FACULTAD DE INGENIERIA UNAM
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del Jefe de la Division
de Educacion Continua, otorgan una constancia de asistencia a quienes cumplan
con los requisitos establecidos para cada curso.

El control de asistencia se llevara a cabo a través de la persona que le entrego el
material d1dag}t\}.co y serd registrada por las autoridades de la Division, con el fin
de entregarle,conslggma a los alumnos que cumplan como minimo el 80% de
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Se recomlenda a los alumnos partlcxpar actlvamente con sus 1deas Y experiencias
, pues los ?umos que ofrece la D1v1s10n estan planeados para qﬁé‘los profesores
expongan unaftems pe:ro1 sobre todo,;para que ‘coordinen: ]as oplmones de todos
los interesados, constltuyendo verdadéfﬁs\sé‘fhlﬁﬁﬁég “1;’\! .gP‘
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Es muy 1mportante que todos los a51stentes Ilene y entreguwohcnud de
inscripcion alamlclo ~deli cuirso, mforma(:lqg____ que_,servxra para integrar un
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Con el objeto de mejorar los servicios que la Division de Educacion Continua

ofrece, al final del curso deberan requisitar y entregar la evaluacion a través de un

cuestionario disefiado para emitir juicios andnimos.

Se recomienda llenar dicha evaluacion conforme los profesores impartan sus
clases, a efecto de llenar en la Gltima sesion las evaluaciones y con esto sean mas
fehacientes sus apreciaciones.

Atentamente
Division de Educacion Continua

Palacio de Mineria, Calle de Tacuba No. 5, Primer piso, Delegacion Cuauhtémoc, CP 06000, Centro Histdrico, MéxicoDF,

APDO Postal M-2285 @ Tels; 5521.4021 al 24, 5623.2910 y 5623.2971 @ Fax: 5510.0573
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UNTVERSIDAD NACICNAL AUTONOMA DE MEXICO
FACULTAD DE INGENIERIA
DIVISION DE SDUCACION CONTINUA

CURSO /MODULO

CALIFICACIONES
DE
SOLDADURA

CONFORME A SECCION IX DEL CODIGO ASME

Instructor : Ing Oriando R. Rivera
Duracicn Total: 20 Horas
i unes a Viernas de 17:00 a 21:00 Horas.



SECTION IX

WELDING QUALIFICATIONS



WELDING PROCESSES -
(Specifically addressed
by Section IX)

OFwW PAW

SMAW ESW

SAW EGW

GMAW EBW

FCAW Stud welding
- GTAW

SPECIAL WELDING
PROCESSES IN SECTION IX

. Corrosion-Resistant Weld Metal Overlay -

a. SMAW
b. SAW
c. GMAW
d. GTAW,
e. PAW

. Hard-Facing Weld Metal Overlay {(Wear Resistant)

a.-SMAW
b. SAW
c. GMAW
Jd. G
e. PAW



SECTION [X ADDRESSES ONLY
THREE TYPES OF WELDS

1. GROOVE WELDS
U QROCVE
. J GROOQVE
V GROOVE

PARTIAL PENETRATION
ae. ETC.

2, FILLET WELDS
3. STUD WELDS
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GROOVE WELD
RCQOT OPENING: The separation between the member to
or GAP be joined at root of the joint.
. ROOT FACE: Groove face adjacent to the root of the joint.
3. 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 perpendicutar to the surface
of the member

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

. PLATE THICKNESS: Thickness welded of test piate or production weld-
ment. Usually indicated by “'T"".



SHIELDED METAL ARC WELDING (SMAW)

ELECTRODE
HOLDER

POWER
SOURCE

ELECTRODE

BASE METAL ———————_—_—_—_—_————
WORK LEAD/ Mopen Sromens Company



PROTECTIVE GAS
FROM ELECTRODE COATING

ELECTRODE
= COATING

\ . / , ELECTRODE
U :

SLAG MOLTEN _- *~-,
_WELD METAL "\.‘_N:E

i
M ETAL
ET;\

S
/

" BASE METAL ' novan Brotnens Company
SHIELDED METAL ARC WELDING

ARC




GAS METAL ARC WELDING (GMAW)

FEED
CONTROL

WIRE  SHIELDING
@ T spooL Gas

SOURCE

HAND - GAS OUT

HELD
GUN

GUN
CONTROL

_CONTROL

|

POWER SOURCE

Hoban Brothers Company

= -
VOLTAGE

T ™



WELD = SHIELDING
WELD METAL ELD
SOLIDIFIED b \ o
WELD METAL fMETAL 4 » ELECTRODE BASE METAL
DROPL Ts \

\\\\\\t\\\ Na\// ,

Hovar Brothers Company

GAS METAL ARC WELDING



GAS TUNGSTEN ARC WELDING (GTAW)

INERT
GAS POWER

SUPPLY SOURCE

‘ ”oo O]

FILLER TfRCH

METAL

L 000 o
BASE DRAIN [ GAS t [[ _“‘:y |
METAL L \, _ _lj_/
ol L ;‘J
FOOT PEDAL Ty f

Hooar Brothers Company

(OPTIONAL) WORK ELECTRODE LEAD

Q O !

fry
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BDIRECTION
OF TRAVEL

WELDING
TORCH

g3 TUNGSTEN
ELECTRODE
B

MOLTEN WELD

METAL
" SOLIDIFIED
WELD METAL

% FILLER

ROD

BASE METAL 54'
LA

Hoopar! Brothers Company

GAS TUNGSTEN ARC WELDING



SUBMERGED ARC WELDING (SAW)

©)
HAND-HELD FLUX .

GUN OR HOPPER CONTROL POWER
SYSTEM SOURCE

©@© '
1 = [ R X ij ]
BASE METAL — )T o—— ,
C - ﬂ i Hooar Brothers Compeny




DIRECTION
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SUBMERGED ARC WELDING




FLUX CORED ARC WELDING (FCAW)

CONTROL ELECTRODE .
SYSTEM WIRE REEL ¥
WIRE '.‘
FEED SHIEDLING GAS 5
CONTROL | c«f%-c SOURCE (OPTIONAL)
GAS I i T I L 4
=" & 7
OUT ______ } s :,g\ ¥
GUN VOLTAGE
CONTROL I CONTROL
) )
OO

WIRE FEED
DRIVE MOTOR

WITHOUT
GAS f%

©

[ ——

E E —_ -
WITH GAS
contacL - ;g\gl:gE
i ' CONTROL
BASE METAL

— 7 1 10V SUPPLY
WORK LEAD

Hotan Brothers Company
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FLUX CORED ARC WELDING

FLUX CORED
ELECTRODE

BASE METAL
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FILLET WELD

1A. THROAT OF A FILLET WELD: The shortest distance. from 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 fillet weid face.
2. LEGOF A FILLET WELD: The distance from the root of the joint to the toe of the filiet weld.
3. ROOQT OF WELD: Deepest point of useful penetration in a fillet weld. Vo e e 2l
4. TOZ OF A WELD: . The junction between the face of a weld and the base metal. $ ¢80 1™
5. FACE OF WELD: The expased surface of a weld on the side from which the weiding Peteee

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 we!dabi!{ty
Lists actual variables used in making test sample

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

SOUARZ GROCVE SQUARE GROOVE
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STANDARD WELDING SYMBOLS*

The weld symbols presented here have besn
standardized and adopted by the American Welding
Society. Likz anyv svsitematic pian of svmbols, they
quickly describe to the designer, draftsman, produc-
tion supervisor, and weldor the weld that will
develop the required joint or connectiosn strength
and meet the prevailing in-service performance re.
quUITETIEnEE.

A welding symbol consists of basic elemenis.
The:2 elem=2nts can be joinsd in varlous combina-
tions to denote any type oi weld needed for any
type of joint. The condensed summery presented
here identifies these elements and will serve as a
readv reference for those associated with a welding
program.

Since fillet welds and simple butf welds com-
pnse 95 percent of most work, it is wise to initially

" he use of the symbols to just these types of

s. Later on, after the draftsmen and shop per-
sonne! learn to communicate with the symbols,
additional, rarely used symbols can be intreducad to

TYPES of JOINTS
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aid in detailing special welds.

Adoption of this uniform system of symbols will
assure that the correct welding instructions are being
transmitt=d to all concerned with the work. This can
help to cut drafting time and reduce shop costs
artsing from misinterpretation of instructions. In
addision. since this system is in genearal use today, it
simpiifies the transmission of this type of informa-
tion to outside suppliers.

In a joini, the adjoining members may contact
each other in several ways, as iHustrated 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 witha
double fillet, as shown: or it may be made with a
single or double bevel or single or doubie J, Vand U
weld joints are feasible only for butt and comer
welds becauze of the need for the preparation of
both surfaces.

Bytt

T

L- ®

Cornar |
1 ©
B e ——C
Edge | (®

~

TYPES of WELDS
Single Double
Fillet ﬂ A
2 [ 4
Square |{__ G 2 |4 53 }
Beve! { [ 2 ;»' E
Groovae L
L _
Vee | g /% } / TL
Groove 1 H
| m 7—|1 .
Groove —_— |
U F § 2 }
Granve | 3

|

y
}

*From the American Welding Society
can Welding Soctety

“Standard Welding Symbnls A2.0-68," For a complete copy, order from Amen-
2501 N W Tih Street, Miami, Florida 33125,
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MERICAN WELDING SGCIETY
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A docurnent prepared (qnd.qualfﬁed} to

provide direction for making

oroduction welds.. . * ¢

1.

10.

FIVE STEPS TO A
QUALIFIED WPS

. Write a sample WPS.

Weld 2 test coupon using the WPS.

. Prepare test specimens.

Evaluate test results.

Document results on a PQR and certify.

U b R e

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.



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 variabies.
Non-essential variables.

Supplementary essential variables. (When impacts are required).

Other information if desired.



PROCEDURE QUALIFICATION
RECORD (PCR)

« Modifies or justifies the WPS.

« Support document that documents the results of welding and
testing a eoupon. :

CONTENTS OF PQR

¢ Essential variabies

» 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 referernce 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” mav be many pieces of paper or documents. They

must be controlled but if all variables are addressed... the Code
rectirermnenrs are met ' '

2
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" 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 IS REASON TO QUESTION TO QUESTION

{IT'S VALIDITY.



THE W.P.S DESCRIBES

1. THE ESSENTIAL VARIABLES.
2. THE NON-ESSENTIAL VARIABLES.

3. THE SUPPLEMENTARY ESSENTIAL
VARIABLES.

4. ANYTHING ELSE USEFUL TO THE
WELDER.

5. IT LISTS THE ACCEPTABLE RANGES
TC BE FOLLOWED.



hX)

WRITE AN UN-
QUALIFIED
WPS AROUND
JOB PARAME-
TERS. WATCH
VARIABLES
aw-260, 260.

EVALUATE
RESULTS TO
ARTICLE 1
ACCEPTANCE
8TANDARDS
Qw-16Q0, 180

|

CERTIFY PQR

l

COMPARE UNQUALI-
FIED wWPS ESSENTIAL
(AND BUPPLEMENTARY
EBBENTIAL, IF AP-
PLICABLE) VARIA -
BLES WITH RESULTS

ESTABLISH
TEST COU-
PON SIZE
Qw-461,

482, 463.

MAKE RE-
QUIRED
TESTS PER
Qw-451

QUALIFYING A WPS

WELD THE
COUPON
USINGQ UN-
QUALIFIED
PARAMETERS
Qw-210,
260, 260.

/

CUT WELD

— TEST COU-

PONS INTO

SPECIMENS

Qw-462,
463.

CERTIFICATE HOLOER

MONITOR ALL
ESSENTIALS
VARIABLES
AND RECORD
THE ACTUAL
VALUES ON
THE PQR aQw
200.2.

RECOMMEND
ALSO RE-
CORDING HNON
ESSENTIAL.
VARIABLES -

RECORD 3upP-
PLEMENTARY
ESBENTIAL
VARIABLES IF
APPLICABLE

USE WPS FOR

APPROVES WPS

(A) ON WPS ~
_— OR
(B} ANOTHER QC-TYPE
DOCUMENT

OF PQA TO ABBURE

COMPLIANCE TO

PRODUCTION



ANAECHANIO
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FOR A W.P.S.

I>
=

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.

25
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QW-150 SPECIMENS
QW51 Griove-\Weld Procedure Quallficatlon Thickness Limits and Test Specimens

aw-151.1
TENSION TESTS AND TRANSVERSE-BEND TESTS

Range ol Thickness T Thickness ¢ of Depoulied Weld
of Base Metal Quahlied, in, Metal Quahihed, in Type and Humber of Tests Required
{Move (1) [Hote (11 {Tension and Guided-Bend Teits)

Thickness T of Ten Tension Side Bend Face Bend foot Bend

Covpan Weided, in Min Max Mer, aw-150 aw-1.0 Qw-1t0 qQw-1L0
Lays than %, I H 2t ? - ? 2

v

Yoo 16 % el e r ) ]| 2 Nole {3} 2 ?
Owver % bul less then ¥, Yia 1T L) ? Hale (1) Fd 2
Yo to bevy than 1Y, [N T 2t when t ¢ Y, H L]
Y. 10 lesy than 1Y, e 1) 2T when f 32 Y, ?
1Y, and over Y 8N 20 when i ¢ Y. ? 1
1Y, and over Yie 8 12} B2 whint 2 ¥, H ]

HOTES:

th See QW-403 12, 3, &, .9, .10} and QW-407.4 lor further limits on range of thicknesves qualified. Atse see QW-202.2 for altowabte
vaceplions . ’

{2) For the welding processes ol QW-403 7 only; otherwise per Hole (1) or 2T, or 21, whichever Iy applicable.

£3) Four vide bend Lesty may be substituted lor the required lace. and root-bend testy, when thickness Tls % 10 and over,



TYPES OF TESTS ARE BASED ON
COUPON THICKNESS

¢ If coupon is over 1 thick, muitiple specimens may De 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 this piece

Reduced-section tansile specimen
_________ e e - — — —
Root-bend tpecimen
Face-bend pecimen T
o — e e e I T LT
Root-bend specimen
F sca-bend soecimen
Reduced-section tensile tpecimen

P e — e —

Ditcard this piece j

AYa

QW-463.1(a) PLATES — 34, TO %4 IN.
PROCEDURE QUALIFICATION

Oiscarg \ this grece
[ Seoma | ] e
Reduced-tection ennle mecm:n—
[ Serses [ | e
T
RAeducedsection tentile tpecimen
ERT TR
o || meoee |
\V/A

Qw-463.1(b) PLATES — OVER 3 AND
ALTERNATE 3 TO 3% IN.
PROCEDURE QUALIFICATION



1986 Edition

DATA — GRAPHICS

QW-463 Ovrder of Remaval (Cont'd)

Reduced-section
tensile

0 ae%- "1

6 e

Face bend
ARoat bend

r

Horizontai plane
{when pipe it welded

K -
in harizontal

fixed position}
]

Raar bend
Face bend

.

Reduced-section
tensite

Pipes — 1/16 to 3/4 in, Thuckness

QW-463.1(d) PROCEDURE QUALIFICATION

Reduced-4ectian
tensile

Side bend
Sigde bend

Horizontal plane
(when pipe 5 welded

- - .
wn horzontat foeed
pasition)
/ : N
Sigz peng — I Sige bend

—!_W-_-/ Reducedsecuion

ensrke

Pipes - Over 374 in Thuckness and Alternate
From 3/8 in, but Less Than 3/4 in Thickness

Qw-463.1(e) PROCEDURE QUALIFICATION

QW63.1(d), QW-63.1(¢e)

i



Oiscara

— Long:tudinal
/ {ace bena

tpecimen

Aeauced-section
tentde specrmen

Longnudinal
tootbend
speCimen

\L,

k/’—"—- Longitudrnal
B tace-bend

specimen

Reduced-section
tenuie specimen

/_——— Longuuging!
-

Tool-pend
1pecimen

iscard

N/

. QW-463.1(c} PLATES — LONGITUDINAL
PROCEDURE QUALIFICATION




QW-462-QW-462.1(g) SECTION IX — PART QW, WELDING 1986 Editon

Qw462 Test Specimens are to be considered approximate. All welding pro-
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 exciuding reinforcement
150, QW-160, or QW-180 requires), the dimensions W =specimen width, ¥ in.

Weid reinforcement shall be
machined fiush with base \_ \ —
metal. Machine minymum i \ K ) ; i
amount 10 cbtain approx. I _: — — ——{ Dnoruon

_,. —— —
parallel surtaces.

-’ 10 in, or as recutred_ﬂ
Cold straightening

of the test coupon

Length sutlicient
to extend into grip _

v :,‘:"“‘""I'do?"o:d equal 10 two-thirds__
1/4in, wa we -——ﬂ gnp length
* remformfnent
|
These edges may Edge of widest
be thermally cut. face of weld
-] }4—1 14 in, Ve in, - !‘4* -o-l ’-d—-l-'lfd.in.

e S
'v\'/!"

JAY
3\ t— Parallel length equals
=\ widest width of weld
EXN Plus 1/2in.
added length,

oy

This section machifned
preferably by milling

QW-462.1(a} TENSION — REDUCED SECTION — PLATE

31



1986 Edition DATA — GRAPHICS

Qw462 Test Specimens (Cont'd)

QW-462.1(b), QW52 1(¢)

[ T T T T T T T e N I, e & T T T e — ==
Grind or machine the minimum L \ ) I
smount needed 1o Obtain plane = — — — —— — — T~ - =

paraliel faces over the reduced
section ¥ No more matenal

than is neeoed to pertorm the
test shall be removed,

t
!

On ferrous maxerial

hese edges may be
hermally cut.

Edge

tace of weid

of widest

- 1/4 1n.

This section machined
preferably by milling

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

L_"‘__""'-;f"\/"'___—_ L

. \ — ] 7 INote 1))
_____ - —
? Redured section -——I 3 in. mmn, (

[Note (2)]

12 0,

TN ,

1-1/%6.n

Edge of widest lace of weid

NOTES:

[1} The weld rentorcement shall be ground or machined so that
the veeid thickness does not exceed the base mewsl thickness
T. Machine minimum amount 1o obtain spproximately par-
sllel surtaces,

{2} The reduced section shatl not be less than the width of the
weld ptus 2y.

w62 1{c) TERSIOR —— RCDUCED SEZCTIOM
ALTERNATE FOR PIPE

e



TENSION TEST
ACCEPTANCE CRITERIA

. MINIMUM STRENGTH OF THE BA3E MATERIAL.

. MINIMUM STRENGTH OF THE WEAKER MATERIAL
IF DIFFERENT MATERIALS ARE UBED.

. MINIMUM STRENGTH OF THE WELD METAL IF

THE BASE MATERIAL AND THE FILLER MATERIAL
HAVE DIFFERENT STRENGATHS AT DEBIGN
TEMPEHATURE.

. IF THE BREAK OCCURS IN THE BASE MATERIAL,

AWAY FROM THE HEAT AFFECTED ZONE, THE
CRITERIA MAY BE 6% BELOW THE MINIMUM
STRENGQTH OF THE BASE MATERIAL,

33



QW462.1(2),-QWA62.1(e)

o
!

SECTION IX — PART QW, WELDING

Qw462

Test Specimens (Cont'd)
D_l R
| TN
T L
sl 7
Welg
8 —rt———— - A ——— e 8y

1986 Edition

Standard Dimensions, in.

(a}
0.505 Specimen

(b}
0.351 Specimen

{c}
0.252 Specimen

{di .
Q.188 specimen

A - |Length of reduced section

D — Diameter
R — Radius of fillet

B — Length of end section
£ — Diameter of end section

:

[Note (1)) [Note {1]] [Nate {1)]
0.50¢ =0.010 0.350 =0 007 0.250 =0.005
318, min, 144, mun 3116, min.
1-3/8, approx. 1-118, approx 718, approx
3i/4 142 Ji8

[Nate 1))
0.188 =0.003
/B, mun
112, approx,
1i4

GENERAL NOTES.

(al Use maximum diameter speamen (a}, (bl, {c], or (d) that can be cut from the section,
{b! Weld should be in center of reduced secuion.
ic) Where only 8 single coupon 15 required the center of the speamen should be midway between the surfaces

(d} The ends may be of any shape 1o (it tne holders of the tesung Machine in such a way that the load is spplied axially,

NOTE:

(1) Reduced section 4 should not be less than width of weld plus 2D.

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

o =y
T

Tl XTIy

Weld reinforeement shatl be
machined flush with base metal

T TYTIIITT
_‘_L‘

TITT
-
3
=]

| i
— [ (.— 20
20
| \ 3
D 1
e} .
B I e E r
V| = Vjows of testing machine 1
LI ljrnnn
{ ! |
I RS o R e
Plug o 'K s \
! b N
H ¢ ¥ e
+ 9] 77 SN

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



1986 Edition

DATA — GRAPHICS QW462.2

QW-462 Test Specimens (Cont'd)

-

S

. w (in}
~ (18} For procedure Gualification of materials other than P-No. 1 in T.in. Y., P-No. 23,
QW-422, it the surfaces of the side bend test soeci mens are gas cut, F-No. 23, o All ather
removal by machining or grinding of not kess than 1/8 in. from the | 3/6 to 1-1/2, r P-No. 15 matals
surface shall be required. wnet,
1/8 /8
M {1b) Such removal is not required for P-No. 1 m:ltvﬂfilll, but .f'w > 1172 [Note (11] 8 a7
resulting roughness shall be dressed by machining or gnnding.
4 - !
_____ p——— S I
{2} For performance quslification of ail materisls in QW422, if the * ¥ l
surfaces of side bend tests are gas cut, sny resulting roughness chall 'r‘ 1
be dressed by machining or grinding, '
/B wr. min, GENERAL NOTE:
Waeld meinforcement snd backing strip or backing ring, if sny, may be
__.1 -1 1 3 v
NT\I 6 in.min ] 3 - IB :n me removed flush with the surface of the wpecimen. Thermal cutting,
""! = Sy S :lr iy machining, of grinding may be employed. Cold straightening is per.
l/w___________‘__ —= _ﬁ'j:‘—r T mitted prior to removel of the rainforcement.
w
NOTE:
{11 When specimen thickness 7 exceeds 1-1/2 in., use ane of the fol-
lownng,

(a) Cut specimen into multiple test specimens y of sopronimately
equal dimensions (3/4 in, to V-1/2in.).
¥ = tested specimen thickness when multiple specimens are
taken from one coupon
(b} The specimen may be bent at full width, See requirernents on
jig width 1n QW-466.1.

Qw-462.2 SIDE BEND

Mo f

3



BEND TESTS

Facge 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
intenal defects

ot
fF~



" 1986 Edition

Tapped hole 1o sait
testing machine

As required

3/4 n. 7

1-1/8 in.].:

1/4 in, —-l

31450V =i

2.0, ~ 1

QW-466

Shoulders hardered
and greased

Plunger

DATA — GRAPHICS

"

3/ in.

Test Jigs

QW-486, QW-366.1

Hardened rollers 1-1/2 in. diam,
may be substuuted for jig thoulders.

1HEH

-+

iy

required ———-]
1 2
-
] 2!

— 1/2 11,
1-1/8 1n.

3B,
Thickness of .
Mareriai Specimaen, in. A in, 4. in C in. D, in,
P-No. 23 1o P-Na. 2X; P-No. 2X wath F-No. Z3; P-No. 315 18 2-1416 1-1532 2-318 1-3716
r= 1/8 or less 16-1/2¢ B-1/4r 18-142r + 116 9-1/4¢ + 1132
P-No 11: P-No. 25 to P-No 21 or P-No 22 or P-Na. 25 3/8 2-112 1-1/4 328 1-11116
r= 318 or less 6213t 3113 B-2/3t + 118 4.1{3¢ + 1116
P-No. 51 38 3 1-172 3.718 1-15/16
t = 1/8 of less 8 a¢ 10r + 18 5t + 1116
P-Na. S22, P-No 61, PNo 62 318 3-lia .1-718 ‘4518 2-5116
= 38 o less 10t -1 12t'+ \i8 6 + 1416
All others /8 1-112 34 2-3/8 1-37 16
t = 3B of iess at 2t 6t + /8 It + i

GENERAL NOTE, For P-Numbets.’ see GW.427: for F-Numbers, see QW 432

Qw-466.1 GUIDED-BEND JIG

33



. QW=62.3(3), QW-462.3(b) SECTION IX — PART QW, WELDING : 1986 Edition

QW62  Test Specimens (Cont'd)

1-1/2 in.
IL-——-—G N M, e————

R = 1/81n. max, v, i,

| \ P-Ng.23.F-No 23.
! . All other metals
oy |\,T"‘ LR LE or P.No. 25
-T- Ll 1716 < 1/8 T r

T {Plate}  (Pipa} 1/8-3/8 1/8 T
[ \l [ Yy 78 378
—

Face-bend spectmen — Plate and Pipe NOTES:
{1) Weld reinforcement and backing ctrip or backing ring_ if any,
shatl be removed flush with the surface of the specimen. tf g
recessed ring i3 used, this surfsce of the specimen may be
1-1/2 n. machined 10 a depth not exceeding the depth of the recess to
fo———— 6 1. min A= 1/8in, max, remove the ring, except that in such cases the thickness of
! the finished specimen shall be that specified above. Do not
! : flame-cut nonferrous material,
I ‘ {2} If the pipe being rested is 4 in. notwnal diameter Of ess, the
'n-y.i PR width of the bend specimen may be 3/4 in. tor pipe disme.
- d ters 2 in. to and including 4 in. The bend specimen width
= iPipe) may be 3/B in. for pipe diameters less than 2 in, down 10 and
[_ T] J ::L including 3/8 in. and as an alternative, if the pipe being tested
is equal to or tess than 1 in. nominal pe size {1,315 in,
Root-bend specimens — Plate and pipe 0. D.), the width of the bend specimens may be that obtained
by cutting the pipe into quarter sections, kess an sllowance
for saw cuts or mechine cutting. These specimens cut into
quarter sections sre not required to heave one surfsce ma.
chined fiat &3 chown in OW-462.3(a). Bend specimens taken
from tubing of comparable sizes may be handied in 3 similar
mianner.

A7 QW-4623(a) FACE AND ROOT BENDS — TRANSVERSE™?

112 in,

r——‘—-—'— 6in. mlﬂ_——-C] R=1/8 in. max.

s

3
T
- ¥
) e s £ s
T-‘—r-‘-o-ﬂ
~

| 4
All Faca Roaot
P-No_23.F-No. 23} other Bend Bend
T.in, or P-Na_35 metals .
1Me<1m r T
1/8-3/8 1/8 T
>3/8 1/8 arg

NOTE

{1} Weld reinforcements and backing strip or backing ring. of any,
shill be removed etsentially flush with the undisturbed surface

- of the base material. ¥ a recessed strip m used, this surtace of

the specimen may be mochined 10 8 depth not exceeding the
denth of the recess 1O reraove the BIfip, excapt that In such Cases
the tiuckness of the fimshad spocimen sholl S that spzcrfied *
sbove

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



1986 Edition

" DATA -— GRAPHICS

QW482.4{2)~-QW462.4(c)
QW62 Test Specimens (Cont'd)
—=l T l-¢—
K’
. ] siza of filler = thicknens - r
Discard 1 in. ¢| of T, not greater than ! 2
. 3/4in. /B in. and lest T,
S SR Over 1/8 in. Equsl 1o or lexs than T‘
e P : but not less than 1/8 in.
o) 1 T 7
tscard 1 n. . . =
i : . ,:' ......
—Z 2 ;:: ! ~\(*‘/ Direction of bending
YA Lot Y / 'o_*‘“ T=3/16in. L=
6in. < A h to 3/8in.

~

r,l }

TII"—“ 5 . i, __._I Macro-Test Speciman

GENERAL NOTE:

Macro test — The fillet shall thow fusion st
the root of the weld but not necestarity
beyond the root. The weld metal and heat
atfectext zone shall be free of cracks.

Qw-462.4(a) FILLET WELDS — PROCEDURE

Direction of bend

/ 1/4 saction bend

2 0. mun,

petly—
i W
s

i
|

Base metal thuckness > T

Stop and restart
woeld naear the

cenrer
A ;
- » W™
! . Ve
r I‘_‘ M.H
Max, fillet size = T Macro-Test
R Specimen

. QW-462.4(b) FILLET WELDS — PERFORMANCE -

T = vali thickngss =———

Stan and stop of weid
near conter of bend

Max, fillet yze = T

Wall thickness > T -

GENERAL NOTE: Exther pipe-ta-plate or pipe-to-5pe may be used 3 shown,

" AB6

QwW-462 4(c) FILLET WELDS IN PIPE — PERFORMANCE

39
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GROOVE WELD TEST COUPON
QUALIFIES FOR

All fillet weld

{2} Thicknesses

(b) Sizes

(¢) Diameters of pipe

{d} Within essential variables

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

FILLET WELD QUALIFICATIONS
(QW-451.3)

¢ | Tee Fillet Test

e 4.5 Macro Etch Tests

FILLET PROCEDURES

Plate — 5 rnacro etches
Pipe — & macro etches

Acceptance: No visible cracks in weld metal or HAZ, full fusion-at
the root and leg tengths shali difier by less than 1/8"".



. NEVERUSE ARTICLE 1.
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.

Yl
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T

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.



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

* |.D. Log



WELDER'S PERFORMANCE
QUALIFICATION RECORD

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

CONTENTS OF THE
WwrPQ

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.

LT



CERTIFICATION OF
WELDERS

(a) Not specifically required in [X.

(b) However, recertification and QA/QC program requirements
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.

s Need not be on Code work.

Continued CERTIFICATION — EXAMPLE 1

* A welder 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? GTAW?

Continued CERTIFICATION — EXAMPLE 2

SMAW process — June 15, 1983
GTAW process — July 30, 1983
‘SMAW process — October 13, 1882
SMAW process — November 13, 1983

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

4s
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WELDER'S LOG

{ WELDER A’

SMAW %/,s W /ps 7/%5 'Vﬁs
laTaw Vefes Y/SA’;: 1%/s/ps
sAW | S//rs| "/es | Ve
!J .

; WELDER B

oTAw| Vs | Yises |
%’GMAW-%/gs s .a/,/“
;.

j WELDER C

IGMAW /s s

smaw | Y /fes




PRRFTRPLN

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 welder 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” radlograph 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
5Q or 60 - 4 bend t&"»ts

R T S T

° ‘Plate fillet test: ‘
2 — macro, 1 — fracture

* Pipe fillet test:
2 — macro. 1 — fracture



48

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 PROCEBS8 AT LEAST
EVERY SIX MONTHS.

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



QW—463.2(d)-QW~463.2(D) - SECTION IX — PART QW, WELDING - - 1986 Edition
“ QW63  Order of Removal (Cont’d)

|
45 deg. — 60 deg. [ 45 deq. — 60 deg. I

Side bend (

Face band Side bend

Horizontal plane
{when pipe is weldad
- - -

in 5G or 6G

Haorizontal plane
{when prpa i1 welded
- ]

in 5G or 6G
position)

- position}

! Aoot bend Side band Side bend

Pipes — 3/4 in. and Owver Thickness and Alternate
Pipas — 1716 Up to 3/4 in. Thickness From 3/8 in. but Lass Than 3/4 in. Thicknoss

AB7 Qw-463.2(d) PERFORMANCE QUALIFICATION QW-4632(e) PERFORMANCE QUALIFICATION Ag7

Harnrontsl reference
{ine tor fixed horizontal

N ; i
aom.__ posgition l L 80 deg.
100 deg. 260 deg
Pipe n fixed / ! Pipe in fixed
vertical position harizonmal positian
for (2G) rests | for (5G) rems
Side band ]

GENERAL NOTE-
Yhen nide Miend Lesis ARe Mada i aLcofdance with OW-452 1 and Ovv-452.3, ey shgll be rutoved s
shown 1n OWB3.2(1) in place ot the face and root bends.

QW-4£63.2(f) PIPE — 10 IN. ASSEMBLY PERFORMANCE QUALIFICATION

49



1986 Edition -

QW-463

Discarg ( this prece
.__-._———l—--.—._——————
—_— e e T e =T T = = =

Root-pend specimen
b o — o — e o — e —  —
e T T — T T

Face-beng tpecimen
e — S— —— il — — —— —
e e e e T e

Discard thas prece

N’

Qw-443.2(a) PLATES — 14, TO 34 IN.
PERFORMANCE QUAUIFICATION

DATA — GRAPHICS:

Order of Removal (Cont'd)

QW463.2a)}-QW463.2(c

Discard thit piece
Side-bend specimen
S S S T S S ===
Side-bend tpecimen
P e =g == == ===
Discard this prece

this

Discard pece
T T -
F’L’:.: —| = = I

B

S IS b S N
- — ] [— =3

"

Discara prece

Qw-463.2(b) PLATES — OVER 34 AND

Y

ALTERNATE 3% TO 34 IN.
PERFORMANCE QUALIFICATION

Longitudinag!
{ace-bend
1pecimen

Longiiudinal

root-pend
specimen

QW-463.2(c) PLATES — LONGITUDINAL PERFORMANCE QUALIFICATION

e e



g

=

o

AB87

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

QW 462

1-1/2 in.
'{-———-G in. min, '_L AR = 1/8 in. max.

i il

med| Pt
-T= y-}

TT (Plate} (Pipe]
[ Y jTe T

A= 1/8in. max.
N

ikl

oo TFIEESISIITTT (Pl i)

Root-bend specimens — Plate and pipe

SECTION IX — PART QW, WELDING

‘

1986 Edition

Test Specimens {Cont'd)

P-No.23.F-No.23,
T.in. or P.Ng_ 35 All other metals
1/16 < 1/8] r T
1/8-3/8 1/8 T
>3/8 1/8 3/8

NOTES:
{1} Weid reinforcement and backing strip or backing ring, if any,

shall ba removed flush with the surtace of the specimen. If a
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 ning, except that in such cases the thickness of
the tinished specimen shali be that specified above, Do not
fiarme-cut nonferrous material.

(2) 1t the pipe being tested i3 4 in, nomenal digmeter or lest, the

width of the bend specimen may be 3/4 in. for ppe diame-
ters 2 m. to and inciuding 4 in. The bend specimen width
may be 1/8 in. for pipe diameters jess then 2 in, down to and
including 3/8 in, end a3 an alternative, if the pipe being tested
is squal 10 or less than 1 in. nominsl ppe size {1.315 in.
0. D.), the width of the bend specimens may be that obtained
by curting the pipe into qQuarter sections, jest an slionance
for taw cuts or machine cutting. Thess pecimens cut into
quarter sections erw not required 10 have one surface me-
chined fiat as thown in QW-4623(s). Bend specimens taken
from tubing of comparabie siZes may be handied in a timiiar
mManner,

Qw-4623(a) FACE AND ROOT BENDS — TRANSVERSE™

1-3/2 in.

I"-——— 6an, min.—-1

A= 1/8 n. max.

LS

1—-——1——-'—-\

|
T T
Al Facs Root
P-No.23,F No. 23] 9ther Band Bend
T, or P-No. 15 merals
116<1/8 T
1/8.3/8 1/8
| >y8 1/8 3/8
NOTE:

(1} Wald reinforcements and backing stnp or backing ring, if any,
shall be removed sssentially flush with the undisturbed surface
of the tase matensl. If a recessed stnp 15 used, this surface of

the tpgcimun mey B2 MaZhinsd 1o & dapth Aot exceeding the
depth M the reces; 10 remove the SIND, BXCAPT N4t i Such Lases
the thickness of the finished specimen ghalt be that specified

sbove.

QW-462 3(b) FACE AND ROOT BENDS — LONGITUDINAL

=1



1986 Edition - ... DATA —GRAPHICS , QW463.2(p)

Qw463 Order of Removal (Cont'd)

50 deg.

22112 neg.-—-——-e\
T

s ‘ Face pens
2.

)
Horizonta!l reference line for

Side fixed¢ horizontal position
bend 90 deg. _ \ j_7

45  Pipe in fixed vertical N 80 deg.
270 deg.

deg.  position for 2G tests
( j{ ’ Pipe 1n fixed horizontal
| position tor 5G tests

G

Aoot bend o ’
ben 22 1/2 deg

NG | oeno
/""

GENERAL NOTE:
When sige bend 1esis are made n accordance with OW-452 1 and OW-452.3,
they shall be remowved as shown tn OW-463 2(gl n place of the lace and ro0T bends

QW-463.2(g) 6 IN. OR B IN. ASSEMBLY PERFORMANCE QUALIFICATION



MECHANICAL TESTING
ACCEPTANCE CRITERIA

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

* Fillet Macro — visually no cracks or jack of fusion. Linear indica-
tions @ root less than 1/32" are acceptabie.

« Fillet Fracture

a. no breaks
b. fracture indicates no incomplete root fusion, no inclusions

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

MACRO-ETCHING

* Ferrous and nonferrous etching solutions of QW-470
* Written procedure not required

* Personnel need riot have any specified qualifications for perform-
ing the tests.
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1986 Edition : _DATA — GRAPHICS ' _ QW-4£2.2

QW52 Test Specimens (Cont'd)

w {in)
o . . T, in. y.in.
— {18} For procedure guslification of materialy other then P-No. 1in P.No. 23,
OwW-422, it the surtaces 0f the s10e bend test specimens are gas cut, F.Ng. 23, or All other
removal by machining or grinding of not kess than 1/8 in, from the 3/8 0 1-1/2, T P-No. 25 metals
suriace shall be required. ncl,
1/8 /8
{1t} Such removel 15 not reguired for P-No, 1 mftfrials, btft my >1-1/2 iNote {11} B /8
resuiting rougnness shall be dressed by machining or grinding,
_i_ . oo 1
______ pup— . R
{2 For performance qualification of all materiais in QW-422 if the x | 4 _I
surfaces of tide bend tests are gas cut, sty resutting roughness shatl T 1

be drested by machining or grinding.
GENERAL NOTE:

1/8 m, min.
Weid reinforcement and backing strip or becking ring, if any, may be
i - max,
\\ Gin min. i Ry=1/8 s max rernoved fiush with the surfece of the soecimen. Thermul cutting,
'\{’ S am— __-jx— _____ j ' _'_r v machining, or grinding may be employed. Cold straightening is per- -,"..f
./l,_ TTe- oSS - - - - -==-= - 5 = mitted prior to removal of the reinforcement. Q
w i
NOTE:
{1) When specimen thickness T exceeds 1-1/2 in_, use one of the fol-
1ownng.

{8} Cut specimen into muitiple test specimens y of spproximately
equal dimensions {3/4 in. to 1-1/2in.),
y = tested specimen thickness when multiple specimens are
teken from one coupon
{t] The specimen Mmay be bent a1 full width, See requirements on
fig wadth in OW-466.1.

QW.462.2 SIDE BEND



. CHOICES.FOR TEST COUPON.
e Position
o Backin_g

* Pipe or plate

COMBINATION PROCESSES

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

e More than one welder

RADIOGRAPHIC TESTING
FOR WELDERS

* SMAW, SAW, GQTAW, PAW, FCAW. and GMAW (not GMAW-5)
e P-1 thru 11, P-3X and P-4X base materials

* QTAW also includes P-2X and P-5X base-materials

RADIOGRAPHY
FOR WELDS BY A WELDER

* 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 accurnuiate 6 of total weld.)
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1986 Edition ' : DATA — GRAPHICS | _ QW-462 4{a}-QW 462 4(c)

_QW-4621 “Test Specimens (Cont'd)

Size of fillet = thickness

: T T
Discarg 1vun,” /7 | of T not greater than ! 2
: I ,f 340, ) 1/8 in_ and less T1

. Over 1/8 10, Equal 1o or iess than 7"I

but not less than 1/8.n.

Discard 1 m_Z e .
il i ¥ TS Direction of bending
Aoox e /€ T =3/16 in. _..I O .
§en. RAp® 0 378 in. V!
mun. .—".‘h- . ! ; . In Il Stop and restan
X A v v weid near the
T [ . ' : ' center
F | Macro-Test Specimaen 3w, | .
| ———6n l'hlnA—ﬁ :: —
] Pty o
GENERAL NOTE: g <ofly
. L -
Macro test — The fitlet sha!l show tusion at -

the roct of the weld but not necessarily TL—; 3 /
beyond the root. The weld metal and heat r l.q—dt in, j\__.._]

aftected 2one shall be free of cracks.

Max_fillet size=T Macro-Tert
Specimen
Qw-462.4(a) FILLET WELDS — PROCEDURE QW-362.4(b) FILLET WELDS — PERFORMANCE
.-":31::

9

M

Derection of bend

T = wall thicknets

" 1/4 section bend

f
3n I
[ ) Sart and stop of weld
: | near center of bend > .
%
! R~ P01 W\
/ ! f
} 7 20 mun, l |
ya | l
T
| I . I
4 : Max, fillet size = 7 II |
f _ !
Base metal thickness > T Wall thickness > T —/ !
GENERAL NOTE. Either ppe-to-plate or pipe-to-pipe may be used a3 shown.
ABG C MWAR? 4in) FILIET WELDS TN PIPE . PERFOOMANCE
{...‘
%



WELDER RADIOGRAPH ACCEPTANRCE CRITERIA
COMPARISON

Section X
(QW-191.)

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

{a) Linear indications:

{1} Any crack or zone of incomplete
Fusion or Penetration

(2) Any elegated Slag inclusion
greater than:
* 1/8” for t 5 3/8™
* I/3tfort >3/8" to 2%" ind.
* 3/4” for t greater than 2%~

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

{3) Linear indications:

(1) Any cack ¢r rone of incomplete
Fusion of Penetration

(2) Any congated Stag inciusion
greater than:
* 1/4” [or t less than 374
e l/3tfort = 3/47 to 2% incl
* 3/4~ for t greater than 2W*"

{3) Any group of slag inclusions in
line greater than t in 12t length
{except when distance between
inclusions is greater than &L}

(b} Rounded indications:

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

(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 L
When max. dia. is less than 1/32"
it is irrelevant

{b) Rounded indications:

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

{2) See Appendix 4. When T is less
than 1/8” max. number of indica-
tons i3 12 in 6™ length.

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

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

St
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" RADIOGRAPHIC TESTING
FOR WELDING OPERATORS

THE REQUIREMENTS FOR RADIOGRAPHING
WELDING OPERATORS 18 FOUND

IN Q.w.- 306. THE REQUIREMENTS ARE

THE BAME AS FOR WELDERE. THIS I8 A
FAIRLY NEW REQUIREMENT AND G.M.A.W.
BHORT ARC MUSBT ALWAYS BE QUALIFIED
MECHANICALLY.

RADIOGRAPHY
FOR WELDING OPERATORS

— Test Coupon — 6 long RT
— Production Weld — 3 long RT

{ng!iﬁcation on pipe requires RT of entire circumference of the pipe.
Maximum of 4 pipe to accumulate 6 of total weld)



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 matenal substitution
* Possible filler metal substitution

* Must. as minimum, follow or record essential variables.
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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 coupors

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

KT production — additional 12” radiograph
* Same method that failed must be used for immediate retests.

* With additional training just start over. no specifics in IX.
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Q'W-352 SHIELDED METAL-ARC WELDING' (SMAW)
Essential Variables

Paragraph Brief of Vanables
GW—402 .4 - Backing
Joints
Qw403 16 & Pipe Diameter
Base Metals .18 &  P-Number
1 F-No. 4X limits
Qw-404 .
Fillee Metals .15 ¢ F-Numper limits
30 $ t Weld deposit
GwW=a05 g + Paosition
Positions 3 & 11 Vertical weiding

QW-354 SEMIAUTCMATIC SUSMERGED-ARC
WELDING {(SAW)
Essential Variables

Paragraph Brief of Variables
Qw403 .16 ¢ Pipe dizmeter
Base Metals 18 &  P-Mumber
Qw-404 30 ¢ t Weld deposit
Filler Metais
QW-405 A +  Position
Positions

QW-355 SEMIAUTOMATIC GAS METAL-ARC

WELDING (GMAW)

(This Inctudes Flux-Cared Arc Welding (FCAW)]

Essential Variables

Paragraph Brief of Variables
QW-402 4 - Backing
Joints
QwW-403 .16 ¢ Pipe diameter
Base Metals 16 s P-Number
.11 F-No. 4X lmits
.16 F-No. 2X limits
g:ﬁ:{:euls .28 [ F-Number
.30 & t Weld metal
.32 r Limt {S. Cir. Arc.)
QW05 1 4L Position
Fasirions 3 $ 11 Vertical welding
Qw-408 .8 MF_-:.T Gas _ba-:kmq
Gas
aw-409 .2 ¢ Transfer mode
Electrcal .

6)



WELDER QUALIFICATION USING A WPS

Mechanical Generat for i RT.
Tests All Processes .
1) May delete PWHT [(QW-301)
I) Z'Sidt ar 2) Pﬂsiﬁon (Qw%l.g] l, 6" Coupon
2) I-Face and |-Root 3) Backing (QW-303 & 350) 2} 6" production
(See QW-3023 & 452) 4) Smail dia. Pipe (QW-452.3) 3) Entire circ. for Fipe

See QW-302.1

PA].SS _r_lf_]

5} Alternate base metals
(QW-423)

Qw-160
Qw-180

Retest
w/TRNG

Immedia

te retest j

6) Essential Variabies P
{QW-350) See QW-302.2
l l
Fail* PASS
l ]
i QW-190

Immediate retest 1

l

|

1} 3 mo. must weid
2) 6 mo. each process
3) Reason to doubt ability

Twice as Twice as Additional
many coupons many coupons 127 of
Production
Qw-320 {QW-320) Weid
L |
RECERTIFICATION Mechanical
or RT

*if FAILURE on Production weid, it must be repaired



w4523
GROOVE-WELD DIAMETER LIMITS:.2

Qutside Diameter Minimum 0uui~de Diameter
of Test Coupon, in. Quakified, in,
Less than 1 Size welded
1 to 2% 1
2% and aver 2%
NOTES:
(1) Type and number of tests required shall be in accordance with
QwW-452.1.

(2} 27, in Q.0 is considered the equivalent of NPS 214,

1™ Schl 80

2* base metal

1" Scnl »

? 2" base metal s

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

WHAT !S THE LARGEST DIAMETER
OF PIPE THE WELDER MAY_BE QUALIFIED ON
TO MAKE THIS WELD?

/‘1

~1" dia. Schl. 80

2" base metai ‘ jz




ABS

QW-452 Performance Qualification Thickness Limits and Test Specimens

Qw-452.1
TRANSYERSE-BEND TESTS
Thickness ¢ of Type and Number of
Deposited Weld Metat Tests Required
Qualified, In. [Note (2)] (Guided-Bend Tests)
{See QW-310.1) [Notes (3),(41]
Thickness of Face Bend g Root Bend
Type of Test Coupon Side Bend [Note (5)] [Note (5}
Jolm Welded, In. {Note (11 Max. QW-462.2(a) QW-162.3(a) Qw-462 3(a)
Groove Up to % Incl. 2t Mote {b) 1
Groove Over 3, but less than ¥, . 2t Note (7} 1 1
Groove Y, 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 ¢olumn,

(2) Two or more pipe test coupons of different thicknesses may be used to determine the deposited wetd metal thickness qualified and that
thickness may be applied to production welds to the smaflest dlameter 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 quatifylng a combination of three or more weiders each of which may use the
same or a different welding process,

{4} A total of four specimens Is required to qualify for positions 5G and &G as prescribed In QW-302.3,

(5) Face- and root-bend tests may be used to quatify a combination Lest of:
(a) one welder using two welding processes; or
{b) 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 roct-bend tests,

(7) Two side-bend tests may be substituted for the required face- and root-bend tests.

uonipg 9861

SNAWIDIAS — VIvd

raD Israd



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 ————

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?
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QW-423  Alternate Base Materials for Welder
Quaiiﬁcation : . . .

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



T

QW-4613-QWS1L5 SECTION IX — PART QW, WELDING 1986 Edition

Qw461 Positions (Cant'd)

7
= 2 |l

{a) 1G
b} 2G

{d} 4G

{e} 3G

Qw-4613 GROOVE WELDS IN PLATE — TEST PQSITIONS

£

(s} 1G Rotatad le} 5G

(b} 2G

v
/45dcg t 5deg.

ld) 6G

QW-461.4 GROOVE WELDS IN PIPE — TEST POSITIONS

Axis of weid
vertical

Axis of waid
honizontsl

Axis oé weid
horizontal

Throat of weid
: vertical

”2@

{a) 1F {b] 2F {c) 3F id) 4F

QW-461.5 FILLET WELDS IN PLATE — TEST POSITIONS

6%+



£g

. QW460-QW461.1 ' SECTION IX — PART QW, WELDING

QW460  GRAPHICS
QW-461 Positions

Tabulation of Posnions of Welds

Oiagram Inchination Rotsbon
Posiban Relerence of Axis, deg. of Face, deg
Fiat A 010 15 150 to 210
80 10 150
1 E 1
Hornizonta 01to 15 —[ 210 1o 280

010 80
Overhesd c 0 to BO —{: ° r‘ﬁ""

280 1o 360 i e
\"\
\ -
) 15 10 80 80 10 280 l 90 aeg. ~

Vereal 3 80 to S0 0 t0 360 ) }‘" ~a
"s\\f“‘“ ‘}
]
|
e |
v
rd -
_-- a|
Z|
S |
|
/ 1
! |

15 0eg
i 3 }

! -—

ol
J’:l: < \\-. l
_-="71 E, & %, . o — ~
<=7 ! Lig CJ&{; - Tp >~

S ‘e ——
~~ <y - Ty e -
\\)—'y o"“on‘.‘_--"”
0‘”9' . H_’_—
~w ——
-—
\\\_’/”’

GENERAL NOTE:

The horzontal reference plane 15 taken 10 ke atways Delow the weld
uncer consideration.

inchnation of axis 5 massured rom the horzontal reference plane
toward the vertical

Angie of rotation of face s messured from a kne perpendicular to
the axis of the weid and lving in a vertical piane q:muining This Exig.
Trie relerence posiuon (0 geg.) of rotston of the face inverisbly points
n the direclion opposite to that in ‘which the axis angle increases. The
angle of rotation of the tace of weld s messured n 3 clockwise

direction from tis reterence pasttion {0 deg.) when ionking at pont
P.

QW-461.1 POSITIONS OF WELDS — GROOVE WELDS

1986 Edition



REMEMBER

Even though the weider’s range may inciude 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 acceptabie for Code welding.

LIMITS OF POSITIONS

« Qualification on groove welds qualifies for fillet welds.

e See QW-461.9

« Special orientations not required but permitted (plus or minus 159
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1986 Edinon - . "DATA — GRAPHICS

QW-461 Paositions (Cont'd)

/’45c.'cg /

45 deg |

{a) 1F (Rotated) {b) 2F {c) 2FR {Rotated!}
]
.
L==>
'

{

{d)} 4F te} 5F

Qw-4616 FILLET WELDS IN PIPE — TEST POSITIONS

QW.461.6



A welder is qualified on the following test coupons. What are his
position limits?

1. 6" dia. pipe groove in 6Q7

2. Plate groove in 4G position?

1” dia. pipe
Schl. 160

5 thick shell

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

H



1986 Edition ' DATA — GRAPHICS ) ] QWagig

QW-461 Positions (Cont'd)

QW-4615
PERFORMAMCE QUALIFICATION — POSITION AND DIAMETER UMITATIONS
(Within the Other Limitations of QW-303)

Position and Type Weld Qualified [Nate {1))

Qualification Test Grogve Fillet
Plate and Pipe Pipe Plate
Weld Position Over 24 in. 0.0, < 24 in, 0.0, and Pipe
Plate — Groove 1G F F [Note (23] F
26 F.H F.H {Note (2)) F.H
G F.V F [Note (21 F.HV
4G F.0 F [Note (2)] F.H.0
3G and 4G F V.0 F [Note (21} All
2G, 3G, and 4G All F.H [Note (2)] All
Plate — Fillet ' 1F I C F [Note (23]
2F e . e F,H (Note (21
aF e P F.H,V {Note (211
aF ... .- F,H.O [Note {2)]
3F and 4F - ... All [Note (23]
Pipe — Groove [Note (3]1) 1G F F F
2G - F.H F,H F.H
5G Fv.0 F.v.0, All
6G All All All
2G and 5G Alt All All
Pipe — Filiet [Note (3)] 1F L. C F
2F ‘e R F.K
2FR - .- F.H
AF e e F.HO
SF e P Alt
NOTES:
(1) Positions of welding as shown in QW-461.1 and JW-451.2.
F = Flat
H = Honzontal
V o Vertical
0 = Overhead

(2} Pipe 2% wn. 0.0, and over.
(3} See diameter restnctions in QW-452.3, QW-452.4, and QW-452.6.



oW

W.P.S./P.Q.R./W.P.Q.
FORMS

QW.-482 AND 483 AND QW-A4BA
RECOMMENDED FORMS
LOCATED IN A NON-MANDATORY APPENDIX

SAMPLE IS PRINTED ON THE EXAMPLE

"IN THE CODE.

12



MULTIPLE PQR(S) SUPPORTING ONE WPS

* More than one PQR may support a single WPS

« Example: PQR 1 w/PWHT and PQR 2 w/0 PWHT support a2 WPS
w/and w/o PWHT

NOTE: Alihough it may be confusing, it is possible to have only
1 WPS to cover all possible welding circumstances.

ONE PQR MAY SUPPORT SEVERAL WPSs

» For control and clarity to production people manufacturers may
fimit particular WPS usage.

« Example: A PQR covers all diamcter of electrodes for welding.

WFS 1 covers only /16" to 1/8". electrodes.
WPS 2 covers only 1/8” to L/4 electrodes.

COMBINATION WELDING
PROCESSES AND PROCEDURES

* A change in weiding 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.



SUGGESTED FORMAT FOR WELDING PROCECURE SPECIFICATION (WFS)

QAw-ad2
{See QW-201.1 Secuan 1}, ASME Bailer and Pressure Verttel Codel

By: i

Campany Neme
Supporung PCR No.is]

Oate

wWeicing Proceoure Saeciicatan No

Hevwian Ng Cace

tdicion/Addenda
Typels] = -

Weiding Process{es) lAutomatic, Manual, Mechine, aor Semi-Auta.l

JOINTS QW02 Cetaiis

Jaint Detign
Backing {Yex) iMa) =

Becxing Material (Typel

G case mectal Oaonrusing setal 1_ . .
0O nonmetallic [Oueld mecal Qecher
Skewches, Proguction Denwengs, Welg Symboit o Written Descngnion
Hould thow the genefsl arrangement of the garts (0 be wwlded. Whare
s00icagie, the roQl Wacing and the detale 6f wnd grodw= may be
wecilied
(AL the ootion of The Migr_ tkatched may be srtached to diustrate [oent
cdeugn, weid lavery and besd wquence, ¢4 for nawn toughnrel oroce
duret, (0r muitiple procea orocedurn, o)

"BASE META LS 'Qw-031)

P.Ng Groug Ma lo_P-Nt: = Group Na,
CR

Soecification type snd grade

13 Soeciflwcatian type snd greda
QR

Chem,. Anslyuis snd Mech, Prog

1o Chem. Anaiysis snd Mecn. Proa.

Thicxnew Aange:

Bave Marai: "T" G roxrve Fuler
Graorm Filler
Proe Cua. Ranga. Groows Filler

Qtnes

*FILLER METALS (GWaa04]

F-Nao.

A-Na

Saec, No. {(SFA}

AWS No. (Ctexsl

Sitw of Tiler metats

Jesosiied wald mecal Tt
chickness range

groove

fillet

Etecirade =1 x (Clau)

Fiva Trage Agrme

. -

f Canwmadte YAgery

Eecn Dase ~a1al tliter matyl cOMDINeTan 10T D aCOraed IRAtviGuaily



. QW-482(Backl .- I

AR 5 - “WPS No., _ Rev
POSITIONS (QW05) POSTWELD HEAT TREATMENT (OW4QT! ' {:‘%“
Poutanitl of Groove Temperswice Range . . ‘\\'E
Walding frogresnion:  Up Daowm, - Ture Facgu
Petitani(a) of Fillet '
GAS (Qw-4o8!
PREHEAT (QW-405] Shieiding Gatles] = -
Prenaat Tema.  Min. : Percenc Comapotition dmuxturesio
lnterpans Temp., Max =
hedt Manterance Flrer Plate

{Contimuiout o welal heating where s00/IDE Fhould be recorded) Gt Backing
Teading Shietding G4t Compatition

ELECTRICAL CHARACTERISTICS {QwW-4049)
Cucrent AC or OC Polasity
Amot (Rangel : Vaits [Range)

{Amot 4nd woiu renge 1houid be recorded tor tach eiectrade tige,
Basition, snd Thicknew, ec, Thit informauon may be lited w8 tabe
wiar {O0mM sMiiar 1O that 1hown beiow.]

Tungiten Eiectraas Size and Typa
(Pure Tungeten, 2% Tharlated, ste) -

Made of Metel Trearier for GMAW
R ' ] (Sotey s, shart circuiting erc, st

Electrode ¥iee feed oeed range : Z

TECHNIQUE (Qw-41Q)

' String or Weeve Baad 3
Qrifice o Gas Cup Sixe
inrtial snd Interpess Oeaning (Brushing, Grinding, e1c.)

Method of Bacw Gouging

Otilation

Contact Tube to Work Dittance

- Multic e or Single Pas (oer el

Mutuole or Single Electradet
Travel Soeed (Rangei

Peaning
Otner
Flller Meta Current
i ] Cher
Teovet
Waag Type Ama. Vait Soeed
Laveris) Proces Clant Ca. Polur, Range Range " Range
i | ! |
i




QW.483 SUGGESTED FORMAT FOR PROCEDURE QUALIFICATION RECORD (POR)
(See OV/-201.2 Section.|X, ASME Boiler and Pressure Vezsel Code)
. Recerd Actual Conditions Used to Weid Test Coupon.

L empany fName
Procedure Quslilicauon Record No. Da:ze
WPS No

Welding Processies)

Types {Manual, Automatic, Semi-Auto.)

JOINTS (QW-402)

Groove Design of Test Coupon
{For combination qualifications, the deposited weld metal thickness shall be recorded tor each filier metal or process weid.)

BASE METALS (QwW-403) POSTWELD HEAT TREATMENT {(QW-407)
Material Spec. Temperature - '
Tvype or Grade Time

T No. to P.Na. QOther.

Lhwkness of Test Coupon

Diameter of Test Coupon
Other

GAS (Qw-408)
Tvpe of Gas or Gases
Composition of Gas Mixture

Orher.
FILLER METALS (OQw-404)
Weld Metal Analysis A-No,
Size of Filler Meral ELECTRICAL CHARACTERISTICS (QW 409}
Filter Metal F-No, Current
SF A Specificanon Polarity
AWS Classifrcation Amps, Volts
Ofther Tungsten Electrode Size
Other
POSITION {OW-4(05) TECHNIQUE (QW-410)
Position of Groove Travel Speed
Weld Progression {Uphiit, Downhill) String or Weave Bead
QOther . Oscillation

Mulupass or Single Pass (per side)

: Single or Muitiple Eiectrodes
PREHEAT (QW-406) ’ Otner : e g e e v
Preheat Temp.

nterpass Temp,
Other

{6/82) Thes torm (E0DQ07) may be obtained from the Order Dept, ASME, 345 E. 47t St., New York, N Y. 10017
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U - . Qw-483'{Back)-

PQR No.
Tensile Test {QW-150)
[ Ultimate Uiumate Type of
Specimen . . Total Load Unit Stress Failure &
Neo. wWidth Thickness Area tb, os1 Location
Guided Bend Tests {QW-160)
Type and Figure No Result
L
Toughness Tests (QW-170]
Specimen Noiwch Noich Test impact Lateral Exp. Drop Weight
Na. Location Type Temp. Vaiues % Shear Mils Break No Break
L T
LAt
] N H
Fillet Weld Test {QW-180)
Resclt — Satisfactory: Yes . __ No — Penetration into Parent Metal: Yes . _ . __ . _ No -
Macro—Results —_
Other Tests
Type of Test S P — — O
Deposit Analysis __ .- . e e e e e e
Other e e e e .
Welder's Name — R, Clock No, .. __.—_ _. _ .. Stamp No. —_—

Tests conducted by: _ _ - — Laboratory Test No. .. ___ -
We certify that the stalements in this record are cofrect and that the test welds were preprared, weided and tested in accordance with

the requirements of Secuion IX of the ASME Code.

« .. . 1 Manufacturer _ .. _ .. _. . . P —
Date . ____ _ - e e e i - By . - - -
(Detail of record of 1ests are iliustratve only and may be modified 1o contorm to the type and number of tests required by the Code.} tf‘

1&/82)



aw-484

SUGGESTED FORMAT FOR MANUFACTURER'S RECORD OF WELDER OR WELDING.OPERATOR
QUALIFICATION TESTS
(See QW-301, Section I X, ASME Boiler and Pressure Vessel Code)

-Welder Name Check No.__ " __Stamp Na.
i Using WPS No. Rev.
- the apove welder 15 gualified tor tne toliowing ranges.
Record Actual Vaiues -
Variable Used in Quaiification Qualificauon Rangs - N
Process .

Process Type

Backing imetat, weld meta!, fiux, etc. (QW-202}!}

Mazterial Spec. {QW-403} 1o . to

Thiexness
Groove
Filiet

Diamerer
Groove
Fillet

Filler Meta! [OW-404)

Spec. No.
Class
F-Na.

Posimon (QW-405)
Weid Progression (QW-4101
Gas Type (QW-408)

Elecirical Characteristics {Qw-409)}

Current
Polanity

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

Radiographic Results:

Fracture Test {Describe the location, nature and size of any crack or tesnng of the speamen)

Radiographic Test Resuits (QW-304 & QW-305)
For alternative qualification of groove welds by radiography

Fillet Weld Test Resufts [See OW-462.4{a). QW-462.4(b))

Length and Per Cent of Defects inches %

Macro Testi—Fusion

Appearance—Fillet Size {leg} n. X n. Convexrty = mnorConcavity _______ ___in.

Test Conducted by

Laboratory—Test No.

We certify that the statements in this record are correct and that the test welds were prepared, weided and tested in accordance with the
requirements of Secuons iX of the ASME Code.

Doate

Qrgarizauon

By

(Catail of rucoed of t2stz sre slustrative cnly £0d may be madifred 1o conform 12 the typa and number of tests required by the Code.)
NOTE: Any essential variables 1in sddian to those above shall be recorded.

-
Lt

- ./B2)

This {orm (EOQO0DBI may be obtawned trom the Order Dept.. ASME, 345 E. 47 St., New York, N.Y. 10017
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i S’DAD \ACIO\ AL AUTO\JO\I% Dt MEXICO

FACULTAD DE INGENIERIA
DIVISION DE EDUCACION CONTINUA

DATOS DEL INSTRUCTOR

ING. ORLANDO R. RIVERA

Tel. / Fax: (85) 57758-6524 ; E-mail: orlanrivar®hotmail.com

£s Ingemers Mecéanico Titulado egresado de la Escuela Supericr de Ingenieria
Mecanica y Eléctrica del instituto Politécnico Nacional. Cuenta con una
experiencia profesional de méas de 20 anos en diseno, fabricacion, inspeccion,
prueba, certificacion, montaje y reparacion de calderas, recipientes a presion,
sistamas de tuberia y componentes nucleares. HMa calificado ante et Gebierno 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 side asesor de mas de 40 empresas en México, Colombia, Venezueia, Brasil y
Argentina an Sistemas y Certificaciones de ASME y National Board.

Ha impartidc el Diplomado de ingenieria de Calderas y Recipientes a Presidn en la
Division de Educacion Continua de la Facultad de Ingenieria de la Universidad
Nacional Autonoma de Mexico, y ha presentado ponencias en Taileres
internacionales de Capacitacion en Calderas, Recipientes a Presion y Temas
Afines de la Asociacidn Mexicana de tngenieros Mecanicos y Electricistas, A.C.
(AMIME). Actualmente es Presidente del Comité de Calderas y Recipientes a
Presion de AMIME y Consultor de varias companias nacionales e internacionales.

2004.
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