used. For thicknesses >12 mm four
side bengl specimens are recommended instead of root and face bend tests.
For dissimilar metal joints or heterogeneous butt joint in plates, one root and one face longitudingl bend test
specimen may be used instéad of four transverse bend tests.
The dianpeter of the fafmer or the inner roller shall be 6 t except for material group 51 when 4 ¢ shall b¢ used. The
bending pngle shall be 180° for parent metal with elongation A = 20%. For parent metal with elongatipn A < 20%
the following formula shall apply:
4= opxt)

_—A s
where

d is the diameter of the former or inner roller

ts is thickness of the bend test specimen

A is the minimum tensile elongation required by the material specification

The test specimens shall be bent uniformly and the weld, HAZ and parent metal areas shall each conform closely
to the radius of the forming tool. This will indicate that any gas pick-up during welding has not reduced the ductility
of the weld and that the welding has not adversely affected the formability of the parent metal.

© ISO 2004 - All rights reserved
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During testing, the test specimens shall not reveal any one single flaw >3 mm in any direction. Flaws appearing at

the corners

of a test specimen during testing shall be ignored in the evaluation.

7.4.4 Macro/micro-examination

The test specimen shall be prepared and examined in accordance with EN 1321 on one side to clearly reveal the
fusion line, the HAZ and the build up of the runs.

The macroscopic examination shall include unaffected parent material and shall be recorded by at least one

macroscopi

The accep

¢ reproduction per procedure test.

chall annh,
St PP

tree—&e»eb—s‘a&ed—h% al-apply
Care should be taken when etching certain alloys in order to avoid producing crack like indications.

7.5 Acce

A welding g
in EN 1SO
thickness a

NOTE Th
are given in

7.6 Colo

Accepted ¢
of the gas
acceptable.

7.7 Re-té

If the test [
further test
comply with

If any test §
due to weld
specimens
Each additi
of the addit

If a tensile
each one th

ptance levels

rocedure is qualified if the imperfections in the test piece are within the specified’limits of quali
5817 except for imperfection types as follows : excess weld metal, excess convexity, exce
nd excessive penetration, for which quality level C shall apply.

P correlation between the quality levels of EN ISO 5817 and the acceptance,levels of the different NDT t
EN 12062.

ation

blours on the weld metal surface: silver and straw. A narrow band of intensive colours close to
shielding is acceptable. Darker brown, purple and blue colours and grey or flaky whitg

sting

iece fail to comply with any of thesrequirements for visual examination or NDT specified in
piece shall be welded and subjectéd to the same examination. If this additional test piece
the requirements, the weldingyprocedure test has failed.

pecimens fails to comply with the requirements for destructive testing in accordance with 7.4
imperfections, two further test specimens shall be obtained for each one that failed. The addi
can be taken from the,same test piece if there is sufficient material available or from a new t
bnal test specimefi-shall be subjected to the same tests as the initial test specimen that failed
onal test specimens does not comply with the requirements, the welding procedure test has fai

Ly level B
ss throat

pchniques

the limits
are not

7.5, one
does not

but only

Ional test

st piece.
. If either
ed.

est specimen fails to meet the requirements of 7.4.2, two further test specimens shall be obtained for

at failed-=Both shall satisfy the requirements of 7.4.2.

8 Range of qualification

8.1 General

Each of the

conditions given in clause 8 shall be met in order to comply with this standard.

Changes outside of the ranges specified shall require a new welding procedure test.

8.2 Related to the manufacturer

A qualification of a pWPS by a welding procedure test according to this standard obtained by a manufacturer is
valid for welding in workshops or sites under the same technical and quality control of the manufacturer.
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Welding is under the same technical and quality control when the manufacturer who performed the welding
procedure test retains complete responsibility for all welding carried out to it.

8.3 Related to the parent material

831 P

8.3.11

arent material grouping

General

In order to minimise the number of welding procedure tests, titanium, zirconium and their alloys are grouped

accordin

to CR ISO 15608.

Separats
not cove

welding procedure qualifications are required for each parent material or parent materialyc
ed by the grouping system.

bmbinations

n the lower

not need re-

If one pafent material belongs to two material groups or sub-groups, then it shall always be.classified
material group or sub-group.
NOTE Minor compositional differences between similar grades arising from the use of.national standards do
qualificatipn.
8.3.1.2 | Titanium
The ranges of qualification are given in Table 2.
8.3.1.3 Zirconium
The ranges of qualification are given in Table 3.
Table 2 — Range of qualification-for titanium groups and sub-groups
Material group(s) of test piece Range of qualification

51-51 51-51

52:52 52-52

53-53 53-53

54-54 54-54

51-52 51-52, 51-51

51-53 51-53, 51-51

51-54 51-54, 51-51

52-53 52-53, 52-52

52-54 52-54, 52-52

53-54 53-54, 53-53

Table 3 — Range of qualification for zirconium groups

Material group(s) of test joint Range of qualification
61-61 61-61
62 - 62 62-62
61-62 61-62, 61-61

© ISO 2004 - All rights reserved
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8.3.2 Material thickness and pipe diameter

8.3.2.1 General

rocess qualification the material thickness, t, shall have the following meanings :
utt joint :
ent material thickness.

llet weld :

For single p
a) Forab
the par
b) Forafi
the pa
range
c) Foras
the par
d Foras
the par
e) ForaT
the par
For multi pr
of qualificat|

8.3.22 H

The qualifig
following ra|

ent material thicknesses. For each thickness range qualified as in Table 4 there is also_an'a
bf qualification for throat thicknesses, a, for single run fillet welds as given in 8.3.2.3.

et-on branch connection :

ent material thicknesses.

et-in or set-through branch connection :
ent material thicknesses.

-joint in plate with full penetration:

ent material thickness.

bcess procedures, the deposited metal thickness ofieach process shall be used as a basis for
on for the individual welding process.

Range of qualification for butt joints, T- jointsyand branch connections

ation of a welding procedure test on.Mmaterial thickness t shall include qualification for thickne
hges given in Table 4.

Dimensio|

Table’4 — Range of qualification for thickness

5sociated

he range

ss in the

ns in mm

Range of qualification b

Material thickness-of the test piece, t? Butt, T-joint and branch|Butt, T-joint and branch
connections for single run | connections ® for multi-rur
or single run from both|welding and all fillet welds
sides b

t<(3 0,7tto 1,5t 0,7tto 2t

3<t=s12 0,7tto 1,3t 3to 2t

12<t 0,7tto 1,1t 0,5tto 2t

a

for
b

For multi process procedures, the deposited metal thickness of each process shall be used as a basis

the range of qualification for the individual welding process.

For fillet welds and branch connections, the range of qualification shall be applied to both parent
materials independently.
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8.3.2.3  Range of qualification for throat thickness of single run fillet welds

In addition to the requirements of Table 4, the range of qualification of the throat thickness “a” shall be “0,75a" to
“1,5&”.

Where a fillet weld is qualified by means of a butt weld test, the throat thickness range qualified shall be based on
the thickness of the deposited weld metal.

8.3.2.4  Range of qualification for the diameter of pipes and branch connections

The qualification of a welding procedure test on diameter D shall include qualification for diameters in the following
ranges given-i—table-s-

Qualificagion given for plates also covers pipes when the outside pipe diameter is > 500 mm or when the diameter
is > 150 mm welded in the PA or PC rotated position.

Table 5 — Range of qualification for pipe and branch connection diameters

Diameter of the test
piece D? mm Range of approval
D<25 0,5D16.2D
D> 25 2 0,5D (25 mm min)
% Dis the outside pipe diameter or outside diameter.of the branch pipe.

8.3.3 Angle of branch connection
A welding procedure test carried out on a branch cennection with angle a shall qualify all branch anglgs o4 in the

range of o < aq < 90°.

8.4 Cgmmon to all welding procedures

8.4.1 Welding process

Each degree of mechanization.shall be qualified independently (manual, partly mechanized, fully mechanized and
automatie).

The quallfication is only valid for the welding process(es) used in the welding procedure test.

For mulg-processsprocedures the welding procedure qualification may be carried out with separate welding
procedurg tests’for each welding process. It is also possible to make the welding procedure test as a multi-process
proceduretest. The qualification of such a test is only valid for the process sequence carried out during the multi-

process precedudre-test

NOTE The use of a multi-process procedure test to qualify any single process should be avoided, unless the test carried
out on the process conforms to this standard.

8.4.2 Welding positions

Welding of a test in any one position (pipe or plate) qualifies for welding in all positions (pipe or plate) except for PG
and J-L045 where a separate welding procedure is required.

8.4.3 Type of joint / weld

The range of qualification for the type of welded joints is as used in the welding procedure test subject to limitations
given in other clauses (e.g. diameter, thickness) and additionally:
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a)

where this is the predominant form of production welding;

b)
€)
d)
Welds

e)

f)

Butt joints in pipe also qualify branch connections with an angle = 60°;

T joints butt welded only qualify T joints butt welded and fillet welds (see a);

made with backing qualify welds made from both sides;

Fillet welding qualifies fillet welding only;

Butt welds qualify fully and partial penetration butt welds and fillet welds. Fillet weld tests shall be required

Welds made from one side without backing qualify welds made from both sides and welds with backing;

Itis no
given (]

g9)

8.4.4 Fillg

Filler mate
compositior

8.45 Typ

The qualifi
polarity usej

8.4.6 Inte

The upper |
8.4.7 Pos
Addition or

The tempe
otherwise s

8.4.8 Bac

permitted to change a multi-run deposit into a single run (or single run on each side) or vice v
rocess.

I material, designation

als cover other filler materials as long as they have equivalent mechanicak properties, samg
according to the designation in the appropriate European Standard for the)filler material conce

b of current

ation is given for the type of current (alternating current (AC);. direct current (DC), pulsed cur
d in the welding procedure test.

pass temperature

mit of qualification is the highest interpass tempetrature reached in the welding procedure test.

-weld heat treatment
Heletion of post-weld heat treatment.js-not permitted.

ature range validated is the holding temperature used in the welding procedure test * 20
pecified. Where required, heating rates, cooling rates and holding time shall be related to the p

King gas

Welding without backing gas‘qualifies for welding with backing gas, but not vice versa.

8.49 We

Welding ou

ding in a chamber

side a‘€hamber qualifies for welding in a chamber, but not vice versa.

ersa for a

nominal
rned.

rent) and

C unless
oduct.

8.5 Sped

ific‘to processes

8.5.1 Process 131

8.5.1.1 The qualification given to the shielding, trailing and backing gas are restricted to the symbol of the gas
according to EN 439. Shielding gases not covered by EN 439 are restricted to the nominal composition used in the

test.

8.5.1.2 The qualification given is restricted to the wire system used in the welding procedure test (e.g. single-wire
or multiple-wire system).

8.5.1.3 For solid wires, the qualification using short circuiting transfer (dip) qualifies only short circuiting transfer
(dip). Qualification using spray or globular transfer qualifies both spray and globular transfer.
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