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4.3  Welding positions
4.4 Product types or semi-finished products applicable to welderqualification t¢
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

ee s e thtenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

blve the use
any claimed
hot received
menters are

ISO draws attention to the possibility that the implementation of this docunient may inv
of (a] patent(s). ISO takes no position concerning the evidence, validity or applicability of
patent rights in respect thereof. As of the date of publication of this document, ISO had 1
notide of (a) patent(s) which may be required to implement this docunient. However, imple
cauti

oned that this may not represent the latest information, whichimay be obtained frorx

n the patent

database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such(patent rights.

Any trade name used in this document is information givenfor the convenience of users gnd does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specifi¢ terms and
expressions related to conformity assessment;-as well as information about ISO's agherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade| (TBT), see

wWwV

.iso.org/iso/foreword.html.

This
Subc

This
revis

The

@

document was prepared by Techmical Committee ISO/TC 44, Welding and allie
pmmittee SC 14, Welding and brazing in aerospace.

ed.

main changes are ag.follows:
3.8: note to entry-added;

Table 4 reviséd;

ditorialrévisions.

d processes,

third edition cancels and replaces the second edition (ISO 24394:2018), which has been technically

Any [feedback or questions on this document should be directed to the user’s nationgl standards
body'—A—eomplete—listing—ofthese—bodies—ean—befoundat—wwwise.ers/membershtml. Official
interpretations of ISO/TC44 documents, where they exist, are available from this page:
https://committee.iso.org/sites/tc44/home/interpretation.html.
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Introduction

A welder or welding operator qualification test properly passed in accordance with this document
demonstrates that the welder or welding operator concerned has been proven to possess the minimum
degree of skill and knowledge required for the fusion welding of aerospace hardware.
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INTERNATIONAL STANDARD

ISO 24394:2023(E)

Welding for aerospace applications — Qualification test
for welders and welding operators — Fusion welding of
metallic components

1 Scope

This|[document specifies requirements for the qualification of welders and welding operato
weldiing of metallic materials for aerospace applications.

NOTH
in ne|
quali

Success in the test is an essential precondition for the qualification of welders|and weld
w production and repair work in aerospace. However, welding equipment operators do nq
fied according to this document.

2 Normative references

The
cons
unda

ISO 6
— Pd

ISO 6
ISO 9
ISO 1
ISO 1
EN 4

3

For t
ISO 1

ISO 4
— 1

following documents are referred to in the text in such a qvay that some or all of t
fitutes requirements of this document. For dated referefices, only the edition cited
ted references, the latest edition of the referenced docuntent (including any amendme

520-1, Welding and allied processes — Classification,of geometric imperfections in metal
rt 1: Fusion welding

947, Welding and allied processes — Weldingpositions

606-2, Qualification test of welders — Fusion welding — Part 2: Aluminium and alumini
4731, Welding coordination — Tasks.and responsibilities

8490, Non-destructive testing — Evaluation of vision acuity of NDT personnel

179, Aerospace series — Qualification and approval of personnel for non-destructive testi

[erms and definitions

he purposes-of this document, the terms and definitions given in ISO 6520-1, ISO
4731 and th&following apply.

nd IEGanaintain terminology databases for use in standardization at the following adc

SO Online browsing platform: available at https://www.iso.org/obp

|rs for fusion

ng operators
t need to be

heir content
applies. For
hts) applies.

lic materials

m alloys

19

9606-2 and

Iresses:

— 1
3.1

EC Electropedia: available at https://www.electropedia.org/

parent material form

type
Note

3.2

of the semi-finished product

1 to entry: Semi-finished products are sheets or plates, tubes and castings.

welder
person who holds and manipulates the electrode holder, welding torch or blowpipe by hand

Note

©ISO

1 to entry: In this document, a blowpipe is considered to be a gas welding torch.
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[SOURCE: IS
3.3

:2023(E)

0/TR 25901-1:2016, 2.5.24, modified — Definition revised and note 1 to entry added.]

welding operator
<welding for aerospace applications> person who prepares the joint and sets up mechanized or
automated welding equipment and thereby has direct influence on the welded joint quality

3.4

welding equipment operator
<welding for aerospace applications> person who only operates automatic welding equipment and has
no direct influence on the welded joint quality

3.5
examiner
person who

Note 1 to ent
[SOURCE: I

3.6
examining

organization that has been appointed to verify conformity to the applicdble standard

Note 1 to ent
[SOURCE: I

3.7
rework
corrective a

3.8
design/eng

organization that has the responsibility for the structural integrity or maintenance of airworthing

the hardwai

EXAMPLE

Note 1 to enffry: In the case of a welded product, the engineering authority is usually the organization ths

responsibilit

Note 2 to ent
to the airwon

3.9
backing
material plg

has been appointed to verify conformity to the applicable standard

Fy: In certain cases, an external independent examiner can be required.

0/TR 25901-1:2016, 2.5.29, modified — Definition revised.]

body

Fy: In certain cases, an external independent examining body ¢an be required.

0/TR 25901-1:2016, 2.5.30, modified - Definition revised.]

ction made to a weldment in the as-welded\condition

ineering authority

e and compliance with all relevant documents

Drawings, 3D models, specifications for manufacturing.

y for the engineeringdefinition of the product.

"y: In civil aviatien, the design authority is normally the type certificate holder, a legal entity rq
thiness authotities.

ss of

t has

lated

weld

céd at the reverse side of a joint preparation for the purpose of supporting molten

metal

3.10

welding procedure specification

WPS

document that has been qualified and provides the required variables of the welding procedure to

ensure repe

[SOURCE: IS

atability during production welding

O/TR 25901-1:2016, 2.5.4]

© IS0 2023 - All rights res
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3.11

preliminary welding procedure specification

pWPS

document containing the required variables of the welding procedure which is to be qualified

[SOURCE: ISO/TR 25901-1:2016, 2.5.6, modified — Definition revised.]

3.12

automatic welding

welding in which all operations are performed without welding operator intervention during the
process

Note [l to entry: Manual adjustment of welding variables by the welding operator during welding(is hot possible.

[SOURCE: ISO 14732:2013, 3.1]

4 Qualification test requirements
4.1 | General

4.1.1 Specific to the welder qualification test

The yvelder qualification tests are classified according to:
a) parent material form;

b) {ypes of weld joint (butt/groove or fillet);

c) elding processes;

d) 1naterial groups;

e) thickness ranges;

f) yvelding positions.

The welding coordinator of ¢he’plant or the fabricator shall select from Figure 1 to Figufe 6 the test
piece as required for the production work on which the welder is to be employed. Two conjplementary
specific test pieces (TR5-and TP6) may also be chosen as defined in 4.4 and 4.7.1.

4.1.71 Specific to the welding operator qualification test

The weldingfoperator qualification tests are classified according to welding process and welding
machine type.

NOTH Machine type within the scope of this document stands for longitudinal, orbital, circumferential and
robotitwetding maciimnes:

For multiple welding machine types, additional qualification shall be at the discretion of the responsible
welding coordinator.

The welding operator has to show theoretical knowledge of the welding process.

In the practical part of the qualification test, the welding operator shall demonstrate competency in
operating the welding machine according to an established WPS.

A test weld of any type of weld with a process on a given welding machine type shall qualify for all
product types or semi-finished products and all types of welds with this process and this machine type.

The test weld can be performed on dedicated test pieces or production parts.

©1S0 2023 - All rights reserved 3
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When substituting test pieces with actual production parts, testing shall be carried out according to
Table 6.

4.2 Welding processes

This document covers qualification testing for the following welding processes with their reference
numbers in accordance with ISO 4063:1998:1)

— 111 manual metal arc welding (metal arc welding with covered electrode);2)

— 12 submerged arc welding;?)

— 13  gas-shielded metal arc welding;

— 141 TIG welding/gas tungsten arc welding;

— 15 plasma arc welding;

— 31 oxy-fuel gas welding;

— 51 elg¢ctron beam welding;

— 52 laser beam welding.

NOTE1  Other fusion welding processes not specified in ISO 4063:1998 €an‘be covered.

NOTE 2  Aftention is drawn to the fact that ISO 4063:1998 and SO 4063:2023 sometimes have different
processes foi] the same process number. The main differences are as@ollows (see Table 1):

a) process flesignation was changed or modified for processes\121, 131, 135, 136 and 141;
b) process [L37 was split into processes 132 and 133;

c) process [136 was split into processes 136 and 138,

Table[1 — Equivalent process numbers and designations between ISO 4063:1998 and

IS0 4063:2023
Process . . (. . S 4
number Process designation.in I1SO 4063:1998 Process designation in ISO 4063:2023
121 Submerged arc welding with one wire electrode f;l(l)drzerged arc welding with solid wire elec
131 Metal inert gas.welding; MIG welding MIG welding with solid wire electrode
132 — MIG welding with flux cored electrode
133 — MIG welding with metal cored electrode
135 Metal'active gas welding; MAG welding MAG welding with solid wire electrode
Tubular cored metal arc welding with active gas
136 . > S~ TMAG welding with TTux cored electrode
shield
Tubular cored metal arc welding with inert gas
137 .
shield
138 — MAG welding with metal cored electrode
141 Tungsten inert gas welding; TIG welding E‘CI)(;)weldlng with solid filler material (wire or

1) Cancelled and replaced by ISO 4063:2023.

2) This process can require a special qualification test as defined in 4.7.

4 © IS0 2023 - All rights reserved
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Welding positions

Depending on welding positions in actual production, the welding position of the test piece shall be
chosen in accordance with Table 2, Table 3, Table 4 and/or Table 5.

A test piece welded in the fixed position also qualifies for welding parts when not in the fixed position,
for example rotational turntable for tubes.

TP6 shall be welded in PA or PB, which qualifies for all welding positions for in-process welding of

casti

4.4

Depd
quali

Test

NOTH
Ther(

The
The ¥
nom

Test
D <2

Test

NOTIH
defecd

Excly
tube
posit

NOTH
to sp

Inin
Alloy

As a

castill:l

ngs in casting facilities.

~Producttypes or semi-finished products appticable to wetder quatification tests

nding on the types of products in actual production, a distinction is made{bhetw
fication tests for sheet or plate (S), tube (T) and castings (C).

pieces with tube (TP3, TP4 and TP5) do not qualify for sheet or plate.

1  Tube welding has overlapping start and stop points. This is not thecase for sheet or g
pfore, test pieces with tube (TP3, TP4 and TP5) do not qualify for sheet ot_plate.

Fange of qualification for each welding position is given in Table 2, Table 3, Table 4

feen welder

late welding.

hnd Table 5.

velding positions are specified in ISO 6947. The test pieces-siall be welded in accorda
nal angles of the welding positions given in [SO 6947.

piece TP5 (see Figure 5) is mandatory for structural tube frameworks of outsi
6 mm. It is optional for structural tube frameworks,of D = 26 mm.

piece TP 6 is required for in-process welding oficastings in casting facilities.

2
ts.

Within the scope of this document, in-process welding is welding on castings to co

iding in-process welding in castirig-facilities, a welder who is qualified to weld shee
is also qualified to weld on castings within his or her range of qualification regarding
ion and geometric shape of the work piece (planar or tubular).

3 Casting facilities are-exeluded because casting methods and in-process welding of castin
bcific engineering requirements.

stances of structuralwelding of castings requiring specific welding techniques, for exd
718, the welder qualification test pieces (TP1 to TP4) shall be of the same casting allo

alternative;-qualifications according to SAE AMS 2694C are acceptable for in-proces
gs, butthe period of validity according to Clause 11 applies.

hce with the

le diameter

rrect casting

L or plate or
the welding

bs are subject
mple Nickel

Y.

s welding of

©ISO
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Table 2 — Range of qualification for welding positions, joint type and base metal form for TP1

Qualified welding position
Test weld
Butt weld on sheet or Butt weld on tube
plate
Formor | Testpiece welding posi- PA PC PE PF PA PC PE PF | H-L 045
joint type tion (ISO 6947)
Sheet or PA
plate butt X Xab
weld
PC
X X Xa,b Xa,b,c
Sheet or PE b b
plate butt m X X X X
weld
PF
X X Xa.b Xab

NOTE 1 X indicates what the welder is qualified for.

NOTE 2 The afrows in PA, PC and PE show the welding position,
NOTE 3 The afrow in PF shows the weld progression or direction.
a  Applicable for longitudinal weld on a tube.

b Applicable for circumferential weld on a rotating tube if tube diameter is D > 26 mm.

¢ Applicable for circumferential weld on atube in a fixed position if tube diameter is D > 26 mm.

Table 3 —(Range of qualification for welding positions, joint type and base metal form for TP2

Qualified welding position

Test weld -
Fillet weld on sheet or plate

Form or joipt | Test piece welding position (ISO
type 6947)

PA
W X
p

Sheet or plate

fillet weld PB

PA PB PC PD PF¥

NOTE 1 X indicates for which the welder is qualified.
NOTE 2 The arrows in PA, PB, PC and PD show the welding position

NOTE 3 The arrow in PF shows the weld progression or direction.

6 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=9d51b08f66de2cce9059fabea7896af7

ISO 24394:2023(E)

Table 3 (continued)

Qualified welding position

Test weld -
Fillet weld on sheet or plate
Form or joint | Test piece welding position (ISO PA PB PC PD PF
type 6947)
PC
- X X X

Shee¢t or plate
fillet weld

NOTI 1 X indicates for which the welder is qualified.
NOTI 2 The arrows in PA, PB, PC and PD show the welding position

NOTE 3 The arrow in PF shows the weld progression or direction.

Tahle 4 — Range of qualification for welding positions, joint type and base metal foym for TP3

Test weld Qualified welding position
F Butt weld on Buft weld on

ioic:tlrtly‘);e Test piece welding position (ISO 6947) tube shegt or plate®

PA | PC | PH | PA|| PC | PF
PA2

X

Tube butt

weld

Xa X

NOTE 1 The qualification is valid for any tube of outer diameter equal to or larger than the outer diameter of the test piece.
NOTE 2 The arrows in PA and PC show the welding position

NOTE 3 The arrows in PH and H-L045 show the weld progression or direction.

a  Only applicable for a rotated tube with the torch in welding position PA.

b Qualification is only valid for sheet or plate if run-on and run-off tabs are used in production.

¢ Pipeisnotrotating during welding. Only one welding direction is required.

©1S0 2023 - All rights reserved 7
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Table 4 (continued)
Test weld Qualified welding position
F Butt weld on Butt weld on

_rorm or Test piece welding position (ISO 6947) tube sheet or plate®

joint type
PA | PC| PH | PA | PC | PF
Xa X

Tube butt

weld

Xa X X

NOTE 1 The gpalification is valid for any tube of outer diameter equal to or larger thanthe-outer diameter of the test piece.
NOTE 2 The afrows in PA and PC show the welding position

NOTE 3 The afrows in PH and H-L045 show the weld progression or direction.
a  Only appliicable for a rotated tube with the torch in welding position PA.

b Qualification is only valid for sheet or plate if run-on and run-off tabs are used in production.

¢ Pipeis ngtrotating during welding. Only one welding direction isisequired.

Table 5 —|Range of qualification for welding pgsitions, joint type and base metal form for TP4

Test weld Qualified welding position
i0i Tube to sheet or plate fillet weld
Form or joint Test piece welding position (ISO 6947) p
type PA PB PD PH BJ
PA
g ¢ xa
A
Tube to sheet
or plate fillet
weld
Xa X

NOTE 1 The qualification is valid for any tube of outer diameter equal to or larger than the outer diameter of the test piece.
NOTE 2 The arrows in PA, PB and PD show the welding position

NOTE 3 The arrows in PH and P] show the weld progression or direction.

a2 Only applicable for a rotating tube to sheet or plate assembly with the torch in welding position PA.

8 © IS0 2023 - All rights reserved
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Test weld

Qualified welding position

Form or joint

Test piece welding position (ISO 6947)

Tube to sheet or plate fillet weld

type PA PB PD PH PJ]
PD
PH
Tubg to sheet \\
or plate fillet y xe X X
weld \\
O~
P]
N X X X
)
I
W)

NOTE 2 The arrows in PA, PB and PD show the welding poSition

NOTE 1 The qualification is valid for any tube of outer diameter‘equal to or larger than the outer diameter of the test piece.

NOTE 3 The arrows in PH and PJ show the weld progression or direction.

a nly applicable for a rotating tube to sheet oxplate assembly with the torch in welding position PA.

4.5

The yelder qualification tests@re subdivided into the following material groups:

— 1naterial group A: unallpyed steel, low-alloyed steels, high-alloyed ferritic steels;

— 1naterial group BZaustenitic, martensitic and precipitation hardening steels;

Material groups

— aterial grotp-C: titanium and titanium alloys, niobium, zirconium and other reactive metals;

— 1nateriahgroup D: aluminium and magnesium alloys;

— 1naterial group E: materials that do not conform to other material groups (e.g. njolybdenum,
ungsten, copper alloys);

— material group F: nickel alloys, cobalt alloys.

A test piece made in material groups A, B, C, D and E only qualifies for welding in the same material

group.

A test piece made in material group F qualifies for welding in material group F and also for welding in
austenitic materials of group B but not vice versa.

© IS0 2023 - All rights reserved
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4.6 Material thickness

4.6.1 Butt weld material thickness

A test piece of thickness t shall qualify a welder to weld a thickness range of 0,67t to 4t, except that

when t > 25

mm, the qualification range is 0,67t to unlimited.

Two independent test pieces of different material thicknesses t shall qualify butt welding of all

intermediat

4.6.2 Fill

e thicknesses.

t weld material thickness

A test piece
material, ex

Two indepe
intermediat

4.6.3 Cas
Welding of 1

4.7 Speci

4.7.1 Gen
Any change

As required
welding pro
welding und

If test met}
coordinator
requiremen

A special qu
4.7.2 Spe
Examples in

a)

qualific

pf thickness t; shall qualify a welder to weld a thickness range of 0,67t; to 4t; of the|th
Cept that when t; > 25 mm, the qualification range is 0,67t; to unlimited.

ndent test pieces of different material thicknesses t; shall qualify fillet-welding
e thicknesses of the thinner members.

[ing repair material thickness

al qualification tests

eral requirements
b to the requirements defined in this documént are classified as special qualification td

by actual production, the welding coordinator shall specify the geometry of the test pi
cess, material and material thickness-range. A special qualification test only qualifie
er the specific conditions represented by the special qualification test.

lods are not in accordancetwith this document, they shall be defined by the we
The welding coordinatoryshall define additional test methods and also increase the qy
s as defined by the designor engineering authority.

alification test shall'he marked with an “X” in the designation.

cial qualification tests for welders
clude:

htion for surfacing or cladding welds;

nner

f all

est piece TP 6 qualifies for all material thicknesses for in-préoess welding of castinjgs in
casting faciljities.

sts.

eces,
s for

lding
ality

b)

‘)
d)

qualific

off;
€)
f)
g)
h)

htien for valde vwith cnacial canditinnyn for vualding nosition and/or accaccihilityg.

CCToTT TOT vy IO S vy o o p e oo COTOT oo TOT vy IO g P o STo o ot O ot CooSToTTT Y

qualification for restriction to weld only tack welds;

qualification for butt welds without filler material;
qualification for welds on dissimilar material groups;
qualification for welds with backing;

qualification for welding positions that are not covered by Table 2 to Table 5.

A welder qualified for welding with backing may only weld using backing in production.

10
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A welder qualified without using backing may weld with or without using backing in production.

4.7.3 Special qualification tests for welding operators

Examples include:

a)
b)

4.8

qualification for surfacing or cladding welds;

qualification for welds on dissimilar material groups.

Designation for qualification test

4.8.1 Welder qualification test

The

flesignation for a welder qualification test comprises the following:
‘welder qualification test”;

feference to this document (i.e. ISO 24394);

yelding processes code number in accordance with ISO 4063:1998;
gymbol of product type or semi-finished product (see 4.4);

yvelding position and test piece number (see Table 2 to Table 5);

material group (see 4.5);

flest piece material thickness(es) (see 4.6); in case of different thicknesses on fillet welds|
value shall be indicated;

tlest piece outside diameter(s), if applicable;

possibly X for a special qualificationtest (see 4.7).

For tpst pieces TP5 and TP6, welding positions do not need to be indicated.

EXAMPLE1  Welder qualification test ISO 24394-31-S-PA1-A-t1

wherp

ISO 44394 is thesqrtumber of this document;

31
S
PA1
A

t1

is the welding process (oxyfuel gas welding; oxy-fuel gas welding);

is the product type (sheet or plate);

is the welding position and number of the test piece (see Table 2 or Table 3);

is the material group (see 4.5);

is the test piece material thickness 1 mm (see 4.6).

EXAMPLE 2 Welder qualification test ISO 24394-141-T-PF3-D-t1-d10-X

where

© IS0 2023 - All rights reserved
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is the number of this document;

is the welding process (tungsten inert gas welding; TIG welding);
is the product type (tube);

is the welding position PF and test piece 3 (see Table 4);

is the material group (aluminium and magnesium alloys);

is the test piece material thickness 1 mm;

d10
X

is the outside tube diameter 10 mm;

is the special qualification test (e.g. with backing).

4.8.2 Weallliing operator qualification test

The design
— “weldin
referen
welding
— possibly
EXAMPLE

where
ISO 24394

15

robotic

5 Condit

5.1 Physi

The candid
following rd
documented

ion for a welding operator qualification test comprises the following:
o operator qualification test”;
Ce to this document (i.e. ISO 24394);

processes code number in accordance with ISO 4063:1998;
r X for a special qualification test (see 4.7).

Welding operator qualification test ISO 24394-15-robotic

is the number of this document;
is the welding process (plasma‘arc welding);

is the robotic welding machine.

ions required fer-welder and welding operator qualification tests

cal requirements for welder and welding operator

hte shall provide documented evidence of satisfactory vision in accordance with
quirements. Any limitations (e.g. visual aids when required to pass an eye test) shz
on{the welder or welding operator test certificate. Any limitations in colour perce

shall be eva

1 the
11 be
btion

uated by the welding coordinator prior to certification and shall be approved in writir

18,

Eyesight requirements shall be achieved by using one eye or both eyes. The candidate shall successfully
achieve the near vision acuity and colour perception specified herein.

Eye tests shall be administered by competent personnel.

The method

for testing near vision acuity shall be chosen from one of the following:

a) Jaeger No. 2 eye chart at approximately 400 mm;

b) VisusO0,

<)
NOTE

12

8 at approximately 400 mm;

eyesight requirements of EN 4179 or ISO 18490.

The results of the three near-vision testing methods are not fully comparable.

© IS0 2023 - All rights reserved
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Colour perception shall be examined by a suitable method, e.g. the Ishihara test.

Near vision shall be tested to these requirements at least every 2 years. Colour perception shall be
tested to these requirements at least every 5 years.

5.2 Person responsible for welder and welding operator qualification tests

The welding coordinator (see ISO 14731) shall be designated, in writing, as responsible for welder
and welding operator qualification tests, requalification tests and disqualification (see Clause 11).
The welding coordinator shall have knowledge and experience relevant to the welding process and be
acceptable to the responsible design authority or recognized examining body. The welding coordinator
may puthorize another person to administer the welder or welding operator qualification, test.

NOTH The person responsible for welder and welding operator qualification tests can differ'frgm the person
respgnsible for implementing 4.1.1.

6 Performing the welder and welding operator qualification test
6.1 | Practical qualification test

6.1.1 General requirements
The following provisions, which are also applicable to any special qualification tests, shall e satisfied:

a) all required parameter settings of the welding equipment shall be made by the weldef or welding
perator on his or her own in accordance with the welding procedure specificatign (WPS) or
reliminary welding procedure specification {(pWPS);

b) {velding may be performed with or withoutfixtures according to the WPS or pWPS;

c) 4ny rework performed on a test piece shall be performed using the WPS or pWPS valid for
qualification testing - rework shall'only be performed with the agreement of the person authorized
lo conduct the welder or welding operator qualification test;

d) rework by welding on the fopt side of butt welds is not permitted;
e) ¢ach test piece shall beclearly identified and traceable to the welder or welding operatpr;
f) the welding wiregif\equired, shall be mentioned in the WPS or pWPS;
g) When welding/tlie test pieces, these shall be in a fixed position.

The velded test pieces shall be assessed by the person authorized to conduct the welder or welding
operptor qualification test and shall be clearly identified in the welder or welding operator gualification
test record.

Annex B specifies minimum requirements for the content of the welder or welding operator qualification
test record and recommends a format.

6.1.2 Specific requirements for the welder qualification test

The welding coordinator should choose the material that is most difficult to weld from the material
group used by the welder in actual production. In the practical part of the welder qualification test, the
welder shall weld the test pieces (see Figure 1 to Figure 6) of the related test, or according to special
qualification tests defined by the welding coordinator, see 4.7.1, in line with specified conditions and
under the surveillance of the person authorized to conduct the welder qualification test.

©1S0 2023 - All rights reserved 13
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ry test

A theory test is required. The content of the theory test and the grading shall be at the discretion of the

welding coordinator and shall be documented. See Annex E for guidelines.

7 Test pieces

Test pieces (see Figure 1 to Figure 6) shall be applied according to the required welder qualification
test, see 4.1.1.

a2 Welding

Key
t; thinner 4
t, thickers

Dimensions in millimetres

heet orplate
heetor plate

sequence. For materials susceptible to cracking, the welding sequence may be altered.

Figure 1 — Test piece no/TP1

Dimensions in millinjetres

62158

The weld direction is optional but shall be maintained in one direction only. Stop and restart after approximately
50 mm weld length.

NOTE This weld stop and restart is intended to simulate a weld wire change.

14

Figure 2 — Test piece no. TP2

© IS0 2023 - All rights reserved
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Dimensions in millimetres

Key
t, 215t

Figure 4 — Test piece no. TP4

Dimensions in millimetres

© IS0 2023 - All rights reserved
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Dimensions in millimetres

20

110

Key
diameter ratips: d; > 1,2d,; d3 < d,

tube axis: d;: fhorizontal; d,: vertical

Tube wall thitkness and diameters occurring in production.
a  All weld§ indicated by rippling shall be performed.

Figure 5 — Test piece no. TP5

16 © IS0 2023 - All rights reserved
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Dimensions in millimetres

a)
Dimensions and deliverfy conditions
60
< |m A
+1 (=)
N —>| 75°
~m | D % & ON
Y . 7
I
#10
90° —>| g
A .
I
. A-A M
N | ©
' '
N A 2+
«
80
- 3,5
'?70 T
I !
: S e ,
| | C
S, e o
\ O
‘ o )
m
[ ]
30 30 30
B 160 R
b)

a  All welds indicated by rippling shall be performed.

Figure 6 — Test piece No. TP6

© 1S0 2023 - All rights reserved 17
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8 Examination and testing

8.1 General
The test piece(s) shall be tested and examined in accordance with Table 6. Additional testing may be

applied at the discretion of the welding coordinator. The test results shall be documented in the welder
or welding operator qualification test record in accordance with Annex B.

Table 6 — Test pieces and appropriate test methods

Test piece no
and designja- Illustration Test method
tion

Visual inspection (see,8.2)

Dimensional examination (see §.2
and Annex A)
TP1 . . .
Surface imperfection detection
Butt weld ¢n (see 8.3)

sheet or plgte Radiographic examination (see B.4)

or,ds an alternative, fracture tept
(see 8.7) or bend test (see 8.6) for
test pieces in unalloyed steel

Visual inspection (see 8.2)

Dimensional examination (see §.2
TP2 and Annex A)
Fillet weld bn Surface imperfection detection
(see 8.3)

sheet or pldte

Examination of two macro-sectjons
of fillet weld - one section shall be
taken through the stop/start pdint

Visual inspection (see 8.2)

N

Dimensional examination (see §.2
and Annex A)

TP3 Surface imperfection detection
Butt weld ¢n (see 8.3)

tube Radiographic examination (see B.4)

or, as an alternative, fracture teft
(see 8.7) or bend test (see 8.6) for
test pieces in unalloyed steel

Visual inspection (see 8.2)

N

Dimensional examination (see §.2
and Annex A)

Surface imperfection detection
(see 8.3)

Examination of two macro-sec-
tions - one section shall be taken
through the stop point

TP4

Tube to sheet
or plate

One section shall be taken ata
location that represents the welding
position to be tested (e.g. PH or PJ
position)

18 © IS0 2023 - All rights reserved
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Table 6 (continued)
Test piece no.
and designa- Illustration Test method
tion
Visual inspection (see 8.2)
Dimensional examination (see 8.2
TP5 and Annex A)
Structural Surface imperfection detection
tube frame- (see 8.3)
work Examination of macro-gections of
fillet welds in the partiq.g faces of
the symmetrically cut tiibe junction
Visual inspection‘(see 8}2)
Surface imperfection detection
N (see 8.3)
TP6 ', Radiographic examination (see
. 84)Jthe unwelded casting blanks
Fil} weld on P shall be radiographically examined
dasting \/‘\ in accordance with the gpplicable
\/ standards for castings ih aerospace
(e.g. the ISO 17636 series); the radi-
ographic images shall be supplied
with the casting

8.2 | Visual inspection and dimensional examinhation

Visual inspection shall be carried out with the test piece in the as-welded condition. Visual ¢xamination
for external weld imperfections or features:shall be performed at up to 10 times magnificatjon and with
an angled mirror, if required. For visual examination, it is recommended that the principle$ outlined in
[SO 19828 are applied.

Confprmity to the specified test piece dimensions shall be checked. The angles of test piece [I'P5 shall be
checked.

The Weld geometries shallbe ' measured with callipers, fillet weld gauges or other suitable{means. The
actugl dimensions shalllberecorded in the welder or welding operator qualification test fecord form,
see Annex B, and conipared with criteria from Annex A.

8.3 | Surface imperfection detection

The fest pieces shall be examined for surface imperfections. Suitable test methods are| fluorescent
peneftraft testing (see ISO 23277) or magnetic particle testing (see ISO 23278) for material|group A.

8.4 Radiographic examination

Radiographic examinations shall be defined by an approved level 3 in accordance with EN 4179 or
equivalent, carried out in accordance with a suitable qualified standard (e.g. ISO 17636-1, ISO 17636-2
or ASTM E 1742).

Depending on the material thickness, the highest image quality value shall be achieved.

8.5 Metallographic examinations

Metallographic test specimens shall be prepared from test pieces TP2, TP4 and TP5 in accordance
with the indications in Table 6. The weld cross-sections at 90° to the longitudinal direction of the weld

©1S0 2023 - All rights reserved 19
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shall be ground, polished and etched until the fusion line is visible. The sections shall be examined at a
minimum of 10 times magnification for internal imperfections.

8.6 Bend

test

A bend test, in accordance with a suitable qualified standard (e.g. ISO 5173), may be used as a substitute
for, or in addition to, radiographic examination of butt welds and metallographic examination of fillet

welds.

Any substitutions or additions shall be approved by the relevant design or engineering authority, except

for unalloye

d steels, where this substitution can be used without special approval.

8.7 Fract
The fracturq

If test piece
the test spe
in the weld

ure surface examination
e surface examination is only applicable for material group A on oxyfuel weldinhg.

5 TP1 and TP3 are subjected to a fracture surface examination in accordarnce with Tal
fimens shall be prepared to the tester’s instructions in a manner that.a fracture will g
when being bent over the face side. The weld fracture shall be checked at approxim

10 times magnification for internal imperfections in accordance with Table A.4.

9 Accept

The test pie
to Table A.5

For test pieq
welding. On
casting befd
shall be use

If a test pieg
piece also {34

The person
be taken. If
and/or prac

10 Qualif]
A welder qu

fance criteria

—

e b,
ccur
ately

fe acceptance criteria shall be in accordance with theréquirements of Annex A, see Table A.1

e TP6, the results shall be compared with theradiographic images that were taken b
y the features created by welding shall be aggessed. Any indications that have existed i
re welding shall be disregarded. The acceptance criteria given in the casting specific
1 for the radiographs.

e fails to meet the acceptance criteria, an additional test piece may be welded. If thij
ils to meet the acceptance criteria, the test has been failed.

huthorized to conduct theswelder’s qualification test shall decide if and when a new teg
the welder or welding opgerator fails the test, the candidate shall have additional tra
fice.

jcation test<certificate and documentation

alification,test certificate (for an example of a form, see Annex C) or a welding ope

qualification test certificate (for an example of a form, see Annex D) shall be used to document th3

welder or w
4.8) shall be

elding operator has passed the qualification test. The qualification test designation
stated. Special conditions (see 4.7) shall be stated under “Notes”. It shall also be note

cfore

n the

htion

test

t can
ning

rator
t the
(see
d if a

welder or w

11 + 1 + 1 - - + 1 - ) - +
CIUlITy OPCIdilOl IITCUS COITCCLEU VISIUIT LU PdsSsS LIIC CYyTSIEIIL LESL.

The welder or welding operator qualification test certificate is only valid when supplied with a
comprehensive welder or welding operator qualification test record (for an example, see Annex B).
The welder or welding operator qualification test record shall identify the materials used, test piece
thicknesses, special test data (if applicable) and test results.

If actual production parts have been used for the requalification, the parts shall be clearly defined and
all test records, including but not limited to radiographic images, shall be retained and traceable until
expiration of the welder or welding operator qualification.

Test documents and test pieces or test specimens shall be retained at least until expiration of the period
of validity of the welder or welding operator qualification test certificate.
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The welder or welding operator qualification test certificate shall be signed and dated by the welding
coordinator or the examining body. The qualification test record shall be signed and dated by either the
examiner or the examining body.

Only welders or welding operators possessing a valid qualification test certificate (see Annex C and

Annex D) are authorized to perform welding operations for aerospace applications.

11 Period of validity of the qualification

All new qualifications and any requalification shall be in accordance with this document from the date

of is

lLLe

The
Certi
werd

The
Clau

At an
oper

a)

b)

Qual
prec

12 }
Fort

For 1
weld
weld|

For 1
are d@
and {
Tabl¢

flor qualification;

) |

Lng), the test pieces’ for requalification may be adapted to the geometry of compa

nitial welder or welding operator qualification test certificate is valid for a period
fication is considered to expire at the end of the corresponding month in which thg
welded.

velder or welding operator test certificate shall be renewed every twg, years in acco
be 12.

y time during the period of validity, the welding coordinator shall\disqualify the weld¢
htor and request a qualification test if any of the following circunistances apply:

here is a reason to question the ability of the welder or welding operator to meet the r¢

he welder or welding operator has not been working for more than 6 months with
rocess for which the welder or welding operatords-qualified;

nacceptable results of representative components.
fications to previous revisions of thishydocument remain valid within the limits §
bding document.

Requalification test
he requalification test, the.same requirements as for the initial qualification tests appl

velders or welding ‘operators performing specific repetitive tasks (such as surfag

d. These modifications are at the discretion of the welding coordinator (see 4.1).

onsistent with the requirements of the welding process, the material group, the weld
estingas identified in the respective initial qualification test, for example requiremse
2.fo Table 5 and Table 6.

of 2 years.
e test pieces

rdance with

r or welding

Pquirements

the welding

riven in the

Y.

ing or tack
nents to be

equalification tests of welders, actual production parts may be used to replace test pieces if they

ing position
nts given in

For requalification tests of welding operators, the same requirements as given in 4.1.2 apply.

When the requalification tests of welders or welding operators are conducted on production parts, a
short description of the test conditions shall be added to the qualification test certificate.

Successful requalification tests shall be entered into the welder or welding operator qualification test
certificate on the basis of the welder or welding operator qualification test record.

For the theory part of the test, see Annex E.
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Annex A
(normative)

Test piece acceptance criteria

Table A.1 — Required dimensions and permissible deviations of form

Dimensions in millimetres

Excess weld metal/excess pene-

Weld feature? tration Weld width of face side Linear misalignment
502/504 5212 5071/5072
50H
502 x L <
L 773\
ZONE |
[Nlustration? 504 5072
|
X
AN AN
)
Material grpup ABCEF D ABCEF D ABCDEF
x=0,1t+ 0,3 mm or
Determination |[x=0,6t+0,6 mmbP|(x=0,2t+1,8mmb{bh=1,8t+5mm|b=2t+6 mm|x=0,5mm,whichever
is less
Test piede
thicknessl & max. max. max. max. max.
0,4 0,9 1,9 5,7 6,8 0,3
0,5 0,9 1,9 59 7,0 0,3
0,6 1,0 2,0 6,1 7,2 0,3
0,8 1,1 2,0 6,4 7,6 0,4
1,0 1,2 2,0 6,8 8,0 0,4
1,2 154 2,1 7,2 8,4 0,4
1,5 1,5 2,1 7,7 9,0 0,4
1,6 1,6 2,2 79 9,2 0,5
1,8 1,7 2,2 8,2 9,6 0,5
2,0 1,8 2,2 8,6 10,0 0,5
2,5 2,1 2,3 9,5 11,0 0,5
3,0 2,4 2,4 10,4 12,0 0,5

a2 Ordinal number according to ISO 6520-1 given, where available.
b In case of misalignment, determination is to be made from the outermost surface.

¢ For fillet mating parts of non-uniform thicknesses, the smaller thickness shall be taken as reference.
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ﬁm

|
v

Acceptable fillet weld profiles

NN
VX

Imperfection? V(\ils‘llcilavtvilt;irgl Weld track deviation Throat thickness®
[lustration?

Material group ABCDEF ABCEF D ABCDEER ABCEF D
Detlermination = M x=0,25b,, d as 0,7t a=04t+2mm |a=04t+ 3,1 mm
(bl +bs) .
tl’fislflfgs:ete max. max. max. min. max. max.
0,4 1,4 1,7 0,3 2,1 3,2
0,5 1,5 1,8 0,4 2,1 3,2
0,6 1,5 1,8 0,4 2,2 3,4
0,8 1,6 1,9 0,6 2,4 3,5
1,0 1.7 2,0 0,7 2,4 3,5
1,2 1,8 2,1 0,8 2,5 3,6
25%
1,5 19 2,2 1,1 2,6 3,7
1,6 2,0 2,3 1,1 2,7 3,8
1,8 2,1 2,4 1,3 2,8 39
2,0 2,2 2,5 1,4 2,8 39
2,5 2,4 2,8 1,8 3,0 4,1
3,0 2,6 3,0 2,1 3,2 4,3

a3 0rdinal number according to ISO 6520-1 given, where available.

b b, i§ the lafgest measured weld width and by is the smallest measured weld width.
¢ Conjvexity, C, of a weld or individual surface bead b shall not exceed the following values:

b <8 mm

8mm<b<25mm

b =25 mm

weld width of face side or individual surface bead, b

d See column “Weld width of face side” for values of b, .

convexity, C
<1,6 mm
<3 mm

<5 mm

¢ For fillet mating parts of non-uniform thicknesses, the smaller thickness shall be taken as reference.

© IS0 2023 - All rights reserved
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Table A.3 — Unacceptable surface imperfections

Reference number in ac- Unacceptable imperfec- Ilustration
cordance with ISO 6520-1 tions
100 Cracks —
2018 Surface porosity —
510 Burn-through ﬁ
510
51
(p11) Underfill2 511
15 Root concavity %
515
01 Stray arc —
5013
013 Shrinkage groove Di‘)):"
Av /1
5013
602 Spatterd —
2025
3025 End crater pipe
a A butt weld conditiep’ in which the weld face or root surface is below the adjacent surface of the parent maferial
(illustration given as_“incompletely filled groove” in ISO 6520-1).
b Acceptable for\welding without filler material (autogenous welding) with the following criteria: 0,05t or 0,5 mm,
whichever is ymaller.
¢ Black discolouration on material groups B and F; violet, green, blue, grey, white discolouration on material group C. For
material group E the discolouration criteria shall be defined by the engineering authority.
d  Spatter can be acceptable on welding processes or materials where it cannot be avoided. In such cases, the acceptability
is at the discretion of the welding coordinator.
¢ Nominal penetration is required.
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Table A.3 (continued)

Reference number in ac- Unacceptable imperfec-

cordance with ISO 6520-1 tions lllustration
5061
506 Overlap @(@
LOLD
Lack of root fusion (incom- 4013
4013 .
plete root fusion)
4013

Incomplete penetration® (lack

402 of penetration)

1 actual penetration

2 nominal penetration

i

501 UndercutP %'N

N

6101 Discotouration® —

6021 Tungsten spatter —

a A butt weld condition in which the weld face or root surface is below the adjacent surface of the parent material
(illustration given as “incompletely filled groove” in ISO 6520-1).

b Acceptable for welding without filler material (autogenous welding) with the following criteria: 0,05t or 0,5 mm,
whichever is smaller.

¢ Black discolouration on material groups B and F; violet, green, blue, grey, white discolouration on material group C. For
material group E the discolouration criteria shall be defined by the engineering authority.

d  Spatter can be acceptable on welding processes or materials where it cannot be avoided. In such cases, the acceptability
is at the discretion of the welding coordinator.

¢ Nominal penetration is required.
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Table A.4 — Internal imperfections or features

Dimensions in millimetres

Reference number
in accordance with Imperfections or features Acceptance criteria
IS0 6520-1
100 Cracks Not acceptable
200 Cavity (e.g. porosity) See Table A.5
300 Solid inclusion Not acceptable
401 Lack of fusion (incomplete fusion) Not acceptable
402 Incomplete penetration (lack of penetra- Not acceptable
tion)
4021 Incomplete root penetration (on fillet weld) | Not acceptable for material gfoups A)B, E
a and F

a See the follpwing exceptions:

Y
N .
>0
<0,2 o 1
For materigl group C and material thickness t < 1,5 mm, On test piece“TP5 at the 30° angle, an incomplgte
an imperfection < 0,2 mm is acceptable. For material root penetration of any size is acceptable.

group D} an imperfection < 0,2 mm is acceptable.

Table A.5 — Maximum size of cavities for butt welds

Dimensions in millimetres

Material Maximum size of cavities for test piece thickness, ¢

Criteria
group 0,8 1,0 1,2 1,5 1,8 2,0 2,5 3,0

Individual sifze of cavity 0,3t (alu-
minium, 0,5¢) or 1,3 mm (aluminium, ABCEF 0,2 0,3 0,4 0,5 0,5 0,6 0,8 0,9
1,6 mm), whjchever is less

Distance betjween cavities shall be
equal to or greater than twice the D 0,4 0,5 0,6 0,8 0,9 1,0 1,3 1,5
diameter of the larger adjacent cavity

Accumulated length in any 76.mim
of weld: maximum 1,33t op-6\mm, ABCDEF | 11 1,3 1,6 2,0 2,4 2,7 3,3 4,0
whichever idless

NOTE Cavitie$ < 0,2 mm'are acceptable.
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Welder or welding operator qualification test record

Company or department

Annex B

(normative)

ISO 24394:2023(E)

Address of test house or department:
Nameg of welder or welding operator: Date of
birth:
Identity number of welder or welding
operptor:
Welding | pWPS or Product Welding Test Used for the test pieces Results Assessment
WPS- i o . ]
progess [S)er;um ste};rl:ﬁf?;- position | piece no Material and |Thicknéss Obtained by: p: pass
ished mate_ri_al con mm V) visual examination f: fail
product dition V)
(D) dimensional examination
(S) surface imperfection
detection
(R) radiographic examination
(M) metallographic examina-
tion
(B) bend test
(F) fracture surface examina-
tion values or imperfections
Date:
Examinerorexamining body
Page:
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