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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-governm

ental_in liaison with ISQ_also take part in the wark

ISO collabarates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 24394 w

Requests fo

Secretariat ¢f 1ISO/TC 44 via your national standards body, atcomplete listing which can be fou

WWW.iS0.0rg.

This correctsd

page 1,
bibliogrg

page 5,
page 6,
page 6,
page 9,
page 13

page 14

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting."Publication 3

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 44, Welding and allied processes.

official interpretations of any aspect of this International Standard should be directed f

d version of ISO 24394:2008 incorporates the following corrections:

Clause 2 — “:2007” has been added to”ISO/TR 25901 and the reference transferred t
phy, with consequent renumbering of.the bibliography entries;

Table 1 — thicker section separation lines have been added;

4.7 — the heading and wprding have been updated;

4.8.1, last paragraph.~"“piece” has been deleted;

p.2 — “theoretical’ has been deleted and “theory” added in two places;

Table 3{TP 1, paragraph 4 — “(see (8.4)” has been deleted, and “(see 8.4)" added;

84 < “fracture examination” has been deleted, and “fracture surface examination” add

three pl3

Hards
s an

atent

Db the
hd at

b the

ed in

cesj

page 15,
page 16,

page 21,

Clause 9 — addition of a new 1st sentence to the 4th paragraph;
penultimate paragraph — “re-qualification” has been deleted and “requalification” added;

Table A.4 — in the last row, “>0,2 mm” has been deleted and “<0,2 mm” added;

page 23, Annex C and page 24, Annex D — under “Description of special test conditions...”, the phrases

“1. Notes on material and test piece dimensions” and “2. Notes on reservations and particulars” have

been de

leted.
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Introduction

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

© 1SO 2008 — All rights reserved
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INTERNATIONAL STANDARD

ISO 24394:2008(E)

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

1 3

This
the fu

Scope

nternational Standard specifies requirements for the qualification of welders and, 'welding
sion welding of metallic materials for aerospace applications.

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO 4
ISO §

ISO ¢
mate

ISO ¢

ISO 8596, Ophthalmic optics — Vistial acuity testing — Standard optotype and its presentation

ISO ¢
ISO

ISO 1
ISO 7
ISO ?

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

063, Welding and allied processes — Nomenclature 6fprocesses and reference numbers?)
173, Destructive tests on welds in metallic materials — Bend tests

520-1:2007, Welding and allied processes*— Classification of geometric imperfection
rials — Part 1: Fusion welding

947, Welds — Working positions —Définitions of angles of slope and rotation?)

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

7636, Non-destryctive testing of welds — Radiographic testing of fusion-welded joints
3277, Non-destructive testing of welds — Penetrant testing of welds — Acceptance levels

3278, Non-destructive testing of welds — Magnetic particle testing of welds — Acceptance

ASTIYI E)1742, Standard practice for radiographic examination

pperators for

t. For dated
b referenced

5 in metallic

lloys

evels

EN 462-1, Non-destructive testing — Image quality of radiographs — Part 1: Image quality indicators (wire

type)

— Determination of image quality value

EN 462-2, Non-destructive testing — Image quality of radiographs — Part 2: Image quality indicators
(step/hole type) — Determination of image quality value

EN 462-3, Non-destructive testing — Image quality of radiographs — Part 3: Image quality classes for ferrous
metals

1) To be published. (Revision of ISO 4063:1998)
2) To be published. (Revision of ISO 6947:1990)
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EN 462-4, Non-destructive testing — Image quality of radiographs — Part 4: Experimental evaluation of image
quality values and image quality tables

EN 4179, Aerospace series — Qualification and approval of personnel for non-destructive testing

3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 6520-1, ISO 9606-2, ISO 14731 and

the following

apply.

3.1
type of the s
NOTE Sq

3.2
welder

person who holds and manipulates the electrode holder, welding torch or blowpipe‘byhand

[ISO/TR 259

NOTE In

3.3

welding op
(welding for
welding equi

34
examiner

person who has been appointed to verify compliance with the applicable standard

NOTE In

[ISO/TR 259

3.5
examining b
organization

NOTE In

[ISO/TR 259

parent matelial form

mi-finished product

mi-finished products are sheets/plates, tubes and castings.

D1:2007 [2]]

this International Standard a blowpipe is considered to be a gas welding torch.

rator
erospace applications) person who operates adaptive control, automatic, mechanized, or rq
bment

certain cases, an external indepefident examiner can be required.
D1:2007 [2]]

ody

appointed to verify compliance with the applicable standard

certain cases; an external independent examining body can be required.

D1:2007:12]]

3.6

rework

any corrective action made to a weldment in the as-welded condition

3.7

design/engineering authority
organization that has the responsibility for the structural integrity or maintenance of airworthiness of the
hardware and compliance with all relevant documents

3.8
backing

material placed at the reverse side of a joint preparation for the purpose of supporting molten weld metal

[ISO/TR 25901:2007 [2]]

botic

© 1SO 2008 — All rights reserved
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3.9

welding procedure specification

WPS

document that has been qualified and provides the required variables of the welding procedure to ensure
repeatability during production welding

[ISO/TR 25901:2007 [2]]

3.10

preliminary welding procedure specification

pWPS

dOCU 1l It CUI Itd;l I;I IU thc |cqui|cd vdal ;ab:::a Uf thc VVU:d;I IH pluwcdwc vvhiuh hab tU bU quahflcd

[ISO/TR 25901:2007 [2]]

4 Qualification test requirements
4.1 | General

4.1.1| Specific to the welder qualification test

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

b) types of welds (butt/fillet);

c) Wwelding processes;

d) material groups;

e) thickness ranges;

f)  Welding positions.
4.1.2| Specific to the welding operator qualification test
The Wwelding operataor-qualification tests are classified according to:

a) Welding processes;

b) Iaterial groups;

c) ickness ranges

In the practical part of the welding operator qualification test, a test weld of any product type/semi-finished
product of any weld type shall qualify for all product types/semi-finished products and all weld types.

4.1.3 Common to the welder and welding operator qualification test
The welding coordinator of the plant or the fabricator selects from Table 2 the test piece as required for the

production work on which the welder or welding operator will be employed. Two complementary specific test
pieces (TP5 and TP6) may also be chosen as defined in 4.4 and 4.8.1.

© 1SO 2008 — All rights reserved 3
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4.2 Welding processes

This International Standard covers qualification testing for the following welding processes with their reference
numbers in accordance with ISO 4063:1998:

Manual metal arc welding (metal arc welding with covered electrode)3)
Submerged arc welding3)

Gas-shielded metal arc welding

111

12

13

141  Tungs
15  Plasm
31 Oxy-fu
51 Electrd
52  Laser
NOTE Of
4.3 Weldi
Depending o
accordance
44 Prody
Depending d

tests for she¢t/plate (S), tube (T), and castings (C):

A welder qug

The range of

ISO 6947. Tie test pieces shall be.welded in accordance with the nominal angles of the welding positid

accordance

Test piece T
optional for s

ng positions

en inert gas welding (T1G welding)
h arc welding

el gas welding

n beam welding

beam welding

her fusion welding processes not yet specified in ISO 4063 may be covered.

h welding positions in actual production, the welding.position of the test piece shall be chos
vith Table 1.

ct types/semi-finished products applicable to welder qualification tests

n the types of products in actual production, a distinction is made between welder qualifi

lification test for sheet/plate (§).and tube (T) may be combined, see Table 1.
qualification for each welding position is given in Table 1. The welding positions are specif]

vith 1ISO 6947.

tructural tubeframeworks of D > 26 mm.

The welder

u
shall be useF
welding posilions for casting repairs only

alification test for casting is intended for the repair of castings. Test piece TP6 (see Ta
for.qualification. Welds shall be made in welding positions PA or PB, which qualifies f

en in

ation

ed in
ns in

P5 (see Table 2)is mandatory for structural tube frameworks of outside diameter, D < 26 mn. It is

Dle 2)
or all

Alternatively, a welder who is qualified to weld sheet/plate and tube is also authorized to repair castings, within
his/her range of qualification.

3) This process may require a special qualification test as defined in 4.8.

© 1SO 2008 — All rights reserved
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Table 1 — Range of qualification for welding positions

Welding Qualified welding position
position
Test of test Plate or tube D > 26 mm Tube D < 26 mm
piece (see piece
Table 2) | according Butt weld Fillet weld Butt weld Fillet weld

to ISO
6947:1990| PA PC PE PF PA PB PC PD PF PA | PC PF PB PD PF

PA

PC

FPE

< [ X | x| x
x
|
|
|
|
|
|
|
|
>
|
|
|
|

PF

PA

B |- | - | =

X
X
é/?'Pc————x
X
X

b | — | — | = =

X | X[ XX

PF | — | — | — | —

PA | — | - | =1 —=|-=-|-|—=-|—=-1&1>x]|—-—|—-1|—-||l — | —

&ypcxx————————x————

PF | x| — | x| x| —=| =] =" —=1| x| =1 x

B |- -] - -0l |&|-1-|-1-|-

4BPD————(X>(X)—(X)————

P -] -] -] =-]wl®]| -] -[w]-]-]-

x| x| x
x
I

X ndicates those welding positions for which the welder is qualified.

(X) Jndicates those welding positions for which-the welder is qualified for welding on tube D > 26 mm, but njot on plate.

hdicates those welding positions for which' the welder is not qualified.

nly applicable for a longitudinal weld on,a tube.

nly applicable for a rotating tube-with the torch in welding position PA.

4.5 | Material groups

Depgnding on the-application, the welder and welding operator qualification tests are subdiv|ded into the
following material groups.

Material‘group A: Unalloyed steel, low-alloyed steels, high-alloyed ferritic steels.

Material group B.1: Non precipitation hardenable high-alloyed austenitic steels, nickel alloys, cobalt alloys.
Material group B.2: Precipitation hardenable high-alloyed austenitic steels, nickel alloys, and cobalt alloys.
Material group C: Titanium and titanium alloys, niobium, zirconium and other reactive metals.

Material group D: Aluminium and magnesium alloys.

Material group E: Materials that do not conform to material groups A to D (e.g. molybdenum, tungsten, copper
alloys).

Qualification of material group B.2 also qualifies material group B.1, but not vice versa.

© 1SO 2008 — All rights reserved 5
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4.6 Butt weld material thickness

A test piece of thickness, ¢, shall qualify a welder or welding operator to weld a thickness range of 0,67t to 4¢,
except that when ¢ > 25 mm, the qualification range is 0,67z to unlimited. Two independent test welds, of
different material thicknesses, shall qualify all material thicknesses from the minimum to the maximum parent
material thicknesses tested.

4.7 Fillet weld material thickness

A test piece of thickness, ¢4, shall qualify a welder or welding operator to weld a thickness range of 0,671, to
414, of the thinner material, except that when ¢, > 25 mm, the qualification range is 0,67¢, to unlimited. Two

independent|test welds, of different material thicknesses, shall qualify all material thicknesses fron
minimum to the maximum parent material thicknesses tested.

4.8 Specipl qualification tests

4.81

Any changes
tests.

As required
welding progi
under the sp

If test metho
coordinator.
requirementg

A special qualification test shall be marked with an “Xifithe designation.

Gengral requirements

to the requirements defined in this International Standard are classified as special qualifig

by actual production, the welding coordinator shall specify{the geometry of the test pi
ess, material, and material thickness range. A special qualification test only qualifies for we
bcific conditions represented by the special qualification test:

ds are not in accordance with this International Standard, they shall be defined by the we

The welding coordinator shall define additional, test methods and also increase the q
as defined by the design/engineering authority;

al qualification tests for welders

%

fion for surfacing/cladding. welds;
fion for welds with_spécial condition for welding position and/or accessibility;
fion for restriction’to weld only tack welds;

fion for welding test where start and end of weld seam is on additional material, to be cut off;

4.8.2 Sped|
Examples ar
a) qualifica
b) qualifica
c) qualifica
d) qualifica
e) qualifica
f)  qualifica
g) qualifica

h the

ation

eces,
Iding

Iding
uality

rion for butt welds without filler material;

tion for welds on dissimilar material groups;

tion for welds with backing.

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

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

© ISO 2008 — Al rights re;
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4.8.3 Special qualification tests for welding operators

Examples are:
a) qualification for surfacing/cladding welds;

b) qualification for welds on dissimilar material groups.
4.9 Designation for qualification test

4.9.1 Welder qualification test

The designation for a welder qualification test comprises the following:
— 'welder qualification test";

— number of this International Standard;

— Welding processes code number according to 1ISO 4063;

— gymbol of product type/semi-finished product (see 4.4);

— Welding position and test piece number (see Table 1);

— thaterial group (see 4.5);
— fest piece material thickness (see 4.6 or 4.7);

— possibly X for a special qualification test (see 4.8);

EXAMPLE 1 Welder qualification test ISO 24394-31-8-PA1-A-t1

Explapation:

1ISO 24394 = number of this InternationakStandard

31 = welding process (oxyfuel‘gas welding; oxy-fuel gas welding)
S = product type (sheet/plate)

PA1 = welding position and.number of test piece (see Table 1)

A = material group/(see'4.5)

t1 = test piece material thickness 1 mm (see 4.6)

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

Explapation:

1ISO 24394 =tnumber of this International Standard

141 =)welding process (tungsten inert gas welding; TIG welding)
T = product type (tube)

PF3 = welding positions PF and test piece 3 (see Table 1)

D = material group (aluminium and magnesium alloys)

t1 = test piece-materialthickness 1+ mm

X = special qualification test

4.9.2 Welding operator qualification test

The designation for a welding operator qualification test comprises the following:
"welding operator qualification test";

— number of this International Standard:

— welding processes code number in accordance with ISO 4063;

— material group (see 4.5);

© 1SO 2008 — All rights reserved 7
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test piec

possibly

EXAMPLE
Explanation:

ISO 24394
15

A

t1

e material thickness (see 4.6. and 4.7);

X for a special qualification test (see 4.8).

Welding operator qualification test ISO 24394-15-A-t1

= number of this International Standard

= welding process (plasma arc welding)

= material group (unalloyed and low-alloyed steels, high-alloyed ferritic steels)
= test piece material thickness 1 mm

5 Conditions required for welder and welding operator qualification tests

5.1 Physi

Examine vis
distance of 4
eye test requ

Vision shall 4

5.2 Persdn responsible for welder and welding operator qualification tests

The welding

al requirements for welder and welding operator
al acuity (eyesight) in accordance with ISO 8596. The minimum acuity grade for a max
00 mm shall be 0,8 reciprocal arc minutes for each eye. Corrective visioh may be used tq
irements. Colour perception shall be examined, e.g. according to the Ishihara test.

e tested to these requirements at least every 2 years.

coordinator (see ISO 14731) shall be designated, ,in“writing, as responsible for welde

welding ope

or shall have| similar knowledge, and be qualified by the respansible design authority or recognized exa

body. The
qualification

NOTE TH
responsible fo

6 Perfor
6.1

6.1.1

The requirenents listedbelow, which are also applicable to any special qualification tests, shall be satisfi

Practical qualification test

Gengdral requirements

tor qualification test. This welding coordinator shall*be an international welding engineer

elding coordinator may authorize another person to conduct the welder or welding op
est.

e person responsible for welder and welding operator qualification tests can differ from the [
[ implementing 4.1.3.

ming the welder and welding operator qualification test

114

bwh\in accordance with the welding procedure specification (WPS) or preliminary w

re specification (pWPS);

ed parameter settings of the welding equipment shall be made by the welder or welding op;

may be performed with or without fixtures according to the WPS or pWPS;

mum
fulfil

and
IWE)
ining
rator

erson

d:

rator
Iding

any 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 to conduct the
welder or welding operator qualification test;

a) all requi
on his
procedu

b) welding

c)

d)

e)

f)  the weld

8

rework by welding on the root side of butt welds is not permitted;

each test piece shall be clearly identified and traceable to the welder or welding operator;

ing wire, if required, shall be mentioned in the WPS or pWPS.

© 1SO 2008 — All rights reserved
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The welded test pieces shall be assessed by the person authorized to conduct the welder or welding operator
qualification test and shall be clearly identified in the welder/welding operator qualification test record.

Annex B specifies minimum requirements for the content of the welder/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 Table 2) of the related test, or according to special qualification tests defined by the
weldihg coordinator, in line with specified conditions and under the surveillance of the person puthorized to
condyct the welder qualification test.

6.2 | Theory test

A thgory test is required. The content of the theory test and the grading shall, be at the disqretion of the
welding coordinator. See Annex E for guidelines.

7 Test pieces

Test pieces (see Table 2) shall be applied according to the required welder qualification test, see ¢.1.3.

© 1SO 2008 — All rights reserved 9
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Table 2 — Test pieces

Dimensions in millimetres

Test Dimensions and welding conditions
piece (Dimensions without tolerance indication are approximate values)
No.
lllustration Remarks
TP1 —_
2 | welding sequence
t4: thinner plate/shget,
t5: thicker plate/shdet
TP2 tp > 1,5 14
NOTE Weld directioh can
be from right to left orfleft to
right.
2 | welding sequence
TP3 -

10 © 1SO 2008 — All rights reserved
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Table 2 (continued)

ISO 24394:2008(E)

Dimensions and welding conditions

Test
piece (Dimensions without tolerance indication are approximate values)
No.
lllustration Remarks
TP4 ty <<[.5 1
Tube wall thickness and
diameterg occurring in
] productiop. Diameter
o ratios:
+
1.7Q r/ o d1 > 1,2d
m -
TP5 dy < d,
®=
S )4 \ Tube axig:
A=Y
Y d4: horizontal
d,: vertical
160

a All welds indicated by rippling shall be performed.

© 1SO 2008 — All rights reserved
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Table 2 (continued)

Dimensions and welding conditions

Test
piece (Dimensions without tolerance indication are approximate values)
No.
° lllustration Remarks
Dimensions and delivery conditions
2_ m - 60 .
+1 S
+1 A o
| S > 75
Y | — —
A A !
A 10
90° LIV
AAS T bl
(=)
TP6 m x [ + .
N | O
A J — — | B
N A Y+ 1
@«
80
<t B 35
/970 >t
A A \\Ty
(=}
mMm -
| P\
(=3 (=)
=<} o} LN
< A 8y
Kﬂ A
4
(aa}
Y
30 30 30
P 160 -

All welds indicated by rippling shall be performed.

12
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8 Examination and testing

8.1 General

ISO 24394:2008(E)

The test piece(s) shall be tested and examined in accordance with Table 3. The test results shall be
documented in the welder/welding operator qualification test record in accordance with Annex B.

Table 3 — Test pieces and appropriate test methods

Test piece no.

Illustration

Test method

ancf_designafinn

Visual inspection (see 8.2)

But{ weld on tube

TP1 Dimensional examination (see 8.2 and Table A.1)
tt weld on Surface imperfection detection (see 8.3)
late/sheet . . S .
Radiographic examination (see 8.4), or, as an alternative, ffacture test
(see 8.7) or bend test (see 8.6) for test-pieces in unalloyed [steel
Visual inspection (see 8.2)
TP2 Dimensional examination (see 8:2'and Table A.1)
Fillet weld on Surface imperfection detection (see 8.3)
late/sheet _— . ) .
Examination of two macro-sections of fillet weld — one sec}ion shall be
taken through the stop/start point
Visual inspectionsee 8.2)
TP3 Dimensional examination (see 8.2 and Table A.1)

Surface.mperfection detection (see 8.3)

Radiographic examination (see 8.4), or, as an alternative, fi
(see 8.7) or bend test (see 8.6) for test pieces in unalloyed

acture test
steel

TP4

Tybe on plate

Visual inspection (see 8.2)
Dimensional examination (see 8.2 and Table A.1)
Surface imperfection detection (see 8.3)

Examination of two macro-sections — one section shall be
through the stop point

taken

TPS

StIuctu ral tube
ramework

Visual inspection (see 8.2)
Dimensional examination (see 8.2 and Table A.1)
Surface imperfection detection (see 8.3)

Examination of macro-sections of fillet welds in the parting
symmetrically cut tube junction

aces of the

TP6

Fill weld on
casting

Visual inspection (see 8.2)

Surface imperfection detection (see 8.3)

Radiographic examination (see 8.4) — The unwelded casting blanks
shall be radiographically examined in accordance with the applicable
standards for castings in aerospace (e.g. ISO 17636) — the radiographic

images shall be supplied with the casting

© 1SO 2008 — All rights reserved
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8.2 Visual and dimensional examination

Visual inspection shall be carried out with the test piece in the as-welded condition. Visual examination for
external weld imperfections/features shall be performed at up to 10 times magnification, and with an angled
mirror, if required.

Compliance with the specified test piece dimensions shall be checked. The angles of test piece TP5 shall be
checked.

The weld geometries shall be measured with callipers, fillet weld gauges, or other suitable means. The actual
dimensions shall be recorded in the welder/welding operator qualification test record form, see Annex B, and
compared wi

;I Ul ;tﬁl;d fIUIII Ta'uic A1 .
8.3 Surfagce imperfection detection

ptrant

The test pied
testing (see |

es shall be examined for surface imperfections. Suitable test methods are fluprescent pen
SO 23277) or magnetic particle testing (see 1ISO 23278) for material group A.

8.4 Radiggraphic examination

Radiographiq
carried out in

In the case (

examinations shall be defined by an approved level 3 in accordance with EN 4179 or equiv
accordance with a suitable qualified standard (e.g. ISO 17636):

f tube welds, at least two elliptical radiographic images offset by 90° shall be made per w

blent,

Bld in

accordance with 1SO 17636. The radiographic images shall comply’with EN 462-1, EN 462-2, EN 462-3,
EN 462-4 or|ASTM E 1742. Depending on the material thickness{the highest image quality value has [to be
achieved.

8.5 Metallographic examinations

Metallograph
indications in
polished and
magnificatior

Table 3. The weld cross-sections,at.90° to the longitudinal direction of the weld shall be gr
etched until the fusion line is visible. The sections shall be examined at a minimum of 10
for internal imperfections.

8.6 Benditest

A bend test,
or in addition|

Any substitu
unalloyed stq

to, radiographie-examination of butt welds and metallographic examination of fillet welds.

tions or additions shall be approved by the relevant design/engineering authority exce
els, where this substitution can be used without special approval.

8.7 Frachrre surface examination

ic test specimens shall be prepared from test pieces TP2, TP4 and TP5 in accordance with the

bund,
fimes

n accordance with'a-suitable qualified standard (e.g. ISO 5173), may be used as a substitufe for,

bt for

The fracture surface examination is only applicable for material group A on oxyfuel welding.
If test pieces TP1 and TP3 are subjected to a fracture surface examination in accordance with Table 3, the
test specimens shall be prepared to the tester's instructions in a manner that a fracture will occur in the weld

when being bent over the face side. The weld fracture shall be checked at approximately 10 times
magnification for internal imperfections in accordance with Table A.3.

9 Acceptance criteria

The test piece acceptance criteria shall be in accordance with the requirements of Tables A.1 to A.4.

14 © 1SO 2008 — All rights reserved
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For test piece TP6, the results shall be compared with the radiographic images that were taken before welding.
The acceptance criteria given in the casting specification shall be used for the radiographs.

If a test piece fails to meet the acceptance criteria, an additional test piece may be welded. If this test piece
also fails to meet the acceptance criteria, the test has been failed.

If the welder or welding operator fails the test, the candidate shall be given additional training or allowed to
practice. The person authorized to conduct the welder's qualification test shall decide if and when a new test
can be taken.

The
weld
quali

appli

If act
recor

Iding operator has passed the qualification test. The qualification test designation (see
. Special conditions (see 4.8) shall be stated under “Notes”.

velder or welding operator qualification test certificate is only valid when supplied with a co
r/welding operator qualification test record (for an example, see Annex:B). The welder/wel
ication test record shall identify the materials used, test piecel\thicknesses, special
cable), and test results.

Lial production parts have been used for the requalification, the parts shall be clearly define
ds including, but not limited to, radiographic images shall be retained and traceable until exy

welder or welding operator qualification.

Test

Hocuments and test pieces/test specimens shall be retained until expiration of the period of

weldg¢r or welding operator qualification test certificate;

The
coord
exan

Only
authd

11

The
requé
produ

At an
follow

welder or welding operator qualification(test certificate shall be signed and dated by
inator or the examining body. The qualification test record shall be signed and dated
iner or the examining body.

welders or welding operators possessing a valid qualification test certificate (see Annexes
rized to perform welding operations for aerospace applications.

Period of validity-of the qualification

welder or welding operator qualification test certificate is valid for a period of 2 years.
lification test{the qualification for welding with the corresponding processes, material
ct/semi-finished product types can be extended for another period of 2 years.

y timé during the period of validity, the welding coordinator shall request a requalification tes
ing.circumstances apply:

ing operator
at the welder
4.9) shall be

mprehensive
ling operator
test data (if

H and all test
iration of the

alidity of the

the welding
by either the

B and C) are

By way of a
groups, and

L if any of the

a)

qualification;

b)

which the welder or welding operator is qualified;

©I1SO

unacceptable results of representative components.

2008 — All rights reserved

there is a reason to question the ability of the welder or welding operator to meet the requirements for

the welder or welding operator has not been working for more than 6 months with the welding process for
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12 Requalification test

For the requalification test, the same requirements as for the initial qualification tests apply.

For welders or welding operators performing specific repetitive tasks (such as surfacing or tack welding), the
test pieces for requalification may be adapted to the geometry of components to be welded. These

modifications

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

For requalification tests on butt welds, actual production parts may be used to replace test pieces, if they are
consistent with the requirements of the welding process, the material group and testing as identified in the

respective initial qnnlifira’rinn test

When the requalification tests are conducted on production parts, a short description of the test-condjtions

shall be addg

d to the qualification test certificate.

Successful r¢qualification tests shall be entered into the welder or welding operator qualification test certificate

on the basis pf the welder/welding operator qualification test record.

For the theory part of the test, see Annex E.

16
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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 me_tallexcess Weld width of face side Linearmisalignment
Iniperfection?® penetration
502/504 5212 5071/50/72
502 5071
\ A Y
[} A
lljustration @ Y 5072
A
[y
504
Material group ABCE D ABCE D ABCOE
I _ b x= b= _ . .
Dgtermination x=0,6¢+ 0,6 mm 0.2+ 1.8 mmb 18045 mm b=2t+6mm 0,5¢ or 1 mm, whighever is less
fest piece ma max. ma ma ma
thidkness, €, mm X & X X X
0,4 0,9 1,9 57 6,8
0,5 0,9 1,9 5,9 7,0
0,6 1,0 2,0 6,1 7.2
0,8 111 2,0 6,4 7,6
1,0 1,2 2,0 6,8 8,0
0,5¢
1,2 1,4 2,1 7,2 8,4
1,5 1,5 2,1 7,7 9,0
1,6 1,6 2,2 7,9 9,2
148 1,7 2,2 8,2 9,6
2,0 1,8 2,2 8,6 10,0
2,5 2,1 2,3 9,5 11,0
1,0
3,0 2,4 2,4 10,4 12,0

© 1SO 2008 — All rights reserved 17
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Table A.1 (continued)

Dimensions in millimetres

Weld width

deviation® Weld track deviation Throat thickness®

Imperfection?

%

£ X )"
bs

XA
>02( I G
X desirable fillet weld profiles
lllustration @ -
b
— gt \
N

Deviations from the s
by intended weld track
shall be smooth and
uniform on the face
side of the weld. ¢
Reject the weld
otherwise.

y

acceptable fillet weld profiles

Material grpup ABCDE ABCE D ABCDE ABCE D
Determinafion b, — by
XZbIT x=0,25brfnax mm a= 0,4t + 0,8 mm a=0,4t+2mm a=0,4t+ 3,1lmm
| s
Test piede .
. d max. max. max. min. max. max.
thickness, 14 mm
0,4 1,4 1,7 1,0 2,1 3,2
0,5 156 1,8 1,0 21 3,2
0,6 15 1,8 1,1 2,2 3,4
0,8 1,6 1,9 1,2 2,4 3,5
1,0 1,7 2,0 1,2 2,4 3,5
1,2 1,8 21 1,3 2,5 3,6
0,25

1,5 1,9 2,2 1,4 2,6 3,7
1,6 2,0 2,3 1,5 2,7 3,8
1,8 21 2,4 1,6 2,8 3,9
2,0 2,2 2,5 1,6 2,8 3,9
2,5 2,4 2,8 1,8 3,0 4.1
3,0 2,6 30 2,0 32 7.3

a8  Reference number according to ISO 6520-1:2007 given, where available.

In case of misalignment, determination is to be made from the outermost surface.

¢ For mating parts that have been fillet welded, the thickness of the thinner member shall be used.
d b, Is the largest measured weld width and b is smallest measured weld width.

e Convexity, C, of a weld or individual surface bead shall not exceed the following values:

Weld width of face side or individual surface bead, 5, mm Convexity, C, mm
b<8 <16
8mm<bH<25mm <3
b>25 <5

f See column "Weld width of face side" for values of brax-

18 © 1SO 2008 — All rights reserved
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Table A.2 — Unacceptable surface imperfections

Reference number in accordance . . .
with 1SO 6520-1:2007 Unacceptable imperfections lllustration
100 Cracks —
2018 Surface porosity —
510 Burn-through
\
540
511
' N
N
il1a
(511) Underfill 511
515 Root concavity
515
601 Stray arc —
5013 Shrinkage groove
602 Spatter —
— Drop-through? —
2025
2025 End crater pipe
5061
506 Overlap
5062

© 1SO 2008 — All rights reserved
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Table A.2 (continued)

Reference number in

accordance with ISO 6520- Unacceptable imperfections lllustration
1:2007
4013 Lack of root fusion (incomplete root
fusion)
4013

402 Incomplete penetration (lack of
penetration)

2 402

1 actual penetration
2 nominal penetration

501 Undercut® %

6101 Discolorationd —

6021 Tungsten spatter —

@  Albutt 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 Ah undesirable sagging or surface irregularity, usually encountered when brazing or welding near the solidus of
the parent material, caused by overheating with rapid diffusion or alloying between the filler material and the parent
materifpl.

¢ Acceptable for welding without filler material (autogenous welding) with the following criteria: 0,05¢ or 0,5 mm,

whichever is smaller.

d  Black discoloration on material groups B.1 and B.2; violet, green, blue, grey, white discoloration on material
group C.

20 © 1SO 2008 — All rights reserved
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Table A.3 — Internal imperfections/features

Reference number in
accordance with Imperfections/features Acceptance criteria
ISO 6520-1:2007
100 Cracks not acceptable
200 Cavity (e.g. porosity) see Table A4
300 Solid inclusion not acceptable
401 Lack of fusion (incomplete fusion) not acceptable
402 fmcompiete penetratiom{tack of penetratiorn) notacceptabte
4021 Incomplete root penetration (on fillet weld) not acceptable for materialkgroups A, B, E2

See exceptions below.

Dimensions in millimetres

<0,2

!l
Lt Il

n

br material group C and material thickness 7 < 1,5 mm, an
imperfection <0,2 mm is acceptable. For material group D, an On test piece. TP5 at the 30° angle, an incomplete rpot penetration
imperfection <0,2 mm is acceptable. of any size is acceptable.

Table A.4 — Maximum sizZe of cavities for butt welds

Dimensiong in millimetres

Test piece thickness, ¢

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

Maximum size of cavities

Indivl|dual size of cavity 0,3¢ (aluminium,
0,5¢)lor 1,3 mm (aluminium, 1,6.mm), ABCE 0,2 0,3 0,4 0,5 0,5 0,6 0,8 0,9
whichever is less.

Distance between cavitiés-shall be
equa| to or greater than twice the D 0,4 0,5 0,6 0,8 0,9 1,0 1,3 1,5
diampter of the largef-adjacent cavity.

Accurulated length in any 76 mm of

weld] maximtm®1,337 or 6 mm, ABCDE 1,1 1,3 1,6 2,0 2,4 2,7 3,3 4.0
whichevet i§ less.

Cavilies=<0 2 mm are acceptable
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Annex B
(normative)

Welder/welding operator qualification test record according
to ISO 24394

Company/department:

Address of tgst house/department:

Name of welfler/welding operator:

Date of birth:

Identity number of welder/welding operator:

Welding process
product
Welding position
Test piece No

ALD.
\ALl

Product type or semi- finished

Used for the test pieces

Material and
material
condition

Thickness
mm

Results
obtained by

(V) Visual examination
(D) Dimensional examination

(S) ‘“Surface imperfection
détection

(R) Radiographic examination
(M) Metallographic examination
(B) Bend test

(F) Fracture surface examination

Values/imperfections

Assessment

p: pass

f: fail

Date:

Examiner/examining body

22
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Annex C
(informative)
photograph
Welder qualification test certificate : .
(if required)

Examiner/examining body or company

Certification of welder qualification test in accordance with ISO 24394

Qual

Surngme, first name:

Date

Addr

Manyfacturer and location:

fication test certificate No.: Welder’s identity-number:

of birth:

PSS!

has gn yyyy-mm-dd successfully passed the qualification test for welding on aerospace constructijon according

to thg welder qualification designation:

Desc

ription of special test conditionsj.if applicable:

This certificate will become invalid on yyyy-mm-dd (end of month of its date of issue +2 years), unless
renewed by notation on the reverse side after passing a repeat test.

Place and date of issue:

©I1SO

Welding coordinator or examining body
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Annex D
(informative)
photograph
Welding operator qualification test certificate . :

(if required)
Examiner/examining body or company
Certification of welding operator qualification test in accordance with ISO 24394
Qualificationftest certificate No.: Welding operator identity humber:
Surname, firgt name:
Date of birth:
Address:
Manufacturef and location:
has on yyyy-mm-dd successfully passed the qualification test for'welding on aerospace construction accdrding

to the weldin

j operator qualification designation:

Description @

f special test conditions, if applicable:

This certificate will become invalid on yyyy-mm-dd (end of month of its date of issue + 2 years), unless
renewed by notation on the reverse side after passing a repeat test.

Place and date of issue:

24

Welding coordinator/examiner/examining body
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