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reword

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.
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Welding for aerospace applications — Fusion welding of

metallic components —

Part 1:
Process specification

1 (Scope

Thif document specifies the requirements for fusion welding of aerospace hardware. It is tq be used in

conjunction with the design/engineering authority’s design documents or their accepted dat

Thif document covers the processes given in Table 1 and material groups given in Table 2.

Table 1 — Fusion welding processes covered bythis document

a.

Process

Process number (IS¢

D 4063)

(e.g. molybdenum, tungsten, copper alloys)

Oxyfuel welding 31
Gag-shielded arc weldi_ng with non-consumable tungsten electrode, 14
Gad tungsten arc welding
Plafma arc welding 15
Eleftron beam welding 51
Lader welding, Laser beam welding 52

Table 2 — Material groups ceyvered by this document (see I1SO 24394:2018, 4.5)

Material group Description

A Unalloyed steel, low-alloyed steels, high-alloyed ferritic steels

B Austenitic; martensitic and precipitation hardening steels

C Titanjium-and titanium alloys, niobium, zirconium and other reactive metals

D Aluminium and magnesium alloys

E Materials that do not conform to other material groups

F Nickel alloys, cobalt alloys.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 3452 (all parts), Non-destructive testing — Penetrant testing

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

ISO 4136, Destructive tests on welds in metallic materials — Transverse tensile test

ISO 5173, Destructive tests on welds in metallic materials — Bend tests

ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

© IS0 2020 - All rights reserved
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ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method
ISO 6508 (all parts), Metallic materials — Rockwell hardness test
ISO 6892 (all parts), Metallic materials — Tensile testing

IS0 9015-1, Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness test on
arc welded joints

ISO 10863, Non-destructive testing of welds — Ultrasonic testing — Use of time-of-flight diffraction
technique (TOFD)

ISO 13588} Non-destructive testing of welds — Ultrasonic testing — Use of automated phased(afray
technology

ISO 17636 [all parts), Non-destructive testing of welds — Radiographic testing
ISO 17638,|Non-destructive testing of welds — Magnetic particle testing

ISO 17640} Non-destructive testing of welds — Ultrasonic testing — Techniques) testing levels, land
assessment

1SO 1792742V, Welding for aerospace applications — Fusion welding of metallic components — Pafft 2:
Acceptancd criteria

[SO 19828,|Welding for aerospace applications — Visual inspection ofwelds

[SO 24394 Welding for aerospace applications — Qualification test for welders and welding operatorn
Fusion welding of metallic components

1%2]

ISO/TR 25901-1, Welding and allied processes — Vocabulary — Part 1: General terms

EN 4179, Agrospace series — Qualification and approeval of personnel for non-destructive testing
ASTM E8/K8M, Test Methods for Tension Testing of Metallic Materials

ASTM E18/Test Methods for Rockwell Hardness of Metallic Materials

ASTM E21|Standard Test Methods forElevated Temperature Tension Tests of Metallic Materials
ASTM E384, Standard Test Methed for Microindentation Hardness of Materials

ASTM E1417/E1417M, Standard Practice for Liquid Penetrant Testing

ASTM E1742/E1742M, Staridard Practice for Radiographic Examination

ASTM E1444/E1444M, Standard Practice for Magnetic Particle Testing

SAE AMS 2644, nspection Material, Penetrant

SAE AMS-STDH- ; [OTT; T, ;

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TR 25901-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

1)  Under preparation. (Stage at the time of publication: ISO/FDIS 17927-2:2019.)
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3.1

backgouging

removal of weld metal and base metal from the weld root side of a welded joint to facilitate complete
fusion and complete joint penetration upon subsequent welding from that side

3.2

design/engineering authority

organization having the responsibility for the structural integrity or maintenance of airworthiness of
the hardware and compliance with all relevant documents

[SOURCE: ISO 24394:2018, 3.8]

3.3

wellding procedure specification
w

document providing in detail the required variables of the welding procedure toensure rep¢atability

3.4

wellding procedure qualification record
WPQR

recprd comprising all necessary data needed for qualification of a preliminary welding|procedure
spefification

3.5
autpgenous weld
fusion weld without filler material

4 |[Conformance

When conformance to this document is claimed, all provisions of this document are to bg complied
with, except those for provisions that the désign/engineering authority specifically exempts

5 |Classification and inspection requirements of joints

For|the purposes of this document, three classes of welds are defined. This classification shajl be stated
in the design documents. Ifthere are no other testing requirements defined by the design/engineering
authority, the minimum amount of testing shall be as follows.

— |Class I: A weldedjoint whose failure under operating conditions causes the loss of tHe aircraft/
spacecraft or©ne’of its main components, or constitutes a direct hazard to people.

Visual and\dimensional inspection: 100 % of all welds; penetrant or and magnetic partjcle testing
or any ‘ether surface test method: 100 % of all welds; testing of the sub-surface charpcteristics:
100 %-of all welds.

— |Class 1I: A welded joint whose failure causes malfunctions without compromising confinued safe
flight until the end of the mission.

Visual and dimensional inspection, 100 % of all welds and penetrant or and magnetic particle
testing or any other adequate test method, 100 % of all welds.

— Class III: A welded joint whose failure does not affect the safety and the transport function of the
aircraft/spacecraft.

Visual and dimensional inspection, 100 % of all welds.

For the purpose of series preparation/pre-production or in the case of critical welding operations, it
can be necessary, also for classes Il and II], to increase the scope of testing beyond that specified here.
Likewise, in the course of series production, the scope of testing may be reduced if sufficient evidence
of process reliability can be provided.

© IS0 2020 - All rights reserved 3


https://standardsiso.com/api/?name=7f69bda038c742427d1e10ed09b27829

ISO 17927-1:2020(E)

Refer to design/engineering authority for design documents not specifying a classification and/or

inspection

requirements.

6 Quality levels

Quality level A weld: Weld with high quality acceptance requirements.

Quality level B weld: Weld with moderate quality acceptance requirements.

Quality level C weld: Weld with typical quality acceptance requirements.

The qualitly levels are as defined by the engineering/drawing and/or specified by the design/

engineeri

7 Weld

The desigi/engineering authority is responsible for the design of the weldment and defines

requireme
documenta
mission cr

engineerinjg authority shall define process controls to ensure that all design requirements can be

by welds p

For fillet wj

8 Weld

8.1 Gen
A welding
The weldin

¥

authority.
ment design

hts to ensure compliance with all mission and systems requirements. The enginee
tion shall clearly define special requirements, such as fracture critical, durability crit

Foduced in accordance with specified procedure, fabricatign,'and inspection requiremen

elds, the weld size specified on the drawing is the minimum.

ing procedure specification (WPS)

eral
brocedure specification is required for each weld. For an example of a WPS, see Annex B.

g procedure specification (WPS] shall include the information as given in Table 3.

Table 3 — Welding procedure specification (WPS) data

the
ing
cal,

tical, or safety critical, imposed over and above the general requirements. Also, the design/

met
[S.

Essential Ell(:ctron qu Laser Oxyfuel Plasma
variable eam welding bea-m welding arc
welding (GTAW?) welding welding
Joint design
* Joint type‘and dimensions X X X X X
" Treatment of backside, method 0
of gouging/preparation
* Backing 0 0 ¢} 0 0
Base metal(s)
* Base metal(s) designation(s) X X X X X
* Heat treatment condition X X X X X
* | heet,rube etc) X X X X X
* Thickness X X X X X
Diameter (tubular only) X X X X X
X Data that shall be included in a WPS.
0 Data that only need to be included in a WPS if used for that particular welding procedure.
a  Gastungsten arc welding.

© IS0 2020 - All rights reserved
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. Electron TIG Laser Plasma
Essential - Oxyfuel
variable beam welding beam weldin arc

welding (GTAW?) welding g welding
* Coating description or type 0 0 0 0 0
Material group number accord-
ing to Table 2 X X X X X
Filler material
" Specification, alloy designation, a a a a 0
or the nominal composition
* Filler material size or diameter 0 0 0 0 0
* Flux 0 0
* Filler material feed rate 0 0 0 0
* Consumable insert and type 0 0
* Hot wire 0 0 0
Position
* Welding position(s) X X X X X
Preheat and interpass temperature
Preheat method 0 Q 0 ¢} 0
" Preheat minimum and/or 0 0 0 0 0
maximum temperature
% Interpass temperature minimum 0 0 0 0 0
and/or maximum
Shielding gas
" Torch shielding gas and flow X X X
rate range
" Root shielding gas and flow X X X
rate range
" Environmental shielding and X 0 0
vacuum pressure
" Shielding gas dewices and flow 0 0 0
rate ranges
* Gas cup deSign/size or gas lens 0 0
Energy characteristics
* Curtent type and polarity X X
* Current range X X X
* Voltage range X 0 X
Beam power; focus, current;
E: pulse frequency range; filament X X
type, shape, size
" Specification, classification, and X X
diameter of tungsten electrode
* Electrode geometry X X
Control of electrode to work
* piece distance (mechanized X X
welding)
* Pulsed current parameters 0 0

X Data that shall be included in a WPS.

3 Gas tungsten arc welding.

0 Data that only need to be included in a WPS if used for that particular welding procedure.

© IS0 2020 - All rights reserved
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Table 3 (continued)

. Electron TIG Laser Plasma
Essential b 1di b Oxyfuel
variable cam wecing cam welding arc

welding (GTAW?) welding welding
Torch model number 0 0
Other welding process variables
Welding process (designation
* and process number according to X X X X X
ISO 4063)
Type of mechanization (manual,
semiautomatic, mechanized, or X X
automatic)
" Machlne_type fo_r mechanized or X X X X
automatic welding
" Multiple electrod_es/energy 0 0 0 0
sources and spacing
* Single or multipass X X X X X
% Cleaning method, tools, and/or X X X X
agents
Post weld mechanical treatment 0 0
(e.g. peening)
% Cpnventlonal or keyhole tech- X X X
nique
* Stringer bead or weave bead X X
Travel-speed range for mecha-
% nized or automatic welding and
L 2. X X X X
manual applications requiring
heat input calculations
% Fuel gas and flame type (oxidiz- X
ing, neutral, carburizing)
X Data that|shall be included in a WPS.
0 Data thatjonly need to be included in a WPS\f used for that particular welding procedure.
2 Gas tungsten arc welding.

8.2 WPS
WPS shall

The docum
the design

qualification /welding procedure qualification record (WPQR)

engineering authority.

be qualified €a-the requirements given by the design/engineering authority.

entationshall be made by using a WPQR form (for an example, see Annex A) or as definedl by

If represenitative test pieces are used to replicate production parts, the correlation shall be based on|the

minimum essential variables as given in 8.1.

The standard welding procedure test shall be based on the design/engineering authority requirements.
If no standard weld test pieces are specified, the standard weld test pieces specified in ISO 24394 may

be used.

See Figure 1.

© IS0 2020 - All rights reserved
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A WPS qualified
by the fabricator must
be used. The manufacturer shall determine,
based upon the referencing document and the type of
production weldment(s), if a pre-production test
weldment is appropriate for qualification.
Will the WPS be based on a
pre-production test?

Develop a pWPS Develop a pWPS
for a pre-production for a standagd
welding procedure test welding procedufe test

Make a procedure qualification test weldment
using the variables in the pWPS

{

Record the actual values used to procedure
the test weldment

{

Test and evaluate the test weldments

i

Are the test

results acceptable? Revise pWHS

Document the variables used, tests performed,
and the test results in a WPQR

{

Manufacturer prepares a WPS

{

Release WPS for production

Figure 1 — WPS qualification flowchart

9 Fabrication

9.1 General

This clause establishes requirements for the fabrication of weldments. All welding shall be performed
according to an approved WPS. All welding shall be performed by qualified personnel according to
Clause 10.

© IS0 2020 - All rights reserved 7
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9.2 Identification and traceability of welding consumables

Welding consumables shall be identified using a standard or specification agreed by the design/

engineering authority. If the identification is destroyed or missing, the welding consumable shall
be used.

Identification should include:
a) the manufacturer;

b) thelot number (heat lot);

not

c) the stgndard/specification;

d) the ceftificate.

Traceabilitly of welding consumables to heat/lot number to the component is not redquired unILess

specified by the design/engineering authority. If traceability is required, it shall ‘be maintai
throughouf the welding process and documented.

9.3 Storpge and use

9.3.1 Filler material

Filler material shall be stored in a clean and dry environment. During storage and use, filler mate
with diffefent identification shall not be mixed. Heating may-be employed as necessary to prey
moisture accumulation.

9.3.2 We¢lding fluxes

Fluxes shall be stored in a clean and dry environment. During storage and use, fluxes with diffe
identification shall not be mixed.

9.3.3 Gases

Gas containers shall be clearly marked (for example, see ISO 14175).

NOTE National requirements can‘exist regarding gas storage and use.

The gas quplity (such as purity-and/or dew point of gases) shall meet the specified requirements.

The fabricgtor is responsible for the gas quality at the point of use as relevant for the welding prog
The fabricgtor shall address gas quality checks at suitable intervals.

9.4 Weldingequipment

ed

ials
ent

fent

€SS.

9.4.1 General

Welding equipment (such as welding machines, welding torches, regulators, filler material feeders, etc.)
shall be capable of and maintained in a way that consistently produces welds that meet the specified

acceptance criteria.
9.4.2 Calibration

9.4.2.1 Meters, gauges and dials

In general, meters, gauges, and dials installed on automatic, mechanized, or robotic welding apparatus

shall be calibrated using an established procedure. Manual adjusted float-type gas flow meters do
need to be calibrated.

not

8 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7f69bda038c742427d1e10ed09b27829

IS0 17927-1:2020(E)

For manual welding, the calibration of meters, gauges and dials is not mandatory according to this
document. However, a functional check should be performed at regular intervals.

9.4.

2.2 (Calibration period

Calibrations shall be performed at specified intervals as defined by the calibration procedure. The
calibration interval shall not exceed two years.

Calibrations shall also be performed when meters, gauges and dials have been affected by maintenance
or repair.

9.5

9.5

9.5

The
eng

NOT
9.5
Fit-
9.5

9.5
Unl

Figlire 2 when all of the following cenditions exist:

a)
b)

c)

Weld joint preparation
1 Pre-weld joint configuration

1.1 Joint preparation

weld joint shall be prepared as indicated specified by the weld symbols (see ISO 25
ineering drawing.

E The ISO 9692 series provides guidelines for joint preparation.
1.2 Fit-up

1p tolerances shall be in accordance with the WPS.
2 Buttjoint members of unequal thickness
2.1 Buttjoint member preparation

bss otherwise specified in the design’ documents, joint members shall be prepared a

a full penetration weld is specified on the engineering drawing;
both joint members exceed 3,2 mm in thickness;

the thickness ratia’between joint members meets or exceeds: 1,5:1.

53) on the

t shown in

© IS0 2020 - All rights reserved
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EB(fz— f1)

t4
t

NI s < <3(f,-11)
Key
t; thicknéss of the thinner member
t, thickness of the thicker member

Figure 2 — Preparation of members of unequal thickness

9.6 Pre-weld cleaning and other preparation
9.6.1 Sufface cleaning
All surfacels to be welded and surfaces that can affect quality of the resulting weld (e.g. welding f]ller
materials and fixtures) shall be free from slag, surface oxides, scale}protective finishes, oils, grepse,
dirt, or any other contaminants.
Mechanica] methods (e.g. wire brushing, scraping or machining) and/or chemical methods (e.g. alkaline
cleaning, splvent wipe, or etching) shall be used before ‘assembly for welding, as needed, to asqure
compliancg to these requirements.
Unless othe¢rwise specified by the design/engineering'authority, chlorinated solvents or methyl alcghol
shall not b¢ used for cleaning titanium or titanium-aalloys.
Austenitic ptainless steel wire brushes or carbon steel wire brushes may be used on carbon or low alloy
steels. Only austenitic stainless steel wire brushes shall be used on all other materials being welgled.
Once an indlividual wire brush is used ena certain material type (e.g. titanium, aluminium, nickel allpys,

cobalt), it g
same wire

NOTE '

9.6.2 Pr

Previously]|
surfaces sk
by the desi

hall be suitably identified and used only on that material type, with the exception that
brush may be used on cerrosion resistant steels, cobalt alloys and nickel alloys.

he intent is to avoid'cfoss-contamination between material types.

btection and recleaning of cleaned surfaces before fit-up

cleaned surfaces shall be protected from contamination. If contamination does occur,
all be,cleaned by the methods specified in 9.6.1 before welding, unless otherwise speci

the

the
fied

Fn/engineering authority.

9.7 Preheating and interpass temperature control

Preheating and interpass temperature shall be established for materials susceptible to cracking during
or after welding and shall be documented in the WPS.

NOTE

Annex C provides recommended preheat and interpass temperatures for some materials.

9.8 Tack welds

Filler material specification used for tack welds shall be the same as that used for subsequent welding
unless otherwise specified on the engineering drawing or approved by the design/engineering

authority.

10
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Tack welds shall be fully consumed during subsequent welding processes or be fully removed by
subsequent processes, unless otherwise defined by the engineering documents.

The requirements of 9.6 and 9.7 shall be considered during the tack welding operations.

If cleaning of tack welds is needed, the method shall be described in the manufacturing documents, e.g.
the WPS.

NOTE For tack weld cleaning, it is essential not to contaminate the weld joint.

Tack welds shall meet the discolouration requirements of the design/engineering authority. If such
3 70 o)

Hrapaante do ot Aot ol b JTCON 27
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If ppst tack weld cleaning of material group C is necessary, it can only be performed-if-approved by
the|design/engineering authority and the post tack weld cleaning method is specified by the design/
engineering authority.

9.9 Run-on, run-off tabs and beam stopper

WhEn used, run-on, run-off tabs and beam stopper, attached to the part, shall be of the sanje material
conjposition as the joint members. They shall be welded with the samié€’ filler material specjfication as
defined on the engineering drawing or as approved by the design/engineering authority.

9.10 Weld shielding
Thg material shall be protected against contamination by.atmospheric gases by suitable weldl shielding.

Both the weld face and weld root of gas tungsten ar¢'\(GTAW), plasma arc (PAW) and laser bgam (LBW)
welds shall be protected from oxidation during welding. However, it is possible that weld rogt shielding
is npt required for material group D. The shielding shall include the weld and the heat-affected zones.

The shielding shall be suitable for the materials and welding process and shall be defined ip the WPS.
The requirements from the design/engineering authority shall be met.

Shi¢lding methods:

— |gases (see ISO 14175): Gas type and quality shall be defined. Gas quality at the point ¢f use shall
comply with the defined requirements;

— |flux: If used, flux shall'be as specified on the engineering documents;

— |vacuum: For electron beam processes, the working chamber vacuum level shall be suitable for the
material tobewelded and be defined on the WPS.

9.1/1 Spatter protection

Whenspatter protection is used it shall be approved and as specified by the WPS.

EXAMPLE
— Masking (e.g. by use of sheet metal, foil, tape).

— Surface treatment (e.g. by the use of paint, wax, spray, ceramic slurry).

9.12 Filler materials

If filler material is used, it shall be specified on the WPS and the same as required by the engineering
documentation.

If filler material is needed and not specified by the design/engineering authority, welding shall not be
performed until pertinent filler material information is available and the appropriate WPS is qualified.
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If required by the design/engineering authority, the part shall be traceable to the filler material
batch or lot.

9.13 Interpass cleaning

If interpass cleaning is needed, the method shall be described in the manufacturing documents, e.g.
the WPS.

All weld passes shall meet the discolouration requirements of the design/engineering authority. If such

requirements do not exist, refer to ISO 17927-2.

If interpas
design/eng
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9.14.4.2 1

-process correction by welding

When allowed, all in-process correction by welding shall be performed according to a WPS. Any other
processes or parameters are only allowed when the engineering document allows such correction.

An undercut, underfill or crater (without crack) shall be considered as a surface depression and can
be corrected by depositing filler material (the same as used in making the original weld) that fairs
smoothly into the weld and the base metal. In the case of correcting autogenous welds, the filler
material shall be defined by the responsible design/engineering authority.

When there is reason to suspect tungsten inclusion for GTAW or PAW, make a best effort to remove
the inclusion and continue welding. Verification of inclusion removal shall be by radiographic methods
after completion of the weld.

All other weld corrections are considered to be rework as per 9.16 or repair as per 9.17.
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9.14.4.3 Allowed number of in-process correction attempts performed by welding

One in-process correction attempt performed by welding is allowed in each individual location. If
more than one in-process correction attempt performed by welding is needed, it shall be considered as
rework as per 9.16.

9.14.4.4 Documentation of in-process correction

The in-process correction history shall be documented. At a minimum, the size and location of the in-
process correction shall be documented.

9.14.5 Post-weld processing

9.14.5.1 General

Post-weld processing of the weldment shall be as specified on the engineéring documgnts or the
quallified WPS.

Anyf post-weld processing shall be carried out after visual weld inspection. If penetrant inspection is
reqpested, this shall be performed before post-weld processing.

9.14.5.2 Removal of weld reinforcement

Weld reinforcement removal shall be performed by a .qualified method and shall not feduce the
thidkness of the base metal below that specified. This removal shall result in a smoothly blendled surface
that meets the requirements on surface finish.

Weld reinforcement shall only be removed in pest-weld processing for one or more of the following
reagons:

a) |when specified by the engineering drawing notes or weld symbol. (The removal shall not exceed
limits specified on the engineering drawing or any other contractual document);

b) |for material group D reinforcement may be removed to aid inspection. Remaining reinforcement
shall be visually evident abotie the surface plane of the adjacent joint member and extend throughout
the weld bead width. If feinforcement is not visually evident, then the material thickness shall
be measured in the ptocessed area. The weld toe area shall comply with the requifements of
[SO 17927-2.

9.14.5.3 Post-weld finishing

The completedweldment shall be free of spatter, flux, scale, slag, or other foreign matter. Removal of
such material.during the post-weld finishing operation shall be by a qualified method and approved by
the|design/engineering authority.

9 1 A old 3 d Py ] ] 3 i
L J VVUOIU IUTIILIIICAlUIVUIT 1 C\lull CIIITCIILO
9.15.1 Weld traceability

Each weld shall be traceable to the welder/welding operator.

9.15.2 Acceptance inspection

The completed weldment shall be submitted to the fabricator’s quality assurance organization or its
designee for an acceptance inspection. The acceptance inspection shall be performed in accordance
with Clause 11.
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9.15.3 Acceptance criteria

ISO 17927-2 shall be applied for acceptance criteria provided it is referenced or approved by the
responsible design/engineering authority.

When the responsible design/engineering authority has referenced a different specification for
acceptance criteria, these criteria shall take precedence.
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9.17.1 Ge

neral

Repair is any corrective action on a part directed by the design/engineering authority.

9.17.2 Re

pair instructions

Repairs shall be approved by the design/engineering authority. Repair instructions shall be detailed
and shall include the following information as a minimum:

allowe

a)
b)

d number of weld corrections during the repair;

required documentation;

c) details for each operation (including acceptance inspection) involved in the repair.
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9.18 Record requirements

Records shall be maintained of consumables, calibration, in-process correction, rework, and repair
according to the requirements specified herein or by the design/engineering authority.

The records shall be kept for a time period as specified by the design/engineering authority. The
written records shall be made available to the design/engineering authority upon request.

9.19 Welding parameters

All welding shall be carried out according to an approved WPS. Welding parameters shall he within the
lim]ts specified in the approved WPS.

9.20 Reproducibility tests for qualified machine welding settings

9.20.1 Applicability of requirements

These requirements are applicable to automatic, mechanized, and ,zobotic equipment| only. The
reproducibility test shall be performed according to 9.20.2 when either ofthe following is enfcountered:

a) [the equipment fails to produce acceptable weld quality using the'settings of a qualified {VPS;

b) |amajor component of the equipment s either repaired or replaced (as determined by the fabricator).

9.20).2 Test requirements

The reproducibility test shall be performed accordifig to a written procedure. The written|procedure
shall establish welding parameters, test specimen:configuration, and acceptance criteria for the welded
test specimen(s).

10|Personnel

10.1 Welding coordination personnel

Thg manufacturer shall haye'at'his disposal appropriate welding coordination personnel. Such persons
havjing responsibility for.quality activities shall have sufficient authority to enable any necespary action
to Be taken. The tasks-and responsibilities of such persons shall be clearly defined. For ejample, see
[SO(14731.

10.2 Qualifieation of welders and welding operators

Perfonnelsperforming fusion welding shall be trained and certified according to ISO 24394, unless
sperified'otherwise by the design/engineering authority.

10.3 Qualification of inspection personnel

10.3.1 Qualification of non-destructive testing (NDT) personnel

Non-destructive testing personnel shall be qualified in accordance with NDT standards as specified by
the design/engineering authority, e.g. EN 4179 or equivalent standard.

Unless otherwise specified by NANDTB, eyesight requirements shall be according to EN 4179 or
equivalent standard.

NOTE The NANDTB (National Aerospace NDT Board) is an independent aerospace organization representing
a nation's aerospace industry that is chartered by the participating prime contractors and recognized by the
nation’s regulatory agencies to provide or support NDT qualification and/or examination services.
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10.3.2 Visual weld inspectors

Personnel performing visual weld inspections shall be trained and certified according to ISO 19828 or
CWI/SCWI with an AWS D17.1 endorsement according to AWS QC1, unless specified otherwise by the
design/engineering authority:.

11 Inspection methods

11.1 Visual weld inspection

All visual ipspections shall be performed in accordance with ISO 19828, unless otherwise specifiedl by

the designfengineering authority. All welds shall be subjected to visual inspection over the comp|ete

weld length (face and root side). Both face and root side shall be inspected (for limitations |see

1SO 19828].

Unless oth¢rwise specified, weld zones shall be inspected in the as-welded condition(

In case of § mechanical weld zone rework (dressing) or re-welding, the weld zone shall be re-inspe¢ted

after rework or re-welding.

Welds shall be inspected according to a written instruction/inspection® plan for conformanc¢ to

engineerinyg requirements.

11.2 Nontdestructive testing

11.2.1 Geperal

Non-destryctive testing shall be carried out at the relevant stage of manufacturing to ensure that{the

parts do ndt contain imperfections beyond the acceptarice criteria defined by the applicable engineefing

requiremepts. The sequence of non-destructive testing operations within the manufacturing prog¢ess

shall be defined by the responsible Level III. Consideration shall be given to:

a) manufpcturing processes with the potential to introduce imperfections;

b) manufpcturing processes with thépotential to impair the performance of non-destructive tesfing
methofs;

c) defining the appropriate stage in the manufacturing sequence to perform non-destructive tesfing
methofs;

d) determiining the appropriate non-destructive testing method.

11.2.2 Pepetranttesting (PT)

Penetrant festing shall be according to the ISO 3452 series, ASTM E1417 or SAE AMS 2644, unless

otherwise s-peerﬁeﬂayht-hedeﬂg-m‘eﬂg-meeﬁﬂg-at&heﬁt-y—l i i i i HEY

Non-ferromagnetic Class [ and Class II welds shall be penetrant tested.

Ferromagnetic Class [ and Class Il welds can be penetrant tested as an alternative to magnetic particle
testing when specified by the responsible Level I1I or as designated on the drawing or in the contract.

Non-ferromagnetic and ferromagnetic Class III welds shall be penetrant tested when specified on the
drawing or in the contract.

11.2.3 Magnetic particle testing (MT)

Magnetic particle testing shall be according to ISO 17638 or ASTM E1444, unless otherwise specified by
the design/engineering authority.

16
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Ferromagnetic Class I and Class Il welds shall be magnetic particle tested, where practicable. At the
discretion of the responsible Level III, penetrant testing may be used as an alternative to magnetic
particle testing.

Ferromagnetic Class 11l welds shall be magnetic particle tested when specified on the drawing or in the
contract.

11.2.4 Radiographic testing (RT)

Radiographic testing shall be according to the ISO 17636 series or ASTM E1742, using film or non-film

techniques unless otherwise cpprifipd bv the dpcignllpnginppring anthority

Clags I butt welds shall be radiographically tested over the full length of the weld.

When radiographic inspection of fillet welds or partial penetration butt welds is defined, the pcceptance
criteria of the root side shall be specified by the design/engineering authority:.

Clags II and Class III welds shall be radiographically tested when specified, on the drawinlg or in the
congract.

11.2.5 Ultrasonic testing (UT)

Ultrrasonic testing shall be according to ISO 17640, ISO 10863,1SO 13588 or SAE AMS-STD-2[154, unless
otherwise specified by the design/engineering authority. The'responsible Level III shall determine the
suitlable method for the application.

Ultrasonic inspection may be used in lieu of radiographic inspection when specified by the dlrawing, in
the|contract, or by the design/engineering authority.

11.2.6 Other non-destructive test methods

Norl-destructive tests, procedures, techniques, equipment, or materials (e.g., acoustid emission,
eledtromagnetic or eddy current, leaki{_neutron radiographic, etc.) not specifically addressed in this
document may be used in conjunction with those stated in 10.1 to 10.2.5. When these test nlethods are
ind{cated, they shall be specified by the design/engineering authority.

11.3 Destructive testing

11.8.1 General

Desftructive testing may be used for qualification purposes and accompanying specifen, when
ind{cated by the-design/engineering authority.

11.8.2 ,Tensile testing

5“,_,- AT2E
ASTM E21, unless otherwi

: g to ISQ 6£ parts),as applicable 1SC [8M and/or
se specified by the design/engineering authority.
11.3.3 Bend testing

Bend testing shall be according to ISO 5173, unless otherwise specified by the design/engineering
authority.

11.3.4 Hardness testing

Hardness testing shall be according to ISO 9015-1, ISO 6507-1, ISO 6506-1, the ISO 6508 series,
ASTM E18 or ASTM E384, unless otherwise specified by the design/engineering authority.
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11.3.5 Metallographic examination

Metallographic examination can be used to investigate the weld geometry, fillet weld root penetration,
heat affect zone, grain sizes, etc.

12 Requirements specific to TIG and plasma welding processes

Tungsten electrodes shall be defined in the WPS. It is recommended to use standardized tungsten
electrodes, e.g. ISO 6848. Electrode diameter and tip geometry shall be defined in the WPS.
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Welding procedure qualification record (WPQR)

Example of a WPQR:

Company, Name

WPQR No.

Rey:; No.

Date

Base metals

Product form

Base metal(s)
designation(s)

Heat treatment
condition

Material group

Thickness

Diameter

Par

t1

Par

t 2

Oth

er

Joi

ht details

Joint détai

Is (sketch)

Joil

it type

Gr(

ove angle

Ro

bt opening

Ro

bt face

Ba

'king material

Ba

tkgouging

method

Col

isumable insert
andl type

Po

st-weld heat treatment

Temperature

Tin

ne at temperature

Other

Sketches, welding symbols, or writte
tion should show the actual arrangenmjent of the
tested weldment. Where applicable,
details of the weld groove may be s

h descrip-

the root
becified.

Prq

cedure

We

d pass

We
acc

ding process (designation and process number
brdingto ISO 4063)

Ty

e of mechanization (imanual semiantomatic

mechanized, or automatic)

Preheat temperature/Interpass temperature

Machine type for mechanized or automatic welding

Filler material (specification)

Specification, alloy designation, or the nominal composition

Manufacturer/trade name

Filler material size or diameter

Filler material feed rate

Welding position

Torch shielding gas
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