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UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO

FACULTAD DE INGENIERIA
DIVISION DE EDUCACION CONTINUA

CURSO / MODULD

CALIFICACIONES

CONFORME A SECCION IX DEL CODIGDO ASME

Este curso / mddulo esta enfocado a la formacidn de profesionales qué deseen
desarrollarse en una de las actividades de mayor trascendencia en la industria
metalmecanica. El programa incluye temas de actualidad dictados por el Cadigo
ASME para aquelios productos metalicos que requieren de una atencion especial
durante Ia operacién de soldadura.

OBJETIVO GENERAL:

Proporcionar los conocimientos minimos requeridos para seleccionar el proceso(s)
de soidadura mas adecuado a las condiciones existentes, los metales base y de
aporte a utilizar, aplicacion de especificaciones de procedimientos de soldadura
caiificados (WPS / PQR) y calificacion de soidadores (WPQ / WOPQ) conforme a
los lineamientos establecidos en la Seccion 1X del Codigo ASME.

DIRIGIDO A:

El curso / médulo esta dirigido a firmas de ingenieria, fabricantes, compafiias de
inspeccion, empresas de consultoria, y en general a todos los ingenieros, personal
técnico y profesionistas que deseen especializarse o actualizar sus conocimientos
en estos temas del Codige ASME .



SECTION iX

WELDING QUALIFICATIONS



WELDING PROCESSES -
(Specifically addressed
by Section IX)

Orw PAW

SMAW ESW

SAW EGW

GMAW EBW

FCAW Stud welding
- GTAW

SPECIAL WELDING
PROCESSES IN SECTION IX

. Corrosion-Resistant Weld Metal Overiay

. SMAW
SAW
. GMAW
. GTAW
PAW

(DD.(')_D"N

. Hard-Facing Weld Metal Overlay (Wear Re.éistant)

a. SMAW
b. SAW
c. GMAW
d. OFW
e. PAW

1.11



SECTION IX ADDRESSES ONLY

THREE TYPES OF WELDS

1. QROQOVE WELDS
U QROGVE

J GROOVE
V GROOVE

PARTIAL PENETRATION
ETC.

2. FILLET WELDS
3. STUD WELDS

e oe

5

— 4 e \2_
GROOVE WELD

IR®

. ROQT OPEMNING: The separation between the member to
or QAP be joined at root of the joint.
2. ROOT FACE: Groove face adjacent to the root of the joint.
5. GROOVE FACE: The surface of a member included in the groove.
4. BEVEL ANGLE: The angle formed between the prepared surface of

a member and a plane perpendicular to the surface
of the member.

. GQROOVE ANGLE: The total included angle of the groove between parts
to be joined by a groove weld.

. PLATE THICKMESS: Thickness welded of test piate or production weld-
ment. Usually indicated by “T"".

1.12



SHIELDED METAL ARC WELDING (SMAW)

ELECTRODE
HOLDER

POWER
SOURCE

ELECTRODE
LEAD

L
BASE METAL

WO RK LEAD / Hobart Brolhers Company
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FROM ELECTRODE COATING
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“= COATING

ELECTRODE
~ WIRE
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/

BASE METAL ! Hobar Brathars Company
SHIELDED METAL ARC WELDING




GAS METAL ARC WELDING (GMAW)

FEED
CONTROL WIRE  SHIELDING
HAND - GAS OUT @ ¥ spooL GAs |
SOURCE
HELD
GUN ‘
QY
GUN TR
CONTROL -— I
(2)11s) —
VOLTAGE
-
210, “CONTROL

§ Ogo

S T roven

. ——e POWER SOURCE

Hobart Brothers Company



MOLTEN SHIELDING
WELD METAL GAS
SOLIDIFIED > »
WELD METAL ~METAL

4 > ELECTRODE BASE METAL

‘lnl

_

GAS METAL ARC WELDING

Hobart Brothers Compony
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GAS TUNGSTEN ARC WELDING (GTAW)

INERT
GAS POWER
SUPPLY  SOURCE
FILLER ~ TORCH : ’ )
= 00 O

4

A 0.0

4 291
BASE DRAIN F—GAS | l— l _

METAL \ -

A - )
FOOT PEDAL [ f J
(OPTIONAL) WORK ELECTRODE LEAD  Hovart Brotners Company
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DIRECTION
OF TRAVEL

WELDING
TORCH

GAS \' %

MOLTEN WELD &~ %

METAL

N
[ souDiFiED //l\ _. -
L WELD METAL SqlByY

BASE METAL A
e

Hobart Brothers Company

GAS TUNGSTEN ARC WELDING .




SUBMERGED ARC WELDING (SAW)

HAND-HELD FLUX
GUN HOPPER CONTROL POWER
SYSTEM SOURCE
3. 0
|
AUTO-TORCH
BASE METAL —» mi 4 FLUX
&= Hobart Brothers Company
¥
-



DIRECTION
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FLUX CORED

ARC WELDING (FCAW)

CONTROL ELECTRODE
' SYSTEM WIRE REEL
?223 SHIEDULING GAS
CONTROL ————P@ =4 SOURCE (OPTIONAL)
ShaE s . FRE *
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CONTROL >/ 156 CONTROL bl
[©Xe) f—;_'w o
o touT X QL Ol
GAS WIRE FEED Loy
DRIVE MOTOR [ i !
LK @ E L
WITH GAS -
CONTACTOR = '—‘:‘—‘/"v\:g‘gng
—— CONTROL
BASE METAL = 11ov SUPPLY
WORK LEAD

Hobart Brothers Company
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DIRECTION OF
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FILLET WELD

1 A. THROAT OF A FILLET WELD: The shortest distance {rom the root of the fillet

(by AWS) - weld to its face. Design throat = .707 x leg.
1B. THEORETICAL THROAT: The shortest distance from the intersection of the

{by ASME} two adjoining members to the f{illet weid face.
2, LEG OfF A FILLET WELD: The distance from the root of the joint to the toe of the fillet weld.
3. ROOT OF WELD: Deepest point of useful penetration in a fillet weld. S S
4. TOL OF A WELD: The jinction between the face of a weld and the base metal, o éfz 0%
5. FACE OF WELD: The exposed surface of a weld on the side from which the weiding Belaetase

was done.

6. SIZE OF WELD(S): " Leg length of the fillet. Usually what is on drawings.

PROCEDURE QUALIFICATION
RECORD (PQR)

Record of the actual values of the essential variables (and other
variables if desired) used when welding a test coupon.

PQR CONTENTS

Verifies mechanical properties of the weld by destructive test
Is intended to provide proof of weldability
Lists actual variables used in making test sample

All essential variables for each process and test result must be listed.

1.13 Ta -z
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WELDING PROCEDURE SEEERICATION
&D (WPS)

= Documents written (& qualified) to provide direction for making
production welds to Code requirements (could be more than one
piece of paper)
« [ntended to praovide direction to those individuals responsible for
" complying with the welding requirements.
< May be used to provide direction to the welder or welding operator.

WPS

Lists acceptable ranges (minimums or maximums) for all parameters
References supporting PQRs

Lists all essential and non-essential (supplementary essential variables
if notch toughness applies)

Provide much more detailed description as a true quide for the welder
and as a good reference for the foreman and Inspector

1.14



JOINT PREPARATIONS
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JOINT PREPARATIONS

‘

SQUARE GROOVE

SQUARE GROOVE

0 7O 1/8—— | Fove T
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STANDARD WELDING SYMBOLS*

The weld symbols presented here have been
standardized and adopted by the American Welding
Society. Like any systematic plan of symbols, they
guickly describe to the designer, draftsman, produc-
tlon supervisor, and weldor the weld that will
develop the required joint or connection strength

and meet the prevailing in-service performarnce re-

quiremants.

A welding symbol consists of basic elements.
Thes= elements .can be joined in various combina-
tions to denote any type of weld needed for any
type of joint. The condensed summary presented
here identifies these elements and will serve as a
ready reference for those associated with a welding
program.

Since fillet welds and simple butt welds com-
prise 95 percent of most work, it is wise to initially
lir" the use of the symbols to just these types of
w Later on, after the draftsmen and shop per-
sonnel learn to communicate with the symbols,
additional, rarely used symbols can be introduced to

TYPES of JOINTS

bt T3
Tae ,__D_, @
) SR |

{:©

Cornar L
Sl e

Edge | ®

aid in detailing special welds.

Adoption of this uniform systemn of symbols will
assure that the correct welding instructions are being
transmitted to all concerned with the work. This can
help to cut drafiing time and reduce shop costs
arising from misinterpretation of instructions. In
addition, since this system is in general use today, it
simpiifies the transmission of this type of informa-
tion to outside suppliers.

In a joint, the adjoining members may contact
each other in several ways, as illustrated by the butt,
T, corner, lap, and edge joints. These general
descriptions of the joint geometry, however, do not
define the weld joint configuration, since it can be
made in various ways. Thus, a welded butt joint can
be made square, double-square, single-bevel, double-
bevel, single-V, double-V, or by four other joint
configurations. A T connection can be made with a
double fillet, as shown: or it may be made with a
single or double bevel or single or double J. Vand U
weld joints are feasible only for butt and corner
welds because of the need for the preparation of
both surfaces.

TYPES of WELDS

. Single Double

Fillet ﬂ

{ 1

Square

==

Bevel

b L 2

Groove

HRVa
Groove

N AVE
Groove

PiN

L
(K3
X
LK
L4

*From the American Welding Society “Standard Welding Symhbols A2.0-68."" For a complete copy, order from Ameri-
can Welding Sociely, 2501 N.W, Tth Street, Miami, Florkla 33125,




AMIERICAN WELDING SOCIETY
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A document prepared (and qualified) to .providfa direc‘tion fgr

making

production weids.

10.

FIVE STEPS TO A
QUALIFIED WPS

. Write a sample WPS.

Weld a test coupon using the WFS.
Prepare test specimens.

. Evaluate test results.

. Document results on a PQR and certify.

[, T~ S B N I

THINGS FOR A MANUFACTURER
TO CONSIDER PRIOR TO WELDING

. Compatability of weld metal and base material.
. Metallurgical properties.

. PWHT or other heat treatment.

. Design of joints and loadings.

. Desired mechanical properties.

. Service requirements.

. Welder’s ability.

. Equipment available.

. Location of welds.

Ecomony.

V-4



MANUFACTURER’S RESPONSIBILITIES
FOR RECORDS

Qualify WPS(s)
Maintain WPS(s) and PQR(s)
PQR includes welding data and test results

All welding test coupons shall be by welders under direct control
of manufacturer

' Certify PQR

Certify that he has qualified each WPS

CONTENTS OF WPS

Essential variables.

Mon-essential variables.

Supplementary essential variables. (When impacts are required).

Other information if desired.

3.2



PROCEDURE QUALIFICATION
RECORD: (PCR)

« Modifies or justifies the WPS.

« Support document that documents the results of welding and
testing & coupon. '

CONTENTS OF PQR

* Essential variables
¢ Supplementary essential variables. (When impacts are required).
* Other information if desired.

"NOTE: Only actual information shall be documented. If it wasn‘t

observed it should not be recorded. (i.e. — actual amps, volts,
position, etc.)

FIRST: Unqualified WPS
SECOND: The PQR or PQRs

THIRD: The Qualified WPS

NOTE: A manufacturer must have a WPS. This document (or set
of documents) shall describe the parameters to be used for welding.
A WPS may reference production drawings to cover some variables.
If all information required by the WPS is on production drawings.
the production drawings may be called the “WPS.”

A Code “WPS"" may be many pieces of paper or documents. They

must be controlled but if ali variables are addressed... the Code
requirements are met

3.3 V-



YOU DON'T REQUALIFY A
PROCEDURE, YOU QUALIFY
A NEW PROCEDURE
QUALIFICATION RECORD.

HOWEVER, A W.P.S. NEED ONLY
BE REQUALIFIED WHEN:

* AN ESSENTIAL VARIABLE CHANGES OR,

« THERE 1S HEASON TO QUESTION TO QUESTION
iT'$S VALIDITY,

3.4
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3

4

5

THE W.P.S DESCRIBE

. THE ESSENTIAL VARIABLES.
. THE NON-ESSENTIAL VARIABLES.

. THE SUPPLEMENTARY ESSENTIAL
VARIABLES.

. ANYTHING ELSE USEFUL TO THE
WELDER.

. IT LISTS THE ACCEPTABLE RANGES
70 BE FOLLOWED.

3.11

S
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QUALIFYING A WPS

WRITE AN UN- ESTABLISH WELD THE MONITOR ALL
QUALIFIED TEST COU- COUPQON ESSENTIALS
WPS AROUND PON SIZE USING UN- r VARIABLES
JOB PARAME- ——— QWw-461, QUALIFIED AND RECORD
TERS. WATCH 462, 463.  PARAMETERS THE ACTUAL
VARIABLES Qw-210, VALUES ON
aw-260, 260, 260, 2860. THE PQR QW
: 200.2.
s RECOMMEND
ALSO RE-
EVALUATE MAKE RE- CUT WELD _T CORDING NON
RESULTS TO  — QUIRED — TEST cou- ESSENTIAL
ARTICLE | TESTS PER PONS INTO VARIABLES
ACCEPTANCE QW-461 SPECIMENS
8STANDARDS Qw-482, ‘
Qw-160, 180 463. RECORD SuUfP-
PLEMENTARY
l — ESBENTIAL
VARIABLES IF
APPLICABLE

' CERTIFY PQR

l

USE WwP3 FOR
PROOUCTION

CEATIFICATE HOLDER
APPROVES WPS

COMPARE UNQUALI-
FIED WP8 EBSENTIAL

(AND BUPPLEMENTARY (A) ON WPS3 ~
ESGENTIAL, IF AP- R OR

PLICABLE) VARIA~ {B} ANOTHER QC-TYPE
BLES WI(TH REQULTS DOCUMENT

OF PQR TO ABBURE
COMPLIANCE TO X,

3.12



ANAECOCHARNICAIT TEQTQ
IVILLALT IMININ ML T D
FOR A W.P.S.

1. 2 TENSILE TESTS MINIMUM.

2. 4 BEND TESTS MINIMUM.
a. SIDE BENDS FOR 3/4°
AND GREATER.
b. FACE & ROOT BENDS FOR
'LESS THAN 3/ 8"
c. YOUR OPTION FOR ‘3/8" TO
LESS THAN 3/ 4°.

3. THE MATERIALS TESTED MUST BE
ONE OF THOSE LISTED ON THE
W.P.S.

3.13
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Q\Y-450 . SPECIMENS
Q\WY451 Groove-Weld Procedure Quallfication Thickness Limlts and Test Specimens

aw-451.1
TENSION TESTS AND TRANSVERSE-BEND TESTS
Range of Thickness T Thicknets ¢ of Deposived Weld
of Base Metal Quahhed, in. Metal Qualified, in, Type and Humber of Tens Required
(Hote (1)) INote (1)) (Tension and Guided-Bend Tests)

Thickness T of Test Tension Side Bend Face Bend Root Bend

Coupon Welded, ., Mia Max - Mar, aw-150 Qw-160 Qw160 Qw-100
Less than by, T T 2 2 .. 2 2
e Y0 Y%, wal Yie ar i ’ 2 Hole 13 2 2
Over 1% bul less than Y, Yis 7 HY ? Naote (1) 2 2
Y, 10 less than 3 Y, Y T 2t when t ¢ Y, 2 4
Y, Lo leys ihan 1Y, Y 2r 27 when t 2 Y, 4 4
1Y, and over Yiw 8 {2} 2 when £ < Y 4 4
1% and over Yie 8 (23 B {2) when t 2 Y, 2 4
NOTES:
11) See QW-403 12, .3, &, 9, .101 and QW-407.4 for further Limits on range of thicknesses qualified. Also see QW-202.2 for allowable

exceplions . '

(2) Fat the welding processes of QwW-401.7 only, olherwise per Mote (1) or 2T, or 2(, whichever is applicable.
£3) Four side bend terts may be subsiiiuted for the sequired lace- and root-bend Lesty, when thickness T s ¥ In. and over,



TYPES OF TESTS ARE BASED ON
COUPON THICKNESS

¢ [f coupon is over 1’ thick, multiple specimens may be cut
(mechanically)

* Twice as many specimens are required

* Special exception for pipe 3 OD or less

TYPES OF TENSION TESTS

1. REDUCED SECTION --- PLATE
2. REDUCED SECTION --- PIPE
3. TURNED SPECIMEN

4. FULL SECTION --- PIPE



Discard

b . — e ]

Reduced-section

b o s v —

Qiscard

"~ Treeeend || e
et T | ecmen |
oo 1| seecmen |
T e || seecimen |

T — o ——— —— —

T ——

this prece

—— e e ma — e

chis pece ]

W4

QwW=463.1(a) PLATES — ¥, TO 34 IN.
PROCEDURE QUALIFICATION

—— — o — — — — —

Duscard

T Sidevena | | specimen |
glinglegalipediglieplegdie g ...—..J b=l —_E'_—_:—_—...—:.::
Side-bend pecimen

tgecimen
— o — —— = —
this puece

this piece

\VA

QW-463.1(b) PLATES — OVER 3 AND
ALTERNATE 35 TO 34 IN.
PROCEDURE QUALIFICATION

3.16
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1986 Edition DATA — GRAPHIC

QW-463  Order of Remaval (Coat'd)

0 ae "1
t

Aeduced-section
tensile

5 829

<

Face bend
Root bend

~

N

Horizontal plane
{when pipe is welded
- K -
in harizantal
fixed posi(ionl
]

Root hend
Face bend

Reduced-section
tensile

Pipez - 1/16 to 3/4 in. Thickness

QW-463.1(d) PROCEDURE QUALIFICATION

&0 ¢eg-"| / Reduced-section
aed” .
49

1erisile
Side bend <

Side bend

Harizontal plane
{when pipe 15 welded

in horizontal fixed

position}
SN

]
Side bend %ide bend

Reducedsection
entiie

Pipes - Qver 3/4 1n. Thickness and Alternate
From 3/8 in. but Less Than 3/4 in Thickness

Qw-463.1{e) PROCEDURE QUALIFICATION

QW=363.1(d), QW-463.1(¢)

J-18
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Discard

_./'JF

R

‘L/.r‘—
e—"" |

iscard

N/

Longitudinal
face bend
ipecimen

Reguced-secuion
tensde specimen

Longitudinal
foatbend
specimen

Longiiudrmat
fate-bend
specimen

Reduced-secuion
tentiie specimen

Lengrudinal
reot-bend
specCimen

QW-463.1(c) PLATES — LONGITUDINAL
PROCEDURE QUALIFICATION

3.17
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QW-462-QW-462.1{(a) SECTION IX — PART QW, WELDING - 1986 Edition

QW-462  Test Specimens are to be considered approximate. All welding p‘ro-
cesses and filler material to be qualified must be

The purpose of the QW-462 figures is to give the included in the test specimen.

manufacturer or contractor guidance in dimensioning

test specimens for tests required for procedure and ' x =coupon thickness including reinforcement
performance qualifications. Unless a minimum, maxi- y =specimen thickness

mum, or tolerance is given in the figures (or as QW- T =coupon thickness excluding reinforcement
150, QW-160, or QW-180 requires), the dimensions W =specimen width, ¥% in. .

4

Weid reinfarcement shall be
machined flush with base
metal. Machine minumum

amount to obtain approx. —_—
p— —— cp—
paraliel surfaces. V

) _ ———-——\ ’j‘ Distortion
1

- 10 in. ar a3 required ——————#~
Cold straightening

of the test coupon

Length sufficient
to extend into grip

y . is permitted prior I to herd
equa two-thirds
. to removasl of weid .
| | 1/4 in, reinfarce . ,-Q———-—b- grip leagth
1
|
H
|

» ., S g

7
#/ These edges may . Edge of widest
' be thermally cut. face of weld
T —
\
Q 1/4 in, 1/4 in, = = L— -I rf— —{— 1/4in. -

JAY
’é \ t— Parailel length equals
':I\ widest width of weld
=Y .
:9\ ptug 1/2in.

added length.

o

This section machined
preferably by mulling

Qw-462.1(a) TENSION — REDUCED SECTION — PLATE



1986 Edition DATA — GRAPHICS QW-462.1(b), QW 462, 1(c)

QW-462 Test Specimens (Cont’d)

P
Grind or machine the minimum [_ \ j l

amount needed 1o obtain plane — — — T — — '__;'_V— T =
parallel faces over the reduced
section W. No more materal
han i3 needed 1o perform the
test shall be remowved.,

( On ferrous material
j these edges may be
thermally cut.

t
10 in, or as required . \

M— i N Jp—

B 7
Edge of widest
» face of weld
L A R e
N *”4 - 1/4 in. _‘—114 in.
This section machined

preferably by milfing

1
n, ﬂfhfn

QW-462.1(b} TENSION — REDUCED SECTION — PIPE

=~
x L —\ ] ] T iNotett))
————— gl T — ——
f Reduced section 3 1, min }
[Note (2)]
1/2in,

[ e i I D

1-1/16 .

Edge of widest face of weld

NOTES:

(1) The weld reinforcement shall be ground or machined so that
the weld thickness does not exceed the base metal thickness
7. Machine minimum amount to obtan sppraximately par-
altel surfaces.

(2) The reduced section shali not be tess than the width of the

weld plus 2y.

QW-462.1(c} TENSION — REDUCED SECTION
ALTERNATE FOR PIPE

3.19



TENSION TEST
ACCEPTANCE CRITERIA

. MINIMUM STRENGQTH OF THE BA3E MATERIAL.
. MINIMUM STRENGTH OF THE WEAKER MATER(AL

IF DIFFERENT MATERIALS ARE USED.

. MINIMUM STRENGTH OF THE WELD METAL IF

THE BASE MATERIAL AND THE FILLER MATERIAL
HAVE DIFFERENT B8TRENGTHS AT DEBIGN
TEMPERATURE.

. IF THE BREAK OCCURS IN THE BASE MATERIAL,
AWAY FAROM THE HEAT AFFECTED ZONE, THE
CRITERIA MAY BE &% BELOW THE MINIMUM
STRENGTH OF THE BASE MATERIAL.

V- 19



QW62.1(d), QW-462.1(¢}

SECTION IX — PART QW, WELDING

hat— €y -]

QW-462  Test Specimens (Cont'd)
D — R
fnnr s et (11T
1T T T
Weid
Bttt A e et B

1986 Edition

Standard Dimensions, in.

{a}
0.505 Specimen

{b}
0.253 Specimen

(e}
0.252 Specimen

dy .
0.188 specimen

A — Length of reduced section
0 — Diameter

R — Radws of fillet

8 — Length of end section

C — Diameter of end section

[Note {1})
0.500 =0.010
3/8, min.
1-3/8B, approx.
3/4

[Note (1}]
0.350 =0.007
114, min
1-1]8, approx.
142

{Note (1))
0.250 =0.005
A116, min,
118, approx,
3i8

{Nate {1)]
0.188 =0.003
118, men.
112, approx.
114

GENERAL NOTES:

(a) Use maximum diarmneter specimen {a), {b}. (¢}, or {d} that can be cut from the section.
(b} Weld should be in center of reduced section.
(c} Where only a single coupon 1s tequired the centar of the specimen should be midway between the surfaces.

{d} The ends may be of any shape to fit the holders of the testing machine in such a way that the load is applied axialty.

NOTE:

(1) Reduced section A should not be less than width of weld plus 20.

QW-462.1(d) TENSION — REDUCED SECTION — TURNED SPECIMENS

wWeld reinforcement shall be
machined flush with base metal,

NPT TR
o 11 RN
:\\‘\.' TR AN
‘\-\-\ BN N
N 4 L A

YT rrrrs

.
\L_

Y T T Y T P TT I TIT YT

{

P

*‘\‘“‘““{r‘:‘:\

YT R  Tr T T,

DIAMETER PIPE

3.21

mn

QW-462.1(e) TENSION — FULL SECTION — SMALL



1986 Edition DATA — GRAPHICS Qw4622
v
QW-462  Test Specimens (Cont’d)
i w {in)
[~ {18} For procedure qualification of materials other than P-No. 1 in T, in. y.an. P-No. 23,
QAW-422 if the surfaces of the side bend test specimens are gas cut, F-No. 23, or All other
removal by machining or grinding of not less than 1/8 in. from the | 3/8 to 1-1/2, T p.No. 35 metals
surface shall be required, incl.
1/8 3/8
™ (1b) Such remaoval is not required for P-Na. 1 materials, but any > 1-1/2
resulting roughness shall be dressed by machining or grinding. (Note {1)] /8 38
it 4[
 — —
= {2} For performance qualification of all marerials in QW-422, if the x Y i
surfaces of side bend tests are gas cut, any resulting roughness shail T 1
be drested by machining or grinding.
1/8in. min. GENEHAL NOTE:
Weld reinforcement and backing strip or backing ring, if any, may be
=1 . .
N Bro.mun ———— | g AT IR M moved flush with the surface of the speciman. Thermal cutting,
iy il s < jhy machining, or grinding may be employed. Cold straightening is per-
mitted prior to removal of the reinforcement,

NOTE:
{1} When gpecimen thickness T exceeds 1-1/2 in., use one of the fal-
lowing.

equal dimengions (3/4 in. t0 1-1/2in.).
y = tested specimen thickness when multiple specimens are
taken from one coupon

jig width in QW-466.1.

QW-462.2 SIDE BEND

3.26

(a} Cut specimen into multiple test specimens y of approximarely

(b) The specimen may be bent at full width. See requirements on



BEND TESTS

Face Root
Bend Bend

Transverse Longitudinal
Side Bend Face Bend

GUIDED BEND
ACCEPTANCE CRITERIA

* No open defects in weld or Heat Affected Zone greater than 1/8”

» Cracks at corners may be ignored unless resulting from slag or
internal defects

3.25



'1986 Edition

Tapped hole to suit
testing machine

As required

aain V

Y a;..]:[

1/4 in.—'J

L _

34V

QW66

Plunger

T

I/4 in. [

Shoulders hasdered

and greaved
J/4in.

3 in. min.
2 in. min,

DATA — GRAPHICS

Test Jigs

Hardened rollers 1-1/2 in. diam,

QW-466, QW-466.1

may be substituted far [ig shoulders.

As required ——-‘

{
Ty
Bl

T Y

N

1
.

4 R

— 1/2in.

(29

=

3
fm———e {:3/4 In,

S o

=== 1-1/8 in.

\ 3 Y
Zin. —_— : Ln- [ D R
Yoke 7-1/2in, ——————ai
3-7/8 in. = 9 in. »
Thickness of .
Material Specimen, in. A in. 8. in. C in. D, in.
P-Na. 23 to P-No. 2X; P-Na. 2X with F-No. 23; P-No 35 18 2-1116 1-1132 2-318 1-3116
= 1/8 or tess 16-112¢ B-1/4¢ 18-112¢t + 1{16 9.114¢ +« 1132
P-Na. 11; P-No. 25 to P-Ng. 21 or P-No. 22 or P-No, 25 318 2142 1-1/4 3.3:8 1-11/16
¢t = 318 or less 6-2{31 3-173r B-213¢t + 1/8 4-113t + 1116
P.-No. 51 i/ 3 1142 3.7i8 1-15116
t= 3{8 or less 8t LY 100 + 18 5t + 1116
P-No. §2, P-Na. 61, P-No. 62 3i8 3-314 1-7i8 4-5/8 2-5118
r= 3/8 or tess 10¢ St T2t + 118 6¢ + 1116
All athers /8 .172 3i/4 2-318 1-3116
¢ = 38 or iess ar 2t 6r+ 1/8 Ir+ 1116
GENERAL NOTE For f-Numbers, see QW-422; for F-Numbers, see QW-432.
Qw-466.1 GUIDED-BEND JIG

3.28



QW=462.3(a), QW-462.3(b) SECTION IX — PART QW, WELDING 1986 Edition
QW-462 Test Specimens (Cont'd)

1-1/2 1n.

}‘——-8 n min_———-——--1 A = 1/Bin. max. v

} . . P-No.23.F-No.23.
,"V“ \,‘f." T, in. or P-No. 35 All ather metals
-T- y o 116 < 1/8 r T
[ \ Ix II—T(Plam} {Pipe) 1/8-3/8 1/8 T
~
e —— e —— - >3/8 1/8 38
Face-bend specimen - Plate and Pipe NOTES:

{1} Weid reinforcement and backing strip or backing ring, if any,
shall be removed flush with the surface of the specimen. tf a
recessed ring is used, this surface of the specimen may be
machined to s depth not exceeding the depth of the recess to

R=1/8in. max. remove the ring, except that in such cases the thickness of
the finished specimen thall be that specified above. Do not
fiame-cut nonferrous material.

{2] If the pipe being tested is 4 in. nominal diameter or less, the
width of the bend specimen may be 3/4 in._ for pipe diame-
ters 2 in. 1o and including 4 in. The bend specimen width
may be 3/8 in. for pipe diametars lezs than 2 in. down o and
including 3/8 in, and as an slternative, if the pipe being tested
is equal to or less than 1 in. nominal pipe size (1.315 in.

Root-band spacimens — Plate and pipe 0. D.}, the width of the bend specimens may be that obtained

by cutting the pipe into quarter sections, less an aliowsnce
for saw cuts or machine cutting. These specimens cut into
quarter sections are not required to have one surface ma-
chined flat as shown in QW462.3(al. Bend specimens taken
from tubing of comparable sizes may be handied in a s:imilar
manner.

ABT QW-462.3(a) FACE AND ROOT BENDS — TRANSVERSE?

1112 in.

r’—— Gin. min.——a-‘ R =1/8 in. max.
)
.

o —

[}
)
L]
1]
[}
|‘
m [ 4 -y
V. In,
LJ r
All Face Raat
P-No.23,F-No.23,] other Bend Bend
T,in, or P-No. 35 metals
1/16 < 1/8 T T
1/8-3/8 1/8 T
>3/8 1/8 3/8

NOTE:

{1} Weid reinforcements and backing strip or backing ring, if any,
shall be removed essentiatly flush with the undisturbed surface
of the base matenal. If 8 recessed strip is used, this surface of
the specimen may be machined to a depth not exceeding the
dapth of the recess to remove the strip, axcept that in such cases
the thickness of the finished specimen shall be that specified
abova.

QW-462.3(b) FACE AND ROOT BENDS — LONGITUDINAL?

V- 24

3.27



1986 Edition DATA — GRAPHICS QW-462.4{a)-QW-262.4(¢c)

QW-462  Test Specimens (Cont’d)

ol

4--

R : Size of fillet = thickness T r
Discard tin." /. 4" | of T, notgrester than ! 2
1. 4 in. 1/8 in. and less T
',_'_" 0 th K Over 1/8 in. Equal to or less than T,
Loy oy : but nat less than 1/8 in.
LR VISY ¢ ity ; /
) 1i v
iscard tr:z / P Y e / . ) ‘
i I e - Direction of bending -
I ~A 4 Lt LY ( /E T=3M6in. ‘
6in. A A o 10 3/8in. l
min s : Stop and restart
_L A e —————— weld near the
7 I 1 , ' center ’
T lt——6 un. "““'_"l Macro-Test Specimen
GENERAL NOTE:
Macro test — The fillet shall show fusion at

the root of the weld but nat necessarily
beyond the root. The weld metal and heat

affected zone shall be free of cracks. ' Max. fillet size = T Macro-Test
Qw-462.4(a) FILLET WELDS — PROCEDURE QW-462.4(b) FILLET WELDS — PERFORMANCE

Direction of bend

T = wall thickness

/— 1/4 section bend

Start and stop of weld
| near center of bend

/ ! L {
J / /2w min. | [
= ' ;
] I |

! L |
Max, fillet gsize = T ]
! _ . o |

Base metal thickness > T Wall thickness > T — |

GENERAL NOTE: Esther pipe-to-pilate or pipe-to-ppe may be used as shown.
ABG QW-462.4(c) FILLET WELDS IN PIPE — PERFORMANCE

- 23



GROOVE WELD TEST COUPON
QUALIFIES FOR

All fillet weid

(@) Thicknesses

{b) Sizes

(c) Diameters of pipe

{d) Within essential variables

(Note: Exceptionis P-11A groups 3, 4, 5 and P-11B which requires
special qualifications.)

FILLET WELD QUALIFICATIONS
(QW-451.3)

"« 1 Tee Fillet Test

* 4.5 Macro Etch Tests

FILLET PROCEDURES

Plate — 5 macro etches
Pipe — 4 macro etches

Acceptance: No visible cracks in weld metal or HAZ, full fusion at
the root and leg lengths shall differ by less than 1/8".

3.35



NEVER USE ARTICLE I
WHEN QUALIFYING WELDERS
OR WELDING OPERATORS

ONLY ARTICLE III APPLIES

WHO IS A WELDER?

One who performs a manual or semi-automatic welding operation.

PURPOSE OF QUALIFYING
A WELDER

To determirie the welder’s ability to deposit sound weld metal.



WHO IS A WELDING OPERATOR?

One who operates machine or automatic welding equipment.

PURPOSE OF QUALIFYING A
WELDING OPERATOR

To determine the operator’s mechanical ability to operate the weldin
equipment.

RESPONSIBILITIES OF MFG.
(FOR WELDERS)

» Conduct tests to qualify the welders to use one or more of mfg :
welding procedures that will be used on Code work.

* Test weld made under supv. and control of Mfg.

4.2



THE WELDER'S QUALIFICATION IS LIMITED BY
THE ESSENTIAL VARIABLES OF QW-350.

THE ESSENTIAL VARIABLES OF QW-350 DO NOT
APPLY TO WELDING OPERATORS.

WELDER RECORDS

e WPQ
¢ Continuity Log

e [.D. Log

V-3)



WELDER'S PERFORMANCE
QUALIFICATION RECORD

A WP.Q. IS A DOCUMENT FOR RECORDING
THE QUALIFICATIONS OF A WELDER OR
WELDING OPERATOR.

CONTENTS OF THE
WPQ

All applicable variables used by the welder to make a test coupon
Results of the tests

The ranges (when applicable) — some variables only have min.
or max. values) qualified.



CERTIFICATION OF
WELDERS

(a) Not specifically required in IX.

(b) However, recertification and QA/QC program reqmrements
strongly suggest this must be done.

Continued CERTIFICATION
OF WELDERS

* Must weld at least every 3 months.
* Must use each process at least every 6 months.

e Need not be on Code work.

Continued CERTIFICATION — EXAMPLE 1

* A welider is qualified on June 15, 1983 to use the SMAW process.
* The welder is qualified on July 30, 1983 to use the GTAW process.

If no welding is performed after July 30, when does this welder’s
SMAW qualification expire? QTAW?

Continued CERTIFICATION — EXAMPLE 2

SMAW process — June 15, 1983
GTAW process — July 30, 1983
SMAW process — October 15, 1983
'SMAW process — November 15, 1983

When does this welder's SMAW qualification expire? GTAW?



S’

TN\

WELDER'S LOG

WELDER A’

SMAW | Vs /es | Y /s Y fos s

GTAW | Ve fgs Y/SA’; "%/sfps

SAW | S//ss| 'Y /ks \/'/J’L
WELDER B

STAW |V fes | Yijgs s

aMAW| /i fes | T | 1% Jps|.
WELDER G

GMAW{ /s '%A?S

smaw | W /es




'~ PREPARATION OF TEST
COUPONS

Must use a WPS (qualified or unqualified)
Preheat not required
PWHT not required

Welders who qualify a WPS may use that WPS in production (fillet
welds are an exception)

P-11B WPS groove may not be used to make a P-11B fillet weld
but weider may be qualified. -

May be terminated if test appears to be unsatisfactory.

TYPES OF TESTS

. Mechanical

a. Bends
b. Macro/fracture

. Radiography

a. Only permitted by QW-304 or QW-305
b. 6" radiograph on plate or entire circumference of pipe

MECHANICAL TESTS
FOR WELDERS

* Plate groove test:
2 bend tests

* Pipe groove test:
1G or 2G — 2 bend tests
5G or 6G — 4 bend tests

¢ Plate fillet test:
2 — macro, 1 — fracture

* Pipe fillet test:
2 — macro, | — fracture

4.8



WHAT WOULD BE REQUIRED IF A

WELDER'S QUALIFICATIONS EXPIRE?

REQUALIFICATION OF

WELDERS

¢ When time limit expires
* When reason to doubt ability

* When outside limits of qualified ranges

RECERTIFICATION

1. THE WELDER MUST WELD EVERY THREE MONTHS.

2. THE WELDER MUST USE EVERY PROCESS AT LEAST
EYERY SIX MONTHS.

3. REQUALIFICATION IS BASED ON ONE COUPON.
IF SUCESSFUL, THIS COUPON WILL RE-ESTABLISH
THE WELDER'S QUALIFICATIONS FOR ALL THICKNESSES,
DIAMETERS ETC. FOR EACH PROCESS.



QW-463.2(d)-QW-463.2(f) SECTION IX — PART QW, WELDING 1986 Edition

QW-463 Order of Removal (Cont’d)

45 deg. — 60 deg.”‘l 45 deg. — 60 deg. ~ |
\( Side bend (
Face bend .
Root bend i | Side band
Horizontal plane Ho-rizonul plane -
{when pipe is welded {when pipe it welded
- - - - - -
in 5(‘3 or 6G in 5G or 6G
position) ; position}
| Root bend Side bend Side bend
Face bend !
Pipes — 3/4 in. and Over Thickness and Alternate
Pipes — 1/16 Up to 3/4 in. Thickness From 3/8 in. but Lass Than 3/4 in. Thickness
QW-463.2(d) PERFORMANCE QUALIFICATION QW-463.2(e} PERFORMANCE QUALIFICATION A87

\ Horizontal reference
{ine for fixed horizontal

80 deg. N po:itionl _\_ BOlldeg.

100 deg. 260 deqg.
Pipe in fixed I Pipe in fixed
vertical pasition - harizontal position
for {2G) tests | for (5G) tests

GENERAL NOTE:
When side-bend lests are made in accordance with QW-452 1 and GW-452.3 they shall be removed as
shown n QW-463.2(f} «n place of the face and root bends,

AW-463.2(f) PIPE — 10 IN. ASSEMBLY PERFORMANCE QUALIFICATION

v-31

4.10--



1986 Edition DATA — GRAPHICS QW-463.2(8)-QW-463.2(c)

QW-463 Order of Removal (Cont’d)

Dhscard this prece Discard this piece
Rootbend specimen Side-bend specimen
Face-pend wecimen Side-bend specimen
::___:___':L::'.—_.::__q :'_':::=_'L_:_::
Ouscard this piece Discard this piece
N YA
N oy

aW-463.2(a) PLATES — 14, TO 3% IN. Qw-463.2(b) PLATES — OVER 3; AND
PERFORMANCE QUALIFICATION ALTERNATE 3% TO 34 IN.

PERFORMANCE QUALIFICATION

) . this F
Discard piece

TT
11
I
1

!

|
l
11

Longitudinal
face-bend
specimen

1

Longitudinal
root-bend
specimen

 §

i
|}
1
1
I

|
1
u

this
Dhscard pisce

QW-463.2(c) PLATES — LONGITUDINAL PERFORMANCE QUALIFICATION

\),-?)h
4.9mmm



QW-462.3(a), QW-462.3(b)

QW-462 Test Specimens {Cont'd)
1-1/2.in, .
o6 in. min.—————y A = 1/8in. max. y,in.
: : P.N0.23.F-No.23,
."V‘li L 1; T.in. or P-No. 15 All ather metals

-7 ¥ 1/16 < 1/8 T T
{_ \ ] T::_-—r {Plata) (Pipe) 1/8.3/8 1/8 T
—t at >3/8 1/8 3/8

SECTION IX — PART QW, WELDING

1986 Edition

NOTES: 3

(1) Waid reinforcement and backing strip or backing ring, if any,
shall ba removed flush with the surface of the specimen. 1f &
recessed ring is used, this surface of the specimen may be
machined to a depth not exceeding the depth of the recess to
remove the ring, except that in such cases the thickness of
the finished specimen shall ba that specified above. Do not
fiame-cut nonferrous material.

{2) 1f the pipe being tested is 4 in. nominai diameter or less, the
width of the bend specimen may be 3/4 in. for pipe diame-
ters 2 in. t0 and including 4 in. The bend specimen width
may be 3/8 in, for pipe diameters lest than 2 in, down to and
including 3/8 in. and as &n siternative, if the pipe being tested
it equal to or less than 1 in. nominal pipe size (1.315 in.
Q. D.}, the width of the bend specimens may be that abtained
by curtting the pipe into quarter sections, less an sllowance
for saw cuts or machine cutting. These specimens cut into
quarter sections are not required to have one surface ma-
chined flat as shown in QW-462.3(al. Bend specimens taken
from tubing of comparable sizes may be handled in a similar
manner,

Face-band speciman — Plate and Pipa

1-1/2in.
] A =1/8in, max,

}-— 6in. min._—..’

' b yj 3 1 -
Lkl
Foszoooos Fgessassooo TPt (pigg)

Root-bend specimens — Plate and pi;:;o

AB7 QW-462.3(a) FACE AND ROOT BENDS — TRANSVERSE?

1-1/2in.

r—— 6 in. min.—-1

A= 1/8in. max.

pnipge-p-appaguuiy

.

» ¥ 111

Y, n.
All Face
P.N0.23,F-No.23.| ather Bend
T,in. or P-No, 35 metails
1/16 < 1/8 T T
1/8-3/8 1/8 T
>3/8 1/8 /8
NOQTE:

(1) Weld reinforcements 2nd backing strip or backing ring, if any,
shall be removed essentiatiy flush with the undisturbed surface
of tha base material. If a recessed stnip is used, this surface of
the spacimen may be machined to a dapth not excaeding the
depth of the recess to raemove the strip, axcept that in such cases
the thickness of the fimished spacimen shall be that specified
above.

QW-462.3(b) FACE AND ROOT BENDS -~ LONGITUDINAL Vo2
-39

4.12



1986 Edition DATA —GRAPHICS QW-463.2(g)

QW63 QOrder of Removal {Cont'd)

221/2 deg..—-h--(\

Root bend

Face bend

Y
)
arizonta! reference line for
fixed horizonm! position
90 deg.  _ _ \ '7
) !

" Pipe in fixed vertical -
position for 2G tests 270 deg.

’ Pipe in fixed horizontal
- { position for 5G tests
ide
r'd

bend

Root bend

Root bend

GENERAL NOTE: .
When side pend tests are made in accordance with OW-452.1 and Qw-452.3,
they shall be removed as shown in QW.463.2(g} i place of the tace and root bends

QW-463.2(q) 6 IN. OR 8 IN. ASSEMBLY PERFORMANCE QUALIFICATION

V-3%8
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MECHANICAL TESTING
ACCEPTANCE CRITERIA

Rends — no defect exceeding 1/8° measured on convex sur-
face of the weld after bending.

Fillet Macro — visually no cracks or lack of fusion. Linear indica-
tions @ root less than 1/32 are acceptable.

Fillet Fracture
a. no breaks
b. fracture indicates no incompiete root fusion, no inclusions

and porasity greater then 3/8 for plate. or greater than 10%
of quarter section thickness on pipe.

MACRO-ETCHING

e Ferrous and nonferrous etching solutions of QW-470

* Written procedure not required

¢ Personnel need not have any specified qualifications for perform-

ing the tests,

V-4



1986 Edition DATA — GRAPHICS QW-a612

QW-462  Test Specimens (Cont'd)

w (in)
— (1a} For procedure quslification of materials other than P-No. 1 in T.n, LOL P-No. 23,
QW-422, it the surfaces of the side bend test specimens are gas cut, F-No. 23, or All other
removal by machining or grinding of not less than 1/8in. fromtha §| 3/B 1o 1-1/2, T P-No. 35 metals
surface shall be required, . tnel,
1/8 3/8
{1b) Such removal 1s not required for P-No. 1 materials, but any Lo
[ resuiting roughness shall be dressed by machining or grinding. > 1172 INote (1)) 178 38
‘L Vil 1
______ —_—— -1} T
- {2} For performance qualification of all materiats in QW-422, if the x Y 14 T
surfaces of side bend tests are gas cut, any resulting roughness shall T‘
be dressed by machining or grinding. !
1/8 in. min, GENERAL NOTE:
- Weld reinforcement end backing strip or backing ring, if any, may be
\\1-\—6 n.mn. e _l_ A4 _ ‘-'? :n' max. removed fiush with the surface of the specirnen. Thermal cutting,
\_{'_- — —; -_-_}' ______ j ¥ _:'_Ej_ machining, or grinding may be empioyed. Cold straightening is per- -
V_ ---------------- 3 j—f_ e~ mitted prior to removal of the reinforcement.
w I
. NOTE:
{1]) When specimen thickness T exceeds 1-1/2 in., use one of the fol-
lowing,

{8} Cut specimen into multiple test specimens y of approximarely
equal dimensions (3/4 in. o 1-1/2in ).
¥ = tested specimen thickness when multiple specimens are
teken from one coupon
{b} The specimen may be bent at full wadth. See reguirements on
jig wadth in QW-466.1.

Qw-462.2 SIDE BEND

V-4o
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CHOICES FOR TEST COUPON
® Pasition
. Backing

e Pipe or plate

COMBINATION PROCESSES

e More than one F-number
¢ More than one process

¢ More than one welder

RADIOGRAPHIC TESTING
" FOR WELDERS

* SMAW, SAW, GTAW, PAW, FCAW. and GMAW (not GMAW-S)
e P.1 thru 11, P-3X and P-4X base materials

e GTAW also includes P-2X and P-5X base-materials

RADIOGRAPHY
FOR WELDS BY A WELDER

e Test Coupon — 6’ long RT
 Production Weld — 6" long RT

(Qualification on pipe requires RT of entire circumference of the pipe.

Maximum of 4 pipe to accumulate 6 of total weid.) ‘-4

4.16



1986 Edition DATA — GRAPHICS QW-462.4(a)-QW-462.4(c)
QW-462  Test Specimens (Cont'd)
| T i—r—
3ak
« *- Size of filler = thickness r r
Ciscard Vun.” /7 of 7. notgreater than i 2
! 3t4in. 1/8 in. and less T
A ...,-"f,'s-. _______ Over 1/8 in. Equal to of less then T,
- /:‘,:"" . but not less than 1/8 in,
L e S f
Discard 1 in_.Z g i /
oA AT ' N .
O R o [T Direction of bending
—4‘ 4 , """"" . .o-@ T=3N&in, -u-[ {
6in, R P A oo to 3/8in,
min. - T ) Stop and restart
_L AT RyAoaans weid near the
r1 ‘ canter

Macro-Test Specimen

T}-&————G m.mm.—’-i

GENERAL NOTE:

Macro test — The fillet shatl show fusion at
the root of the weld but not necessarily
beyand the root. The weld metal and heat
affected zone shall be free of cracks.

Qw-462.4{(a) FILLET WELDS — PROCEDURE

240 frun.

oo —— — -

T T

1

Base metal thickness > T

GENERAL NOTE. Either pipe-to-plate or pipe-10-pipe may be used as shown,

Age

‘ 4.15

Direction of bend

Macro-Test
Specimen
QW-462.4(b) FILLET WELDS - PERFORMANCE

Max, fillet size = T

T = wall thickness

1/4 section bend

Start and stop of weid
near center of bend

Max. filiet size = T

Wall thickness > T

Qw-462.4{c) FILLET WELDS IN PIPE — PERFORMANCE



WELDER RADIOGRAPH ACCEPTANCE CRITERIA
COMPARISON

Section (X
{QW-191.2)

Section Vi
Div. | (Full RT-UW-51)

(a8) Linear indications: -

(1) Any crack or zone of incomplete
Fusion gr Penetration

(2) Any elogated Slag inclusion
greater than:
* 1/8” for t =5 3/8"
e 1/3tfort>3/8"to 2% incl
e 3/4” for t greater than 2%”

{3) Any group of slag inclusions in-
line greater than t in 3 [2¢
length (except.when distance
between inciusions is greater
than 6L).

{a} Linear indications:

{I) Any crack or zotte of incomplete
Pusion or Penetration .

(2) Any elongated Slag inclusion
greater than:
® 1/4” for t less than 3/4”
e l/3tfort = 3/4° to 2% ™ incl.
* 3/4” for t greater than 2%~

(3) Any group of slag inclusions in
line greater than t in 12t length
(except when distance between
inclusions is greater than 6L).

(b} Rounded indications:

(1) Max. dimension 20% t or 1/8",
whichever is smailer.

(2) When T is less than 1/8" max.
number of indications is 12
in 6" length.

{3) When T is equal to or greater
than 1/8" use charts in Appendix I.
When max. dia. is less than 1/32"
it is irrefevant.

{b) Rounded indications:

(1) Max. dimension 25% t or 5/32"
whichever is smaller. (Some exceptions)

{2) See Appendix 4. When T is iess
than 1/8" max. number of indica-
tions is 12 in 6™ length.

{3} See Appendix 4. (Some ranges
more restrictive, some less
restrictive than Section 1X.)

t = thickness of deposited weld metal.
T = thickness of base material.
L = length of longest imperfection in a group.

.18
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RADIOGRAPHIC TESTING
FOR WELDING OPERATORS

THE REQUIREMENTS FCR RADIOGRAPHING
WELDING OPERATORS 18 FOUND

IN Q.W.- 3056, THE REQUIREMENTS ARE

THE BAME AS FOR WELDERS., THIS I8 A
FATRLY NEW REQUIREMENT AND G.M.AW.
BHORT ARC MUBT ALWAYS8 BE QUALIFIED
MECHANICALLY.

RADIOGRAPHY
FOR WELDING OPERATORS

— Test Coupon ~ 6 long RT

— Production Weid — 3- long RT

(Qualification on pipe requires RT of entire circumference of the pipe.

Maximum of 4 pipe to accumulate 6 of total weld)

4.17
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‘WELDERS DO NOT HAVE NON-ESSENTIAL
NOR SUPPLEMENTARY ESSENTIAL VARIABLES

WELDERS DO NOT NECESSARILY HAVE TO
FOLLOW A WPS WHEN QUALIFYING

* May omit PWHT and preheat
e Base material substitution
* Possible filler metal substitution

e Must, as minimum. follow or record essential variables.

V-43



FAILURE OF TEST
COUPONS FOR WELDING OPERATORS

e Same as welders except for production RT.

* Production RT for immediate retest is 6’ long.

FAILURE OF TEST
‘COUPONS FOR WELDERS

¢ Immediate RETEST:
Mechanical — 2 consecutive test coupons

KT test coupon — 2 consecutive test coupons (not 12 in one
test coupon)

RT production — additional 12" radiograph
e Same method that failed must be used for immediate retests.

* With additional training just start over. no specifics in IX.

V-4 ke

4.19---



UJGLW;M% ‘;/Y—\v’u!:& LSS oK well el S

QW-353 SHIELDED METAL-ARC WELDING (SMAW)
Essential Variables

Paragraph Bref of Varables
Gw-402 4 - Backing
Joints
QW-403 16 [ Pipe Diameter
Base Metals a8 ¢ P-Number
11 F-No. 4X limits
Qw04 ..
Filier Metals 15 é F-Number |imits
30 ¢ t Weld depaosit
QW-405 .1 + Position
Positions 3 ¢ 11 Vertical wealding

Qw-354 SEMIAUTOMATIC SUBMERGED-ARC
WELDING (SAW)
Essential Variables

Paragraph : Brief of Variables
Qw-403 .16 ¢ Pipe diameter
Base Metals A8 é  P-Number
QW-404 30 $ t Weld deposit
Filler Metals
QW-405 d + Position
Positions

QW-355 SEMIAUTOMATIC GAS METAL-ARC
WELDING (GMAW)

(This Includes Flux-Cored Arc Welding (FCAW)]
Essential Variables

Paragraph Brief of Variables
QwW-402 4 - Backing
Joints
Qw-403 16 ¢ Pipe diameter
Base Metais 18 & P-Number
a1 F-No. 4X limits
.16 F-No. 2X fimits
E;T: Ol\:etais 28 ¢ F-Number
30 & t Weld metal
32 t Limit (5. Cir. Arc.)
QW-405 - 1 + Position
Positions 3 ¢ T 1 Vertical weiding
Qw-a08 -8 ) Gas backing
Gas
QW-409 2 & Transfer mode
Electncal .

4.22
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WELDER QUALIFICATION USING A WPS

Mechanical General for R.T.
Tests All Processes .
Generally Limited by QW-304
1) May defete PWHT (QW-301)

1} 2-Side or 2) Position (QW-61.9) 1) 6" coupon
2) 1-Face and 1-Root 5) w}dng (Qw-m & 550) 2) 6" prOdUCﬁon
(See QW-302.3 & 452) %) Smail dia, Fipe (QW-4523) | | 3 Entire circ. for Pipe

5) Alternate base metals
(QW-423)

6) Essential Varables

See QW-302.1 {QW-350) See QW-302.2

PASS

PASS Fail - Fail*

QW-160
Qw-180 | Qu-190

Retest
w/TRNG

F Immediate retest L Immediate retest

|
L |

Twice 3s Twice as Additional

many coupons mmany coupons 12* of
Production

Qw-320 ' (QW-320)  Weld

[ 1

RECERTIFICATION Mechanical
or RT

1) 3 mo. must weid
2) 6 mo. each process
3) Reason to doubt ability *If FAILURE on Production weld., it must be repaired

V-43
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Qw-452.3
GROOVE-WELD "OIAMETER LIMITS2.2

Qutside Diameter Minimum Qutside Diameter
af Test Caupon, in. Qualified, in.
Less than 1 Sire welded
1t 2% 1
2%, and aver 2%
NOTES:
(1) Type and number of tests required shall be in accordance with

Qw-4s52.1,
(2} 2% in. 0.0, is considered the equivalent of NPS 2145,

.
1 Schd 80}

2" base metal

1” Schl adk
? 2 base metal

Which of the above is small diameter pipe welding under Section IX?

WHAT IS THE LARGEST DIAMETER
OF PIPE THE WELDER MAY BE QUALIFIED ON
TO MAKE THIS WELD?

1" dia. Schl. 80

2* base metai j

4.24
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QW-452 Performance Qualification Thickness Limits and Test Specimens

Qw-452.1
TRANSVERSE-BEND TESTS
Thickness ¢ of Type and Number of
Deposited Weld Metal Tests Required
Quatified, in. [Note (2}] (Guided-Bend Tests)
(See QW-310.1) (Notes (3),(4)]
Thickness of Face Bend "+ Root Bend
Type of Test Coupon Side Bend [Note (5)] [Note (5]
Joint Welded, In. [Note {1)] Max, QW-462.2(a) QwW-462.3(2) Qw-462 3(a)
Groove Up to % Incl, 2t Note (&) 1 1
Groove Over % but less than % 2t Note (7} 1 1
Groove 3, and over Max, to be 2
welded

NOTES:
(1) When using one, two, or more welders, the thickness t of the deposited weld metal for each welder with each process shall be determined

and used indlvidually In the Thickness column,
(2) Two or more plpe test coupons of different thicknesses may be used to determine the deposited weld metal thickness qualified and that
thickness may be applied to production welds to the smallest diameter for which the welder is qualified In accordance with QW-452.3.
{3) Thickness of test coupon of ¥, In. or over shall be used for qualifying a combination of three or more welders each of which may use the
same or a different welding process,
{4) A total of four specimens Is required to qualify for positions G and 4G as prescribed in QW-302.3.
{5) Face- and root-bend tests may be used to quallfy a combination test of:
{a) one welder using two welding processes; or
(5) two welders using the same or a different welding process.
{6} For a % in. thick coupon, two side-bend tests may be substituted for the required face- and root-bend tests.
{7) Two side-bend tests may be substituted for the required face- and root-hend tests.

-

uonIpy 9861
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EXAMPLE 1

3/8”, E7010

- 1. What is welder qualified thickness?
2. What is welder qualified F-Number(s)?
3. How many and what type bends are required?

EXAMPLE 2

3/8 E7018

A S ———

3/8" £7010

1. What is welder qualified thickness?
2. What is welder qualified F-Number(s)?
3. How many and what type bends are required?



QW-423 Alternate Base Materials for Welder
Qualification

QW-423.1 Base material used for welder qual-
ification may be substituted for the P-Number materi-
al specified in the WPS in accordance with the
following.

Base Metal(s) for Qualified Production
Welder Qualification Base Metal(s)
P-No. 1 through P-No. 11 and P-No. 1 through P-No.
P-No. 4X 11 and P-No. 4X
P-No. 21 through P-No. 25 P-No. 21 through P-No.
25
P-No. 52 P-No. 51 and P-No. 52
P-No. 62 P-No. 61 and P-No. 62

4.25
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QW61.3-QwW-461.5 SECTION IX — PART QW, WELDING 1986 Edition

QW61 Positions (Cont’d)

= = ||l

(a) 1G L‘_L/P

(b} 2G
(c} 3G

QW-461.3 GROOVE WELDS IN PLATE — TEST POSITIONS

BB ) ) )

{a} 1G Rotated (c) 5G

(0

(b} 2G

45 deg ¢ 5 deg.

(d) 6G

QW-461.4 GROOVE WELDS IN PIPE — TEST POSITIONS

Axis of weid
verucal

Axis of weld
hornrontal

Axis of weld
Throat of weld harizontal
vertical
-
45 deg,
e
{a) 1F {b) 2F {c) 3F (d} 4F

QW-461.5 FILLET WELDS [N PLATE — TEST POSITIONS

V-85S



QW460-QW461.1

SECTION IX — PART QW, WELDING

QW-450 GRAPHICS
QW-461 Positions

Tabulation of Positions of Weids

Diagram Indination Rotation
Pasition Referance of Axix, deg. of Face, deg.
Fiat A 0to 15 150 to 210
Horizontal e 01015 -[ 80 to 150
210 to 280
0 to 80 "~
Overhead C 0 1o BO ~
° | 280 to 360 RN
. D 15 to B8O 80 10 280
Vertical I
13 80 t0 90 0 1o 360

GENERAL NOTE:

The horizontai reference plane s taken 10 lie always below the weld
under consideration.

Inclination of axis is measured from the honzontal reference plane
toward the vertical.

Angle of rotation of face is measured from a kne perpendicular to
the axis of the weld and lying in a vertical plane gpntaining this axis.
The reference position {0 deg.} of rotation of the face invaciably points
in the direction opposite to that in which the axis angle increases. The
angle of rotation of the face of weld s messured in 38 clockwse

direction from tins reference pasition {0 deg.) when iooling at point
P.

Qw-461.1 POSITIONS OF WELDS — GROOVE WELDS

4.27
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REMEMBER

Even though the welder’s range may include many F-Nos., and large
thickness ranges, he is limited by the qualified procedures.

Without a qualified WPS the welder maybe qualified to ranges
(including min. or max.) that may not be acceptable for Code welding.

LIMITS OF POSITIONS

« Qualification on groove welds qualifies for fillet. welds.

* See QW-461.9

e Special orientations not required but permitted (plus or minus [59)

V- S%
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1986 Edition DATA — GRAPHICS QW-461.6

Qw4561 Paositions (Cont'd)

s
I M

= B
‘a5 on // ] a\——j‘@

45 deg. I

{a} 1F {Rouated) (b} 2F {c] 2FR (Rotated)

1
S
=
168
(d) 4F {e} 5F

QW-461.6 FILLET WELDS IN PIPE — TEST POSITIONS

V-5
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A welder is quaiified on the following test coupons. What are his
position limits?

1. 6" dia. pipe groove in 6Q°?

2. Plate groove in 4G position?

1 dia. pipe
Schl. 160

3 thick shell

May a welder qualified on a plate-groove in the 1G position make
this groove weld and fillet weld cap?

V.S§
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1986 Edition DATA — GRAPHICS QW151.9

QW-461 Positions {Cont'd)

aw-461.9
PERFORMANCE QUALIFICATION — PQSITION AND DIAMETER UMITATIONS
(Within the Other Limitations of QW-303)

Pasition and Type Weld Qualified [Note (1)1

Qualification Test Groove Fitlet,
Plate and Pipe Pipe Plate
Weid Pasition Over 24 in. 0.D. < 24 in. 0.D. and Pipe
Plate — Groove 1G F F [Note (2)] F
26 F.H F,H [Note (2)1 FH
G Fv £ INote (2)) F HY
4G F.0 F [Note (20} F.H.O
3G and 4G FNO F [Note (21 All
2G, 3G, and 4G Al F,H [Nate (2)] All
Plate — Fillet 1F .. O F [Note (2))
2F e R F,H [Note (2]
aF e v F,H,V (Note (23]
4F ... ‘e F,H,0 [Note (2})
3AF and 4F . . All [Note (2))
Pipe — Groove [Note (3}] 1G F F F
2G - F.H F.,H F.H
5G FV.0 FV,0, All
6G All All All
2G and 5G All All All
Pipe — Fillet [Note (311 1F . e F
2F .. C . F.H
2FR ... PN F.H
4F ... .. F,K,0
SF e . P All
NOTES:
(1) Positions of welding as shown in QW-461.1 and QW-461.2.
F = Flat
H = Horizontal
V = Vertical
0 = Overhead

(2) Pipe 2% in. 0.0. and over.
(3) See diameter restrictions in QW-452.3, QW-852.4, and QW-452.6.

V. S%
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W.P.S./P.Q.R./W.P.0.
FORMS

QW.-482 AND 483 AND QW-4B4A
RECOMMENDED FORMS
LOCATED IN A NON-MANDATORY APPENDIX

. SAMPLE IS PRINTED ON THE EXAMPLE
IN THE CODE.

Vi-)
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MULTIPLE PQR(S) SUPPORTING ONE WPS

« More than one PQR may support a single W?S

« Example: PQR 1 w/PWHT and PQR 2 w/0 PWHT support a WPS

w/and w/0 PWHT
for e

' U o .
" NOTE: Altholgh it may be confusing, it is possible to have only
1 WPS to cover all possible welding circumstances.

ONE PQR MAY SUPPORT SEVERAL WPSs

i
! HER

« For control and clarity to production peopl¢ manufacturers may
limit particular \WPS usage.

« Example: A PQR covers all diamcter of electrodes for welding.
WFS 1| covers only 1/16" to 1/8" electrodes.
WPS 2 covers only [/87 to L/4™ electrodes.

COMBINATION WELDING
PROCESSES AND PROCEDURES

A change in welding process requiring requalification.

* Several processes may be included in one WPS (they may be
qualified separately or in combination).

* Using more than one WPS to complete a weld.
+ For WPSs with more than one process, a weld may be made using

the same WPS and deleting one or more of the processes within
the essential variables.

\y-2



Qw482 SUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICATION {WPS)

{See QW.201.1, Section 1 X, ASME Boiler and Presture Verrei Code) . o
Comoany Namg By: o i
Welcing Pracecure Soecificatian No Suaporting PAR No.ls} —F
Aeviuan MNa . Cate Edition/Addcnd:L
Weiding Process{ec) Traeldl i -
{Automatic, Manusl, Machine, ar Semi.-Auto.)
JOINTS ([AW<02) Details
Jaint Cetign A
Becking {Yes} (Nal L
HBecking Material (Typel] .
O pase metal Ononrusing mecal 3 --
O nonmetallic [[Quweld mecal Qecher
Skewcher, Production Orawngr, Weld Symbols or Written Descrigtion
ln:a-uld thow the general rangement of the parts to be v-ddlod. Whare
sophcavle, the root aINg and the details af weid groove may be
wowcilied,
(At the ootion of e Mlgr, tkatches may be attschied to dlustrate joint
ceugn, weld layers and bead wquence, ¢.¢. (oc notwch toughnets proce
durex, for muitiple procem procedures, o1c.)
"BASE METALS ‘Qw40l)
P.-Na wueCroug Na m_P-N-; Group Na. Z
oR '
Soecification type snd grade
10 Soecification type snd grade
CR
Chem. Analytis and Mech. Prog,
0 Chem. Analysis and Mech. Proo.
Thicknew Renga:
Bate Marai: "T" Groove Fillat
Graowe - Fillet
Pige Dis. Rangy: Groawe - Fillat
CQtner -
TEILLER METALS (QW—0d} ’
F.Na - - =
AN
Soec Na. (SFA}
AWS No_ (Clan}
Sitw of tiller metsis
Denosited wald mecal "
chickness range
groave “_'
fillec _
€rectroae: “iga (Clasch
Flua Trage Mgme
Cansumagte lnverr
TE4Ch Dave Matal tiller mmaral COMONQUION 1AOUId DY recarded Individually

Vi-3



Qw-402 {Back}

WPS Na.

Rey.

PCSITIONS (QW.405)

Pounaniil of Groove

POSTWELD HEAT TREATMENT {Qw<Q7]

Tempersiuee Ranga

Time Aaage

Waiding Progrenian:  Up Dowm,

Poutionis} of Fiilet

GAS (Qw- 08}

FREHEAT (QW=061

Pretaes Temp.  Min, L

Shivlding Garlest -

Percent Comaosition (mixturest_

Interpan Tervp. Max

heast Maintenancs

Flaw Rate

{Contlnucut of wecial heating wihere soaiicanis shauld be recorded]

Gat Backing

Tradding Shielding Gt Comportitian

ELECTRAICAL CHARACTERISTICS {QW-049)

Current ACar OC Palacity

Voitt {Range)

Amot {Rangel

(Amps snd woltz fange thowld be recorded for each electrode size,
potittan, and thickness, ete. Thig information may be listed i 8 tab-

ular taem cimilar 1o that thown beigw.)

Tungiten Electroge Size and Type

Made of Matal Treasfer for GMAW

(Purs Tunquren, 2% Thoriated, et ]

Electrade Wice feed tosed range —

(Soray arc, short ciccuiting erc, etc.)

TECHNIQUE (QW< 10}
String or Wesve Saad 2

Orifice or Gat Cup Slza

Initisl and tnterpest Cleaning {Brushing, Grinding, 412.)

Method of Back Gouging

Owculatian '

Conuct Tube 10 Work Distance

Muiticie or Singia Puss {per pidelo—,

Muiticle gr Singia Electraodes

Travel Saeed (Rangai

Pesning

Qther

Fitier Metal

Cyrrent

Watd

avyerta}

Process Claw Dis.

Tvoe
Polar.

Trevel

Amao. Voit

Range Aenge " Range

Otnher

-t




OW-483 SUGGESTED FORMAT FOR PROCEDURE QUALIFICATION RECORD (PQR)
{See OQW-201.2, Section [ X, ASME Boiier and Pressure Vessel Code)
Record Actual Conditions Used to Weld Test Coupon.

npany Name

Pracedure Qualification Record No Date
WPS No

Weltding Processies)

Types (Manual, Automatic, Semi-Auta.)

JOINTS (Qw-402)

Groove Design of Test Coupon
{For combination qualifications, the deposried weld metal thickness shall be recorded for each filler metal or process weld.)

BASE METALS (QwW-403) POSTWELD HEAT TREATMENT {QW-407)
Material Spec, Temperature
Type or Grade Time

“No. to P.No, Other

hickness of Test Coupon

Dhameter of Test Coupon =
Other

GAS (Qw-408)
Type of Gas or Gases

Composition of Gas Mixwre

Other
FILLER METALS {Qw-404)
Weld Meta!l Analysis A-Nao.
Size of Filler Metal ELECTRICAL CHARACTERISTICS (OW-409)
Filier Metal ¥-No. Current
SF A Specification Polarity
AWS Classification Amps. Volts
Other Tungsten Electrode Size
Qther
POSITION (QW-405) TECHNIQUE (Qw-410)
Position of Groove Travet Speed
Weld Progression {Uphill, Downhill) String or Weave Bead
Other Oscillation

Mulupass or Single Pass (per side}

Single or Muitiple Electrodes
PREHEAT (QwW-406) Other
‘ llJ[‘reheat Temp,

" <1terpass Temp.

! "Other

{6/82) This torm (EQDOO7) may be obtainad from the Order Dept, ASME, 345 E_47th St., New Yark, N ¥ 10017
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Qw483 (Back)

. PQR No.
Tensile Test (QW-150}
. Ultimate Ultimate Type of
Specimen Total Load Unis Stress Failure &
No. Width Thickness Area Ib. psI Location
Guided Bend Tests {QW-160)
Type and Figure No. Result
Toughness Tests (QW-170})
Specimen Notch Notch Test Impact Lateral Exp. Drop Weight
No. Location Typa Temp. Values % Shear Mils Break No Break
Fillet Weld Test (QW-180)
Result — Satisfactory, Yes _ __ No — Penetration into Parent Metai: Yes _ _ . _ . — No -
Macre—Results
Other Tests
Type of Test e . e e
Deposit Analysis . — - . — e e e e
Cther O
Welder's Name - _— . ClockNo. —__.__ __ _ __StampNo. —_
Tests conducted by: _ _ —_ — Laboratory Test No, __ _

We certify that the statements in this record are correct and that the test welds were preprared, welded and tested 1n accordance with
the requirements of Section {X of the ASME Code.

Manufacturer _.___ _ __ __ . - - e

By _ . _ . _ ) - .

Date __ ... o

{Detail of record of tests are illustrative only and may be modified 1o conform to the type and number of tests required by the Code.}

16/82)

NI -5



aw-484 SUGGESTED FORMAT FOR MANUFACTURER'S RECORD OF WELDER OR WELDING GPERATOR -~ . ..~
QUALIFICATION TESTS
(See OW-301, Section IX, ASME Boiler and Pressure Vessel Code}

Weider Name Check No. Stamp No.
Using WPS No, Rev.
the above welder 1s qualifred for the following ranges,

Record Actual Values
Variable Used in Qualification Qualification Range

Process

Process Type

Backing [metal, weld metal, flux, etc. {QW-4021]
Material Spec. (QW-403) 10 to
Thickness

Groove
Filtet
Diameter

Groove
Fillet

Filler Metal (QW-404)
Spec. No.

Class
F-Na.

Position {QW-405)

Weid Progression (QwW-410)

Gas Type (QW-408}

Elecirical Characteristics (QW-409)
Current

Polanty

Guided Bend Test Results QW-462.2(a}, QW-462.3(a), QW-462.3(b)
Type and Fig. No, . Result

Radiographic Test Results {QW-304 & QW-305)

For alternative qualification of groove weids by radiography
Radiographic Results:

Filiet Weld Test Results {See W-462.4(a), QW-462.4(b}}
Fracture Test {Describe the location, nature and size of any crack or tearing of the specimen)

Length and Per Cent of Defects inches %

Macro Test—Fusion

Appearance—Fitiet Size (leg) in. X in. Convexty . _inorConcavity _____________in,
Test Conducted by Laboratory—Test No.

We certify that the statements in this record are correct end that the test welds were prepared, welded and tested in accacdance with the
requirements of Sections 1X of the ASME Code.

Organization

Date By

{Detail of recard of tests are Wlustrative only and may be modified to conform to the type and number of tests required by the Code.)
NOTE: Any essential veriables in addition to those above shall be recorded.

m|2) This form (EOD00B1 may be obtained trom the Order Dept., ASME, 345 E. 47 St., New York, N.Y. 10017

Ni-1.
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ING. ORLANDO R. RIVERA

Tal. / Fax: (55) £778-6524 ; E-mail: grianrivar@hotmail.com

Es Ingenieroc Mecanico Titulado egresado de la Escuela Superior de Ingenieriz
Mecénica y Eléctrica del Instituto Politécnico Nacional. Cuenta con una
experiencia profesional de mas de 20 anos en disefo, fabricacion, inspeccion,
prueba, certificacion, montaje y reparacion de calderas, recipientes a presion,
sisternas de tuberia y componentes nucleares. Ha calificade ante el Gobierno ds
Texas, Ohio, Pennsylvania y The National Board of Boiler and Pressure Vessel
inspectors de Norte America como Inspector Autorizado, Superviscr de
inspectores Autorizados e Inspector Nuclear Autorizado de ASME.

Ha sido asesor de mas de 40 empresas en México, Colombia, Venezueia, Brasit y
Argentina en Sistemas y Certificaciones de ASME y National Board.

Ha impartido el Diplomado de ingenieria de Calderas y Recipientes a Presion en la
Division de £ducacion Continua de la Facultad de Ingenieria de la Universidad
Nacicnal Auténoma de México, y ha presentado ponencias en Talleres
Internacionales de Capacitacién en Calderas, Recipientas a Presiony Temas
Afines de la Asociacion Mexicana de Ingenieros Mecanicos y Electricistas, A.C.
(AMIME). Actuaimente es Presidente del Comité de Caideras y Recipientes a
Prasion de AMIME y Consultor de varias companias nacionaies e internacionaies.
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