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Lecture Scope |
i

* Need for welding qualification

= Codes & standards requirements
— Welding procedure specifications
— Welding procedure qualification
- Weilding operator qualification

= Company certification

—
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Need For Weld Qualification

= Many variables influence weld quality, related to
the parts to be joined, the welding process.and
welding operator skill

= The purpose of qualification is to demonstrate
that welding procedures and personnel are
adequately controlled and are capable of
acceptable resuits

= Such tests cannot foretell performance in
production. Quality of the production welds
should be determined by inspection during and
after the actual welding.
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Codes & Standards
—_—

= Application codes & standards that specify

qualification requirements for welding A
include: Shlzzan
~ ASME Boiler and Pressure Vessel Code
- AWS D1.1 Structural Welding Code

- ANSI B31 Power Piping Code BRI b
~- AP! 1104 Standard for Welding Pipelines and Related

Facilities
- CSA W59 Standard for Welded Steel Construction

* Standards for weld qualification

- AWS B2.1 Welding Procedure and Performance
Qualification
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Codes & Standards Requirements

= A contmon approach to qualify weiding
procedures is by preparation and testing of
standard test pieces. The qualification tests
need not be repeated unless the welding
procedure specification is changed.

= Some pressure vessel standards require test
plates to be welded at the same time as the
vessel seams and subsequently tested.

= Other standards accept certain welding
procedures as "prequalified"

i.ecture 14
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‘Welding Procedure Specification

m

= Standards normally require the contractor to
prepare and qualify Welding Procedure
Specifications (WPS)

= A WPS should define the welding variables in
sufficient detail to ensure that the required
quality is met

= Standards differ with respect to the generality
or specificity of WPS

- Some standards are very specific in defining the content
of a WPS e.g. ASME Section IX. Other standards are
more general

e14




Weldir

= Scope
= Base metal
» to simplify qualifications,
standards often group base

metals by similar composition or
strength levels

= Welding process

= Filler metal

= Type of current and range
= Arc voltage

= Travel speed

= Heat input

1g Procedure Specifications
Typical WPS Contents

= Joint preparation _

s Welding details

» Welding positions

= Preheat & interpass
temperatures

= Post weld heat freatment
and finishing

Lecture 14
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'ASME Sample WPS
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Qw482 1992 SECTION IX

QWwW-482 SUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICATIONS (WPS)
{See (\W-200.1, Section IX. ASME Boller and Pressure Vessel Codes)

Compeny Neme Pl INZ . ~_ LA, CARANT

Welding Pracedure Soacificution Mo VA P O512.X Mml__mmmm PR OIZZ
(Automasis, Manual, Mashing, or Semi-Avto.}

JOINTS (OW-402) _ Detaits

amsigwan V- bRooVe . I ol

Sacking (Yes) N0,

Sacking Mesrisl (Type) Y [T

{iVeter vo both becking and reteiners.}

Shewches, Production Drewings, Weid Siymbols or Wyitses Dwecription
should show the genersl acrsenement of the parts 50 be welded. Where
spplicsble, the root specing ind tha detsils of wald groove mey be
mecified.

(At the option of the Migr., skaiches evay ba sttached 10 illustress joint
dusign, weld loyerns and bead sequence, .9 for notch soughnes proce-
cures, for multiple procest proce ures, aic.)

*BASE METALS {QW-403)

PNo. Group No. ‘ to P-No. ’
oR

Specification type and grade. 54 1ot 4!‘" B

w0 Soscificution type and e _2F1_IO6 GF 2

OR
Chem. Analysis and Mach. Froys.
0 Chem. Anatysis snd Mech. Progp. _—
Thickness Range:
s Socat: o T i ) Fitex
Pipe Dla. Renge: Groave Filiet
Other
*EILLER METALS (QW-404)
Soec. No. (SFA) S0 232 ___§FA él
AWS No. (Cew) L TOS-2_ EJ0IR
:::fsmm el v = Ly s
Weld Mrtal
T . PRS2 | 22 Restvidel, |
Fillet
Electrode-Flux (Cles} ‘l:l_m
Flux Trade Neme
Consumable Insert ﬁ
Other
*Each bess metel-filter metat & ah e Individual#

This form [E00006) mey be obtsined from the Order Dept, ASME, 22 Law Drive, Box 2300, Fairfisid, NJ 07007-2300
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NONMANDATORY APPENDIX A Qw-482

QW-482 (Back) .
POSITIONS (OW-405) 'OSTWELD HEAT THEATH
Positionis} of Groave, S q Jw‘
Watding Progression:  Up___ X Down Tine R'nge NiA
Potitionis) of Fillet
GAS (Qw-408)
PREHEAT {QW-406) Percert Compontion
Prehest Tempr.  Min, 2 o c! Gastes) {Miixture) Flow Rate
I Tonp. Max. ~
(Comtinuous or specisl heating where spplicable should be recorded) Trailing
Backing =R ! My

ELECTRICAL CHARACTERISTICS (QWN-409}
Current ACor D CE- Lo IPolarity
AmosfRangel & v iRange

(Amps and volts range should be ricorded for sech electrods size,

position, snd thickness, stc. This information ey be tisted in s tab-
ular form similar to that shown below.,}

EWTH-L (Aws <)

Tungeten Elsctrode Size and Type

Mode of Metal Transter for GMAW '\” n'

/A

Electrode Wire feedt speed range

TECHNIQUE (Ow-410)
String or Wesve Besd STRINE
Orifice or G Cusp Size . 71,

WELRS B RES I e
Method of Back Gougi Wia

Oscillstion NOWNE
Contact Tube to Work Distance __ ™ .
Muttiple or Singls Pass {per sidel_ 1L [ J1=Y OLe®

Muitipie or Single Electrodes in &LE.
Tewvet Sowed (Range) =3
Other._VISUALLY !r?% cT =
a,- &
Filler Maetal Current
Other
fe.g.. Remarks, Com-
Teavel ments, Hot Wire
Weld Type Amp. Vol - Speed Addinon, Technigue,
Laveris) Process Class Dis. Polar. Range Range Range Torch Angle, Exc.)
L -2 [&iaw [E4T082] QumiDeenN 150200 | 1o A-Le

MM
Renmdel St E7013 |2 Lo DCEP [120ft50 | 2228 | —
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WPS Qualification

= The purpose of qualification is to show that
welding in accordance with the WPS will- .
produce sound welds with adequate
properties.

= The WPS qualification requirements are
specified by the applicable standard.

= Qualification may be achieved by:
1. Use of prequalified welding procedures
2. Qualification tests
3. Mock-up tests

L ecture 14
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WPS Qualification

= Prequalified welding procedures

- The concept of prequalification is based on the reliébiiity
of certain proven procedures as defined by the code or
standard (e.g. CSA W59, AWS D1.1)

= The contractor is nevertheless required to prepare WPS
documents and to accept responsibility for their use.

— Any deviation from the standard negates the prequalified
status

e 14
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WPS Qualification

= Prequalified welding procedures

= Qualification tests o

- Qualification tests are intended to demonstrate that the
welding procedure results in sound welds with acceptable
mechanical properties

- Tests need not simulate the actual conditions for a given
job. They usually consist of conventional butt joints on
plates or pipes

- Base and filler materials, welding variables and heat
treatments must follow production plans within specified
ranges.

- However, other variables such as joint geometry or
welding position might not be considered as qualification
variables

Lecture 14
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WPS Qualification ¢
_‘

= Prequalified welding procedures

a Qualification tests

= Mock-up tests

- Mock-up tests are intended to simulate actual production
or field conditions.

- Codes and standards do not require preparation of
welded mock-ups '

— However, mcck-ups can help to anticipate or avoid
problems in production. They are also useful when difficult
access or other practical considerations may influence
results in-situ, such as repair welding of nuclear plants.

p12




Tests of Qualification Welds

= Specimens are removed from the sample
welds for examination and testing

= The type and number of tests depend on the
requirements of the particular standard

= Commonly specified tests include:

- tensile tests
- guided bend tests

- Charpy notch toughness tests, or other fracture
toughness tests such as drop weight tests

= macro-etch tests
~ non-destructive examination

Lecture 14
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Mechanical Test Specimens
LONGITUDINAL WELD
\SPECIMEN
IDENTICAL
DIMENSIONS .
ﬁage Length
—
pad
o
CHARPY. TRANSVERSE
SPECIMEN
Z 7 / %
C—H—
MINATURE ROUND
SPECIMENS DEPENDING ON T
. - . ]

P14
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A FACE BEND
T ROOT BEND

SIDE BEND

WELD JOINT

Lecture 14
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Guided Bend Test Jigs

nwunﬁ
SHOULDERS OR A

ROLLERS

374 . min
11 mmi
2A+2{T=1/16 inj
1.5 mmy
T = SFECMEN THICKNESS

(Al Guided Bend Tew Jig

T = SPECIMEN THICKNESS
(8} Wenp-Arcund Bend Tent Jig

p16




A

&
&/

l—— 1.0132 in.
{27.5 mm

"—2.165 in. {55 mm)} —————i

N

Charpy Impact Specimen

(73
5

il
Q’
m _— .

j

0.384 in,

{10 mm)

: R =0.010 in. (0.264 mm)

[\

46° % 1°

. —0.3% in,
0.079 in.
(2 mm) {10 mm)

Lecture 14
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Recording Test Results

» The welding conditions and the test results are
entered on a Procedure Qualification Record
(PQR)

= |f the test results meet the requirements of the
standard, the PQR is certified by the contractor
and the third-party inspector

= The WPS may then be issued for production

314
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ASME Sample PQR
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QW-483 1992 SECTION IX

QW-483 SUGGESTED FORMAT FOR PROCEDURE QUALIFICATION RECORD {PQR)
(Seé OAW-200.2, Section IX, ASME Boiler and Pressurs Vessel codo)
Record Actual Conditions Used to Weld Test Ct.mpon

ABC (N

e Quaificavon R OBS —  o AT (0Fi
:',;':':',Mf Flecord Ne. w@; OIZ3 °

[
Weiding Processies)
Types (Manual, Automatic, Semi-Auto.) M anuqQL.

JOINTS (QW-4021

{For combination quahifications, the deposited weld metal tholl i foltfed lor each fiier metal or process used. )
BASE METALS (OW-403) WL CUPAT TREATMENT {QW-407)
SA 106 . NE.
Material Spec.

Type or Grade dg' B

#-No. | nrm:l_]____ oW
. i%-%% |

Thickness of Test Coupon

(ismneter of Tast Coup
Other
-4 Percent Composition
g Gastes} (Mixturel Flow Rate
Shielding B fon - T i-{run
Trailing
FILLER METALS (QW-404) Backing m — S LIrha)
SFA Specification L 6‘10 %
AWS Claasificati ERToSY ! ELECTRICAL CHARACYERISTICS
Filler Metal F-No. (T8 Ly Current _I\‘A ‘?”4%(, eP [« MM}
Wels Metal Analysis A-No. L I Polanity

Sieot Filermens 24 MM | 2~ L, MM | o Vaits
Other Tungsten Electrode Size _E_N'EL:?._&M*

e wem i PAKES TOL | REMAWNSER | ©™

POSITION (OW-405) TECHNIGUE (OW-410}

Portion of Groove 5 t’_ Travel Speed -3 M l <
Weid Progression (Uphdl, Downhat) ___— LI String of Weave Bud_s"_.m__
Other - Oscillation NONE.

Mulupass o¢ Single Pass (per side} MUL‘Tl PLE-
Single or Muitple Electrodes

PAEKEAT (OW-406} L Other
Preh Temp. 2-'0 - C :

pats Temp. 2—_&,0 C MRA
Other.

This form (EOCO0T7) may be obisined from the Ordar Dapt. ASME. 22 Law Drive, Box 2300, Falrfisld, NJ 07007-2300
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NONMANDATORY APPENDIX A QwW-453

QW-483 {(Back)
Tomelle Tost (GW-160) FaR Ho.
Ultimate Ulitimate Type of
Specimen . Totsl Load Unit Stress Fallure &
No. Width ; Area N - a‘ " Location
7 14. . S 1659 5 X ] Era DJCIE.
?i g 11 (S 1 S SS9 xl h\.)m
" 14 % 1
— Trpe and Figure No.
R
X ot
Pt
Specimen Neach Notch Drop Weight ,
No. Locstion Type Break No Bresk

Resuit — Satisfactory: Yes N! & No No
Macro—Resuits
Other Tests

Typea of Test l\) jlﬁ
Deoposit Anslysis
Other

a- MﬁLb .............................................................. HL—Z
Waeider's Name (5 EJ 2‘ o. mpiNo.
Tests conducted by: By TELH . e v Test No. 4"

ware prepared, welded. and tested in accordance with the

Restows 1ate ManfleER

Wa certify that the stdtements in thia record are comect snd that the test
requirements of Section tX of the ASME Code.

Manulacturer

41 .a0. 30 .

Date By
Datail of record of 1ests ae ilustrative only and may be modified to conform to the type and number of tests required by the Code.)
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Changes in a qualified WPS

= If a WPS is to be revised or modified beyond
the qualified ranges of the "essential variables"
it is necessary to do additional qualification
tests

= If the changes are within the qualified ranges of
essential variables, then a revised WPS can be
issued without requalification

= A PQR may support several WPS

= Since the PQR is a certified record of a
qualification test, it should not be revised.

214
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Welder Performance Qualification

= Welder or welding operator qualification tests
are performed to determine the ability of the
persons tested to produce acceptable welds

Lecture 14
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Performance Qual‘ification Req'ts

= Most standards require each welder or welding
operator to make one or more test weids in

plate or pipe

= Variables that affect the ability of welders to
make sound welds are considered qualification
variables. These include:
- welding process
- filler metal
- welding position
- joint detail
- plate thickne:ss
- welding technique

e14
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Standard Welding Positions - Plates

é

S

\

Test Poslitlon 1G Test Position 2G
<=
L
Tes:t Position 3G Test Posltion 4G

Lecture 14 p23



Welding Positions-Pipes

Teut Poslition 1G
+15°

1);} +15° Test Position 2G

Test Position 5G ﬁ\\ 45
s -‘"-"""---JJ.

Test Position 6G

114
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Performance Qualification Tests

= Test specimens may be groove welds or fillet
welds

— groove weld qualification usually qualifies the operator to
weld beth groove and fillet welds

- fillet weld qualification limits the welder to fillet welds in
only the: position qualified or less difficult positions

= Tests consist of either bend tests, macro-etch
tests or radiography

= The welder who prepares a test plate for a
procedure qualification is usually qualified
within the variables in the WPS.

Lecture 14
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Performance Qualification Records

= Responsibility for performance qualification
records lies with the employer

= After successful qualification of a welder the
employer and third party inspector certify the
performance qualification record.

» Most codes limit the duration of qualification to
three to six imonths inactivity

= For most codes qualification may be extended
indefinitely provided the welder performs
satisfactory work within the stated period

214
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Company Certification

= Some standards extend qualification to the
company's organisational practices

- ASME Eloiler and Pressure Vessel Code
~ require:s audit by ASME of a company's quality control program
before issuing a code symbol stamp for construction of
compchnents
» Section lll for nuclear components requires a quality assurance
program _
- CSA W59 /W47 1
» requires employment of designated welding engineers and
welding supervisors, and preparation of welding standards and
WPS audited by Canadian Welding Bureau
- 1S0O 9000 -
- generalized quality assurance program

Lecture 14
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