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Article IV - Welding Data
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Essential Variable (Procedure)
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Base Metal
Steel and Steel alloys

Aluminum and
aluminum — base alloys

Copper and copper-
base alloys

Nickel and nickel- base
alloys

Titanium and titanium-
base alloys

Zirconium and
zirconium — base alloys

Welding

P-No. 1 through P-No.
11 inch. P-No. 5A, 5B,
and 5C

P-No. 21 through P-
No0.25

P-No. 31 through P-No.

35

P-No. 41 through P-No.

47

P-No. 51 through P-No.

53

P-No. 61 through P-No.

62

Brazing

P-No. 101 through P-No.
103

P-No. 104 and P-No. 105

P-No. 107 and P-No. 108

P-No. 110 through P-No.
112

P-No. 115

P-No. 117
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QW-403.5- Group Number

QW-403.5 Welding procedure qualifications shall be made using base
metal of the same type of grade of another base metal listed in the same
P-Number and Group Number (see QW/QB-422) as the base metal to be
used in production welding. A procedure qualification shall be made for
each P-Number and Group Number combination of base metals, even
though procedure qualification tests have been mase for’ each of the two
base metals welded to itself. If, however, the procedure specification for
welding the combination of base metals specifies the same essential
variables, including electrode or filler metal, as both specification for
welding each base metal to itself, such that base metals in the only
change, then the procedure specification for welding the combination of
base metals is also qualified. In addition, when base metals of two
different P-Number Group Number combination are qualified using a
single test coupon, that coupon qualifies the welding of those two P-
Number Group Numbers to themselves as well as to each other using the
variables qualified. This variable does not apply when impact testing of
the heat- affected zone is not required by other Sections.
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QW-400.2 S- Numbers (Non- Mandatory)
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QW-QB-422 Ferrous P-numbers and S-Numbers

Grouping of Base metals for qualification

Mlinimimm Welding Brazing
Speciiied

Spec Type ar UkS Temsle, ks Geoup P- L Hominal Prodect

Mo, Erace Mo, [ Mo {11} Hao. Ho. Mo Lompostion Form
SA-35 . KD24a00 2B 1 “a e Flale
A3 Type F - 4B 1 1ol o Furrice weided (Wpe
SA-53 Tupa 3, Gr, & Fazsiee 4B 1 m Smls pie
2A.A% Typr E, Gr. A KO2ma LT 1 sl FasiFance waided pipe
A5 Tepe E, Gr. B KA 2005 i 1 11 - Rexlstanrs welded pipe
5a-5% Type 5, Gr. B KAOZ00S =113 1 161 Sinl pipe
SA-10E . KOF50q rel m Plpe flange
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F- Numbers - QW-430
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QW-432.1 Steel and Steel Alloys

QW-432.2 Aluminum and Aluminum — base Alloys

QW-432.3 Copper and Copper- Base Alloys

QW-432.4 Nickel and Nickel- Base Alloys

QW-432.5 Titanium and Titanium Alloys

QW-432.6 Zirconium and Zirconium Alloys

QW-432.7 Hard-Facing Weld Metal Overlay
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QW-432- F- Numbers
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F-No.

ASME Specification
Steel and Steel Alloys

SFA-5.1
SFA-5.4
SFA-5.5
SFA-5.1 & 5.5
SFA-5.1 & 5.5
SFA-5.1

SFA-5.4 other than austenitic and
duplex

SFA-5.5

SFA-5.4 (austenitic and duplex)
SFA-5.2

SFA-5.9

SFA-5.17, SFA-5.18
SFA-5.20

SFA-5.22, SFA-5.23
SFA-5.25, SFA-5.26
SFA-5.28, SFA-5.29
SFA-5.30

Continued....

AWS Classification

EXX20, EXX22, EXX24, EXX27, EXX28
EXXX(X)-25, EXXX(X)-26

EXX20-X, EXX27-X

EXX12, EXX13, EXX14, EXX19, E(X)XX13-X
EXX10, EXX11, E(X)XX10-X, E(X)XX11-X
EXX15, EXX16, EXX18, EXX48

EXXX(X)15, EXXX(X)16, EXXX(X)17

E(X)XX15-X, E(X)XX16-X, E(X)XX18-X
EXXX(X), EXXX(X)16, EXXX(X)17

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

IN Ms-X, IN 5XX, In 3XX(X)




SFA-5.1
SFA-5.2
SFA-5.3
SFA-5.4
SFA-5.5
SFA-5.6
SFA-5.7
SFA-5.8
SFA-5.9
SFA-5.10
SFA-5.11
SFA-5.12
SFA-5.13
SFA-5.14
SFA-5.15
SFA-5.16
SFA-5.17
SFA-5.18
SFA-5.20
SFA-5.21
SFA-5.22

SFA-5.23

Section Il Part C SFA-Numbers

Carbon Steel Electrodes for Shielded Metal Arc welding

Carbon and Low Steel Rods for Oxyfuel Gas Welding

Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding
Stainless Steel Electrodes for. Shielded Metal Arc Welding

Low — Alloy Steel Electrodes for Shielded Metal Arc Welding

Covered Copper and Copper Alloy Arc Welding Electrodes

Copper and Copper Alloy Bare Welding Rods and electroes

Filler metal for Brazing and Braze Welding

Bare Stainless Steel Welding Electrodes and Rods

Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods

Nickel and Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding
Tungsten and Tungsten Alloy Electrodes. For Arc Welding and Cutting
Solid Surfacing Welding Rods and Electrodes

Nickel and Nickel Alloy Bare Welding Electrodes and Rods

Welding Electrodes and Rods for Case Iron

Titanium and Titanium Alloy Welding Rods and Electrodes

Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

Carbon Steel Filler metals for Gas Shielded Arc Welding

Carbon Steel Electrodes for Flux Cored Arc Welding

Composite Surfacing Welding Rods and Electrodes

Stainless Steel Electrodes for Flux Cored Arc Welding and Stainless Steel Flux Cored Rods for Gas

Tungsten Arc Weling
Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding



QW-432 F-Numbers
Grouping of Electrodes and Welding Rods for Qualification

F-No. ASME Specification AWS Classification
Steel and Steel Alloys

1 SFA-5.1 EXX20

1 SFA-5.1 EXX22

1 SFA-5.1 EXX24

1 SFA-5.1 EXX27

1 SFA-5.1 EXX28

1 SFA-5.4 EXXX(X)-25

1 SFA-5.4 EXXX(X)-26

1 SFA-5.5 EXXX20-X

1 SFA-5.5 EXXX27-X

2 SFA-5.1 EXX12

2 SFA-5.1 EXX13

2 SFA-5.1 EXX14

2 SFA-5.1 EXX19

2 SFA-5.5 E(x)XX13-X

3 SFA-5.1 EXX10

3 SFA-5.1 EXX11

3 SFA-5.5 E(X)XX10-X

3 SFA-5.5 E(X)XX11-X

4 SFA-5.1 EXX15

4 SFA-5.1 EXX16

4 SFA-5.1 EXX18

4 SFA-5.1 EXX18M

4 SFA-5. EXX48

4 SFA-5.4 other than austenitic and duplex EXXX(X)-15

4 SFA-5.4 other than austenitic and duplex EXXX(X)-16

4 SFA-5.4 other than austenitic and duplex EXXX(X)-17




Section I1- C Filler Metals AWS s susis p oljdd o Lwbiis

GMAW SFA-5.18 Electrode Classification
ER 70 S X
Electrode/ Rod Solid Wir?
(C=Composite)

Tensile Specific
Strength in Chemical
KSI Composition



Welder Qualification Test

Qualified with

Qualified Fur

Any F-No. 6
Any F-No. 21 through F-No. 25

Any F-No. 31, F-No. 32, F-No0.33, F-
No. 35, F-No. 36, or F-N0.37

F-No. 34 or Any F-No0.41 through F-
No. 45

Any F-No. 51 through F-No. 54
Any F-No. 61
Any F-No. 71 through F-No. 72

Note:

Any F-No. 6 [Note (1)]
Any F-No. 21 through F-No. 25

Only the same F-Number as was used
during the qualification test

F-No. 34 and all F-No. 41 through F-
No. 45

All F-No. 51 through F-No. 54
All F-No. 61

Only the same F-Number as was used
during the qualification test.

(1) Deposited weld metal made using a bare rod not covered by an SFA specification but
which conforms to an analysis listed in QW-442 shall be considered to be classified as F-

No 6.
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QW-422
A-Numbers

Classification of Ferrous Weld Metal Analysis for Procedure Qualification

Analysis, % [Note (1)]

A-no. Type of Weld Deposit C Cr Mo Ni Mn Si
1 Mill Steel 0.20 1.60 1.00
2 Carbon — Molybdenum 0.15 0.50 0.40-0.65 1.60 1.00
3 Carbon (0.4% to 2%) — Molybdenum 0.15 0.40-2.00 0.40-0.65 1.60 1.00
4 Carbon (2% to 6%0)- Molybdenum 0.15 2.00-6.00 0.40-1.50 1.60 2.00
5 Carbon (6% to 10.5%)- Molybdenum 0.15 6.00-10.50 0.40-1.50 1.20 2.00
6 Carbon — martensitic 0.15 11.00-15.00 0.70 2.00 1.00
7 Carbon - Ferritic 0.15 11.00-30.00 1.00 1.00 3.00
8 Chromium- nickel 0.15 14.50-3.00 4.00 7.50-15.00 2.50 1.00
9 Chromium- Nickel 0.30 19.00-30.00 6.00 15.00-37.00 2.50 1.00
10 Nickel to 4% 0.15 0.55 0.80-4.00 1.70 1.00
11 Manganese- Molybdenum 0.17 0.25-0.75 0.85 1.25-2.25 1.00
12 Nickel — Chrome- Molybdenum 0.15 1.50 0.25-0.80 1.25-2.80 0.75-2.25 1.00
Note:

(1) Single Values shown above are Maximum.
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Base Metals used for Procedure Qualification
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QW — 250 ff Samples

Paragr. Brief
QW 402.1 Groove Design  ———— Nonessential Variable

No new PQR, just WPS Revision
QW -403.11 P-No. qualified Essential Variable

SA-516 Gr. 60 P-No. 1
SA-240-360 L P-No.8 =~ NewPQR, new WPS

QW 403.5 Group number qualified Supplementary Essential Variable

SA-516 Gr.60 P-No.1 Gr.1 Construction Code:
SA-516 Gr. 70 P-No.1 Gr.2 — . Impact testing: new PQR, new WPS

= No Impact test: do not consider




POR _: P No £k

Base Metal (s) Used for Procedure
Qualification Coupon

One metal from a P-Number to any metal
form the same P-number

One Metal from a P-Number to any metal
from any other P-Number

One metal from P-No. 3 to any metal from
P-No. 3

One metal from P-No. 4 to any metal from
P-No. 4

One metal from P-No. 5A to any metal
from P-No. 5A

One metal from P-No. 5A to a metal from
P-No. 4 or P-No. 3, or P-No. 1

One metal from P-No. 4 to a metal from
P-No. 3 or P-No.1

Any unassigned metal to the same
unassigned metal

Any unassigned metal to any P-Number
metal

Any unassigned metal to any other
unassigned metal

Base Metal Qualified

Any metal assigned that P-Number

Any metal assigned the first P-Number to
any metal assigned the second P-Number
Any P-No. 3 metal to any metal from P-No.
3orP-No. 1

Any P-No. 4 metal to any metal from P-Nos.
4,3, 0rl

Any P-No. 5A metal to any metal from P-
Nos. 5A, 4, 3, or 1 metals

Any P-No. 5A metal to any metal assigned to
P-No. 4, or P-No. 3, or P-No. 1

Any P-No. 4 metal to any metal assigned to
P-No. 3 or P-No. 1
The unassigned metal to itself

The unassigned metal to any metal assigned
to the same P-Number as the qualified metal
The first unassigned metal to the second
unassigned metal
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QW-432 — F-NUMBERS
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No

ASME Specification Steel and Steel
Alloys

SFA-5.1

SFA-5.4

SFA-5.5

SFA-5.1 & 5.5

SFA-5.1 & 5.5

SFA-5.1

SFA-5.4 other than austenitic and duplex
SFA-5.5

SFA-5.4 (austenitic and duplex)
SFA-5.2

SFA-5.9

SFA-5.17, SFA-5.18

SFA-5.20
SFA-5.22, SFA-5.23
SFA-5.25, SFA-5.26
SFA-5.28, SFA-5.29
SFA-5.30

AWS Classification

EXX20, EXX22, EXX24, EXX27, EXX28
EXXX(X)-25, EXXX(X)-26

EXX20-X, EXX27-X

EXX12, EXX13, EXX14, EXX19, E(X)XX13-X
EXX10, EXX11, E(X)XX10-X, E(X)XX11-X
EXX15, EXX16, EXX18, EXX48
EXXX(X)15, EXXX(X)16, EXXX(X)17
E(X)XX15-X, E(X)XX16-X, E(X)XX18-X
EXXX(X)15, EXXX(X)16, EXXX(X)17

All classifications

All classifications

All classifications

All classifications

All classifications

All classifications

All classifications

All classifications

IN MS-X, IN 5XX, IN 3XX(X)
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Limits of Qualifications for Procedures
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ASME Code Section I X

Qualification of a welder: &yl dn o
Selection of welders s g bl
Selection of welding variables, i.e. K9 sl prio 38,5 ,lai o
Distinguishing of positions Candg 58,5 adive
Distinguishing of pipe diameters Jol o 0,5 jatine
Distinguishing of used F-Numbers g Joiae b 5g,x53 F-Number

of filler metals Etc.
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Data
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\ Testing (VT and 2

_—" bend tests or RT)

Welding of test coupons



QW-423 Alternate base Material for welder Qualification
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Base Metal (s) for Welder
Qualification

P-No. 1 through P-No. 11,

P-No. 34, or P-No. 41 through P-
No. 47

P-No. 21 through P-No. 25

P-No. 51 through P-No. 53 or P-
No. 61 through P-No. 62

Qualified Production Base
Metal (s)

P-No. 1 through P-No. 11, P-No.
34, P-No. 41 through P-No. 47
and unassigned metals of similar
chemical composition to these
metals

P-No. 21 through P-No. 25

P-No. 51 through P-No. 53 and P-
No. 61 through P-No. 62
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with
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without
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F-No. 5
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Backing
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without
Backing

F-No. 1 with
Backing
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F- No.1 without
Backing

F-No. 2 with
Backing

F- No.2 without
Backing

F-No. 3 with
Backing

F- No. 3 without
Backing

F-No. 4 with
Backing

F- No. 4 without
Backing

F-No. 5 with
Backing

F- No. 5 without
Backing




Qualification of a Welding Procedure s, ceas ool

Drawing + Construction Code

Materials

Design

Impact testing

PWHT etc. RTC
WPS RTC
Essentials +
nonessentials i

Qualification

Date
Signature

Draft WPS
Range of RTC
Welding
Variables
Essentials and Welding of a test
nonessentials coupon from the
range
testing
PQR RTC || < —
Record of
Actual values ;
And results Documentation

Certification
Date Signature
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