
F.A.C:LJLT.A.D DE INGENIERÍA LJN.A.~ 
DIVISIÓN DE EDLJC:.A.C:IÓN C:C>NTINLJ.A. 

A LOS ASISTENTES A LOS CURSOS 

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

El control <¡!,e.,asistencia se llevará a cabo a través de la persona que le entregó !'!I 
material didáctico y será registrada por las autoridades de la División, con el fin 
de entregárle'.t'h"\tstapcia a los alumnos que cumplan como mínimo el 80% de 

asistencia) ~[~~t . . 
1 11111 !~~.,~~~' 

Recomendamos 
1
aflosl afisfürites:recoian·su~ii,_,en la fecha que se les 

1 \"\ I'"'' 1111 v<;;l ''l ""-""'J-·;i.--....l!':\' 1'"'.lJJc:'i\l """' señale al término i:IeJ! everito. I:~DEGEI,solo-:las retendrá por el periodo de un 
año, pasad~ e~ttl ti~hipo,pb¡~¿;li_i1r:á;U~~4~}51~4~S~JG>dJ,\Yumento . 

. 1 ~~-~~~b~~W~.'1UJ,~J!~:1 lr~1l~1 :~~-- . · .. 
Se recom17nd~; a IR~ 1a,lu~,~s p~1~1~~ ªg_ti.~~ei;ite~ c,~¡:/¡~~§?,~<:~Y,: expenenc1as 
, pues los 9ll9ºs ~pe o,fr1?e)~ Jt:1v1~~.0.f.'.~~!ªf~~!-ª1}~!le.~~:P..~~;9Jt.~;.ios profesores 
expongan unaltes~s·,t:per.o.,sobr,e·todo,,pªf¡i-qu.~: coord¡ne,n,-:las~qpm10nes de todos 
1 . 1dc· __ - :---~-~d· ·-, dQ-a'~,~~\•dt .1\1 •. ,i"'l''i'" rnl¡~"~ 
os mteresa oi;,.const1t_yy~n .~er a_, 0er9s se1Jl..J!l-ª!J9S.:k" '"'ni;c \ , &\ll 

1 l=::r ~::~:<1=:1 !f' i· ;L-;:::v;::n~~I t¡' ·1: ~,-~, ilr;;t 
Es muy impofíante ',qúe-_iodds~los a~istdrit~~;lh;he,J{X, ,ehtreW~ri]s\!.s9licitud de 
inscripció~ a.l"'ini_C"io :deJI clifsü, ii:lfoTidáci~que:::.-séfVirá~ntegrar un 
directorio de asistentes. ,,-::.;:.::..:: . . ~.:.. - -- · 

...._____ ; -- e::--_,,,. <"---" 
Con el objeto de mejorar los servicios que la División de Educación Continua 
ofrece, al final del curso deberán requisitar y entregar la evaluación a través de un 
cuestionario diseñado para emitir juicios anónimos. 

Se recomiend~ llenar dicha evaluación conforme los profesores impartan sus 
clases, a efecto de llenar en la última sesión las evaluaciones y con esto sean más 
fehacientes sus apreciaciones. 

Atentamente 
División de Educación Continua 

Pclacio de Mineña, Calle de Tacuba No. 5, Primer piso, Delegación Cuauhtémoc, CP 06000, Centro Histórico, México D F., 
APDO Postal M-2285 • Tels: 5521.4021al24, 5623.2910 y 5623.2971 • Fax: 5510.0573 
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GUÍA DE LOCALIZACIÓN 
l. ACCESO 

2. BIBLIOTECA HISTÓRICA 

3. LIBRERÍA UNAM 

4. CENTRO DE INFORMACIÓN Y DOCUMENTACIÓN 
"ING. BRUNO MASCANZONI" 

S. PROGRAMA DE APOYO A LA TITULACIÓN 

6. OFICINAS GENERALES 

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA 

8. SALA DE DESCANSO 

SANITARIOS 

* AULAS 

ler. PISO 

DMSIÓN DE EDUCACIÓN CONTINUA 
DIVISIÓN DE EDUCACIÓN CONTINUA 

' FACULTAD DE INGENIERIA U.N.AM. 
CURSOS ABIERfOS 



F.Acu'i_ 'T,,..:.~ Ó·E 1.NGEN 1 ERÍA u NA/V\ 
DIVISIÓN DE EDUCACIÓN CC>NTINUA 

ooc División de Educación Con:1nua. ~ricult.ac C1~ !::ge1ieria. UNAM 

'"""'"'º"'-·-·· 

DIPLOMADO DE RECIPIENTES A 
PRESIÓN 

MÓDULO V 

CALIFICACIONES DE SOLDADURA CONFORME 
A LA SECCIÓN IX DEL CÓDIGO ASME 

CA 263 

TEMA 

APUNTES GENERALES 

INGENIERIA MECANICA 

DEL 02 Al. 06 DE JULIO DE 2007 
PALACIO DE MINERÍA 

Palac10 de M1neric. Calle de Tacuba ~-Jo S. Pnmer piso. Delegación Cuauhtémoc. CP 06000. Centro H1stónco, México O F., 
AP)() Postal M-2285. Tels· 5521 4021 ol 24. 5623 2910 y 5623.2971 • fOY .. 5510 0573 
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U~I'v'ERSID.-\D l\'ACIO'.'IÍAL AUTONO;"VLÁ DE \>iÉXlCO 
FACULTAD DE !i'GENIERIA 

DIVISIÓN DE ::DUCACIÓN CONTINUA 

CURSO I MODULO 

CALIFICACIONES 
DE 

SOLDADURA 
CONFORME A SECCION IX DEL CODIGO ASME 

Instructor: lng Orlando R. Rivera 
Duracién Total: 20 Horas 

l..unes ¡:¡Viernes de 17:00 a 21:00 Ho~as. 
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SECTION IX 

WELDING QUALIFICATIONS 



'•: 

~VELDING PROCESSES 
(Specifically addressed 

by Section IX) 

OFW PAW 
SMAW ESW 
SAW EGW 
GMAW EBW 
FCAW Stud welding 

· GTAW 

SPECIAL WELDING 
PROCESSES IN SECTION IX 

1 . éorrosion~Ré.sistant we1é! Metal overlay 

a. SMAW 

b. SAW 

c. GMAW 

d. GTAW. 

e. PAW 

,' \ -. 

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

a. ·SMAW 

b. SAW 

c. GMAW 

d. O.P:'J 

e. PAW 

'' ' 
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SECTION IX ADDRESSES ONLY 
THREE TYPES OF WELDS 

l. ROOT OPEN!NG: 
ar GAP 

2. ROOT FACE: 

3. GROOVE FACE: 

4. BEVEL ANGLE: 

5 . GROOVE ANGLE: 

1. GROOVE WELDS 
a. U GF!OOVE 
b. J GROOVE 
c. V GROOVE 
d. PARTIAL PENETRATION 
e. ETC. 

2. FILLET WELDS 

3. STUO WELOS 

GROOVE \VELD 

The separation between the member to 
be joined at root of the joint. 

Groove face adjacent to the root of the joint. 

The surface of a member included in the groove. 

The angle formed between the prepared surface of 
a membcr anda· plane perpendicular to the surface 

The total induded angle of .the groove between parts 
to be joined by a groove weld. 

6. PLA TE T111CKNE5S: Thiclrness welded of test plate or production weld· 
ment. Usually indicated by "T". 

'•· .. 



) 

SHIELDED METAL ARC WELDING (SMAW) 

ELECTRODE 
HOLDER 

BASE METAL 

POWER 

SO URCE R=.~~"" 

ELECTRO DE 
LEAD \ 

WORK LEAD/lf" 
~n Bro1nen Com"'9"Y 

'tb 



PROTECTTVE GAS 
FROM ELECTRODE COATING 

SHIELDED METAL ARC WELDING 



GAS METAL ARC WELDING (GMAW) 

HAND _ GAS OUT 

HELD 
GUN 

GUN 
CONTROL 1---...i 

: : 

FEED 
CONTROL 

~ 

LI 
\ 

WIRE 
SPOOL 

SHIELDING 
GAS 
SOURCE 

,t 

POWER SOURCE 

Hooan Srotr.ers Company 

v.~. 

·' ,_.,,, 

-" , .. 

5 

~ ( 
"" •' 



GAS METAL ARC WELDING 



GAS TUNGSTEN ARC WELDING (GTAW) 

INERT 
GAS POWER 
SUPPLY SO URCE -----

00 o .. . ,':f 

' .. 
"' ;v . ;¡ 
.\,'1 

!,:,j ~~¡ ... 
. 1.l .,. 

·,·,f: 
,¡JI, 



' ' '' '' 
SOUDIFIED 

WELD METAL 

DIRECTION 
OF TRAVEL 

\1- WELDING 
\ TORCH 

TUNGSTEN 
ELECTRODE 
~ 

'FILLER 
ROO 

GAS TUNGSTEN ARC WELDING 



. . . 

SUBMERGED ARC WELDING (SAW) 

HAND-HELD FLUX 
GUN OR HOPPER CONTROL POWER 

SYSTEM SOURCE 

t ¡0!~1 º@@º 
o 

00 o. .., 

g] 
'·· 
' 

AUTO-TORCH 
·-

BASE METAL- FLUX 
1"100.'1 8ro1r..,.,, Comoeny 

q 



1 
./ 

DIRECTION 

ELECTRO DE 

~ FROM 

MQLTEN WELD METAL H<lD<1r1l::lrvtneriCornpiony 

SUBMERGED ARC WELDING 

JO 



FLUX COREO ARC WELDING (FCAW) 

WIRE 
FEED 

C"ONTROL 
SYSTEM 

ELECTRO DE 
WIRE REEL 

/""""?.'~U':::{,¡ SH IEDLING GAS 

0 
==t=~ SOURCE (OPTIONALI 

GAS ,-~-.-... º 0 '·~ « J":.,:.~·: " t - · 
OUT - 1 '-- '·-· - ,_. ¡;¡,'"·· .. ~ 

CONTROL -1-~@ 

- - - - - - - - - - - - #

1 
1' '1 , . ' 

GUN '---1 VOLTAGE 1 1 1 1 
CONTROL,.-;-' ~~~~l~ºf-lº*1 CONTROL 1 1 1 1 

~~T5HOUT ;,re- º f.sJ \ ~ , @ : : 
f - WIREFEED @ ¡¡ 

ORIVE MOTOR 

l º=3' o[!) 1 1 1 1 - - --· 
I { -j _C_O_N_T_A_C_T_O __ R;.;-:.......... T POWER 

BASE M ET~L'----·-~---=-c_o...;N_T_R_o_L __ __..,) \ SOUR c E 
. 110VSUPPLY 

WORK LEAD / 

1 1 

., 
¿ 
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'I ·~, ¡1

1 
DIRECTIONOF 

:1 f 11 TRAVEL 
11 : 1 

GAS l 1 ~r.ri(I~ r i_ NOZZLE 
(OPTIONAL) U-_ _ _ lJ (OPTIONAL) 

\ 
..... 

.. ~·' ... " .. 
: ' ' .. ·~ 

~-~· ~-FLU~ COREO 
~ :•• ELECTRODE 

BASE METAL 
·.: .. 

Hot11n Brolhers Comoany 

FLUX COREO ARC WELDING 

\l 



1 A. 

l B. 

2. 

.3 . 

4. 

s. 

6. 

3 

THROAT Of A FILLET WELD: 
(by AWS) 

THEORETICAL Tt1ROA T: 
(by ASME) 

LEG Of A FILLET WELD: 

ROOT Of WELD: 

6 

/ v l /\-

1 B 

fILLET \VELD 

The shorte.st distance. from the root of the fillet 
weld to its face.. De.sign throat = . 707 x leg. 

. . 
The shorte.st distance from the intersection of the 
two adjoining members to the fillet weld face. 

The distance from the root of thejoint to the toe of the fillet weld. 

Deepe.st point of useful penetration in a fiUet weld. 1, \-._~ '-"..:.. "-t 

TO~ Of A WELD: 

FACE Of WELD: 

1."' '"'-~.....ce. ( ,, " . '::::, • \. .. , 
The 1unction between the face of a weld and the base metal. \!> e ' b • - · _ 

s..,,\:::.."-'\ __ .... · 
The exposed surface of a weld on the side from which the welding ., 
was done. 

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

• 

PROCEDURE QUALiflCATION 
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 int~nc1ed to prnvicte ¡:irnof of we!r:!::i.b!!ity 

Lists actual vatiables used in making test sample 

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

,. 

13 



JOINT PREP_4RATIONS 

Sll-JGLE 6i':VEL GROOVE 

SINGLt= IJ GROOVE 

"'-o 

~ 

\ / 
e------~., ,~-----

1 \ / 

j ':-:-~ 
1 __j 1 L_,) ¡::-_ •1'8 O TO 1/E ,_.. -

SiNGL~ J Gr;C)(J'/: 

C. Tú 

~~ 
' ' '-"'-. ~ ~ C TO l¡'tl 

C-------'--,_ J 1 /~--O iO 1 /8 

/· .. ~ ,-
/ "•. 1 

------- 'e--------; 
/ 1 ,<~ 

~> 
e-------~ ~----

= !L, 
-----~~.~~ o 10 :/8 

G 12 :/8 -,~ ".. 
1 / ' 
\_...--/ 

°'-º 

D0~!3LE U GROOVE 

0::-

~I ----~~. "'"· r'------;I 
! \ 1 1 "---- -

T JL:~.:." ·~ 

i¡ 
1 I --- r-----~ 
1 / -- .-, ·~ • 'B ! 
1 / 1 " "-' 'f : 

_____ ! ~::~·-_--_··_·-----~¡ 
i ¡ 

--i ~ O TQ 1/e 

1 e 



JOINT rREP_L\R_~TIONS 

soui;r::: GROOVE SOUARE GROOVE 

o Te~ i ¡1 5 _,,__ 
1/Sj 

~---- 1 :~ T 

r ' . 
1 

r i /<.') I ~- -:-o 

1 

111 
~ 

1 

= ! 

rtLLET V.'ELD 

1-1 
i 1 

"' l 

1 
¡' 
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1 

1 1 
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~IL!...S V.'ELD 
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l 
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STANDARD Wt:LDING SYMBOLS* 

The ~·eld symbols presented here have been 
standardized a:nd adopted by the A.me:-ic3.n \Veid1ng 
Soc~ety. Like any system,i..tic pia:: of symbols, they 
quickly describe to the designe:, draft..:5ma.n, produc­
tion super\i.sor, and weldor the \Veld that Y.ill 
de 1.elop tht! requi:-ed JOint. ar conneccior: strength 
anr:: me2t thi::: pre':ail!r.g in-ser\-1ce performa;ice re· 
qu!:er.1~;r.1:s. 

_.\ v1leldi!":g syn1bol consist.s of bas1c element:;. 
Th-::-j..;i e:enie:<~s can be; JOir:.ed ln var1ous corr.bin2-
tior.s to de:-iote any type of 'h·eld neeCed far any 
type of joint. The condensed summary presented 
here identifies these elements and \.Vill serve as a 
reJ.Cy reference far those associated \Vith a \\'elding 
program. 

Since fillet welds and simple butt welds com­
prise 95 percent of most work, it is wise to initially 

··. he use of the symbols to iust these types of 
.;;. Later on, after the draftsmen and shop per­

sonnel learn to communicate Y..ith the syrnbols, 
additional, rarely used symbols can be inrroduc2¿ to 

TYPES of JOl~.JTS 

Butt 

T•• l~º~(r) 
1 ''---------'' 

Corner < 1 © u 
Lcp 

¡ 1 
1 CD 1 

Edge ~© 
¡ 

Symbols 

aid in detaili:ig special v;elds. 
Adoption of this uniform system of symbols '.\·ill 

a.5SUre that the correct v;elding inst"tuctions are being 
transmittcd to all concerned v.ith the \o,·ork. This can 
help to cur dr:if~1ng time 3.l:d red:Jce shop costs 
arising irom mi5interpretation of instructions. In 
addit1on. since thi5 systern is in general use today. it 
simpiifies the tran:;m1.::;sion of this type of informa­
t1on to outside· suppliers. 

In a jo1nt, the adjoining me.'Tibers n1ay cont.3.ct 
each othe:- in sev¿ral \.\·ays, as illustrated by the butt, 
T, cor:-1er, lap, and edge JOints. These gener:il 
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
beve!, single-V, double-V, or by four other joint 
configurations- A T connection can be made "ith a 
do u ble fillet, as shown: or it may be made with a 
single or double bevel or single or double J. V and U 
weld joints are feasible only far butt and comer 
we!ds becau>e of the need for the preparation of 
both surfaces. 

TYPE 5 of WELDS 

Single Oouble 

Fillet i ' 
Jl A 

' ,. , 
Squore ' o ' 1 ¡ 8 } 

~~,~~roz t /LIDI 
~::ove I f\Tt 00 
Gr;ov• I f U71 DO 

fXl 
•from the Amenc.t.n Wddin¡; Society "SunO.irr! \i.'ddinc Svmbol~ A:!.0-fiR." for a complete copy, order from A.men­
ean Weld1n¡; S•)r.tet.,·. :!501 N '\h. 7th Str~~!. ~llarn1. Florido1 .131 '.!:l. 

c. 

11 
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VJELDff\lG SOCIETY 

Bas1c Weld111g Syml>ots and Their Locat1on S1gnff1cance 

Loc11t1on 

1 1 
Plug 

1 
Se>a! ¡ 

1 

Baok 

1 1 

5<:11rt lor 1 Fi.ange 
FIOel s .. m Surta.cmg 

Slgnlf1c11nce 01Slo1 or Pro¡ect1on or 811ck1ng Eir1LZIM:) Jom! 1 , ... 
' /¡/ ¡/ i' 

1 GtO<>Vf'-k'.11 /1/ 1 ---¡ 1 LJ o Q 1 V "m~¡ // -1 l ( AriowS•~ 

1 
V = '-" ...... 

' ' 
º""''s"'• 1

1

, ~ __,_n___J._/1
1

,___._Q-'--_ _,)__g~'i' A 1 :::o f,'-~~¿,~"/-!-...._J_l~f1 f------~------:-------,- ---...;-' -----_,1cGc•=~·c•c~c0~•c•mcoaJ"" ______ -;-------

I 
11 ""' ..,, 1 ,.,. // 

us.e<: u~ec L-S<"C us.ea use.:: // 
1 so1n s10e1 , /' _ _,~v-r- No· l"'D" 

i 1 i 
"11-~-~-~-•• -,~-;-s-~-;:'.-,-7---.. ------~~-----~'"--~-.-·--~,--11-~----::.._------:..,-,---+---:;,-•-.,---i---,-,, S1~rlfr:11nce IJ';tc ....,e '-" ...._ ,. ...__, y!.f'C 

"'-• 
1 

! ¡__ 
' ' 

Weld-AU·AfPUOé .Symcol 

' ~ F""!.nS~mt>olllhefS 

1 

Conve• UM'llou' sy~ s1.,ncar(I, ono.ca1es W.la"'"~~o >•mOOI ~ 
·~:;11l's:a~ec!~ / '.'.:). mc•nooo!otll .. ""'!; 1nooca1es ina1 welel e<1e~ __ 

to v- t"'•~neo te ______--: e SLotc::l!.eC ron1ou1 OU' comD1e1ei., "'ºuncl !r>t- /O'n' 
conve• contou- • "01 oeg<~ o1 hnrs.n 

Jo1nt w1!h 6ack•ng 1 Jo1m w1th $pace• l li'e!i·Tnn: 5ymbol 

Wll'> 9'~ -·: ~>"Tltiol 

1 

V.•ln moo.•lf'<: 9'00•e -oc s.mto An, a;>:;lo:a~,,. ...,1;:i S>nt>::l ~ 

~· 
, __ y 

r72-(:-
1 

~ .. .... ., ...... ~···-,,.,. .. º .. ...... , .. "'"º"'''~"°'"' ~"''1-!n·u~vm!'l<"ll~nol / 
~ ............. -.. ...., ~··-·•""""' º'"""' ........ - ...... "'-~'°""º 1e•:e:i· he1Qn1: 

Flusn Can:our SymDPI M<.ttltple AP!ert-nce lme' 

1 F1us., con1aur SV'"l'>OO' 

;~~:;;:;~;~~n n~~~ ~ro~ -----Ir 
-e- 7""-l '~'"•··'•~o•-< ~''""""moo11-" 

to Loe mit<lf' t11,lSh Whom A s:anoarCI• "'6>cates 
Seconc1ooera~1"" K/ lZ'>00 ... ~1>c.>u1at""5h / me1"0dotollla"""Q 

svmoo. ~ c. spec•IM;>Cc:ontourDU'I mentarv c:at¡; 

l ~~~ S'-">'>t-<l"""1 '>()! Deg'""' O! h"<SJ' ~ .. ~n.r~ Ov<'"~! V' 

... 
)--

o·~·v'.!\' 

r ~.,":'---~ 

-
' 

i 
·---i 

1 
...... 

1 
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.t"\.lli::Y.1. ........ 

A document prepared (~nd qualifieá) to provide direction for maki~g 
production weids. 

f IVE STEPS TO A 
QUALlfIED \VPS 

l . \'Jrite a sample WPS. 
2 . Weid a test coupon using the WPS. 

3 . Prepare test specimens. 

4. Evaluate test results. 
5. Document results on a PQR and certify. 

TtIINGS fOR A MANUfACTURER 
TO CONSIDER PRIOR TO WELDING 

l . Compatability of weld metal and base material. 

2. Metallurgical properties. 

3. PWHT or other heat treatrnent 

4. Design of joints and loadings. 

5. Desired mechanical properties. 

6. Service requirements. 

i . Welder's ability. 

8. Equipment available. 

9. Location of weids. 

10. F.comony. 

19 
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M.ANUf ACTURER'S RESPONSIBILITIES 
fOR RECORDS 

• Qualify WPS(s) 

• Maintain WPS(s) and PQR(s) 

• PQR includes welding data and test results 

• Al! welding test coupons shall be by welders under direct control 
of manufacturer 

• Certify PQR 

• Certify that he has qualified e.ac:h WPS 

CONTENTS Of WPS 

• Essential variables. 

• Non-es.sential variables. 

• Supplementary essential variables. (When impacts are required). 

• Other information if desi~ed. 

. .--, 

'....,_. 

~
. 

1 • 
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fROCEDURE QUALíf!CAT!ON 
RECORD (PCR) 

'. 

• Modifies or justifies the WPS. 
' ·,. 

' " 

• Support document that documents the results of welding and 

testing a coupon. · 

. CONTENTS Of PQR 

• Essential variables 

• Supplementary essential variables. (When impacls are required). 

• Other information if de.sired. 

· NOTE: Only actual information shall be documented. lf it wasn't 
observed itshould not be recorded. 0.e. - actual amps. volts. 
position. etc.) 

flRST: Unqualified WPS 

SECOND: The PQR ar PQRs 

THIRD: The Qualified WPS 

NOTE: A manufacturer must have a WPS. Thi.s document (ar set 
of documents) shall describe the parameters to be used far welding. 
A WPS may reference production drawings to cover sorne variables. 
lf ali information required by the WPS i.s on production drawings. 
the production drawings may be called the "WPS." 

A Code "WPS" may be many pieces of paper ar documents. They 
must be controlled but if ".11 variables are addressed ... the Code 
ret~1!Jirer._f1'?flfi;;, ;:irf" IT1Pt 



. YOU DON'T REQU/\LIFY 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 VALIOITY. 

:;~'-!"."· 
~ ., .... 
<... 

@ ' . 



THE \'V .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 
TO BE FOLLOWED. 



WRITE AN UN­
QUALIFIED 
WPS AROUND 
JOB PARAME­
TERS. ~TCH 
VARIABLES 
OW-260, 260. 

EVALUATE 
RESULTS TO 
ARTICLE 1 
ACCEPTANCE 
STANDARDS 
QW-160, 160 

CERTIFY POR 

QUAL!FY!NG A WPS 

ESTABLISH 
TEST COU­
PON SIZE 
QW-461, 

462, 463. 

MAKE RE­
QUIRED 
TESTS PER 
QW-461 

WELO THE 
COUPON 
USING UN­
QUALIFIED 
PARAMETERS 
QW-210, 

260, 260. 

/ 
CUT WELD 
TEST COU­
PONS INTO 
SPECIMENS 
QW-462, 

463. 

-

COMPARE UNQUALl­
FIED WPS ESSENTIAL 
(ANO SUPPLEMENTARY 
E66ENTIAL, IF AP­
PLICABLE) VARIA -
BLES WITH RE8ULT3 
OF PQR TO ABBURE 
COMPLIANCE TO IX. 

CERTIFICATE HOLDER 
APPROVES WPS 

(A) ON WPS / 
OR 

(8) ANOTHER QC-TYPE 
OOCUMENT 

-

' 

-

-

MONITOR ALL 
ESSENTIALS 
'h\RIABLES 
ANO RECORD 
THE ACTUAL 
\O\LUES ON 
THE POR QW 

200.2. 

RECOMMENO 
ALSO RE-
CORDING NON 
ESSENTIAL, 
W.RIABLES -

RECORD SUP-
PLEMENTARY 
E88ENTIAL 
\O\RIABLES IF 
APPLICABLE 

USE WPS FOR 
PRODUCTION 



'1 .• 

'' 

' '' 

FOR A W.P.S. 

1. 2 TENSILE TESTS MINIMUM. 

2. 4 BEND TESTS MINIMUM. 
a. SIDE BENDS FOR 3¡4-

AND GREATER. 
... F" "E & ,.,O'"'.,.. .-:. ,..,..,DS ,..,...R u. ~V n UI OCI~ ru 

LESS THAN 3/ 8". 
c. YOUR OPTION FOR 3/8. TO 

LESS THAN 3/ 4". 

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

' ·~ 
'• _, 



(JIV-450 SrECIMENS 

()\\'-151 (;roo\it-\Vtltl Procr1l11rr QuallOr11lon 1·1i1cknrss 1.lmlls and Ttsl Spcl'lmrns 

QW-451. I 
TrnSIOH TESTS AHD TRAHSVERSE-BEHD TESTS 

R.1n9r ol lhicknru r 
ol 8.1u Mrul Qu.1til1td. 1n. 

INou 011 

Thlc•nru t ot Otp<Hlltd Wrld 
Mrt.11 Ou.1ltfltd, In 

IHotr 1111 
lrpr and Humbu or Tttll Rtqu!rtd 

llrniion 1nd Culdtd·Brnd luB) 

Th10nru r ol Tot 
Coupon Wr•dtd. 1n 

Ovri !~ bul ltH th:n ~. 

?~ lo ltu lh.1n 1 Y, 
V. 10 lru Hun 11;, 

1 '/1 .and º"'" 
1 Y, .and ovrr 

NOTES: 

" " . v,. 

MH 

21 

21 

" 
21 
21 

• 111 

• 121 

M11. 

21 

21 

21 

21 'll'htn f < Y. 
z r .. htn t 2: Y. 

21 whrn 1 < Y, 
a fll .... hcn 1 2 .... 

T rntion 
QW·l50 

l 

l 

l 

Sldr Brnd 
QW·lLO 

Nolr f)I 

Hotr 1 )) 

• • 
• • 

lll Srr QW·40) 11, .), ~ .. •, .101 1nd QW·40J.4 lor furthu llmill on 'ln9t of thlcll:nt11tl qu1llfird . .Aho ut QW-202.2 lor 1now1blr 
uctpl1on' 

121 Jor lht wrldinq P.'O!tUU of QW·40) 1 Ot'llJ; Olhtrwht ptr Holt 111 or l r, Of 11, whlChtvU h 1ppllc1blt. 
IJI fovr l•dt bu1d lr•ll m&~ bt SUbilllvltd 101 lht rtquirtd l&Ct· &nd fOOl·btnd lt1l1, wht~ lhlcknt11 r h y, In &nd OVO, 

Í&cr Btnd 

QW·lLO 

l 

l 

Root Brnd 
QW·lUl 

l 



TYPES Of TESTS ARE BASED ON 
COUPON THICKNESS 

• lf coupon is over 1" thick. multiple specimens may be cut 
(mechanically) 

• Twice as many specimens are required 

• Special exception fer pipe :3" 00 or less 

TYPES · OF TENSION TESTS 

1. REDUCED · SECTION 

2. REDUCED SECTION 

3. TURNED SPECIMEN 

4. FULL SECTION - - - PIPE 

PLATE 

PIPE 



Qi,card 
,,..;, piece 

QW-463.l(al PU.TES - 'ii• TO ~ IN. 
PROCEDURE QUAUFICATION 

OW-463.lCbl PU.TES - OVER ~ ANO 
ALTERNATE 'Ai TO '!. IN. 

PROCEOURE QUAUFICATION 

~' ¡'. .-
":.::..:_·. 



1986 Edition 

.......... ,. •.. 

DATA - GRAPHfCS 

QW-4<>3 Order of Removal (Cont'd) 

Aoot bend 

Face bend 

/ 
Horizontal pl1ne 

(when pipe is ~lded ____ .,._ ___ _ 
in horizontal 

fi1u~d position) 

/ 

Reduced-section 

tensile 

Aoot bend 

Pipes- 1/16 to 3/4 in. ThtekMss 

QW-463.l!dl PROCEOU RE QUAL!FlCA TION 

At'duced-tec11on 

1erisi1e 

Horizontal plme 

fwhen pipe is vwelded 

----·----
'"horizontal fo•ed 

1 Sode bend 

Reduced'1-tct1on 

1ensrle 

P1oes-Over 3/4 1n Th1ctr.ness an<l Allern.ate 
From J/8 1n. but Less Than 3/4 in Tt-uckness 

QW-463.Hel PROCEDURE QUAL!F!CATION 

QW~3.l(d), QW-46.3.l(e) 



1 

D1scaro 

l-+ 
::;.--

1 

l-+ 

-. .--

-~ 

. ...--

u.card 

Lo,,9<tvd1na! 

f•Ct()tN:l 

Rtouced·Sec11on 

itnide sotcrmtn 

Lol\911ud1nal 

root .Qend 

SDtCorY'tn 

Lot1911ud•t1al 

l•ce-bend 
soeC•fnen 

Atduced·SoeCt1on 

iens1ie sotc1men 

Lon911ud•t1aJ 

roo1~nd 

'OtCo~n 

OW-463.lCcl PLATES - LONGITUDINAL 

PROCEOURE QUALIF!CATION 

rT> 
\.;: 

{[? 
~ 



QW-462-Q\\'-462. l(a) SECTION IX - PART QW, WELDING 1986 Edition 

QW-462 Test Specimens 

The purpose of the QW-462 figures is to give the 
manufacturer or contractor guidance in dimcnsioning 
test spec1mens far tests rcquired far procedurc and 
performance qualifications. Unless a minimum, maxi­
mum. or tolerance is given in thc figures (ar as QW-
150, QW-160, or QW-180 requ1res), the dimens1ons 

are to be considered approx1mate. Ali v.relding pro­
cesses and filler material to be qualiñed must be 
included in thc test specimen. 

x =coupon thickness includ1ng reinforcc.ment 
y = spccimen thickness 
T =coupon thickness cxcluding rcinforccment 
W = spccimen width, 'Y. in. 

mach1ne<i flush with base ,.-..=-.:=-=-.=-=.: \_~'--"-"'-=t-==-~----------¡ .. 
Weld re1nforcement shall t>e-------~,---~-. 

metal. Machine m1n1mum i: " ) \ 
11mount 10 otna1n "- ----'-'- 01stor11on 

parallet surfaces. f 

~·di 
approx. Sll..J-----

1 O in. ar as requ1red 

:o: 1 1 

1 : 

~ K f.-

!: 1/4 in. 

• 
~ 
' t 1/4 in. 

Coid nraightening 

of the test coupon 

ti perm1tted prior 

to removal of weld ' re1nforcement. 1 -
}- Tl"lese edges may 

1 " }---- Ed~ of wides;t 
be 1hermal\y cut. ... tace of weld 

1/4 in. - ' (.._'_J 
-~ ..o--

~' 1 <; \ .,., 
\\ 

Tl"l1s iect1on mach1ned 

preferably bv m1lhn<J 

- 1/4 in. 

Parallel length eQuats 

w1dest wsdth of weld 

plus 1/2 in. 

added length. 

QW-462.l!al TENSION - REDUCED SECTION - PLATE 

Length suffic1~1 · 

1oextend in1ogr1P. 

equal to 1we>-1hird, ... 

grip length 

31 



1986 Edit1on DATA - GRAPH!CS 

QW-462 Test Specimens (Cont'd) 

1 
Gr1nd or rnach1ne the m1nimum 

emount needed to Obta1n plane 
parilliel laces over the reduced-4-----------../ 

sect1on "1' No more material 
than is neeoed to perform the 

test shall t>e removed. 

or as reQui~d 

preferably by milling 

QW-462.l(b), QW-4-02.Hcl 

On ierrous mater .. 1 

these ~ges ~V be 
thermallv cut. 

QW-462..l<bl TENSION - REDUCED SECTION - PIPE 

NOTES· 
11 t The ~Id retnforc:ement st\aill be ground or mach1ned so rhat 

the ~Id thickneu don no1 exceed the: b.IW meul thicknes:s 

T. Macn1ne m1n1mum amount to obta1n approx1mately par­
allel surtaces. 

(21 The reduc:ed se<:tton shall not be teu t~n the width of the 
weld Plus 2~. 

úW-4ó2..l\l:} ·rt.t~s¡or~ ~ ~COUCED SECTICN 
ALTERNATE FOR PIPE 

([

> , . 



TENSION TEST 
ACCEPTANCE CRITERIA 

1. MINIMUM STRENGTH OF THE BASE MATERIAL. 

2. MINIMUM STRENGTH OF THE WEAKER Ml>.TERIAL 
IF OIFFERENT MATERIALS ARE USED. 

3. MINIMUM STRENGTH OF THE WELD METAL IF 
THE BASE MATERIAL ANO THE FILLER MATERIAL 
HAVE DIFFEREHT 8TRENGTHB AT DESIGN 
TEMPERATURE. 

4. IF THE BREAK OCCURS IN THE BASE MATERIAL, 
AWAY FROM THE HEAT AFFECTEO ZONE, THE 
CRITERIA MAY BE 6~ BELOW THE MINIMUM 
STRENGTH OF THE BASE MATERIAL. 

., - ,. •' ~ ... 

·' "''· 

33 



QW-4<i2. l(d), · QW-4<i2. Úel SECTION. IX - PART QW, WELDING 

QW-462 Test Specimens (Cont'd) 

R 

Weld 

---<"°""<---- A ------'4-

Stan<l•rd Oomensions. in. 

l•I lb) 
0.505 Spedmen 0.lSJ Specimet"i 

A - Length of reduced sect1on [Note 1111 [Notellll 
D - 01ameter 0.500 ~0.010 o.Jso ~o 007 
R - Rad•us of ftllet 3/8, min. 114. m1n 

B - Length of end seetion 1-JfB. appro11:. 1 • l /8, appro" 
C - Diameter ot end sect1on 314 ,,, 
GENERAL NOTES. 
tal Use ma1umum diameter speomen la), lb!. (e}, or (d)1hat ctn be cut from the section. 
(b~ Weld should be in center oi reduced seet1on. 

,,, 
0.252 Specimen 

[Note (1)] 
0.250 :.0.005 
3/16. min. 
718, •ppro.: 

318 

le! Where only a single coupon is rec¡utred the center of the spoamen should be m1dway between the surlaces 

!di The ends may be of any shape 10 ht lhe holders ot the lesung macti1ne 1n such • w•v lh.a! lhe lo•d is •pplied aualty. 

NOTE: 
l lJ Reduced sect1on A should no1 be less lh•n wid1h of ...eld plus 2D. 

QW-462.l(d) TENSION - REDUCED SECTION - TURNED SPECIMENS 

Weld re1nforeemen1 Sh~tl be 

rnaehrned flush Wtlh ba~ metal 

1 
Plug 

V -jaws of 1est1ng maeh1ne 

\ 

Dm1n 

" 1 

:.'I ,. 

QW-462.l<e) TENSION - FULL SECTION - SMALL 
OIAMETER PIPE 

19!:6 Edition 

.'. 

i 
'..:,.. 

(di 
O. 1811 specimen 

{Note !111 
o. 188 ~0.003 
1/8, m1n 

112. approx. 

114 



1986 Edition DATA - GRÁPHICS 

QW-462 Test Specimeas (Cont'd) 

(1al For procedure Qualif1c:ation of "'9terial1 otner than P-No. 1 in 

OW-422. if the 1urfaces ot the 1ide bend tnt U>ecimens ant gas cut, 

rem°"I by machin1ng or gnnding of not '9'11 th9n 1 /8 in. from ttM 
surface shall be required. 

T, in. 

3/8 to t-t/2. 
•nd. 

QW-462.2 

w (in.) 
Y. 1n. 

P-No. 23, 
All otner 

F-No. 23, or 
meta Is 

T P-No. 35 

1/8 J/8 
{1bl Svch removal is not required for P-No. 1 materials, but env 

result1ng roughneu d\all be drenad by machining or gnnding. 
> 1-1n [Note 1111 118 J/8 

(21 For performance quelificatton of all rMterials in QW~22. if tM 
surfa«t of tide bend tetts snr gas cut, any resulting roughnnt shall 
be dreued by machining or grinding. 

J_ -- ~ -r t-----t 1- --;1 T 
T 

....l.· 

GENERAL NOTE: 

Wald rwinforcement .nd becking striP or becking ring, if any. mav be 
~ flush with the 1urfac:e of the IPeeimen. Íl\en'nal cutti,;,9, 
~ining, °' grindinv nwy be emp4oyed. Cold strai;htening is per. 
mitted prior to !'9mOYll of the rotnforc::ement. 

NOTE: 

(11 When ipecimen thickness Texceeds 1·112 in., use one of the fol· 
lowing. 

(al Cut spocunen into multiple tnt sPecimens y of .,;tronimately 

eQU.I dimenstons (3/4 in. to 1·1/2 inJ. 

Y • tested specimen thickneu Y!l'hen muJtiple ~mens are 
taken from one coupon 

lbl The wecimen may be bent at ful! width. See requ1rements on 
jig width 1n OW~66. 1. 

QW-462.2 SIDE BEND 

........... ~ "' .... : . 

3S 

-' 
" 



face 
Bend 

Transvcrse 
Side Bend 

BEND TESTS 

Root 
Bend 

Longitudinal 
face Bend 

GUIDED BEND 
ACCEPTANCE CRITERIA 

• No open defects in weld or Heat Affected Zone greater than 1/8" 

• Cracks at comers may be ignored unless resulting from slag or 
interna! defects 



1986 Edit1on 

T •PP4!d hole to MJit 

tening machine 

DATA 

QW-4ó6 

GRAPHICS 

Test Jigs 

QW-466, QW-46<'.l 

Hardened rollers 1-1/2 1n, diam. 
may be subSt1tuted for jig 'houlden. 

As reQu1red i----As reQuired ----; 

314 .~t7 

1-1/8 ;n.[ 
1141n._j 

J/4 :;;:-17 

2 '"· ¡-"J;:;._--1 

3·718 in. 

M•terial 

P-No. 23 to P·No. 2X; P-No. 2X w1th F-No. D; P-No. 35 

P·No 11: P-No. 25 10 P-No 21 or P·No 22 or P·No. 25 

P·No. Sl 

P-No. 52, P-No 61. P-No 62 

All others 

Voke 

Tlticknns of 
Specimen. ;n, 

118 

t - 118 or less 

J/8 
r - 318 or less 

J/8 
t • 318 or lns 

J/8 
t • 318 or less 

J/8 
r - 3/8 or less 

GENERAL NOTE. fOf P·Numbers. see QW-422; for f·Numbers, .s;ee OW.:432. 

A. in. 

2·1116 
16-112t 

2·' 12 
6-2/lt 

J 
8t 

3-314 

'º' 
1-112 

4t 

QW-466.l GU!DED-BEND J!G 

B. in. C. in. D. in. 

1-1 /32 2·318 1-3/16 
8-1 /4t 1a.112r + 1/16 9-114t + 1132 

1-114 l-318 1-11116 
3-1 t3t 8-2/lt + 1 /8 4-1/3t + 1116 

1-1 /2 3-718 1-15116 

41 tOt + 118 St+ l/16 

~1-718 '4-518 2·5116 
St 12t'+ 118 6t+1/16 

314 2-318 1-3/ 16 
21 6t. 118 Jt + 1116 



A87 
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QW-l<i2.J1áJ. QW...,;2.J(b) SECTION IX - PART QW, WELD!NG 1986 Edition 

QW-462 Test Specimens (Cont'dl 

1·1 /2 in.

1 
...... -----6 tn m1n.---_, R"' 1/8 tn. max.. 

..___~11 _iI O: O'. 
~yJi 1\..~,-
-r- -""-

y, 1n . 

P-No.23,F·No 23, 
T,m. or P-No. 35 Ali other- metals 

1/16 < 118 T T 

~----~-----~ T""""T (Platel (Pipe) ,. .... ..._ _____ _._.._ ____ ~~ 
------------ ----- ---· _L 

1 /8-3/B 1/8 T 

>318 1/8 318 

Face-beod spec1men - Plate and Pipe NOTES: 

1-1/2 '"·1 '-----6 1n. min ____ _, R • 1/8 in. max. 

..___~l l _IIÓ IJ 
L";j r:t 

------------.---------7;¡ (Plate) 
,. .... 

'--~~~~'-'-~~~~--'.L-1. 

(Pipe) 

Root-bend apecimens - Plata •nd pipe 

(1) Weld re1nforcement and beeking strip or back1ng ""lil. if anv, 

1hall be removed flush with the wrface of the soecimen. lf a 
reces.sed ring is used, this surfece of the spec:imen mav be 

mac:hined to a depth not exceeding the depth ot tlie recess to 

remove the ring, exc:ept ttult in s.uch cases the th1ckness of 
the finished specimen lhall be th41t ¡pecifted aboYe. Do not 

ftame<ut nonferrous matertal. 
(21 lf the pipe be1ng tened is ... m. f\Omm;i\ dimmeter or ~. the 

width of the bend ¡pecimen may be 3/4 ift. tor p¡pe d1ame 0 

ten 2 in. to 91\d induding 4 in. The bend specimen width 

m-v be 318 in. for pipe d&ameten 6ess thtln 2 in. dO'M'1 to and 
includin; J/8 in. and asan altemativc, if me pipe be1ng tened 
is equal to or NIS than 1 in. nomiNI pape 1ir:e Cl.315 tn. 
O. O.J. the wiclth of the bend spec:imens nwy be thlltobtained 
by cuttinsi the pipe into QUaner teetions, kess en allowenee 
for uw cuts or m.ehine cutting. These s:pecimens cut into 
Quarter sections are not required to have one surfece ma­

c:hined fl•t as lhown in OW~62.31•1. Bend si>ecimens t•ken 
trom tub1ng of eompar-8ble sizes m.y be hancUed 1n • s1m1lar 

manner. 

QW-4ó23Cal FACE ANO ROOT SENOS - TRANSVERSP.' 

1-1'2 '"· 
>------- 6 in. min.-----

' 
r, '"· 

1 y 

lr 
Ali 

P-No.23.F-No.23 °'""' T. in. or P-No. 35 metats 

1/16<1!8 T T 

118·3/8 1/8 T 
>318 118 J/8 

NOTE. 

( 1) Weld re1nfon:emenu and bflcking strip or bfldung ring. d any, 

shall be rernowd •••ent1•llv flush wtth tne undd'lutbed suf'face 

- of the bflH material. H' • recau.d nrip na UMd. thi& surf•ct ot 

the spec1mcin m•v be mochined to a depth not •xcffd1ng the 

depth ot lhe recesa to rer.love ttM strip. •XC.Pt th•t •n sueh cases 

thc!! tiuc.i;ne:s• of tho f1nu1tr.:id a~QC.•ri"\eii sh¡¡ll bti th¡¡1 z¡y3crf1-.1 • ..... 
QW-4623Cbl FACE ANO ROOT SENOS - LONGITUDINAL' 
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1986 Editton DATA-GRAPHICS 

QWM2 Test Specimens (Cont'd) 

GENERAL NOTE: 

Size of fillet • th:¡ckness 

of r 2 not g~•ter th•~ 
· 3/4 in. 

Macro test - The fillet 1"911 show fusion at 
the root of the weld but not necenarily 

ttevond the root. The weld metal and hut 

atfected: .tone sh•ll be free of crKks. 

3 tn. 

r, 
t/8 in. and len 

OYer 1/8 In. 

QW-462.4(a)-Q W -4ó2.4(c l 

r, 
Equ•I to or ~ rhan T 1 
but not leu th•n 1 /8 in. 

Stop and restan. 
wwld nur the 

Mocn>-T­
S.-0,,... 

QW-4ó2.4(al FlLLET WELDS - PROCEDURE QW-4ó2.4(b) FILLET WElDS - PERFORMANCE 

i 
J '"· 

.--
1 

Base metal th1ckne-ss :;;. T 

~----------- Oirection of beftd ----------~ 

,,----- T • W'ltlllll thickncm 

/-- 1 /4 section bend 

,_ ___ Stan 9nd ttOP of wetd 

M•r con ter of band 

Mlix, fillet size • T 

QW-462.4(c) FlLLET WELDS IN PIPE - PERFORMANCE 

39 

' ,. 
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GROOVE \VELD TEST COUPON 
QUALif!ES fOR 

Ali fillet weld 

(a) Thicknesses 
(b) Sizes 
(e) Diameters of pipe 
(d) Within essential variables 

(Note: Exception is P·l lA groups 3, 4, 5 and P·llB which requires 
special qualifications.) 

fILLET WELD QUALifICATIONS 
(QW·451 . .3) 

• l 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 roJt and leg lengths shali differ by less than 1/8". 



. · NEVER .USE ART!CLE· II 
\VliEN QUALIFYING \VELDERS 
OR \VELDING OPERATORS 

ONLY ARTICLE III APPLIES 

WHO IS A WELDER? 

One who perf orms a manual or semi-automatic welding operation. 

PURPOSE Of QUALifYING 
A WELDER 

To determine the welder's ability to deposit sound weld metal. 

'l 1 



l¡ ¡_ 

WHO IS A WELDING OPERATOR? 

One who operate.s machine ar automatic welding equipment. 

PURPOSE Of QUALlfYING A 
WELDING OPERATOR 

To determine the operators mechanica! ability to operate the weldir:i~ 

equipment. 

RESPONSIBILITIES Of MfG. 
(fOR WELDERS) 

• Conduct tests to qualify the welders to use one or more of mfg : 
welding procedure.s that will be used on Cede work. 

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



., .· . 

TliE WELDER'S QUALIFICA TION IS LIMITED BY 
TliE ESSENT!AL VARIABLES OF QW-350. 

TliE ESSENT!AL VARIABLES Of QW-350 DO NOT 
APPLY TO WELDlNG OPERATORS. 

WELDER RECORDS 

e WPQ 

• Continuity Log 

• !.D. Lag 



WELDER'S PERFOR~v1ANCE 
QUALIFICATION RECORD 

A W.P.Q. IS A DOCUMENT FOR RECORDING 
THE QUALIFICATIONS OF A WELDER OR 
\\IELDING OPERATOR. 

CONTENTS Of THE 
WPQ 

( a ) Ali applicable variables used by the welder to make a test cour.9n 
/ 

\.:' 

( b ) Results of the tests 

(e) The range.s (when applicable) - sorne variables only have min. 
or max. values) qualified. 



. ~· . ' .. ' 

CERTIFICATION OF 
WELDERS 

(a) Not specifically required in IX. 

( 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. 

• Need not be en Cede 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. 

lf 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 pr:icess - July 30. 1983 
SMAW prous; - OctoDer :.5. 1933 
SMAW process - November 15. 1983 

When does this welder's SMA\V qualification expire? GTAW? 



WELDER
1

S LOG 
' 

WELDER A 

SMAW ~/as 11./es 11~/gs- 12/y1gs .. 
.. 

'f,/g-; F/s/~ '"/s¡,~ . GTAW 

SAW S/g/~ 1 i¡,/tS" '/1/¡~ 

¡, 
~ 
'I 

WELOER B • r. . 
1 

fy¡g~ 4/,h5 '~/ylS" ¡ar Aw 
" " . t,.¡, /És '1l1j,5 1:i.¡, /¡ s ~GMAW 
' }, 
' . 
'1 
'1 ,, 

. ~ WELDER C 
1 
" . 

''i•/cs n/./g) ¡jGMAW 
· 1 

SMAW <t/, /1 s 

~··, 
( . ' l 

/ '..! 



PREPARATION Of TEST 
COUPONS 

• Must use a WPS (qualified ar unquali(ied) 

• Preheat not required 

• PWt1T not required 

• Welders who quafify a WPS may use that WPS in production (jillet 
wefds are an exception) 

• P· llB WPS groove may not be used to make a P· llB fillet weld 
but welder may be qualified. 

• May be terminated if test appears to be unsatisfactory. 

TYPES O f TESTS 

l . Mechanical 

a. Bends 
b. Macro/fracture 

2. Radiography 

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

MECHANICAL TESTS 
fOR WELDERS 

• Plate groove test: · 
2 bend tests 

• Pipe groove test: 
1 G or 2G - 2 bend tests 
SG or 6G - 4 bend tests 

, •,·.-·. > •. . .. ~. -~:~-«~-~~ •. ·••o,.· .. ~¡,•"'•_.,_.,.,.,,,_,.~,.,.....,,.. .. ".',,_,.~._.,._,~,-..-~ ... ~"'-":·--:~,·-·· 

" Plate fillet test: 
2 - macro. 1 - fracture 

• Pipe fillet test: 
2 - macro. 1 - fracture 

....... 



\VIiAT .\VQ,ULD BE REQUIKED If A 

WELDEK'S QUALIFICATIONS EXPIRE? 

REQUALifICATION Of 

\VELDERS 

• When time limit expires 

• When reason to doubt abi!ity 

• When outside limits of qualified range.s 

RECERTIFICATION 

1. THE WELOER MUST WELD EVERY THREE MONTHS. 

2. THE WELOER MUST USE EVERY PROCESS AT LEAST 
EVERY SIX MONTHS. 

3. REQUALIFICATION IS BASEO ON ONE COUPON. 
IF ElUCESSFUL, THIS COUPON WILL RE-ESTABLISH 
THE WELDER'S QUALIFICATIONS FOR ALL THICKNESSES, 
OIAMETERS ETC. FOR E,ACH PROCESS. 



A87 

QW-463.2íd)-QW-163.2(í) SECTION IX - PART QW, WELD!NG 

QW-4<í3 Order of Removal (Cont'd) 

45 deo. - Ge c>eo. --1 45 Ó<g. - 60 deg . .._., 
' 

Aoot bend 

Horizontal plane 
(when p1pt1 is wetded 

-+-+-· ---·-----++ 

F.ce bend 

in SG or6G 
positionl 

Rootbond 

(when pipe is welded 

·----
In SG or 6G 

Side bend 

1986 Edition 

S;de bond 

Side bend 

Pipes - 1/16 Up to 3/4 in. Thicknea 
Pipes - 3/4 in. •nd Over Thickneu •nd Altemete 
From 3/8 in. but Lea Than 3/4 in. Thidc.neu 

QW-4632Cdl PERFORMANCE QUAUF!CATION QW-4632Cel PERFORMANCE QUAUF!CATION 

GENERAL NOTE· 
•eJh'9'1 J1C'e :°l"-="" !"'~·~ ,,re:- m;io~ in au:or11.,nc-,. ...... th úW ... 52 1 •nd 0""--4Si2.J, tl·,ey ~~;.;!I t..:: r...,11.ov~::i ¡,s 
shown tn QW~.2ffl in otace ot 1ne face and root bends. 

QW-463.2(1) PIPE - 10 IN. ASSEMBLY PERFORMANCE QUAUFICATION 

A87 
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1986 E<l><;.oo · DATA.'.... GRAPHICS· QW-463.2\a)-QW-463.2\c) 

QW-463 Order of Removal (Cont'd) 

Oncard 

QW-463.2(a) PLA TES - 'li• TO 3A IN. 
PERFORMANCE QUAUFJCATJON 

this 

º'"°" 

--- - - ------ - ----

---- -------- ----
'"" P•OC< 

01scard 

th1s p1ece 

QW-463.2(b) PLATES - OVER '/4 ANO 
ALTERNATE % TO l4 IN. 

PERFORMANCE QUAUFJCA TJON 

Longi1udinal 

t~-bend 

specimen 

. LOf"l9nudn\lll 
root-bend 

1pec1~ 

QW-463.2(c) PLATES - LONGITUDINAL PERFORMANCE QUAUFICATION 
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QW-462.J(a), QW-462.J(b) SECT!Ol' IX PART. QW, WELDING 1986 Edition 

QW-462 Test Specimens (Oint'd) 

1-112 in,

1 1..------6 in. m1n. 

(____L-1..1 1 ___,11 LJ1 c1 
R • 1/8 1n. maJC. Y. in. 

--~1· i\..~-
-r-- Lr.J 

-----~~------,T"""T (P\ate) (Pipe) 
~ ... 

1--------4-"--------'~ 
--- - - - - - - - -- - - - - - - - - - _..J_ 

Face-bend specimen - Ptate and Pipe 

Root..t>end apec:imens - Plate and pipe 

P-No.23. F-No. 23, 
T. 1n. or P-No. 35 Ali other metals 

1116 < 1181 T T 

1 /8-3/8 1 1/8 T 

>3/B 1 118 3/8 

NOTES: 
(11 Weld n:inforcernent and backing strip or backu'!Q ring, if anv. 

sN.11 be ret'T\OYed flush w1th the surf.ce of the s:peomen. lf a 

~es.sed rinq is used, thts surface of the wecirnen mav be 
machined to a depth not exeeeding the dePth of the recen to 

remove the r1ng, except that in suc:h cases the thickness of 
the finished specimen shall be that IC)K.if1ed lbove. 0o not 

f\ame<:ut nonferrous materLlil. 
(21 lf the pipa be1ng ttsted is 4 in. nominal di.meter or less, the 

width of the bend epecitnen may be 3/4 in. for p.pe dlatne-­

ten 2 in. to and inciuding 4 in. The bend specimen width 
m.v be 318 in. for pipe diemeten leu than 2 In. down to and 
including J/8 in. itnd IS 1n 1ltemative. if the Pipe being tested 
is equal to or less tti.n 1 in. nominal pipe slZe (1.J15 in. 

O. O.J. the width of the bend specunens tNV be thttobtained 
by cuning the pipe h:'to QUertW '8C'tiona., Mm an allOWlilllnce 
for uw cuts or m.ehlne cuttin;.. Thne speciment cut into 
quarter sectlOns ere not required to ~ one surlece me.o 
chined flet es shown N't OW~3(al. Bencl specimens teken 
from tubing of comPllrable s1zes mtV be handled in a similar 
manner. 

QW-462.3(al FACE ANO ROOT BENOS - TRANSVERSEu 

f----6 '"_· mi_•·-=--=1 ·1-'___.' '"1tg "' ·:-
Y. in. l[r~ I 1 y 

r.:.I ~T 
Ali Fec. Root 

P-No.23.F-No. 23 other Bond Benct 
T.1n. or P-No. JS metals 

1/16<118 T T 

, '8·3/8 1/8 T 
>3/8 1/8 3/8 

NOTE: 
(1)Weld ,.1nforcements and backing strip or back1ng rtng, 11 •ny. 

sh•ll be removed essenU•lly flush w1lh lhe und1sturbed surlace 

of the t:ase matenal. lf • reces!led stno 11 used, ttus surlace of 

tí1e s¡..16c1mun m'-J•,' tl'.J m,;.::h1nsj to ~ d'!lplh no1 e"ceed11·•0 me 
deoth .Jf the i.ces; 10 remo1i1e lhe stno, exceo1 1nat m suc:h 1..••e:a 

the ttuckness of !he finished specimen shall be that soec1f1ed 

aboYe. 

QW-4ó2..3(bl FACE ANO ROOT BENOS - LONGITUO!NAL1 

... 

'51 



1986 Editio~ . 

S' ' 

DATA .....{";RAPHICS 

Q'.\'-463 Ordcr of Rcmo,·al (Cont'd) 

~/2deg.~ 

Root bend Y 50 

deg. 

S1de 
b<nd 

~ ~-'-~T,~~~ :> ~Side~nd 

45 

' 
Horizontal ~fe~nce line for 

90 
deg. - ___ ''jed ho•i~ontal "°(''ºn.('_._ __ +--l-

Pipe in fixed vertical 1 ---t---"- 80 deg. 
position for 2G teSU 270 deg. 

/ Pipe 1n f1xed hori:r:ontal 
posnion for 5G tests 

22 1/2 deg 

50 d<g, 

GENERAL NOTE: 

When s•de be'nd tesn are macte '" accordan~ w1th OW-452.1 and QW-452.J. 
,tr.ev shall ~ remove-cl as sho-n 1n OW-463.2191 on place ol t~ lace and root bends 

QW-463.2!gl b IN. OR 8 IN. ASSEMBLY PERFORMANCE QUAUF!CATION 

QW-463.2(g) 

r_...-. 
·, 



MECHAN! CAL TESTIN G 
ACCEPTANCE CRITERIA 

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

• fillet Macro - visualiy no cracks or lack of fusion. Linear indic.a­
tions @ root less than 1/32" are acceptable. 

• fillet Fracture 
a. no breaks 
b. fracture indicates no incomplete root fusion. no indusions 

and porosity greater then 3/ 8" fer plate. ar greater than l 0% 
of quarter section thiclmess on pipe. 

M:ACRO·ETCHING 

• Ferrous and nonferrous etching solutions of QW-470 

• Written procedure not required 

• Personnel neet:l not have any specified qualifications for perfonn~ 
ing the tests. 



1986 Ed1tion DATA - GRAPHICS 

QW-462 Test Specimens (Cont'd) 

,.... (le) For prOC1!dure Quelific:at1on of meteriel• other then P-No. 1 in 

Q'{"j'~22, it the surleces of the s1C1e bend t"t spec1mens ere ¡;es cut 
removal bv mach1n1ng or grind1ng ot not tus than 1/8 in. from ttwi 

surl.ce shell be required. 

( 1 b) Sucfl removel is not reQuired for P-No. 1 materiels. bLtt •nv 
resuh1ng rouqnness shall be dressed by mechining or grindmg. 

(21 Far perlormance Qualificat1on of •11 rneterU.ls in QW~22. if the 
surhce1 of side b!nd tests ere gas cut, eny resutting roughness shall 
be drt:ued by m.achining or grinding. 

T. in. 

3/8 to 1-1/2. 
1nct. 

> 1 ·1/2 

GENERAL NOTE: 

Y. in. 

T 

fNote (1)) 

Q\\'-4l2.2 

w {in.) 

P-No. 23, 

F--No. 23, or 

P-No. 35 

118 

118 

T 
T 

J.. 

All other 

meta Is 

318 

318 

;:;?';."' 
\:j, 

Weld reinfon:ernent end blekin¡ nrip or becking ring. if anv, rnev be 

Nmoved flush with the 1urface of the weeimen. Thertn11I cuning, 

rn.chining, or gt'inding may be employed. Cold st.-.ightening is per- tt:· 
mined prior to removal of the reinfOf"cement. '\;,:,( 

NOTE: 
111 When wecimen thickness Texceeds 1-1'2 in .. use one ot the fol· 

lowing. 

(e) Cut s:pecimen into multiple test wecimens y of epprokimately 
eQual d1men1.1ons (J/4' in. to 1·112 in.}. 

y • tested specimen thickneu ~n multiple ll)ee1mens •re 
teken from one coupon 

(bl The spec1men "'-V be bent et full width. See requirements on 
jig W'ldth 1n QW~66.1. 

QW-462.2 SIDE SENO 



· · CHOICES .. :f.OR TEST COUPON 

• Position 

• Backing 

• Pipe or plate 

COMBINATION PROCESSES 

• More than one F-number 

• More than one proce:sS 

• More than one welder 

RADIOGRAPHIC TESTING 
fOR WELDERS 

• SMAW, SAW. GTAW. PAW. FCAW. and GMAW (not GMAW·S) 

• P· l thru 11. P-3X and P·4X base materials 

• GTAW also indudes P-2X and P·SX base·materials 

RADIOGRAPHY 
fOR WELDS BY A WELDER 

• Test Coupon - 6" long RT 

• Production Weld - 6" long RT 

(Qualification en pipe requires RT of entire drcumference of the pipe. 
Maximum of 4 pipe to accumulate 6" of total weld.) 

,, 

SS 
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1986 Edition DATA - GRAPHIC:S Q \\' -4-02.4{a)-<) W-462.4{c) 

.QW-462. ·Test Specimeas "(Cont'd) 

¡ 
' 6 rn. 

mm. 

Drscard 1 1n. 
S1ze of filie~ • thicknes:s 

of T 
2 

no: greater than 

/ 3/4 in. 

_i_¿_ _ __A:___¡:.i::. _ _¡' 

r, L_ ______ __y 

T¡..-6,n m1n 

GENERAL NOTE: 
Macro test - The fillet shall show fus¡on at 
the root of t~ wetd but not nece:uarity 

beyond the root. The weld ~tal and he.lt 

affected z:one shall be free of cr.cks. 

r, 

1 /8 in. and leu 

Over 1/8 1n. 
r, 

Equal to or leu than T
1 

but not leu than 1/8 1n. 

01recuon of ~nd•no 
T • 3/16 in •. -----1 

to 3/8 in~ 1 

1 
3 '"· 

StoP and restan 
~Id near me 
centt:r 

1.c2::=:::~~ 
T 
~-­T 

Max. lillet siz:e • T 

QW-462.4(aJ FILLET WELDS - PROCEDURE QW-462.4Cbl FILLET WELDS - PERFORMANCE 

T 
8.ase metal thickness ;;a. T 

T • wall th1clcness -----

1 /4 seci:1on bend 

St11n and stop of weld 

near cetuer of bend 

Max. fiUet sin• T 

Wall thickness > T 

GENERAL NOTE. E1thef pepe-to.Piare or PJPe•tQ-i>ipe may be used as shown. 

¡-:.f'.!~ 
t'"., 
~ ... 
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IVELDER RADIOGRAPH ACCEPTANCE CRITERIA 
COMPARISON 

Scction IX 
(QW· 191.2) 

(a) Unear indications: 

( 1) Any erad< ar zone of incomplete 
rusion ar Penetration 

(2) Any dogated Slag indusion 
greater than: 

• 1/8" lor t :s 3¡5·· 
• 1/3 t lor t >3/8" to 214" ind 
• 3/4" lor t grcater than 214" 

(3) Any group o( st.ag indusions in­
line grcatcr than t in a l 2t 
lcngth (except when distance 
between indusions is greater 
than 6L). 

(b) Rounded indications: 

(l) Max. dimension 20"lo t ar 1/8". 
whichever is smaller. 

(2) When T is lcss than 1/8" max. 
numbcr ar indications is 12 
in 6" lcngth. 

(3) When T is e<¡ual to ar greater 
than 1/8"" ~ Charts in Appcndi.t L 
When max. dia. is less than l 132·· 
it is irrt.!cvant. 

t - thicl<ncss oí dcpositcd wdd metal. 
T - th1ckncss oí bas<: matenal. 
L - length af longot impcrfcction in a group. 

Scaion VIII 
Div. l (ruU RT-OW·51) 

(a) Unear indications: 

(1) Any c:r.idl ar zone of incomplete 
rusion ar Penetration 

(2) Any eiongated 5Lag indusion 
grcater than: 

• 1/4" lor t less than 3¡4·· 
• 1/3 t ter t - 3¡4·· to 2v.·· ind 
• 3/4" for t grcater than 2v ... 

(3) Any group of slag indusions in 
line greater than t in l 2t length 
(except whén cfutance between 
indusions is greater than 6L~ 

(b) Rounded indications: 

(l) Max. dimension 25% t ar 5/32"' 
whichever is smaller. (Sorne exceptions) 

(2) Sec Appendi.t 4. When T is lcss 
than 118" max. numbcr of indica· 
tions is 12 in 6" length. 

(3) See Appendix 4. (Sorne rango 
mo"' rotrictivc. sorne lcss 
rotrictivc than Scction IX.) 

st-
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RADIOGRAPHIC TESTING 
FOR WELDING OPERATORS 

THE REQUIREMENTS FOR RAOIOGRAPHING 
WELDING OPERATORS IS FOUND 
IN Q.W.- 305. THE REQUIREMENTS ARE 
THE SAME AS FOR WELDERS. THIS IS A 
FAIRLY NEW REQUIREMENT ANO G.M.A.W. 
BHORT ARC MUBT ALWAYB BE QUALIFIEO 
MECHANICALLY. 

RADIOGRAPHY 
fOR WELDING OPERATORS 

- Test Coupon - 6" long RT 

- Production Weld - .Y long RT 

(Qu~lification on ~ipe requires RT of entire circumference of the pipe. 
Max1mum of 4 pipe to accumulate 6" of total weld) 

!:?' \' 



WELDERS DO NOT HAVE NON-ESSENTlAL 

NOR SUPPLEMENTARY ESSENTIAL VARIABLES 

WELDERS DO NOT NECESSARILY liAVE TO 
FOLLOW A WPS WliEN QUALIFYING 

• May omit PWITT and prehe.at 

• Base material substitution 

• Possible filler metal substitution 

• Must. as mínimum. follow or record essential variables. 

S9 
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f AILURE Of TEST 
COUPONS FOR \VELDING OPERATORS 

• Same as we!de:-s except for production RT. 

• Production RT for immediate re test is 6 · long. 

f AILURE O f TEST 
COUPONS fOR \VELDERS 

• lmmediate RETEST: 

Mcchanic.al - 2 consecutivc test coupons 

RT test coupon - 2 consecutive test coupons (not 12" in one 
test coupon) 

RT production - additional 12" radiograph 

• Same method that failed must be used fer immediate retests. 

• With additional training just start over. no spedfics in IX. 



QW-353 SHIELOED METAL-ARC WELDING 'CSMAWl 
Essential Variábles 

QW-402 

Joints 

QW-403 

B.uc McUls 

OW-404 
Filler Mt:tals 

QW-405 
Positions 

1 .. 1 

.lb 1 

.18 

.ll 

.15 

..30 

.l 

..3 

Brief of Variables 

Back:in.;i 

.. Pipe Diamctcr 

.¡. P-Number 

F-No. 4X limits 

.¡. F-Number limlts 

.¡. t Wcld dcposlt 

+ Position 

.¡. t 1 Vertical weldinq 

QW-354 SEM!AUTOMATIC SUBMERGED-ARC 
WELDING (SAWl 
Essential Variables 

Para9raoft Briel of Varial>tes 

QW....f,QJ .16 .¡. P4>< dWnet« 

S.S. M.WS .18 .¡. P-Number 

QW-40. ..30 .¡. t Weld d<l>OSit 

Filler Metiis 

QW-405 .l + Posiüon 

PosiUons 

QW-355 SEM!AUTOMATIC GAS METAL-ARC 
WELOING CGMAWl 

IThis lntludes Flux-Cored Art Welding CFCAWll 
Essential Variables 

QW-402 

JoinU 

QW-404 

Fi11e1' Mctals 

ow...ios 
F .JStflOt\S 

QW-408 

Gas 

.• 

.ló 

.18 

.ll 

.ló 

.ZB 

.JO 

.JZ 

.1 ¡ 

Brief of Varia.,.es 

Pipe d~ter 

P-Number 

F-No. 4X l1mits 

F-No. 2X lim1ts 

F-Number 

t Weld meU.I 

r Um1t <S. Cir. An:..J 

+ Position 

T ransfer modc 

61 



\VELDER QUALIFICATION USING A \VPS 

Mechan íc.al Gaicrat far R.T. 
kst> Ali Proccs= 

Limitcd by QW-504 Gcnorally 
1) May delctc PWlfT (QW-301) 

!) 2·Sidc or 2) Position (QW-461.9) 1) 6 .. coupon 

2) l ·face and !-Root 3) f.acJUng (QW-:303 t:: 350) 2) 6'' production 
(See QW-302-3 t:: 452) 

4) Small dia. Pip<: (QW-452.3) 3) fntire drc.. fer Pipe 

5) Altcrnatc ~ m=l.s 
(QW-423) 

6) ~tia! Variables ' 

1 
See QW-302.l 

1 
(QW-350) See QW-302.2 

1 

1 1 

PASS 1 fail 1 

QW·!60 1 

QW·!SO 1 

Rc:tc::st 
w/TRMG 

lmmcdi.atc retcst 

Twicc .as 
many coupons 

QW·.:120 

R?:CtRTIMCA TION 

1) 3 me. must wcld 
2) 6 mo. caCh preces 
3) Rcason to doubt ability 

1 fail" 1 

1 

1 lmm""11atc retcst 1 

1 

1 

Twicc as 
many couporu 

(QW-320) 

Mcehanical 
ar RT 

1 

Additional 
12" of 

Production 
Weld 

1 

PASS 

_QW·!90 

•tf r AILURt on l'roduction wdd. it mu.st be repalrcd 

¡~-· .. 

P' 
\' 



OW-4523 
GROOVE-WELD DlAMETER UMITSl.> 

Outside Oiameter 
of Test Coupon, in. 

Minimum Ouuidc Diarnrter 
Qualif~. in. 

lcss tha.n l Sizt welded 

l 

NOTES: 
(1) Typc a..nd num~r of tests required stull be k1 .accordancc w;th 

QW-452.l. 
(2} 2 ~ in.. O.O. is con<sidered thc equ1valent of NPS 2 Y,i. 

1-- Schl e~ 
I
r---
- r base metal 

l" Schl 

r base metal 

Which of the above is >mall diametu pipe wdding undc Sc:tion lX7 

WHAT 15 THE LARGEST DIAMntR 
or r1rr. TilE WELDER MY_BE QUALlfl?.D 01'\ 

TO MAKI. THIS WELD? 

-1 .. dia. 5chl. 80 

1 1 ? 



All 

QW-452 Performance Quallílcatlon Thlckne5' Llmlts and Test Speclmens 

QW-452.l 
TRANSVERSE-BEND TESTS 

Thlckness t or 
Ooposltod W•ld M•t•I 

QuallOod. In. !Not• (2)) 
(S,. QW-310.lJ 

T ype and Number of 
Tests Requhed 

!Guldod-Bond T"tsl 
[Not" (3),(411 

TrP• of 
Jolnl 

Groovt 
Groovr 
G;oovE 

NOTES: 

Thlckntss of 
Test Coupon 

W•lded, In. (Noto (!)) 

Up to % lncl. 
Ovtr J,11 but lrss th1n o/4 

o/4 and ovtr 

2t 
21 
Max. to be 

weldtd 

Sido Bond 
QW-4b2.2!•1 

Notr {bl 
Nott l71 
2 

ll) When uslng one1 two, or more welden, the thkkness t of the deposlled weld metal for each welder wlth each process shall be determlned 
and used lndlvldually In the Thlckness column. 

(2) Two or more pipe test coupons of dlfftrtnl thlcknesses may be used to determine lht depostted weld metal lhlckness quallfled and that 
lhlckness may be applled to productlon welds to the smatlest dlameter for whlch the welder Is quaun,d In accordance with QW-452.). 

(l) lhlckn,ss of test coupon of % In. ar over shall b' used far quallfylng a comblnatlon of three ar more w'lders each of whlch may use the 
same ar 1 dlfferent wtldlng process. 

(4} A total of four speclmens Is requlrtd to quallfy far posltfons 5G and 6G as prescrlb'd In QW-302.l .. 
(5) race- and root-bend tests may be used to quallfy a comblnatlon test of: 

(a) one welder uslng two weldln9 processes; ar 
(b) two weldtn usln9 the samt or a dlfferent weldlng process. 

(6) Far a o/1 In. thlck coupon, two slde-bend tests may be subHltuted for the requlred face- and root-bend t'5ts. 
(7) Two slde-btnd tests may be substltuted for the requlred face- and root-bend tests. 

F act Bend 
!Noto (511 

QW-4b2.31•1 

Root Bend 
!Noto (511 

QW-4b2.31al 

~ :i 
o , 
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EXAMPLE 1 

318", E7010 

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

EXAMPLE 2 

318" E7010 

l. What is we!der qualified thickness? 
2. What is welder qua!ified f·Number(s)? 
3. How many and what type bends are required? 

{, '5 



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 
W elder Qualiíication 

P-No. 1 through P-No. 11 and 
P-No. 4X 

P-No. 21 through P-No. 25 

P-No. 52 
P-No. 62 

Qualiíied Production 
Base Metal(s) 

P-No. 1 through P-No. 
11 and P-No. 4X 

P-No. 21 through P-No. 
25 

P-No. 51 and P-No. 52 
P-No. 61 and P-No. 62 



QW-461.J-QW-46!.5 SECTION IX - PART QW, WELDlNG 1986 Editioc 

QW-461 Positions (Cont'd) 

{di 4G 

(al 1G 
lbl 2G 

(e) 3G 

QW-4613 GROOVE WELDS IN PLATE - TEST POSffiONS 

o ] ) 
lcl SG 

lb! 2G 

ldl 6G 

QW-461.4 GROOVE WELDS IN PIPE - TEST POSffiONS 

Aa11of..,.ld 

tal 1 F lb) 2f (el 3F (di 4F 

QW-461.5 FILLET WELDS IN PLA TE - TEST POSffiONS 



. QW-4ó0-QW-4ól.1 

Pos.iban 

Fl.tt 

Horizontal 

Overhead 

Vett1e1I 

SECTIOI' IX - PART QW,'WELDING 

QW-4ó0 GRAPHICS 

QW-461 Positions 

T•bul•tron ol Posnions of We"ch 

Oi..;¡or•m lnd1nation Rota bon 

Rei.,.en« ol A.Ju1. deg. o1 f•ee. de-g 

A O to 15 150 to 210 

e O to 15 -[ so 10 150 

21010280 

e O to BO -[ o to eo 
280 to 360 

o 15 10 80 80 10 280 

E 80 to 90 o 10 360 

GENERAL NOTE: 

The honzonu1 reference plane '' ull:en to Me atwavs below the wetd 
under con$cldef'at1on. 

lndu\llt1on of aais es rneasured trom the honzon1a1 refetence plane 
tow•rd Che vertical 

Angle ot roution of f•ee 11 me.sured fTom a ltne pefl)efldccular 10 

the axtt; of the weki and tytng in • ventea! plane c¡>ntmining ttus aKis. 
The reterence pos1t1on 10 deQ.) of rouiuon of me tace in..,ariabty poinu 
1n tne dlrec11on opposrt~ to tnat 1n ·Nhich tne •••• angle 1ncre.ases. The 
angle o1 rotauon of the. tace of weld 11 measured 1n a dockwtse 
directaon trom ti•IJ. rt:t~rP.nc:e pos11ton 10 deg.) when l0t1l11ng at poent 
P. 

QW-461.l POSmONS OF WELDS - GROOVE WELDS 

1986 Edition 

-~· 
( 
\.....: 



REMEMBER 

E:ven though the weldcr's range may indude many f-Nos .. and large 
thickness ranges. he Í5 limited by the qualified procedures. 

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

LIMITS Of POSITIONS 

• Qualification on groove welds qua!ifies far tillet welds. 

• See QW-461.9 

• Special orientations not required but permitted (plus ar minus 15°) 



1986 Editlon 

/ 

, 
/ 45 deg 

/ 

(a) 1F IRouted) 

"DATA - GRAPHICS 

QW-461 Positions (Cont'd) 

" ' ',, 

Id) 4F 

a. 
LJ 

1 

lbl 2F 

le) SF 

(el 2FR IRatat•dl 

QW-461.b FlllET WELOS IN PIPE - TEST POSmONS 

Q \\' . ..,; l.6 

,,,;:, .. _ 

>( 



A weldcr is qualifted on the following te.st coupons. What are his 
position limits? 

l. 6" dia. pipe groove in 607 

2. Plate groove in 4G positíon? 

l" dia. pipe 
Schl. 160 

:Y· thick sh ell 

. May a welder qualified on a plate·groove in. the lQ pasition make 
this_ groove weld and fillet weld cap? 

71 



1986 EC1t1on DATA - GRArHICS 

QW-461 Position.s (Cont'd) 

QW-461.9 
PERFORMANCE QUAUFlCATION PosmoN ANO OIAMETER UMITATJONS 

(Within the Other Limi:.ations of QW-303) 

Position and Type Wcld Oualifie<l {Note· {l)) 

Qualific.ltion Test 

Weld 

P1.lte - Groove 

Pla te - Fillet 

Posltion 

lG 
2G 
JG 
•G 

JG •nd .CG 

ZG, JG, and 4G 

lF 
ZF 
JF 
4F 

3F a.nd .CF 

P1~ - Groow [Note ())} lG 

NOTES: 

ZG 
SG 
6G 

ZG and SG 

lF 
2F 

2FR 
4F 
SF 

(1} Positions of ~ldi"9 •s shown fn QW""4bl.l •nd OW-'bl.2. 
F = Flat 
H = HonzonU.I 
V - Ve'rt1UI 

O""" Overtlc.id 
(2) Pipe 2v. HL o.o. •nd artr. 

Pi.lte and P~ 
Over 2~ in. o.o. 

F 
F,H 
F.V 
F,O 

F,V,O 
Alt 

F 
F,H 

F,V,0 
Ali 

Ali 

(3) S~ d1.1~ter ~stnctions in QW'"'l52.3, QW....C52..41, .and QW-.C52.b. 

Groove 

Pipe 

$ 24 in. O.O. 

F [Note (2)) 

F,H {Note (2)) 
F [Note (2)] 

F {Note <2ll 
F [Note (2l} 

F,H (Note CZ)] 

F 
F,H 

F,V,0, 
Ali 

ACI 

FiHct 

Plate 

and Pipe 

F 
F,H 

F,H,V 

F.H.O 
Ali 

Ali 

F [Note (2)) 

F,H {Note <21] 
F,H,V {Note (2)] 

F,H,0 (Note (2)] 
ACI (Note (2)) 

F 
F,H 
Ali 
ACI 

Ali 

F 
F,H 
F,H 

F,H,0 
All 

\_. 

€3' 
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W .P .S./P .Q.R. /WCP~O" 
FORMS 

1. Q.W.-482 ANO 483 A~'O Q.W-4S4-

2. RECOMMENDED FORMS 

3. LOCATED IN A NON-MANDATORY APPENDIX 

4. SAMPLE IS PRINTED ON THE EXAMPLE 
IN THE CODE. 



MULTIPLE PQR(S) SUPPORTING óNE WPS 

• More than one PQR may support a single WPS 

• Example: PQR 1 w/PWHT and PQR 2 w/o F'WliT support a WPS 

w/and w/o PW!iT 

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

ONE PQR MAY SUPPORT SEVERAL \VPSs 

• Far control ;111d clarity to production pcoplt manufacturers may 
limit particular \VPS usage. 

• E.\amplc: A f'QR covers al! di;imcter of electrodes for wclding. 
\Vl"S 1 covers only 1I16" to 1 /8". electrodes. 
WPS 2 covers only 1 /8" to L/ 4" electrodes. 

COMBINATION WELDING 
PROCESSES AND PROCEDURES 

• A change in welding process requiring requalification. 

• Severa! processes may be inciuded in one WPS (they may be 
qualified separately or in combination). 

• Using more than one WPS to complete a weld. 

• Far WPSs with more than one prncess. a weld may be made using 
the same WPS and deleting one or more of the processes within 
the essential variables. 



.. 
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OW-482 SUGGESTED FORMAT FOR WELOING PROCEDURE SPECIFICA TION IWPSI 

IScc GW-201.1 Sect1on IX. ASf.1E 801ltr .1nd Prtuurt V1uel Codel 

Coni.o•nv Ne"'•----------------------------Bv:--------~~~-----------------
W~C:1nq Ptocc-óu<• So-P!:tl'c•trOI\ No. ____________ Qu• ---'---------Suooorunq PQA No.hl -----.-------

RC"V'"º"' No ____________ o.,.____________ Edicion / Addcn¿.J. 
W41di<'q Proc11u { nJ--------------------------T ypthl ____ "-.· ___________ ::::::::::::::::::::::::::::::::::::::::::. 

1.A .. tomallc., Menwal, Mect'll,,a, O< S~l·A .. 10.I 

JOINTS 1aw ..... 021 
.. ó.t.;1, 

Joint OttÍQn 

8..:kot\q (Ynj INol 

6..:tc1nq Mu11n.1! (TypeJ 

o case metal Dnon:using ele i:.al - .. 
o nonmetal:ic O veld me cal o aclier 

si.,1cl'\<1:t, Proouc11on º'·~·- W11to SymOoll CH Writtcn Oeter1ouoft 

U'IOUI(] 11'!.o- ll'I• '"""""' .. loH.lt'l'f"'"'"' º' ,,.,, .. o•<U 10 b• ~d"'1. Wh••• 

aooloc.110•11. '"' rOQl w.a.::1nq .,,., '"• c:icuol• ot -d gt~ rn.-y .. 
w...::ili.-d.. 

(At tne OCtiO<" of t1"M11 Mfgr_ 1&.tcf\ft ~be 1na:n«1 10 .. ;u,nu•ft jo.t"11 

dnu;n. -.id 1..,._, ~ t.ad NQU..-.CI, e.;. lor llOCCft tovqft- pnx .. 

Ourn. fOf' mu!tipjc Ot'OCna proc:C'durn., c=.l 

·e.e.se MET.a.•.~ 'ªW"""aJI 

P·No G'°"º N- to_P-No Ci1ouo Na. 

OA 

So«iíianon typc ~<;¡.-..el• 

to So«iroe.1tion rype ~ Q"f'9(1• 

OA 

O\~ ~Y'i• ~ Med'I. Proa. 

10 C\em. A~IY.0• •nd M«n. """'· 
ThW::•nn.i; M•"9•: 

Baw Mc1al: 
.. _ .. c • ..,.. F1llc1 ' 

Gtoo- Filler 

p,º" o ••. A•"'i•· e~- FiHc1 

º'"'"' -
·F,ILLER t.1ETAL5 l0W"""'041 

F-No. . 
A·NO. 

So..-;. No. lSFAJ 

AWS No. IOcul 

SO.re of follfl' mc1el1 

Je~os:.::....:d :.:~ll.! ;:,ec.:il 
., é .. 

chi.c~ncss r."1nge 
groove --
fillct 1 

1 -
Et~HOOI' ~•._ • ICJ.ul -------- . 

-~-· 

~",. ''•º"t., • ., ... 1 

Wnk.im•o•c '""H'H 

' 

1 

1 
1 
' 
1 

l 

:¡ 5 



,ow.402 (8.ckl 
'wps N u. R nn 

POS!TIONS iaw .... asi ! POS'TWELO HEATTREATMENT IQW...,071 1~~' 

Pouuo,,(I) al Ci1oo"t T•mo..,.1wn R•,,9" \J. 
W•ldi,,q i'r~'"'io,,: Uo Do - r...,,. R..n9' 

Pa11uo,,(al of F1lh~t 

GAS (QW...,001 

PREHEAT (QW...,061 Shi..id;"Q G•tleil -
Pr•tw•I '"°"'ª· Mi,,. P•l"C'ff'I ComQo,ition tnuawml_ 

lnttrotu T.-mo. Mui:. e 
t\•1t "•°'•""''•"-'"'CI Fiow A..ut 

(~1l~ou1 0t w:ie<:l•I h•11inq ~ eool0ca04• should bC' rc<Ofdl:d'l G.nB~Ww¡ 

Tr•;i";....q SN<ridinq Gn Comoc1iti0o' 

ELECTRICAL CHARAC7ERIS71C5 IQW-4091 

C..Hcl\I AC or OC PQ.11111v 

Amo1 IR.,.qel VolU (R•nqel 

IAmot lt'ld -olu "f'l7' H'lauld b-e r~orcied far 1.cn ct .. c:uoac uzc. 

P<Uouo,,. 1nd míck.nen, etc. Thi1 ínlor~uon m1v be hncd ., 1 l•t>-

"'i•r ter,,, 1•mol•r to 1n•t 1hown b-eto~.I 

T<i1nqiu" El..::troc- s;,, •~ TvP4 
(I•....,. Twftf'I•-. 2ll. ThOrl.tced. ec4l 

Mod• of Me11i Tn,,~•' for CiMAW 
tsiPt•"f' ~ ~ ~'dftc -c. .u:..J 

Eleett0d1 w;,.. fl'C"CI co..cl ,.,,q-e . ··- . 
.. 

TECHNIOUE (QW"""10) 

Sn1nv or w • ._ S.•d 

Orifi<:1 0< Ga Cuo ~'' fS''-' -· 
lnoli•l and lnterg- OeeNno; IBnnhinQ. G11ndiir.;., 1\C..l ~-

MeH'lod al Becw Gouq•l'\9 

Osc11l•Uot1 

Cont1Ct Two.t 10 WQ1"11; O;n•t'ICe --
. M..ltoC:.I• or Sif't9ie Pu.a lorr ••d-1' 

M..lluo4e OI' S1t1~• Electr::Xle' 

T,.._I So~ 1Re"9'fl 
-P...,t11ni;i ... . .. .. 

01n., 

Fiiier M<n ... ! C..rrtftt 
1 ' º""'"' 

Tr_...1 

"""•"' Tvo< ""'º· Volt So..o 
U.v ... 111 

1 ""~- o-• o ••. pg¿.,. R•"9< R•nqe . R•"~ .. 

1 

1 1 
1 1 1 

1 1 

' 

1 1 1 1 

1 

1 

1 

1 

.. .. 1 

1 1 

1 1 
1 1 

1 1 1 1 

' ¡ ' 1 ~ip'c•, 

tb 
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OW-483 SUGGESTED F.DRMAT FOR PROCEDURE OUALIFICATION RECORD IPORI 

(See Q~·;.201.2, Section ·IX, ASME Boiler and Pressure Ve~set Cede) 

Reccrd.·Actual Conditions Used to Weid Test Coupon: 

Procedure Oualif1cat1on Record No·----------------------- Oa;:e----------,------------
WPSNo ------------------------------------------------------

Weld1ng Process\es) -----------------------------------------------------

Types (Manual. Automat1c, Semi-Auto.) --------------------------------------------

JOtNTS !0~','-402) 

. 
. , 

Groove Dn1gn of Test Coupon 

(Far comb1nat1on Qual1f1cat1ons. ttie deoos1ted weld metal ttuckneis shall be rKOrded tor each filler metal or proceu weld,) 

BASE METALS (QW-403) POSlWELD HEAT TREATMENT lOW-407) 

Material Spec. Temperature -

Type or Grade Time 

"·No. to P.No. Other 

:.h'cir;ness of Test Coupon 

Oiameter of Ten Coupon 

Other 

GAS IOW-4081 

Type of Gas or Gases 

Composit1on of Gas Mntture 

Other 

FILLER METALS IOW-404) 

Weld Metal Analy11s A-No. 

S1ze of F 1Uer Metal ELECTRICAL CHARACTERISTICS (Cl'N-409) 

Filler Metal F-No. Current 

SFA Specificat1on Polar1tV 

AWS Classif•cat1on Amps. Volts 

Other Tungsten Electrode S1ze 

Other 

POSITION (QW4051 TECHNIOUE IOW-410) 

Position of Groove Tr•vel Speed 

Weld Progression (Uphdl. Oownhill) String or Weave Beltd 

Other Oseillation 

Mulupass or Single Pass (per sidel 

Single or Multiple Electrodes 

PREHEAT IQW-406) Otner 
·---..~ ..... - -····-

Preheat Temp. 

nterpau Temp. 

Other 

(6/82l Th11 form IE00007J m•v t>• Obt•1ned from th• Ord•r 0.Pt., A.SME. 345 E. 47th St., N•w York, N Y. 10017 

TI-

_, 



.. : 

aw-4s3·1Backl· 

Tensile Test (QW-150) 

#-:-~--

POR No.---------'·:,'. .. 
':..¿· 

·-
Ullimate Ult1mate Type of 

Spec1men Total load Unlt Stress F1iiunt & 

No. l/J1dth Thickness Are a lb. º" Location 

-- --
-- - - ·--- -·-

Guided Bend Tests (QW-160) 

1voe and Figure No Result 

1--------------------------l--~ -------·-----·----------~ ¡_ __________________________ _¡.._ ______________ ·---~~---------------

Toughness Tests (OW-170) 

Specimen Notch Notch Test 1mpact Lateral Exn. Oroi Weinht 
No. Locatton T---e Temn. Values % Shear Mils Break No Break 

'" 

.. - --- -
-·· 

Fillet Weld Test (QW-180) 

Aesult - Sat1sfactory: Yes ----No------ Penetrat1on 1nto Parent Metal: Ves __ . _____ No------

Macro--Results --------------------------------

Other Tests 

TypeofTest ------------·-----------
Oepos1t Analysis 

Other -----
--- ------------------ -

Welder's Name ---------- Clock No. _ --· _ _ _ 

Tes:r~ conducted by:__ ------- Laboratory Test No. 

__ Stamp No. ____ _ 

We certify that the statements 1n th1s record are corred and that the test welds were preprared, we\ded and tested 1n accordance w1th 

the reQu1remen's of Sect1on IX of the ASME Code. 

Manufacturer 

Date·---·- Bv 
!Detail of record of tests are dlustrat1ve only and may be mod1f1ed to conform to 1he type and number of tests reouired by !he Code.I 

16182) 

L--
~;.. 
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OW-484 SUGGESTED FORMAT FOR MANUFACTURER"S RECORD OF WELDER OR WELOING OPERATOR 

' QUALIFICATION TESTS 

~-Welder Name 

~Vi-· 

Process 

Process Tvoe 

(See Q\\'·301 Section IX. ASME Boiler and Pressure Vessel Code) 

Ch~k N~." Stamp No. 

Us1ng WPS No. __ Rev. __ , 

the aoove welder is oualihed for the tol!ow1n9 ranges. 

Record Actual Vaiues 

Used 1n Qualif1catton 

Back1ng !meta!, weld metal. flu11:, etc. (0\.V-402ll 

Material Soec. (QW-403) ----'º----
Th1c11;ness 

Groolo'e 

Fillet 

D1ameter 

Groove 

Fillet 

Filler Metal !OW-404) 

Spec. No. 

Clan 

F-No. 

Pos111on (QW-405) 

Weid Progression (QW-410) 

Gas Ty~ (QW-4081 

Elec<rical Charac1er1u11:s (QW-409) 

Current 

Polaritv 

Ouiil1f1cauon R•nge 

Guided Bend Test Results QW-462.2(•1, OW-462.J(a), OW-462.l(b) 
Type and Fig. No. Anult 

Radiographic Test Results (QW-304 8t OW-305) 
For altemative qu•lification of groove welds by radiography 

Rad1ographic Results: 

Fillet Weld Test Results (See OW-462.4(a), QW-462.4(b)) 

fracture Test <Descnbc the loation. nature and slze of any crack or tunng of the speamenl 

Len9tti and Per Cent of Oefects ------------- ·--------"" 
Macro Test--fus1on --------------------­
Appearance--fillet Size (leg) ·-----"'·X ______ in. Convexrty ------- WL or Conavity ------- in. 

Test Conducted by ------------------- Laboratory--TestNo.--------------------
We cenity that the statements in this record •re correct and that the test welds were prepered, wetded end rested in acc:onSllnot with the 

reQuirements of Sect1ons l.X of the ASME Code. 

Organaa11on -------------------'---'--

O ate 
Bv --------------·------

CC-:n.ail of ~:.:c::-r~ !'.!! t:?stl!: =re 1lh.1ctrat•ve cn!y e:id •nay trie mt>d1f1~~ 'º confnrm to tt-ie ~p!! .~nd num~r of tests teQuired by the Code.J 
NOTE: Any essen11al variables 1n add•tion to those ebove shall be recorded. 

~. 

'. -1821 This form tE000081 mav br obtau~ trom me Orde'r Oept •• ASME, ~5 E. •7 St .• New York. N.Y. 10017 
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ING. ORLANDO R. RIVERA 

Tel./ Fax: (55) 5776-6524 ; E-mail: orlanriver:Elhotmail.com 

Es lngenier:::i Mecánico Titulado egresado de la Escuela Superior de lrgeniería 
Mecánica y Eléctrica del Instituto Politécnico Nacional. Cuenta con una 
experiencia profesional de más de 20 años en diseño, fabricación, 1nspecciór., 
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sistemas de tubería y componentes nucleares. Ha calificado ante el Gobierno de 
Texas. Oh10, Pennsylvania y The National Board of Boiler and Pressure Vessel 
!r:spectors de Norte America como Inspector Autorizado, Supervisor de 
Inspectores Autorizados e Inspector Nuclear Autorizado de ASME. 
Ha sido asesor de más de 40 empresas en México, Colombia, Venezueia. Brasil y 
Argentina en Sistemas y Certificaciones de ASME y National Board. 
Ha impartido el Diplomado de Ingeniería de Calderas y Recipientes a Presión en la 
División de Educación Continua de la Facultad de lngenieria de la Universidad 
Nacional Autónoma de México, y ha presentado ponencias en Talleres 
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