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General

When structures and pressurised items are fabricated by welding, it is
essential that all the welded joints are sound and have suitable properties
for their application.

Control of welding is achieved by means of Welding Procedure
Specifications (WPSs) that give detailed written instructions about the
welding conditions that must be used to ensure that welded joints have the
required properties.

Although WPSs are shop floor documents to instruct welders, welding
inspectors need to be famili ith them because they will need to refer to
WPSs when they are checkirig that welders are working in accordance with
the specified requirements.

Welders need to be able to understand WPSs have the skill to make welds
that are not defective and demonstrate these abilities before being allowed
to make production welds. %}

1 Qualified Welding Procedure Specifications

It is industry practice to use qualified WPSs for most applications.

A welding procedure is usually qualified by making a test weld to
demonstrate that the properties of the joint satisfy the requirements
specified by the application standard and the client/end user.

Demonstrating the mechanical properties of the joint is the prin%l purpose
of qualification tests, but showing that a defect-free weld can be produced is
also very important.

Production welds made in accordance with welding conditions similar to
those used for a test weld should have similar properties and therefore be fit
for their intendedé]urpose.

Figure 1 is an example of a typical WPS written in accordance with the
European Welding Standard format giving details of all the welding
conditions that need to be specified.

1.1 Welding standards for procedure qualification

European and American Standards have been developed to give
%comprehensive details about:

How a welded test piece must be made to demonstrate joint properties.
How the test piece must be tested.
What welding details need to be included in a WPS.

The range of production welding allowed by a particular qualification test
weld.
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The principal European Standards that specify these requirements are:

EN ISO 15614 Specification and qualification of welding procedures for
metallic materials — Welding procedure test

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

The principal American Standards for procedure qualification are:
ASME Section IX Pressurised systems (vessels and pipework)
AWS D1.1 Structural welding of steels

AWS D1.2 Structural welding of aluminium

1.2 The qualification process for welding procedures

Although qualified WPSs are usually based on test welds that have been
made to demonstrate weld joint properties; welding standards also allow
qualified WPSs to be written based on other data (for some applications).

Some alternative ways that can be used for writing qualified WPSs for some
applications are:

¢ Qualification by ad%]on of a standard welding procedure — test
welds previously qualified and documented by other manufacturers.

¢ Qualification based on previous welding experience — weld joints
that have been repeatedly made and proved to have suitable properties
by their service record. %]

Procedure qualification to European Standards by means of a test weld (and
similar in ASME Section IX and AWS) requires a sequence of actions that is
typified by those shown by Table 1.

A successful procedure qualification test is completed by the production of a
Welding Procedure Qualification Record (WPQR), an example of which is
shown by Figure 2.
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1.3

Relationship between a WPQR and a WPS

Once a WPQR has been produced, the welding engineer is able to write
qualified WPSs for the various production weld joints that need to be made.

The welding conditions that are allowed to be written on a qualified WPS are
referred to as the qualification range and this range depends on the
welding conditions used for the test piece (the as-run details) and form part
of the WPQR.

Welding conditions are referred to as welding variables by European and
American Welding Standards and are classified as either essential or non-
essential variables.

These variables can be defined as follows:

o Essentl;]variable: A variable that has an effect on the mechanical
properties of the weldment (and if changed beyo e limits specified by
the standard will require the WPS to be re-qualifi%rI

¢ Non-essential variable: A variable that must be specified on a WPS but
does not have a significant effect on the mechanical properties of the
weldment (and can be changed without need for re-qualification but
will require a new WPS to be written).

It is because essential variables can have a significant effect on mechanical
properties that they are the controlling variables that govern the qualification
range and determine what can be written in a WPS.

If a welder makes a production weld using conditions outside the
qualification range given on a particular WPS, there is danger that the
welded joint will not have the required properties and there are then two
options:

1 Make another test weld using similar welding conditions to those used for
the affected weld and subject this to the same tests used for the relevant
WPQR to demonstrate that the properties still satisfy specified
requirements.

2 Remove the affected weld and re-weld the joint strictly in accordance
with the designated WPS.

Most of the welding variables that are classed as essential are the same in
both the European and American Welding Standards but their qualification
ranges may differ.

Some application standards specify their own essential variables and it is
necessary to ensure these are taken into consideration when procedures
are qualified and WPSs written.
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Examples of essential variables (according to European Welding Standards)
are given in Table 2.

2 Welder Qualification
The use of qualified WPSs is the accepted method for controlling production
welding but this will only be successful if the welders are able to understand
and work in accordance with them.
Welders also need to have the skill to coné%ntly produce sound welds
(free from defects).
Welding Standards have been developed to give guidance on what
particular test welds are required in order to show that welders have the
required skills to make particular types of production welds in particular
materials.
2.1 Welding standards for welder qualification
The principal European Standards that specify requirements are:
EN 287-1 Qualification test of welders — Fusion welding
Part 1: Steels
EN ISO 9606-2 Qualification test of welders — Fusion welding
Part 2: Aluminium and aluminium alloys
EN 1418 Welding personnel — Approval testing of welding
operators for fusion welding and resistance setters
for fully mechanised and automatic welding metallic
materials
The princ% American Standards that specify requirements for welder
qualification are:
ASME Section IX Pressurised systems (vessels & pipework)
AWS D1.1 Structural welding of steels
AWS D1.2 Structural welding of aluminium
2.2 The qualification process for welders
Qualification testing of welders to European Standards requires test welds
to be made and subjected to specified tests to demonstrate that the welder
is able to understand the WPS and to produce a sound weld.
For manual and semi-automatic welding the em%]sis of the tests is to
demonstrate the ability to manipulate the electrode or welding torch.
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2.3

24

For mechanised and automatic welding the emphasis is on demonstrating
that welding operators have the ability to control particular types of welding
equipment.

American Standards allow welders to demonstrate that they can produce
sound welds by subjecting their first production weld to NDT.

Table 3 shows the steps required for qualifying welders in accordance with
European Standards.

Figure 3 shows a typical Welder Qualification Certificate in accordance with
European Standards.

Welder qualification and production welding allowed

The welder is allowed to make production welds within the range of
qualification recorded on his Welder Qualification Certificate.

The range of qualification is based on the limits specified by the Welding
Standard for welder qualification essential variables — defined as:

A variable that if changed beyd=] the limits specified by the Welding
Standard may require greater skill than has been demonstrated by the
test weld.

Some welding variables that are classed as essential for welder qualification
are the same types as those classified as essential for welding procedure
qualification, but the range of qualification may be significantly wider.

Some essential variables are specific to welder qualification.

Examples of welder qualification essential variables are given in Table 4.

Period=Jvalidity for a welder qualification certificate
A welder’s qualification begins from the date of welding of the test piece.

The European Standard allows a qualification certificate to remag]alid for a
period of two years, provided that:

e The welding co-ordinator, or other responsible person, can confirm that

98

the welder has been working within the initial range of qualificationg

e Working within the initial qualification range is confirmed every si
months.
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2.5 Prolongation of welder qualification

A welder’s qualification certificate can be prolo=—id every two years by an
examiner/examining body but before prolongation is allowed certain
conditions need to be satisfied:

e Records/evidence are available that can be traced to the welder and the
WPSs used for production welding.

e Supporting evidence must relate "io0 volumetric %}amination of the
welder’s production welds (RT or UT) on two welds made during the six
months prior to the prolongation date.

e Supporting evidence welds must satisfy the acceptance levels for
imperfections specified by the European welding standard and have
been made under the same conditions as the original test weld.
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Table 1 Typical sequence for welding procedure qualification by means of a test
weld

The welding engineer writes a preliljvT_nJary Welding Procedure Specification
(pWPS) for each test coupon to be welded.

= I
e !
¢ A welder makes the test coupon in accordance with the pWPS

e A welding inspector records all the welding conditions used to make the test
coupon (called the as-run conditions).

An indep nt examiner/examining body/third party inspector may be requested
to monitor the procedure qualification.

B

The test coupon is suﬁg:-eéted to NDT in accordance with the methods specified by
the Standard — visual inspection, MT or PT and RT or UT.

e The test coupon is destructively tested (tensile, bend, macro tests).

e The code/application standard client may require additional tests such as
hardness, impact or corrosion tests — depending on material and application.

g

e A Welding Procedure Qualification Record (WPQR) is prepared by the
welding engineer giving details of:
— As-run welding conditions
— Results of the NDT
— Results of the destructive tests
— Welding conditions allowed for production welding

e If a third party inspector is involved he will be requested to sign the
WPQR as a true record of the test. %]
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Table 2 Typical examples of WPS essential variables according to European
Welding Standards

Variable Range for procedure qualification
Welding process No range — process qualified must be used in production.
PWHT Joints tested after PWHT and only qualify PWHT

production joints.
Joints tested as-welded only qualify as-welded
production joints.

Parent material type Parent materials of similar composition and mechanical
properties are aIIo%}ed the same Material Group No;
qualification only allows production welding of materials
with the same Group No.

Welding consumables Consumables for production welding must have the same
European designation — as a general rule.

Material thickness A thickness range is allowed — below and above the test
coupon thickness.

Type of current AC only qualifies for AC; DC polarity (+ve or -ve) cannot E::]
be changed; pulsed current only qualifies for pulsed
current production welding.

Preheat temperature The preheat temperature used for the test is the
minimum that must be applied.

Interpass temperature The highest interpass temperature reached in the test is
the maximum allowed.

Heat input (HI) When impact requirements apply maximum HI allowed is

25% above test HI.
When hardness requirements apply minimum HI allowed
is 25% below test HI.
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Table 3 The stages for qualification of a welder

The welding engineer writes a WPS for welder qualification test piece.

d

e The welder makes the test weld in accordance with the WPS

¢ A welding inspector monitors the welding to ensure that the welder is working
in accordance with the WPS.

An independent examiner/ examining body/third party inspector may be requested
to monitor the test.

<

e The test coupon is subjected to NDT in accordance with the methods specified
by the Standard (visual inspection, MT or PT and RT or UT)

e For certain materials, and welding processes, some destructive testing may be
required (bends or macros).

&

e A welder’s Qualification Certificate is prepared showing the welding conditions
used for the test piece and the range of qualification allowed by the Standard
for production welding.

e If a third party is involved, the Qualification Certificate would be end@d asa
true record of the test.
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Table 4 Typical examples of welder qualification essential variables according to
European Welding Standards

Variable Range for welder qualification

Welding process No range — process qualified is process that a welder can
use in production.

Type of weld Butt welds cover any type of joint except branch welds.
Fillet welds only qualify fillets.

Parent material type Parent materials of similar composition and mechanical

properties are allocated the same Material Group No;
qualification only allows production welding of materials
with the same Group No. but the Groups allow much wider
composition ranges than the procedure Groups.

Filler material Electrodes and filler wires for production welding must be of
the same form as the test (solid wire, flux-cored etc); for
MMA coating type is essential.

Material thickness A thickness range is allowed; for test pieces above 12mm
allow > 5mm.
Pipe diameter Essential and very res=ted for small diameters:

Test pieces above 25mm allow > 0.5 x diameter used
(minimum 25mm).

Welding positions Position of welding very important; H-L045 allows all
positions (except PG).
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Reference docs.

Weldspec
WPS record number  |WPS - 031 Revisicn 0 |Qualified to EM 15614-1: 2004
Date 1210412006 Company name TWI Lad
Supporting PQRYs) PQR-021 - Rev 0

MATERIALIJOINTS GUALIFIED

WELDITEST CONDITIONS

WELDING PROCESSES

Joint type Buit |:I||3'.E' 55 mib nb, bs gg ng - T-Butt =5 bs : Fillet plate : Bubt pioe 55 mb nb - Fiiet pigghout PWHT

Parent metal(s) Groups 8-8

Motes

TEST PIECE MATERIAL SPECIFICATION MATERIAL SIZE QUALFIED Minimum  Mawmum

Type ASTM A213TP318L Grp-no. 8.1 Katerial thickness fillet {mmj 30 T2

Welded to ASTM A213 TP318L Grp-no. 8.1 Material thickness butt immy 3.0 120

Backing ASTM A213 TP318L Grp-no. 8.1 Dutside diameter mmy| &7.2 no ma
Throat thickness immif Mo Min Mo Max

Welding process
Type

TIG
Manus/

FILLER METALS

Filler rmetal manufacturer, trade nam

METRODE 318382

Orificelgas cup size
Mulii"Sing's pass per side
Closed or out-of-chamber
Surface preparation
Initalinterpass cleaning
Back gouging method

Filler retal designation type Chemical
Filler metal designation EM1207212123L
Filler metal size (e} 24
Deposited thickness (e a0-120
POSITION
Position of groove All positions
PREHEAT
Preheat temperaiure ") 4
Maximurn interpass temperature ["c) 150
GAS
Shielding gasType EM 438 -11
Flow rate (M} 102 12
Manufacturer, Trade nfme nia
Backing gas: Type EM 432-11
Flow rate (i} 4
Manufacturer, Trade nfme n‘a
ELECTRICAL
Filler metal size (mmi} 24
Amperes 80 1o 140
aolts 106 12
Trave! speed (i} 30 to G0
Maximurm heat input {kJmm} 20
Tungsten size (e 24
Tungsten type WT 20 (2% Thoria)
Current/polarity DC -WE
D pulsing current Mone
TECHNIQUE
Sring or weave Stringer
Maximum width of run (e} n'a

12
Muti-pass only
Wot applicabie
degreased before welding
Brushing
Maone

‘Weldspec £.5.002

[c) Copyright 2005 T Software. Al ighls resarqed wondwlds.

Catalog n* WFS00oi0

Fage 1 of 2

Figure 1 Example of a Welding Procedure Specification (WPS) to EN 15614 format.
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EXTENT OF AFFROVAL [JOINTANELDING SONDITIOKS)

Weldspec
FQR record number WS =002 Rewvizion 0 pWPS record number WS € - pOOZ Redlzlon O
D 2732005
Examinersxamning bocy| Thind Party Lig Manutacturer Tl L
Ref=renos number TRFLTWIAWISS-002 Address
CodeTestng standad EN 15614-1: 2004

Joint fype Bl plate 53 mb nb, bs g9 ng : T-Butt 55 s © Fillet plale © Fliet plpe
Faren: mesals) Groups -1
Cooupon thickness (mmi}) 175-700
Coupon cutside dlameter (mm} Greaier than S00.0
Fllzt Trnat thickness mmi} Mo Resiriction
Branch anglie ideg.} n'a
Preheat {"C} &0
noerpass iemperature i"CH 201
FWWHT andior ageing -
EXTENT OF APFROVAL [PROCESE)
‘Wekding process 111 MMA
'Weding process type Kanua
Wieiced thickness (mmi}} 17.5-700
Wiekded cutside diameter (mm} Greaier than S00.0
Fll=r metal fype &n 435 @46 & mainl B2 hE
Shiziging gasfux nanz
Wekking poskicns PAFC.PE FF
Freheat temperature i"CH 50
RAETDaSS Iemperatre {"C} 20
‘Curmentipolarty O =¥E
Muti’Singl= pxss per side Mud-pass orly
Heat Input {kAmm}) Max 32
Mesal imnsisr mode n'a
Backing gas n'a

‘Weldspec 4.5.002

{c) Copyright 200 T Sofltsare. Al rights reserved soridaide.

Caixogn®  FQRIINZ

Figure 2.1 Example of WPQR (Qualification Range) to EN 15614 format.
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Weldspec
POR ME00M MUmDer WIS 5002 Bavigion 0 PWPS relorg murmber WIS & - plo2 Raision 0
Cale ITIOVI00E
TEST PIECE MATERIAL SPECIFICATION
Produt Soechcation (hype of grace) G0 TRl () DHamen)
Piate BS 10025 11 38
Welzes o Flig BS 10025 1.4 1]
ana testec WEhaout PWHT, With Impacts
Noles
TEST PIECE JOINT SPECIFICATION
Jaint gesign Hutt-plate b2 gg o
Bacung: S gouging or grinaing .
Groove angle = &l .
Root opening (mmy 25 e
Root Dow (mmpy 2
W
'I:..,_______,J'
WELDING PROCESSES
Welding process 111 KAMA
Tm Manus
FILLER METALS
Filer metal manufactures, bade name ESAS OK 5308 Hytal 1M
Filer metal sesigration nype Yielo strengin
Filler Mgty Jesignanon EN 455 E 456 MaINI B12 HE
Filer metal stze i 125840
Deposited thicknzes {mm .53
WAL Elgetrast £oatng B basic
POSITION
Poson of growe: I L 1
FREHEAT
Preheat temperature re 0
Mamrur Inieass lemperatire re 200
ELECTRICAL
Filer matal size {mm 325840
ATCERE 3.25mm = 110; £.0mm = 120
Vot w2
Electrode run oul lengih {mm 3.25mm=75min.; 4 Omm=125min.
Travel speed (e 600 70
WX DR Pt (i 28
Cumentpoianty DC s
TECHNIQUE
SUIg oF widve SUTIGET 3 Weave
Maimum wTth of nn {mm &
MUEISinGie PAEE DEr e WiIRkp3ES
SUrTICR CIEPAIITOR Ground
Inftakinferpass dearing Brushing and Grnging
Ba:lgnuglngmnn anz-air

(&) Copyright 2008 TWI

AN rgnts rEREny D wodtdwics

W 4.8.002
A" EURIUO2

Figure 2.2 Example of a WPQR document (test weld details) to EN 15614 format.
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Mechanical lEsting by

R.AT. Cabcner

Laboratory %26t number
Teel flie number
Teels conducied by

TTH - 13412006
1341-2006
A M. Tougher

Weldspec
POR record numbsr WIS 5-002 Rewlsion 0 pYWIPS record number [ WiS 5 - pooz Feevlsion O
Date 27032006
TEMSILE TEETS
Typeumber R o A% on % Fraciure location Remarks
Pe - (Nimmy) [Nimm?) c . ) =
transverse £50 610 32 35 Ducllie-Base Melal
tranEwerse 473 593 32 35 Ductlie-Base Melal
Comments 2 Trangversa tanslle tests according to EN 355
GUIDED BEND TESTS
TypeMumber Bend angle Elongation” Fesults
4 Sigke DEnd 18515 3% per 7.4.3 ang EM 910 EM 25817 Acceptanle
Comments
TOUGHHESS TESTS
MNofch Temparalurs Values Average
FRemarks
Jocation/dirzction ey i i W) [
weld metal (surface) -5 157 146 149 150.67
weld medal jroot) -45 127 136 132 131.67
FL jsurtace) -45 E7 T8 83 6833
FL + 2 (surace) -45 10s 113 143 120.33
FL + 35 (surtace) -5 ral m3 215 1.33
Comments
CERTIFICATION
WeIers nama 1D Mumber Stamp numoer Tha Test House

Certified that tes? welds wene periommed, weided and fesied satisiacionly In acoondance with e requiremenis of the md=testing standand Indlcaisd above.

Examinar of axamining body Manufacturer

Name Signature Hame Sigrature
Cate Date

Signature 3 Signature 4

Name Signature Mame Signature
Date Dale

‘Weldspae 4.5.002

[} Copyright 20046 TW Sofwars. All ignts reserved wordwids

Cal@iogn-  BaR

Figure 2.3 E)-(amp/e of WPQR document (details of weld test) to EN 15614 format.
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TWI
L

Welderqual

EH DESIGHATION

|I:l55lgnanur' | EN2ET-1, 111, T, BW, 1.1, B, 1437, 0163.28, H-L[4E, 55, nb
Weklar's name A Weaver Test date E/TTI2005
ID Mumber AW-2463 WPQ record number | 3453001
Data of pirn 12270 Standard t26t number | nia Rav. 0
Stamp numBber 3483 pWPS record number| WPS - 013 Rav. 0
Company name X¥Z Fabricalione Qualficalion code | EM 287-1: 2004
Cinision North East EZ‘EIT|I'I|I19 t‘l:II:}' Third Pi't}' Lid
Job knowledge Mol szstag Refarence no. TPLKYZ3463-1
Expiry dale 0S/07/2007
BASE METALS
Proguct fom Spacification {lype or grage) Grpno.  Slze Sch. Thickmm) Dlamm)
P 53 10025 (50-B) 1.1 152.40 120 14.27 1€8.23
Wekled to: Pine B3 10025 (50-B) 1.1 15240 120 1427 1€3.28
Jaind type Bult
VARIABLES Actual valuez RANGE GUALIFIED
T}'FE of weld Jﬂﬂt Plpe - Bult Butt, Flliet welgs and Branch welids where 3I'I§|E‘ == 50"
BSase metal 1110 1.1 11,1214
BASE METAL THICKNESS Bui Flllet Bubi Flligt
Biate tnickness (mm) 1427 i : 5.00 min i 5.00 min
Slpeitube ticknass {mm) 1 ; - 5.00 min ! 500 min
Plge diameser {mm) 1€5.28 ! 5 84.14 and abave ! 34.14 and above
VARIABLES Actual values RANGE GUALIFIED
Wekding procass 111 MIA 111: MMA
Type Manual Manual
55}3':“9 nbc withaut back g £5 N, 56 mb. bs
Filler matal type/designation EN 489 E 46 & Mn NI B Any Simlar
Flller metal group n'a .-‘\r}' Slimlar
Covered electrode type E basle 5.4, RA RS RC,RRR
Weid deposit thickness {mm) 12.70 5.00 min
Wekd position  {Actual positian tested) H-LO4S
Butt-Plate PAOC,PFOE
Flliet-Piate PAPBFF PO
Butt-Pipe PABF PC H-LO4S
Flilat-ipal PAPBFF PO
ELI'.'.-:'IFE Dilameder (see en2dy 6.3 E.I:] =
TESTS
TT'PE af test H{H}EPHFDE riberia Resuit Commenis
“Wisual examination per Table 10 and EM 570 EN IS0 5817 Arcepiable see - EN IS0 5817
Radicgraphic sxaminadon per Tablz 10 and EM 4435 EN ISC 5817 Acceptable see - EN 150 5817
Nobes oranch set-an; a'h;lz at smallest rqu."E:I
CERTIFICATION
Tests conducied tﬁ' Lal:-:m'.{:ry best number
Machanical besks E'F Test Mea number

i ety Wl B slalerenrs i ks i aie Sormct e |t S Sl g wern e e, sk aid e in scceidesce with 15e isqunemests of BN 387

Signature 1 [defined using Tools-Options-Default Ssttings)

Signature 2 {aleo usser defined)

Hame Elgnaturs

Mama

Signature

Dale

Cias

Welderqual £.6.000

i) Copyright 200E TW I Softwara. All rights resenved warkiwioa.

Catalog n® WPQDIO10
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Figure 3 Example of a Welder Qualification Test Certificate (WPQ) to EN 287 format.
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