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1 INTROGDUGAO:

A soidagem de metais ferrosos & muito provavelmente o meio mais barato,
importante e versati de unifo entre os materiais apos os anos 30, guando
utilizavam-se rebites. Sua importancia caracteriza-se pelo fato de unir todos os
metais ferrosos comerciais, de ser aplicado em quaiquer local, qualquer posicao,
por propiciar fiexibilidade de projeto, por reduzr custos de produgéo e fabricagao,
e pela facilidade em ser utilizado em recuperagdio e manutencéo de produtos e
manufaturados.

No caso de vasos de pressdo, dada as condicdes de operagdo, ou seja,
tensdes exercidas nas paredes, o controle de qualidade & um aspecto importante
para garantir um bom funcionamento do produto soldado, ou ainda, & um aspecto
de vital importancia para prevenir/evitar acidentes, que neste caso podem ser
desastrosos e as vezes fatais.

Dadas as condigBes expostas acima, este trabaiho esta direcionado no
sentido de qualificar/aprovar os processos de soldagem baseado no codigo
ASME em vigor, bem como possibilitar comparagbes entre eficiéncia dos

processos / materiais e consequéncias microestruturais.



2 REVISAO DA LITERATURA
2.1 Descrigdo dos Processos;

a. Processo TIG: _

O processo TIG utiliza como fonte de calor um arco elétrico mantido entre
um eletrodo ndo consumivel de Tungsténio e a pega a soldar. A protegio da
regido de soldagem é feita por um fiuxo de gas inerte. A soldagem pode ser feita
com ou sem metal de adic3o e pode ser manual ou automatica.

Este processo foi patenteado no fim dos anos 20, porém so6 foi
comercialmente utilizado em 1942, nos Estados Unidos, para a soldagem em liga
de Magnésio de assentos de avides. A principio utilizou-se o gas Hélio e a
corrente continua, devido & dificuldade em estabilizar o arco, posteriormente
superada.

Atuaimente o processo TIG é mais utilizado na soldagem de ligas de
Aluminio, de Magnésio, de Titanio, @ agos inoxidaveis, entre outros. A soida

produzida & de muito boa qualidade.
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Figura 2. Esquema Slmplmcaqo dos Equipamentos Necessarios para o Processo.

_ As variaveis para a qualificagdo do procedimento de soldagem, segundo a
norma ASME Secglio IX, sdo: metal base; metal de adigso, pré-aquecimento;

tipo de gas de protecgdo; tipo de junta; posicbes de soldagem; caracteristicas



elétricas e técnicas da soldagem, sendo as quatro primeiras consideradas
essenciais.

Para a qualificagio do soldador, segundo a norma ASME Secgéo IX, sdo
variaveis essenciais. tipo de junta; metal base e de adigdo,; posicdo de soldagem,
tipo de gas de protegdo; e caracteristicas eiétricas.

A tabela a seguir ilustra o tipo de gases de protegdo usados no processo
TIG.

Argdnio Hélio
Baixa tensdo de arco Elevada wnsio de arco
Menor penatracio Maior penetracio
Adequado & soldagem de chapas finas Adequado & soldagem de grandes espessuras @

materiais de condutibilidade tbrmica slevada
m manual devido a0 pequeno gradients | Soikdagem sutomidtica
de tensdo na coluna do aroo (8 Viem)

Maior a¢do de impeza Menor acho de impeza

Arco mais estivel Arco menos sstivel

Fécil abertura do arco Dificuidade na abertura do arco

Utilizado em CC e CA Gmm  CCPD com sietrodo de tngstdnio
o

Custo reduzido Custwo slevado

Vazio para prowecio psquena Vazio para proteciio de 2 a 3 vazes maior Que &
de argdnic

Maior resisténcia & corrents de ar lateral Menor resisténcia & corrente de vento




b. Processo MAG:

O processo MAG utiliza como fonte de calor um arco elétrico mantido
entre um eletrodo nu consumivel, alimentado continuamente, ® a pega a soldar. A
protecdo da regido de soldagem é feita por meio de um fiuxo de gas ativo,
podendo ser a soldagem semi automatica ou automatica.

O processo MAG é utilizado na soldagem de agos de baixo carbono e
agos de baixa liga.

As principais vantagens do processo s30;
- processo semi automatico bastante versatil. podendo ser adaptado faciimente
para a soldagem automatica;
- 0 eletrodo nu é alimentado continuamente;
- a soldagem pode ser executada em todas as posigdes;
- a velocidade de soldagem é elevada;
- taxa de deposicio elevada devido a densidade de corrente alta na ponta do
arame,
- ndo ha formacgao de escoria e, conseqlientemente, ndo se perde tempo na sua
remogdo, nem se cofre o risco de inclusdo de escoria na soldagem em varios
passes;
- penetragéo de raiz mais uniforme que no processo de eletrodo revestido,
- processo com baixo teor de Hidrogénio, ficando ao redor de 5 ppml100 g de
metal;
- problemas de distor¢lo e tensdes residuais diminuidos;
-soldagem com visibilidade total da pega de fusdo,
- possibilidade de controlar a penetragéo e a diluigho durante a soidagem;
- 0 soidador pode ser faciimente treinado para soldar em todas as posicdes.

As limitagdes sdo:
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- maior velocidade de resfriamento por nao haver escoria, 0 que aumenta a
ocorréncia de trincas, principaimente no caso de agos temperaveis;

- a soldagem deve ser protegida de correntes de ar,

- como o bocal da pistola precisa ficar proximo do metal base a ser soldado, a
operacdo ndo & facil em locais de acesso dificil;

- projegdes de gotas do metal liquido durante a soldagem;

- grande emiss3o de raios ultravioleta;

- equipamento de soldagem mais caro e complexo que © do processo com
eletrodo revestido,
- equipamento menos portatil que o do processo com eletrodo revestido.

A tabela a seguir representa as caracteristicas das soldagem pelo
processo MIG/MAG.

Tipo de operagho: Equipamentos:

QGerador, retificador
semi-automdtica ou Pistola
automdtica Cilindro de gases .
Unidade de alimentagiio do sletrodo nu
Caracteristicas: Cuso do equipamento:
Taxa de deposiclo: 1 & 15 kgh 5 & 10 vezes o custo do equipamento de sletrodo

Espessuras soidadas: 3 mm minima na soldagem | revestido
semi-automdtica ¢ 1,5 mm na soldagem

j Consumiveis:
;ﬂ':;‘.l:.m;m - Eletrodo nu 0,52 1,6 mm
Diluighio: 10 a 30% Bocsl o, hélio, O3 » mis ( oo
Tipo de juntas: wdas Gases: arginio, X turas (argdni
Faixa de corments: 60 a 500 A COz argdnio + oighnio)

: ’ Umitagbes: .
¥$$MM velocidade de resfriamento elevada com
Poucas operacies de acabamento possibilidade de tincas
Sokda com baixo wor de hidrognio Dificuldade na soldagem em focais de diticil
Fadidade de exscucho da solidagem a08330

Prowgio ocular
mwummmmmmumwmuowwm

Figura 3. Esquema dos Equipamentos para o Processo MAG.



As variaveis do processo segundo a norma ASME Secgdo IX para a
qualificagdo do procedimento s3o: metal base, metal de adigcdo, tratamento
térmico apds soldagem; pré-aquecimento; caracteristicas elétricas e técnicas de
soldagem,; tipo de gas de proteclo, tipo de junta e posigido de soldagem, sendo

- as tfés primeiras consideradas essenciais, ja o pré-aquecimento e o tipo de gas
de protegdo podem ser essenciais ou ndo, dependendo da aplicagéo.

Para a qualificagdo do soldador todas as variaveis acima mencionadas s&o

essenciais.
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Figura 4. Defeltos mais comuns na soldagem pelo processo MAG.



¢. Processo Eletrodo Revestido:
A soldagem com eletrodos revestidos é definida como um processo de
soldagem com arco, onde a unido € produzida pelo calor do arco criado entre um

eletrodo revestido e a pecga a soldar.

* PROGRESSAO DA SOLDA
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Figura 5. Esquema de funcionamento do processo com eletrodo revestido.

O equipamento basico para a soldagem com eletrodo revestido consiste
de uma fonte de energia; alicate para fixagio dos eletrodos; cabos de
interiigag3o; pinga para ligagdo a pega; equipamento de protegdo individual e
equipamento para limpeza da solda.

O uso de comrente continua é normaimente associado & melhor
estabilidade de arco e qualidade de depdsitos, em detrimento da suscetibilidade
ao sopro magnético. O uso de corrente alternada reduz essa suscetibilidade, mas
a estabilidade de arco e a facilidade de ignic3o s3o inferiores, porém um fator
que favorece @ a queda de tensio ao longo do cabo de ligat;ao; que é
comparativamente menor,

Uma caracteristica importante da scldagem com eletrodos revestidos, que
o diferencia dos demais processos semi-automaticos convencionais, é que @
tensdo de arco nio é controlavel independentemente dos outros parametros,
pelas seguintes razbes:

- 0 controle da distancia entre o eletrodo e a peca é realizado manuaimente e nio

pode ser executado com grande preciséo;



- a transferéncia dos giébulos no arco esta associada a vanacgdes consideraveis
no comprimento efetivo do arco;

- maiores tensGes s#o requeridas para operagdo normal, & medida que a
corrente de soldagem é aumentada.

A corrente de soldagem controla de forma bastante predominante todas
as caracteristicas operatérias do processo, o aspecto do cordic e as
propriedades da junta soldada. Ela controla de modo direto a magnitude e a
distribuigio espacial da energia térmica disponivel no arco elétrico e também a
maior parte dos fendmenos que ali ocorrem.

A velocidade de avango €@ a segunda mais importante variavel operatoria
do processo, apesar de seu controle ser consideravelmente impreciso no caso de
aplicagbes manuais. Altura e largura do corddo variam inversamente com a
velocidade de avango. Assim, altas taxas de deposigdo podem ser obtidas,
concomitantemente com microestruturas mais refinadas, tanto na zona fundida
como na termicamente afetada.

A oscilagio do eletrodo tem um carater intrinseco na soldagem com este
processo e é necessaria para a obtengdo de formatos satisfatérios de cordao.

Os diametros de eletrodos normaimente disponiveis variamde 1 a 8 mm e
o comprimento de 350 a 470 mm. O didmetro é um dos principais fatores
limitantes da faixa util de corrente de soldagem, na medida em que ele controla a
densidade de corrente elétrica por unidade de area de secgio transversal da
alma. |

O éngulo do eletrodo em relagdo & peca & normaimente ajustado no
sentido de equalizar o fluxo térmico entre as partes soldadas, controlar o banho
na poga de fusio e o formato do corddo, em particular, @ molhabilidade do liquido
nas bordas do chanfro. Portanto é uma variavel importante para o controle da

ocorréncia de defeitos de cordao.
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Os eletrodos para soidagem sio normaimente obtidos através da
extrusio, sob pressio de um revestimento sobre a alma, usualmente um arame
endireitado e cortado na dimenso. Os revestimentos consistem de misturas de
compostos minerais ou organicos, as quais sdo adicionadas, como aglomerantes,
outros comppstos com finalidades especificas.

A classificagido e normalizagio dos eletrodos segue a norma ISO 2560,

como explicado a seguir:

E - Designa oletrédo revestido;

Exx - Define os limites minimos de resisténcia e escoamento;
Exxy - Define o alongamento percentual e temperatura de ensaio,
ExxyZZ | - Define o tipo de revestimento.

O campo de aplicagdo dos eletrodos revestidos é na atualidade o mais
vasto entre todos os processos de soldagem pela sua simplicidade, facilidade de
acesso e baixo custo. a variedade de procedimentos aplicaveis & também ampla,
indo desde os mais simples servicos de ponteamento até o mais rigido controle
na fabricago de vasos nucleares.

O critério para a escolha de um procedimento de soldagem deve incluir a
necessidade de estabelecer o balango otimo entre o custo da realizagdo, a

qualidade do depdsito @ a seguranga dos operadores.



2.2 Descrigcdo dos Materiais:

a. Ago Carbono RRSt 44 3.
Norma Basica: DIN 17100-81
Ago Solqével DIN RRSt 44.3

Compasicdo Quimica:

W{mb. Elemento Valor Simb. Elemento Valor Simb. Elemento Valor
c Carbono < U,25 [ Enxofre < 0,05
Mna | Manganés < 1,50 N Nitrogénio < 0,01
si |Silicio S p,50.
P Fdsforo < 0,05
Tab.1 Composigao Quimica em %
Propriedades Mecanicas a Temperatura Ambiente
Simbolo Denominagao Unidade Valor Simbolo Donominagio Unidado Valor
Rm Resisténcia » tracio N/mm? 410-540 Aky Resiliéncia ovc s > 27 (2)
Rp 0, 2| Limite de escoamento N/mm? > 265(1)] | SO V) | Longitudinal - 20°C 2 23
Alonpamento em > HB Dureza Brinell i 120-160
Ag: Transversal 5) % z 20

Tab.2 Propriedades Fisicas a Temperatura Ambiente.

Tratamento Térmico: normalizado

Limite de formacao de casca de 6xido: 530 graus C

Resisténcia ao Envelhecimento: Nada consta
Carbono Equivalente *, Max. : 0,49 % (4)

*Formuia:

Ceq=C%+Mn%IG+Mo%l4+(Cr%+V%)15+Ni%l1 5+Cu%/13+P%/2+Si%/24
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(1) V'iido para espessuras <= 40mm.

{2) Véido para espessuras <= §3 mm ;
(3) "RR’ ago especiaimente acaimado

(4) Valido somente para espessuras > 25 mm

{5) Valdo para espessuras <= 40mm

Temperaturo Resistencia Limite de Ruesisténcia Modulo de Coeficiente médio de Condutibili-
& tregiio Escosmento | oo Envelhe- Elasticidade dilatagio térmica dade térmica
" n F:::/‘:'(;Sol ' . sntre 20°Co..,°C N
°c N/mm? N/mm? N/mm? W AL 10%. k! W/K-mi
min, min. min. a
20 410 265 Z11 211 - 53
100 207 207 11.0 51
200 200 200 12.0 48
300 : 193 193 12,7 44
350 189 189 13,0 42
400 183 184 13,2 40
450 | 177 | 180 13,3 37
500 168 175 13,5 35
550 ' 157 170 13,06 -
600 142 164 13.7 -
Tab.3 Propriedades Mecanicas e Fisicas na Temperatura ae LU graus ©

Fig.6. Graficos das caracteristicas mecanicas e fisicas

Grifico 1 Mbdulo de Elssticidade @ : Grifico 2 Condutibiti-
210 Coefici io de dilatpco téemica - 17 '%o dade 1érmica
200 ; 6 s°- .
-~ 5 50 Y
190 <] . v ge W/(K m) 3
180 14 2° N
Nok— 1" 38 45 -
170 = 3 13 Ew \
a - - I~ Edyn [} ] A\
e \ . 12 E& A
‘E 160 uE IS En \ Y o ST 40
-~ D OY
E 150 1% at ‘\ 17 = E" \\
2 8so Y
% 14020 10 OCer a
700 200 300 400 600 - 600 700 %6200 400 600 °C

100 300 6500 700
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b. Ago Inoxidavel austenitico 304L

Composicdo Quimica: ¢=0,03% max. Cr=19% Ni=10%

Norma Basica: NBR 5601

Caracteristicas gerais: Ago cromo-niquel inoxidavel austenitico de extra baixo
teor de carbono. Antimagnético, N&o temperavel. Possui eventuaimente pequenos
teores de ferrita, apresentando entdo um leve magnetismo. Quando deformado a
frio, toma-se parciaimente martensitico e ligeiramente magnético,

Possui boa resisténcia & corroso.

Tem a propriedade de manter boas caracteristicas de
tenacidade até temperaturas extremamente baixas, o que toma um material
adequado para aplicagdes cridgenicas sujeitas a choques e impactos.

Caracteriza-se também por apresentar um coeficiente
de dilatag&o térmica linear, 50% maior do que para os agos carbono comuns.

No estado recozido, as propriedades mecénicas sao.

Dureza. 160 HB
Limite de resisténcia: 520 MPa
Limite de escoamento; 220 MPa
Alongamento. 40%
Estriccd0:60%

Resisténcia a corrosdo:. O ago 304L apresenta suas melhores caracteristicas
de resistdncia & corros3o no estado solubilizado e com a superficie finamente
polida,

Solda: Basicamente, 0 ago 304L pode ser soldado pelos processos usuais de
solda; entretanto, deve-se evitar, sempre que possivel 0 uso de solda oxi-
acetilénica. Na grande maioria dos casos, ndo é necessario realizar qualquer

tratamento térmico apdés a soldagem. Contudo pecas que ficar8o expostas a
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agentes agressivos severos, recomenda-se um recozimento para solubilizagdo

em seguida a soldagem.

2.3 DESCRIGAO DOS ENSAIOS:
2.3.1 EXAME VISUAL:

O exame visual é o ensaio nio destrutivo basico que tem como finalidade
detectar defeitos de geometria da junta antes da soldagem tais como &ngulo do
bisel, &ngulo do chanfro, abertura da raiz e alinhamento das partes a serem
soldadas. ApGs a operaglio de soidagem tem como finalidade detectar possiveis
descontinuidades induzidas na soldagem, tais como as previamente descritas.

As principais vantagens para este ensaio s30: é o ensaio no destrutivo de
mais baixo custo; permite detectar e eliminar possiveis descontinuidades; se bem
realizado diminui a quantidade posterior de reparos e conseqilentemente diminui o
custo da obra.

A principal limitag&o para o ensaio esta relacionada a grande experiéncia

do inspetor em soldagem; limitando a detecgéo de defeitos superficiais.

2.3.2 ENSAIO POR PARTICULAS MAGNETICAS:

O ensaio de particulas magnéticas é utilizado para ‘Iocalizar
descontinuidades superficiais e sub-superficiais em pegas de material
ferromagnético, tais como ligas de Fe @ Ni. O método consiste na aplicagdo de
uma corrente de magnetizagéio, ou de um campo magnético & pega inspecionada,
com o objetivo de se ter um campo magneético nesta. A presenga de
descontinuidades superficiais ou sub-superficiais ird produzir campos de fuga na
regiio da descontinuidade, causando uma polarizagio localizada, que 6

detectada pelas particulas ferromagnéticas que sao aplicadas sobre a pega.



15

As principais técnicas de exame s3o : a) técnica de Yoke, que induz um
campo magnético longitudinal, gerado por CA; b) técnica dos eletrodos onde
ocorre injegdo de CC na pega através de dois eletrodos; c)técnica da bobina um
campo magnético longitudinal; d) técnica de contato direto com aplicagdo de CC
pelas extremidades das pecas. As particulas ferromagnéticas utilizadas por estas
técnicas podem ser contrastadas com as cores preta, cinza ou vermelha, ou por
luzes fluorescentes, visiveis sob luz negra.

As principais vantagens do ensaio sado. detectada descontinuidades
superficais; € mais barato que o exame por meic de liquido penetrante e fornece
resultados imediatos.

As principais limitagdes do ensaio s#o. aplicaivel somente em materiais
ferromagnéticos; o exame ¢ dificutado em éareas com materiais de

caracteristicas magnéticas diferentes; limitado pela geometria da pega.

Unhas de
ompoe

Fig.8. Detecgao de descontinuidades por melo de particulas magnéticas
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Fig 9. Ensaio por particula magnetica - Técnica dos eletrodos

2.3.3 ENSAIO POR LiQUIDO PENETRANTE:

O ensaio de liquido penetrante € utiizado na deteccdo de
descontinuidades abertas para a superficie de materiais sdlidos ndo porosos. O
ensaio se compde em cinco etapas: 1) Limpeza inicial; 2) Aplicagdo do
penetrante, que contém em solugéo ou suspensao, pigmentos coloridos para
ambientes claros sendo visivel com luz natural ou pigmentos fluorescentes para
ambientes escuros sendo visivel com luz UV, 3) Remogdo do excesso de
penetrante; 4) Aplicagdo do revelador, do tipo talco, e aplicado na forma seca,
umida ou liquida; 5) Inspeg3o finai, para procurar indicagdes de descontinuidade.

As principais vantagens do ensaio s&0: boa sensibilidade até para detectar
descontinuidade muito pequenas; independente da forma da pega; exame facil,
rapido e de baixo custo; aplicavel em materiais magnéticos e ndoc magnéticos.

As principais limitagbes do ensaio s3o. somente para descontinuidade’

abertas para a superficie; dificil remogao do residuo penetrante.
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Fig 10. Ensaio por liquido penetrante
2.3.4 ENSAIO POR ULTRA SOM:

O ensaio por ultra-som consiste em emitir puisos de alta frequéncia
através de um transdutor com cristai piezoeléctrico, que caminham através do
material. Estes pulsos refletem quando encontram uma descontinuidade interna
ou superficial do material. Esta energia mecanica é recebida de volta pelo cristal,
que converte estes em sinais elétricos, os quais podem ser monitorados. Os
cabegotes podem ser : normal, duplo cristal e angular.

As principais vantagens deste ensaio sdo. para qualquer material; permite
locar @ dimensionar com precisdo as descontinuidades; executavel em juntas com
geometria complexa.

As principais limitagdes sdo. ndo se aplica em superficies que impﬁgam 0
perfeito acoplamento do cabegote a pega, o gréo grosseiro de certo_s. metais da
base e da solda, particularmente ligas de Ni e agos inoxidaveis austeniticos,
podem dispersar a onda de ultra-som, ndo indicado para pegas pequenas ou
pouco espessas; O squipamento ultra-som é caro; dificil interpretacdo, o que

requisita técnicos com maior treinamento e experiéncia.
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Flg 11 - Ensaio por ultra som.

2.3.56 ENSAIO RADIOGRAFICO:

O ensaio radiografico utiliza os raios X e raios gama para evidenciar a
presenca e certas caracteristicas de descontinuidades intermnas ao material. O
método consiste em propagar tais raios através do corpo sodlido, ® na ocorréncia
de vazios ou descontinuidades havera uma diferenga de comprimento de onda de
radiagdo, logo o fiime colocado no outro lado da pega ira se impressionar de
maneira distinta. A vantagem dos raios-x sobre os raios gama & o fato de poder
regular a tensdo anddica e por conseqlente, o p‘oder de penetragao.

As principais vantagens deste ensaio s3o. registro permanente dos
resuitados; detectada faciimente defeitos volumétricos.

As principais limitagbes s3o: difici avaliagdo de descontinuidade
bidimonsionais; é necessario acesso a ambas superficies da peca; limitado pela
geometria da pega; radiografia afeta a saude dos operadores; custo do
equipamento é alto; aparelho no maximo semi-portatil, dificil interpretagéo, o que

requisita técnico com maior treinamento e experiéncia.
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Fig. 12. Ensaio radiografico

2.3.5 ENSAIO DE TRAGAO:
O ensaio de tragdo objetiva fomecer dados relativos & capacidade de um

solido, em suportar solicitagdes quando aplicado & uma estrutura, determinando o
comportamento das propriedades de resisténcia tais como limite de escoamento
e limite de resisténcia; e dutilidade tais como alongamento e redugdo de area. A
verificacdo destas propriedades é feita através de uma maquina de ensaio que
aplica esforgos crescentes na diregdo axial de um corpo de prova c.p., cujas
dimensdes devem ;star de acordo com uma norma, especificagdo ou capacidade
da maquina . Como resultado de aplicagdo destas forgas crescentes obtém-se
um grafico tensdo versus deformacgéo ,que mostra 0 comportamento elastico dom
material. Na regido plastica ha o limite de escoamento (transicdo da regido
elastica e plastica), o limite de resisténcia (carga maxima atingida), e a tensdo de
ruptura (onde se da a ruptura do c.p.). Entretanto é através da analise
dimensional do corpo de prova que se conhece a dutilidade dos materiais. Isto é
obtido através do acréscimo de comprimento de referéncia, depois da ruptura,
em relagiio ao comprimento inicial do ¢.p., ou seja, o alongamento percentual; e

através do coeficiente de estriccdo (ou reducdo de érea), que é a relacdo em
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porcentagem entre a diminuigdo de &rea da segdo transversal relativamente a

area inicial, por ocasi®o da ruptura, @ a area inicial.
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Fig.14 Curva tensdo-deformagado

2.3.6 ENSAIO DE DOBRAMENTO:

O ensaio de dobramento fornece uma indicagdo qualitativa da dutilidade do

material. Consiste em dobrar um corpo de prova de eixo retilineo e secgio

circular, tubular, retangular ou quadrada, assentada em dois apoios afastados a

uma distancia especificada, de acordo com o tamanho do c.p., por intermédio de

um cutelo, que ablica um esforgo de flexfio neste c.p. até que seja atingido um

angulo de dobramento especificado. Atingido este angulo, examina-se a olho nu a



zona tracionada do ¢.p., que n&o deve conter trincas ou descontinuidades acima
de um determinado valor. Se o c.p. apresentar estes defeitos ou romper antes de
atingir o éngulo especificado, o material ndo passou no ensaio. Para juntas de
topo, dependendo da regido da solda a ser examinada, o ensaio pode ser
realizado de 5 maneiras distintas: dobramento lateral transversal, transversal de
face, transversal da raiz, longitudinal da face e longitudinal da raiz. Convém
salientar que no caso de juntas soldadas é utiizado o método de dobramento
guiado, sendo que os apoios devem ser bem lubrificados para diminuir a0 maximo

o atrito.

Fig.15. Ensaio de dobramento
2.3.7 EXAME METALOGRAFICO:

E através da microestrutura que o mundo fisico das forgas interatdmicas
esta ligada a realidade das propriedades mecanicas dos materiais. A
microestrutura é importante na forma de arranjo de grados tanto em materiais
com uma Unica fase quanto multifasicos. As propriedades que dependem da
microestrutura s3o. oléﬁﬁcas‘ magnéticas e propriedades plasticas dos materiais.
Ao examinarmos uma microestrutura através de microscopios 6ticos sobre uma
superficie polida e atacada mimldee, examina-se normaimente agregados
de milhdes de atomos. Desde que estas dimensdes estejam dentro de 0,01 4 100

micrometros consideramos estudos microscopios. Ja para dimensbes superiores
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a 100 micrémetros tratamos de um estudo macroscopio, sendo inclusive possivel
de observacdo visual sem auxilic de microscopios amplificadores, ou somente
com auxilio de lupas. Neste caso geraimente também se utiliza um ataque
quimico na superficie a ser observada. Com ensaios macrograficos objetiva-se
verificar a estrutura bruta de fusdo do metal de solda; as homogeneidades ou

heterogeneidade do produto, as descontinuidades, etc.



2.4 DESCONTINVIDADES:

Descontinuidade @ a interrupg3o das estruturas tipicas de uma peca, no
que se refere a homogeneidade de caracteristicas fisicas, mecanicas ou
metalargicas. A descontinuidade s6 deve ser considerada defeito, quando , por
sua natureza, dimensio ou efeito acumulado, tornar a pega inaceitavel, por ndo
satisfazer os requisitos minimos da norma técnica aplicavel.

As descontinuidades de juntas soidadas, e obtidas por processos de
soldagem por fusio, podem ser classificadas em 3 grandes grupos: a)
relacionados ao processo e procedimento de soidagem. Neste caso incluem-se
os fatores geométricos tais como desalinhamento, embicamento, concavidade ou
convexidade excessiva do metal de solda, deformaglo angular excessiva,
deposicéo insuficiente, falta de fusdo, falta de penetragdo, mordedura,
penetracBo excessiva, reforgo excessivo, sobreposigao, solda em Aangulo
assimeétrico. Outras descontinuidades inscritas neste item s3c o rechupe da
cratera, inclusbes de escoria, inclusdes de W, respingos, abertura do arco. b)
metalurgico: do tipo trinca a frio induzida pelo hidrogénio, trinca de solidificagao,
decoesdo lamelar, trinca de reaquecimento. Aqui também se inserem a
porosidade, a alteragio microestrutural da ZAT, a segregacdo do MB e ZAT, e a
laminagio do metal de base. c) relacionados ao projeto, que influi no tipo de

junta, e outros aspectos relacionados a concentragao de tensdes.



* Abertura de arco: Imperfeigdio local na superficie do metal da base resultante
da abertura do arco elétrico.

* Concavidade. Reentrancia na raiz da solda, 'podendo ser central, situada ao
longo do cardao de solda, ou lateral, situada nas laterais do cordao.

* Concavidade excessiva: Solda em angulo com a face excessivamente concava.
* Convexidade excessiva: Solda em angulo com a face excessivamente convexa.
* Deformag3o angular: DistorgZo angular de uma junta em relagdo a configuragdo
de projeto.' exceto pa.ré junta soldada de topo.

* Deposigdo insuficiente: Insuficiéncia de metal na face da soida.

* Desalinhamento: junta soidada de topo, cuja superficie das pegas, embora
paraielas, apresentam-se desalinhadas, excedendo a configuracao do projeto.

* Embicamento: Deformagéo angular de junta soldada de topo

* Falta de fus#o: Fus&o incompleta entre o metal de solda e o metal de base, ou
entre passes do metal de solda, podendo estar localizada na linha de fusdo, entre
passes, ou ha raiz da solda.

* Falta de penstragéio: Insuficiéncia de metal na raiz da solda.

* Inclus3o de escdria: Material ndo metaiico retido no metal de solda ‘podendo
ser alinhada, isolada , ou agrupada.

* Inclusdo de tungsteénio: Tungsténio retido no metal de solda, oriundo do eletrodo
dos processos TIG e arco submerso.

* Mordedura; Depressio sob a forma de entalhe, no metal de base,
écompanhando a margem da solda, podendo ser na superficie , ou na raiz,

* Penetrag3o excessiva: Metal de solda em excesso na raiz.

* Rechupe da Cratera: Fatta de metal resultante da contragéio de solidificagéo,
localizada na cratera do corddo de solda.

* Respingos: Gldbulos de metal de adigdo transferidos durante a soldagem a
superficie do MS, MB, ZAT. |



* Sobreposigio: Excesso de metal sobreposto ao metal de base na margem da
solda, sem estar fundido ao metal de base.
* Solda em Angulo Assimétrica: Solda em éngulo, cujas pemas sdo

significativamente desiguais, e em desacordo com a configuragao do projeto.

A. Decoesio Lamelar

A decoesio lamelar é um tipo de trinca que ocorre no metal de 'base de
uma junta soidada, devido aos efeitos combinados de alta tensdo localizada e
baixa dutilidade do MB ao longo de sua espessura. Ocorre geraimente em juntas
de angulo T e L, particularmente em pecas de grande espessura, e quande a
linha de fusio é praticamente paralela a superficie do metal de base. As trincas
aparecem muito proximas ou a poucos milimetros da linha de fusdo, em forma
parecida a degraus, cujos pisos s3o paraleios a superficie do MB.

Estas trincas ocorrem essencialmente em juntas soldadas com MB
laminado, sendo que a baixa dutilidade € devido as inclusfes nio metalicas, do
tipo silicatos, com forma retangular ou alongada. A decoesdo lamelar inicia-se em
vazios formados entre a inclusio ndo metalica e o metal de base. Estes vazios
sio entio interligados de maneira planar por micro-vazios, coalescéncia, ou
cisalhmento, por ag4o determinante da tensdo residual da junta soldada.

A prevengio desta decossio lamelar pode ser feita por varios modos: a)
tornar esféricas as inclusdes nio metdlicas. Isto poderd ser feito durante a
produgdo do ago, e geraimente com tratamento do banho com metais raros; b)
melhorar o projeto da junta; c) fazer © amanteigamento com metal de elevada
dutilidade; d) diminuir o teor de S; @) com pré-aquecimento do MB; ) utilizar
forjados ou extrudados no lugar de laminados.



B. Porosidade
A porosidade é o termo para bolhas de gas, do tipo CO, ou vazios
arredondados, de tamanho macro ou microscopico, encontrados freqientemente
em metais de solda. E formada pﬁncipalménte pela evolugdo de gases durante a
solidificagdo da poga metalica, cuja solubilidade diminui conforme a temperatura
decresce. Este gas origina-se da contaminagio da superficie a ser soldada,
como exempio por gfaxa, tinta, etc, dos consumiveis, ou da atmosfera. Se o
arame de soldagem ndo possui desoxidante suficiente, provaveimente também
facilitara a formagdo da porosidade.
A porosidade pode ocorrer na superficie ou no interior do metal de solda,
e pode ser. a) agrupada; b)alinhada, que é o conjunto de poros em linha,
seguindo uma diregdo paralela ao eixo longitudinal da solda; ¢) vermiforme, que é
o conjunto de poros alongados ou em forma de espinha de peixe situados no
metal de solda.
A prevengdo da porosidade pode ser feita de varios modos; a)removendo-
se a fonte de gas. Para tanto deve-se evitar ou remover a tinta, graxa, etc. da
superficie da junta soldada; b)tilizando-se um gas protetor adeguado; c)

utilizando-se consumiveis com alto teor de elementos desoxidantes.

C. Trinca a frio

Um dos maiores problemas na soldagpm de acos tem sido as trincas a frio
induzidas pelo hidrogénio. Essas trincas s#o influenciadas peios seguintes
fatores: a) teor de hidrgénio; b) microestrutura do MS e ZAT; ¢) nivel de tensdo
imposto a solda; e) temperatura. Todos estes fatores apresentam a mesma
importancia, mas dependendo da situagdo pode ser dominante.

Uma caracteristica marcante nas trincas a frio é o seu periodc de demora

da ocorréncia , ou seja, estas trincas nem sempre ocorrem logo apos a soldagem



quanto atinge a temperatura ambiente, mas sim demora algum tempo até que sua
presenca seja detectada. Neste caso, recomenda-se submeter a junta soldada a
ensaios de raio-x ou ultra-som apenas 24 horas apos a realizag8o da soldagem,
de forma a ndo se ter surpresas posteriores.

As trincas a frio s&o assim denomimadas por ocorrer sempre abaixo de
200 graus C e basicamente a temperatura ambiente, @ podem estar tanto no MS
quanto no ZAT, podendo ser transversal ou longitudinal, e preferenciaimente
inicia-se nos pontos de maxima concentracdo de tensdo, como exemplo nos
cantos vivos da raiz. Podem ter alguns microns até centimetros de comprimento e
s3o trincas essencialmente transgranulares.

Para se previnir contra as tricas a frio causadas pelo hidrogénio pode-se
utilizar os seguintes procedimentos: a) evitar ou reduzir ao maximo o teor de
hidrogénio dufusivel no MS ou ZAT. isto podera ser efetivado com a limpesa das
superficies a serem soidadas, com ressecagem dos consumiveis, ou com pos
aquecimento que facilitara a difusdo do hidrogénio para fora do MS ou ZAT, b)
facilitar a formag&o de microestruturas menos susceptiveis as trincas a frio, como
exemplo a ferrita acicular. Este fator é influenciado pela composigdo quimica e
taxa de resfriamento, que deve ser a menor possivel. Isto pode ser feito com
pré-aquecimento, com alta energia de soidagem, etc. c) evitar metais com afto
limite de resisténcia.

Convém salientar que existem inimeras tabelas, dbacos e procedimentos

de soldagem, que minimizam ou evitam estas trincas a frio.



D. Trinca de Reagquecimento:

As trincas de reaquecimento ocorrem na ZAT em soldas de agos, durante
o tratamento térmico apos a soldagem, ou durante o servico a elevadas
temperaturas. Este tratamento pode ser alivio de tensdes. As trincas ocorrem
devido ao efeito combinado de fragilizacio e deformagdo. Estas trincas diferem
das trincas a firo, pois s&o essencialmente intergranulares.

Os fatores que influenciam as trincas de reaquecimento sdo. a)
composicdo quimica; b) microestrutura da ZAT,; ¢) alto nivel de tensdo residuai
associado ao grau de triaxialidade; d) temperatura na faixa da relaxagéo de
deformagao ou fluéncia.

O mecanismo da fratura aproxima-se ao encontrado para fiuéncia. A altas
temperaturas, entre 450 e 600 graus C para ago carbono, o carbono difunde para
o contomo de grio e forma carbonetos, que blogueiam toda a deformagdo
plastica a seu nivel, @ conduzem a uma ruptura sem deformagdo no contorno de
gréo, além de endurecer a matriz.

Diversos fatores podem ser observados para se evitar as trincas de
reaquecimento; a) selecionar o melhor procedimento de soldagem. Por exemplo,
soldas multipasses formam grios menos grosseiros na ZAT; b) reduzir a
concentrag3o de tensdes, melhorando-se o projeto; ¢) melhorar a composigéo
quimica do MB, diminuindo os teores de Cr, Cu, Mo, B, V, Nb e Ti que sdo
elementos fragilizantes; d) propiciar a formagéo de microestruturas no ZAT ndo
fragilizante a altas temperaturas. Por exemplo, evitar microestruturas de pouca
dutilidade, do tipo bainita superior; d) utilizar ciclos térmicos adequados para o
tratamento térmico de alivio de tensfo; e) utilizar metal de adicdo de boa
dutiidade & altas temperaturas.
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E. Trinca de Solidificagao:

As trincas de solidificagdo, ou trincas a quente, formam-se durante a
solidificagdo da poga metalica, seguindo em geral, o contomo das dendritas,
sendo portanto sua aparéncia tipicamente intergranular, e formando MS. Em
aiguns casos, excepcionalmente pode ocorrer na ZAT de metais com baixa
resisténcia a altas temperaturas e aito teor de P e S.

Estas trincas de solidificagio ocorrem principalmente no sentido
longitudinal e no centro da solda, mas podendo também ser tranversais. Podem
apresentar-se em todos os processos de soldagem por fuséio, e é resultante dos
efeitos combinados das condigdes de solidificagdo, principaimente rejeicdo da
solutos de baixo ponto de fusfo, e tensdo imposta a solda.

Para se evitar estas trincas de solidificacdo pode-se utilizar os seguintes
recursos: a) reduzir o teor de S, P, C, Si, Ni. Neste caso quando oteorde Pe S
for superior & 0,040% em agos carbono e baixa liga, o P associa-se ao Fe, Mn,
Ni e Cr, e 0 S ao Fe, para formar eutéticos de baixo ponto de fuséo; b) melhorar
a geometria da junta, evitando-se chanfros com pequenos angulos; c¢) diminuir a

energia de soldagem; d) minimizar restricSes; @) diminuir a abertura da raiz.
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Ensaio por Liquido Penetrante:

A foto a seguir ilustra a preparagao para o ensaio por liquido penetrante:
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Exame Visual:

A foto a seguir mostra o procedimento para o ensaio.
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Ensalo por Particula Magnética:

A foto a seguir ilustra o procedimento do ensajo por particulas magnéticas:
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Ensaio por Radigrafia industrial:

A foto a seguir ilustra o procedimento de preparo para o ensaio de

gamagrafia:
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A estrutura consiste de uma zona bruta de fusad. caracterizada por graos
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A estrutura @ composta por perita e ferrita alinhadas, localizada no metai de

base. Aumento 600X.

A estrutura demonstra o inicio da recuperagdo cristalina, localizada no zona de

metal de adigdo. Aumento 200X,
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A estrutura mostra a linha de transicdo entre metal base @ metal de adig3o.

Aumento 150X.

A estrutura mostra a zona bruta de fusdo, localizada no metal de adigdo.

Aumento 600X.



Corpo de Prova No.2:

LI ]

A estrutura mostra a zona bruta de fusado, tendo graos colunares de PeeLiTa €

ferrita, localizada no metal de adigdo. Aumento 150X,

P

A estrutura mostra graos recozidos de eum g ferrita, localizada no metal de

adi¢do. Aumento 600X.



A estrutura mostra o inicio da recuperagfo cristalinana zona do metal de adi¢ao.

Aumento 150X.

A estrutura mostra ferrita e periita alinhadas, focalizada no metal de Base.

Aumento 600X.
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A estrutura mostra ferrita e periita esboroada, localizada na Zona Afetada
Termicamente. Aumento 600X.
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A estrutura mostra perlita esboroada e ferita, localizada na zona afetada
termicaments. Aumento 150X.



Corpo de prova No. 4.

A estrutura mostra grios equiaxiais de austenita maciada, localizada no metal

base. Aumento 600X,

A estrutura mostra a zona de transicdo austenita maclada / estrutura bruta de

fusdo, localizada na zona termicamente afetada. Aumento 300X.



A estrutura é uma zona bruta de fus3o, localizada no metal de adigdo. Aumento

600X.

Corpo de prova No.5:

A estrutura apresenta austenita maclada, localizada no metal base. Aumento

500X.
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A estrutura mostra a interface austenita maclada / zona bruta de fusdo, localizada

na zona termicamente afetada. Aumento 600X.

A estrutura mostra a zona bruta de fuslio, locallzada no metal de adigdo.

Aumento 300X.
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4. DISCUSSAO E CONCLUSAO:

Dada a espessura das chapas, a soldagem foi realizada por meio de
varios passes consecutivos, dando arigem a estruturas recuperadas no metal de
adi¢idio, dado que os passes superiores provocavam uma recuperagdo cristalina
do metal de adic3o dos passes anteriores devido a temperatura de trabalho na
soldagem.

Através de ensaios metalograficos, nio pudemos ter uma distingdo clara
nas microestruturas entre processos distintos para um mesmo metal de base.
Somente com o auxilio de um ferritoscopio, pudemos observar uma distingdo
entre os processos, apresentando um teor de ferrita, médio, maior para o
processo GMAW em comparagdo ao processo GTAW + SMAW,

Através do ferritoscépio notou-se também a presenga de uma fase
magneética de ferrita deita no metal de adicdo para 0s acgos inoxidaveis
austeniticos, sendo o teor relativamente maior para o processo GTAW + SMAW,
quando comparado ao processo SMAW.

Através dos ensaios nio destrutivos, nada foi observado para que o
processo ndo fosse aprovado.

Através do ensaio de dobramento, para que o processo seja qualificado, 6
heccessario que nio ocorram trincas na regido dobrada, regido de solda.

Através do ensaio de tragdo, a ruptura deve se dar na regido do metal de
base, ou ainda no metal de adigo, desde que atinja um limite de ruptura caima
do esperado para o metal de base. Dados estes requisitos, todos os processos
foram aprovados.

Através dos parametros acima discutidos, pode-se considerar estes
processos de soldagem aprovados para vasos de pressdo, segunde codigo

ASME Secdo IX de 1992.
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Ensaio por Ultra Som:

A foto a seguir ilustra o procedimento do ensaio por Ultra Som:
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Elaborado por: data: NO QPS
By: FeenNAa DO - date: ©2. ©3.93 NrPQR 26€ 164
PROCESSO DE SOLDAGEM: Tipo: .
WELDING PROCESS SsMAS _ Type MANUVAL
duntas Detath
Joints taw 402) Detailsa
Tipo de Chanfro ém V. N
Joint Type
Mata-Junta . Sim Nao
Baackingn _ & Yes D

Material da MataJdunta  WELD MeTAL
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Para outros detalhes de juntas ver desanho de fabricacdo
For others joints details refer to fabrication drawings

METAIS DE BASE

BASE METALS  (QW403)
pNe DB GrupoNo A comPNo @ GrupoNo 4
P Nr - Group Nr with P Nr Group Nr

ou Especificagio do Tipo e Grau 4 240 +e 3ML. 54 312 +p 304
or Specification Type and Grade

com Especificagdo do Tipo e Grau SA 24O 4o 204YL. S 312 4p 304
to Specification Type and Grade

ou Anslises Quimica e Propriedade Mecanica Y-
or Chemical Analysis and Mechanical Property

com Anilises Quimica a Propriedade Mecanica .

to Chemical Analysis and Mechanical Property
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Thickness Range
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Deposited Weld Metal: Groove Fillet

Faixa de Didmetro do Tubo: Chanfro QUALLQUER Filete QJUALQJCY
Pipe Diameter Range Groove Fillet

QOutros N

Others
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F No 5 Outros MY

F Nr Others
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Consumable Insert
Outros o N, \)_- _
Others
POSICOES PRE.-AQUECIMENTO

406
Positions taw 405} Preheat : aw ) o
Posicdo (5es) do Chanfro 100~ S Temp. Pré-aquecimento (mind 10°%
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Progressio de Soldagem: ASC. B > 4 Desc. (] Temperatura Interpasse 2060
Welding Progression: Up Down Interpass Temperature (méx.)
Posi¢ao (des) do Filete T00AS Outros [
Position of Fillet e T B Othurs' I




TRATAMENTO TERMICO POS-SOLDA

Modo de Transferéncia de Metal para GMAW

POSTWELD HEAT TREATMENT Law 2671

Faixa de Temporatura ~NL . Tempo de Permanéncia .-
Temperature range Maintenance Time
GAs

GAs QW 408)

Gis de Protecio N.J.

Shielding Gas

Composicio da Mistura ~N.J.

Composition Mixture

Vazdo: Tocha NV Raiz . J

Flow rate: Torch Backing

Backing de Gis I‘J V.

Gas Backing

CARACTERISTICAS ELETRICAS (aw 409',

ELECTRICAL CHARACTERISTICS

Tipo e Didmetro do Eletrodo de Tungsténio N,

Tungsten Electrode Size and Type N

Mode of Metal transfer for GMAW
Faixa de Velocidade de Alimentagio do Arame

:N.O

Electrode wire feed Speed Range

Filetado ou Trangado __ €1 € TADO

Material de Adi¢io Intensidade Corrente Tenss Vel idad.e
Processo | Camadas Filler Metal Current Polaridade |, enfao o¢
: . Tension Speed range
Process Layers ¢ Polarity V)
AWS {A)
i
smAw  [y-% €308Lig /32 55- 90 <+ 20-2M | 3-130
smaw |AYY  [g208L 36 v8 | go-330 cc4 20-2513-43
: 4
Outros N, V.
Others
TECNICA (g 410)
TECHINIQUE

String or Weave Bead
Oriff{cio ou Tamanho do Furo

Orifice or Gas Cup Size

para Safda de Gés N
Limpeza Inicial e Final _E5M €t LA /ES(,O\!A'Q

tnitial and Interpass Cleaning

Método de Goivagem gSMNE EWwATR /65(.0\/92

Method of Back Gouging

Um ou Maitiplos Passes por lado _MVLT 1PLOS

Oscilacdo N,

Oscilation

Distancia Tubo x Pega L_ i
Stickout

PR

Muttiple or Single Pass.pér side
Eletrodos simples ou maitiplos _S1M PLES

Muiltiole or single electrode

FABRICANTE VISTO IMQ CLIENTE E/OU INSPETQOR
MANUEACTURER SIGN CLIENT AND/OR INSPECTOR
DATA DATA DATA

DATE DATE DATE




Backing Material S MAW! WELD MeTAL

Nv B
n ESPECIFICACAO DO PROCEDIMENTO DE SOLDAGEM (EP;) NrWPS . 20 169
Eﬂ\ll 1] WELDING PROCEDURE SPECIFICATION (WPS) Revisio/Data
oW BovER! : ' e ' Revision/Date 5. O0S. Qf
Elaborado por: data: NoO QPS _
By:  €eenRno date: 02.03.93 | NrPOR 29 (69
PROCESSO DE SOLDAGEM: __ Tipo: .
WELDING PROCESS 6TAN + SMAw Type
Juntas Detath
Joints ° - aw 402) Detailse
Tipo de Chanfro 6m R'A .
Joint Type
Mata-Junt w [ Sim e Nao
o a SMAW By CTAWEH
Material da MataJunta _ OTAW @ .\

Para outros detalhes de |untas ver desanho de hbﬂcapio
For others joints details refer to fabrication drawings

METAIS DE BASE

BASE METALS QW 403) |
P No a8 GrupofNo _ J comPNo_ @ Grupo No A
P Nr Group Nr with P Nr Group Nr
ou Especificagio do Tipo e Grau S8 240 & 3 OqL SA 3R 4o 304
or Specification Type and Grade
com Especificagio do Tipoe Grau SA 240 4 30"“. $4312 % 304
_to Specification Type and Grade
ou Andlises Quimica e Propriedade Mecinica ALV
or Chemical Analysis and Mechanical Property
com Anlises Qufmica e Propriedade Mecanica_pJ. V.
to Chemical Analysis and Mechanical Property
Faixa de Espessura " T
Thickness Runge
Metal da Base: Chanfro_3/y¢ — 2" Fileta QUALQUER
Base Metal: Groove Fillet
Metal de Solda Depositado: Chanfro (L TAW = IﬂA’i Ve Filete QUL QUEZ
Deposited Weld Metal: Groove SmAaw =Max ' v Fillet
Faixa de Didmetro do Tubo: Chantro QUH’LQU{Z Filete ad%& Jel
Pipe Diameter Range Groove Fillet e
OQOutros . J. ’
Others . _
METAIS DE ADIGAO
Filler Metals (aw 404)
FNo GTAW: 6/9'740\} Soutros .
F Nr Others
A No 8 /6 Outros
A Nr Others
Especificagio NOSFA _ $,9 [5,4 Classificagio No aws £€308L /€ 308 L-1¢ '
Specification Nr SFA Classification Nr AWS
Bitolas: ‘  Elewodo 3/32% -3/p"-5/32"
Size of Filler Metals Electrode
Arama J/AG“— S/‘a"‘““alé 2 e -
. Electiode :
Classificagio Fluxo-Arame NV Marca M.
Electrode - Flux {Class) Flux trade made
intert Consumivel .
Consumable Insert
Outros . N_-.d : —
Others
POSICOES PRE-AQUECIMENTO
Positions  (QW 405) Preheat law a06) o
Posigio (es) do Chanfro T0pA S Temp. Pré-aquecimento (.- | 18°%
Position (s) of Groove Preheat temperature
Progressio de Soldagem: ASC. (¥ 3¢ Desc. [J Temperatura Interpasse 260%
Welding Progression: Up Down Interpass Temperature (méx.)
Posicdo (oes) do Filete 00 A/S Outros
Position of Fillel . Others ) o




TRATAMENTO TERMICO POS-SOLDA (QW 407)
POSTWELD HEAT TREATMENT

Faixa de Temperatura As.V. : Tempo de Permanéncia N Y.

Temperature range - Maintenance Time

GAg {aw 408)

G4s de Protecio A’% Of\“ <0

Shielding Gas
Composicio da Mistura NV

Composition Mixture ]
Vazio: Tocha ‘8'32 L/mlfa Raiz Aa-2 ﬂ/ﬁ’ht\’

Flow rate: Torch . Backing
Backing da Gis N-d.

Gas Backing

CARACTERISTICAS ELETRICAS aw 409')
ELECTRICAL CHARACTERISTICS

a —
Tipo e Didmetro do Eletrodo de Tungsténio 3 % Tor. - J{JG 'ov 332"

Tungsten Electrode Size and Type
Modo de Transferéncia de Metal para GMAW N.J.

Mode of Metal transfer for GMAW .
Faixa de Velocidade da Alimentagio do Arame L

Electrode wire feed Speed Range

Material de Adi¢do intensidade Corrente
Processo | Camadas Filler Metal Current Polaridade

Process Layers ¢ Polarity
AWS

Tensdo Velocidade
Tension Speed range

(V) .
) (A) | NN

GTIAN | 3-2 | e 308L alse go - (Mo - %-33 [ g5-2
smav | avy [ ge 398L36  |5/32 130-1Y0 cC+ za-2(| Y-3Y

Outros N. J.

Others

TECNICA  (qw 410)
TECHINIQUE

Filetado ou Trangado _ €M\LE TADO

String or Weave Bead
Oriffcio ou Tamanho do Furo para Safda de Gis _n/. v,

Orifice or Gas Cup Size
Limpeza Inicial e Final _CSM%@\LUHO0 ¢ g5 oVAl

Initial and Interpass Cleaning
Método de Goivagem . Y.

Method of Back Gouging
Oscilagdo N

Oscilation
Distancia Tubo x Pega N J,

Stickout
Um ou Maltiplos Passes por lado MV{_ 1.2L0OS

Multiple or Single Pass.pér side
Elatrodos simples ou maitinlos SumPLE =S

Multiole or single electrode

FABRICANTE VISTO IMQ CLIENTE E/OU INSPETOR
MANUEACTURER SIGN CLIENT AND/OR INSPECTOR

DATA DATA DATA
NATE DATF DATE




Tipo de Chanfro £ "V *

Joint Type
Mata-Junta SMmaw ) Sim Nio
Backing = Yes BNO

Material da Mata-Junta NV, (éTR‘U)
Backing Material WELD METAL (smaw)

' NO EPS -
ESPECIFICACAO DO P_ROCEDIMENTO DE SOLDAGEM (EPS) Nr WPS 20 ‘63
ABB WELDING PROCEDURE SPECIFICATION (WPS) RevisSo/Data :
AseaBRommeoveR Revision/Date AS. 0S .33
Etaborado por: data: No QPS
By: €ge~NAVDO date: 02.03.93 NrPQR 20163
PROCESSO DE SOLDAGEM: Tipo:
WELDING PROCESS GTAW + SMAW Type MANJAL
Juntas Detalh
J:ints (ow 402) Details°

Para outros detalhes de juntas ver desenho de fabricagio
For others joints details refer to fabrication drawings

METAIS DE BASE

or Chemical Analysis and Mechanical Property
com Anélises Quimica e Propriedade Mecanica

..

BASE METALS  (QW403)

PNe N.U. GrupoNo N U. comPNO AN J. Grupo NO_ A1 U,

P Nr Group Nr with P Nr Group Nr

ou Especificagio do Tipo e Grau Din Res€ 44.3

or Specification Type and Grade . ]

com Especificagiio do Tipo e Grau o RS+  4Y. 3

to Specification Type and Grade . o o ?
ou Anilites Quimica e Propriedade Mecanica <=0, 23 70 : Ma -3, é/o Si= O. 5§54 P.‘.(Z 0527 S 905 0

to Chemical Analysis and Mechanical Property

Faixa de Espessura
Thickness Range

Metal de Base: Chanfro_ 3 /56" — 2" Filete QJAL QUER
Base Metal: Groove GTAW MAY . A2 Fillet .

Metal de Solda Depositado: Chanfro_ S MAW max. Az Filete QJALQJEE
Deposited Weld Metai: Groove Fillet

Faixa de Didmetrodo Tubo: Chanfro _QUALQUER Filete (VAL QJER
Pipe Diameter Range Groove Fillet

Qutros

Others

METAIS DE ADICAOC

Filler Metals (aw 404)

FNo GTAW! b{fmw:‘{ Qutros _

F Nr Others

A No EQ 805 02’/1 Outros

A Nr Others

Especificacio N0 SFA  S.28 /5.3 Classificagio No AWS €2 B0 3 02 /e Foi8-)

Specification Nr SFA
Bitolas:

Classification Nr AWS

Eletrodo 332" —3/8" - 5/32" -3/5¢"

Size of Filler Metals Electrode 3 "
Arame .\[1 &" - 5/614 - /52
. Electrode :
Classificagdo Fluxo-Arame NI Marca _N-J-
Electrode - Flux {Class) Flux trade made
Insert Consumfvel N

Consumable Insert

Posi¢o {Ges) do Chanfro 10045

Outros WAVE

Others

POSICOES PRE-AQUECIMENTO 6
Positions »(QW 405) Prehs=at (aw 406)

(%)
Temp. Pré-aquecimento (min ABYC

Position {s) of Groove

Preheat temperature

Progressio da Soldagem: ASC. (36)
Welding Progression: Up

Posigdo (Ges) do Filete ____’_TQQ_Q_S

Desc. [
Down

Temperatura Interpasss
Interpass Temperature

Outros

(méx.)

200°¢C

Others

Position of Fillet




TRATAMENTO TERMICO POS-SOLDA (Qw 407)
POSTWELD HEAT TREATMENT . a

J.
Faixa de Temperatura N . : Tempo de Permanéncia M-

Temperature range Maintenance Time

As
LS taw aos)

Gés de Protegiio ALGON 0

Shielding Gas

Composigio da Mistura __ 33, 9% ALGONIO

Composition Mixture

Vazgo: Tocha o8- 32 L/M:N Raiz _ A ~2 &/min

Flow rate: Torch . Backing
Backing de Gis NV

Gas Backing

CARACTERISTICAS ELETRICAS 409
ELECTRICAL CHARACTERISTICS 'GQW 409

Tipo e Didmetro do Eletrado de Tungsténio ,13/.; Tov. — )/) ¢ o 3/32"

Tungsten Electrode Size and Type
Modo de Transferéncia de Metal para GMAW __ NJ - V.

Mode of Metal transfer for GMAW J
Faixa de Velocidade de Alimentagio do Arame N Y-

Electrode wire feed Speed Range

Material de Adi¢ao Intensidade Corrente Tenss Velocidad
Processo | Camadas Filler Metal Current Polaridade en?ao elocidade
R Tension Speed range
Process Layers ¢ Polarity V)
AWS . {A) w [m '™
Glaw | a-2 €2 90s02 90 - 150 <C- o8-33 | 0,3-
MAW |3 a0 | £30(@-2 32 6o -90 e+ 20-25 | 2,3
Outros N
Others
TECNICA (Qw 410)
TECHINIQUE
Filetado ou Trangado €1 LETAO0
String or Weave Bead -
Orif(cio ou Tamanho do Furo para Salda deGas V. V
Orifice or Gas Cup Size
Limpeza Inicial e Final GSN\GQALHQQ ~-€S codae
tnitial and Interpass Cleaning
Método de Goivagem N.J. L i
Method of Back Gouging
Oscilagdo M. ).
Oscilation
Distancia Tubo x Pega M. V. [,
Stickout ,
Um au.Maltiplos Passes por lado _ MULT(PLOS PASSES . -
Multiple or Single Pass per side
Elstrodos simples ou miltiples €L 7E€0HO S1M 0Les
Multiole or single electrode :
FABRICANTE VISTO IMQ CLIENTE E/OU INSPETOR

MANUFACTURER SIGN CLIENT AND/OR [INSPECTOR

DATA DATA DATA
DATE DATE DATE




ESPECIFICAGCAO DO PROCEDIMENTO DE SOLDAGEM (EPS) | newps 20 (30
B! WELDING PROGEDURE SPECIFICATION (WPS) Revisdo/Data
Asu RN Bbven! Revision/Date 3S. OS 9 3
Etaborad T data: NO QPS
Ny o;;z‘:q.'\joo . date: 02.03. 33 Nr POR JOB/@S

PROCESSO DE SOLDAGEM: Tipo:
WELDING PROCESS GMAW Type Sém‘—m‘(omqmco
duntas (qw 402) Detalhe
Joints ( Details
Tipo de Chanfro £m e
Joint Type
Mata-Junta Sim Nao
Backing O Yes E
Material da Mata-Junta N. . _
Backing Material :
Para outros detathes de juntas ver desenho de fabricagio
For others joints details refer to fabrication drawings
METAIS DE BASE
BASE METALS  (@W403) ' : ..
P NO N .. Grupo No NV comPNo N.J. Grupo NO ~.J.
P Nr Group Nr with P Nr Group Nr
ou Especificagio do Tippe Grau Oi1n) RRSE 443
or Specification Type and Grade
com Especificagio do Tipo e Grau O i R QS'( 44.3
to Specification Type and Grade 0 o ° °
ou Anélises Quimica e Propriedade Mecanica ¢ = 9,23 /o M 23,6/% Si= O,SS/, P= 0105 /o s 9054
or Chemical Analysis and Mechanical Property
com Anilises Qufmica e Propriedade Mecinica . V.
to Chemical Analysis and Mechanical Property
Faixa da Espessura
Thick ness Range
Metal ae Base: Chanfro 3/!6" -2 " Filote QUALQUER
Base Metal: . Groove Fillet
U W
Metal de Solda Depositado: Chapfro_MAx . 2 Filete QJALQVEE
Deposited Weld Metal: Groove Fillet
Faixa de Didmetro do Tubo: Chanfro_ QUALQUER Filete QUALQJER
Pipe Diameter Range Groove Fillet
Outros N.V.
Others
METAIS DE AchAo
Filler Metals taw 404)
FNO 6 Outros NV
F Nr Others
A No 4 Outros -V o
A Nr Others _
Especificagio NO SFA < .\Q Classificagio No AWS ER Y0 SG
Specification Nr SFA Classification Nr AWS
Bitolas: Eletrodo N. V.
Size of Filler Metals Elecirode
Arame _ 3,2 mm
. Electr
Classificagdo Fluxo-Arame N, V. Marca N.V.
Electrode - Flux (Class) Filux trade made
Insert Consumfvel N,
Consumable insert
Outros NV,
Others
POSICOES PRE-AQUECIMENTO
Positions taw 40s) Preheat (aw 406
Posicdo (Ges) do Chanfro _TODGS /Au_ Temp. Pré-aquecimento (., 20%
-Position (s} of Groove Preheat temperature min. o
Progressdo de Soldagem: ASC [z 36) Desc. [ Temperatura Interpasse 250 ¢
Welding Progression: Down : Interpass Temperature (max.)
Posicdo (es) do Filete TODQS Outros N
Pasition of Filiel T Others

T T e e




TRATAMENTO TERMICO POS-SOLDA
POSTWELD HEAT TREATMENT (aw 407)

Temperature range Maintenance Time

Faixa da Temperatura ~NLU. Tempo de Permanéncia ~-J.

GAS
GAs Qw 408)

G4s de Protecio Z0R6G0N (- 25

Shielding Gas
Composigio daMistura ST Ar +25% ¢O,

Composition Mixture

Flow rate: Torch
Backing de Gis ..

Backing

Vazio: Tocha 10 @ 1D l-/m-'»l- Raiz _ N ..

Gas Backing

CARACTERISTICAS ELETRICAS '
ELECTRICAL CHARACTERISTICs (QW 409)

Tipo e Didmetro do Eletrodo de Tungsténio N.U.

Tungsten Electrode Size and Type
Modo de Transferéncia de Metal para GMAW __ (,LORUVLAKL

Mode of Metal transfer for GMAW
Faixa de Velocidade da Alimentagio do Arame N

Electrode wire feed Speed Range

Material de Adicdo Intensidade Corrente
Processo | Camadas Filler Metal Current

Process Layers ¢

AWS (A)

(nm)

Tensido Velocidade
Tension Speed range
{V}

Polaridade
Polarity

emaw | L9 EQ Y0 S 4,2 Y0 - 330
emaw | - ceYse 3,2 120 - 180

v A3 =24
cC+ Ja-z'l

Outros [NIRe 2

Others

TECNICA . (qw 410)
TECHINIQUE

Filetado ou Trancado T@AN CAQO 7

String or Weave Bead L
Oriffcio ou Tamanho do Furo para Salda de Gas N, J.

Orifice or Gas Cup Size )
Limpeza Inicial e Final ESMERILHAR € €SCoJAR

Initial and Interpass Cleaning
Método de Goivagem N.\U.

Method of 8aoleouging Tt T T
Oscilagdo ~ MAX c/8"

Oscilation ,
Distdncia Tubo x Peca MAx. 1"

Stickout : -— —— .

Um ou Mﬁltip|os'Passés por tado_MyL TIPLOS
Multiple or Single Pass per side

Efetrodos simples ou maltiplos SIMPLES
Multiole or single electrode .

FABRICANTE VISTO IMQ CLIENTE E/OU INSPETOR

MANUFACTURER SIGN CLIENT AND/OR INSPECTOR
. |IDATA DATA DATA

DATE DATE DATE




ANEXO B - CODIGO ASME SEGAO IX
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PART QW WELDING

ARTICLE 1
WELDING GENERAL REQUIREMENTS

QW-100 GENERAL

Section IX of the ASME Boiler and Pressure Vessel
Code relates to the qualification of welders, welding
operators, brazers, and brazing operators, and the pro-
cedures that they employ in welding and brazing ac-
cording to the ASME Boiler and Pressure Vessel Code
and the ASME B31 Code for Pressure Piping. It is
divided into two parts: Part QW gives requirements for
welding and Part QB contains requirements for brazing.

QW-100.1 The purpose of the Welding Procedure
Specification (WPS) and Procedure Qualification Rec-
ord (PQR) is to determine that the weldment proposed
for construction is capable of providing the required
properties for its intended application. It is presupposed
that the welder or welding operator performing the
welding procedure qualification test is a skilled work-
man. That is, the welding procedure qualification test
establishes the properties of the weldment, not the skill
of the welder or welding operator. In addition to this
general requirement, special considerations for notch
toughness are required by other Sections of the Code.
Briefly, a WPS lists the variables, both essential and
nonessential, and the acceptable ranges of these vari-
ables when using the WPS. The WPS is intended to
provide direction for the welder/welding operator. The
PQR lists what was used in qualifying the WPS and
the test results.

QW-100.2 In performance qualification, the basic
criterion established for welder qualification is to de-
termine the welder’s ability to deposit sound weld
metal. The purpose of the performance qualification
test for the welding operator is to determine the weld-

ing operator’s mechanical ability to operate the welding
equipment.

QW-100.3 Welding Procedure Specifications (WPS)
written and qualified in accordance with the rules of
this Section, and welders and welding operators of au-
tomatic and machine welding equipment also qualified
in accordance with these rules may be used in any con-
struction built to the requirements of the ASME Boiler
and Pressure Vessel Code or the ASME B31 Code for
Pressure Piping.

However, other Sections of the Code state the con-
ditions under which Section IX requirements are man-
datory, in whole or in part, and give additional re-
quirements. The reader is advised to take these
provisions into consideration when using this Section.

Welding Procedure Specifications, Procedure Qual-
ification Records, and Welder/Welding Operator Per-
formance Qualification made in accordance with the
requirements of the 1962 Edition or any later Edition
of Section IX may be used in any construction built
to the ASME Boiler and Pressure Vessel Code or the
ASME B31 Code for Pressure Piping.

Welding Procedure Specifications, Procedure Qual-
ification Records, and Welder/Welding Operator Per-
formance Qualification made in accordance with the
requirements of the Editions of Section IX prior to
1962, in which all of the requirements of the 1962
Edition or later Editions are met, may also be used.

Welding Procedure Specifications meeting the above
requirements do not need to be amended to include any
variables required by later Editions and Addenda.

Qualification of new Welding Procedure Specifica-
tions and requalification of existing Welding Procedure
Specifications shall be in accordance with the current
Edition (see Foreword) and Addenda of Section IX.



QW-101

QW-101  Scope

The rules in this Section apply to the preparation of
Welding Procedure Specifications and the qualification
of welding procedures, welders, and welding operators
for all types of manual and machine welding processes
permitted in this Section. These rules may also be ap-
plied, insofar as they are applicable, to other manual
or machine welding processes permitted in other Sec-
tions.

QW-102  Terms and Definitions

Some of the more common terms relating to welding
are defined in QW-492. These are in substantial agree-
ment with the definitions of the American Welding So-
ciety given in its document, A3.0-80, Terms and Def-
initions.

Wherever the word pipe is designated, tube shall
also be applicable.

QW-103  Responsibility

QW-103.1 Welding. Each manufacturer' or
contractor’ is responsible for the welding done by his
organization and shall conduct the tests required in this
Section to qualify the welding procedures he uses in
the construction of the weldments built under this
Code, and the performance of welders and welding op-
erators who apply these procedures.

QW-103.2 Records. Each manufacturer or contrac-
tor shall maintain a record of the results obtained in
welding procedure and welder and welding operator
performance qualifications. These records shall be cer-
tified by the manufacturer or contractor and shall be
accessible to the Authorized Inspector. Refer to rec-
ommended Forms in Nonmandatory Appendix A.

QW-110 WELD ORIENTATION

The orientations of welds are illustrated in QW-
461.1 or QW-461.2.

TEST POSITIONS FOR GROOVE
WELDS

QW-120

Groove welds may be made in test coupons oriented
in any of the positions in QW-461.3 or QW-461.4 and
as described in the following paragraphs, except that

'Whercver these words are used in Section IX, they shall include
installer or assembler.

1992 SECTION IX

QwW-130

an angular deviation of *15 deg. from the specified
horizontal and vertical planes, and an angular deviation
of 5 deg. from the specified inclined plane are per-
mitted during welding.

QW-121  Plate Positions

QW-121.1 Flat Position 1G. Plate in a horizontal
plane with the weld metal deposited from above. Refer
to QW-461.3(a).

QW-121.2 Horizontal Position 2G. Plate in a ver-
tical plane with the axis of the weld horizontal. Refer
to QW-461.3(b).

QW-121.3 Vertical Position 3G. Plate in a vertical
plane with the axis of the weld vertical. Refer to QW-
461.3(c).

QW-121.4 Overhead Position 4G. Plate in a hor-
izontal plane with the weld metal deposited from un-
demneath. Refer to QW-461.3(d).

QW-122  Pipe Positions

QW-122.1 Flat Position 1G. Pipe with its axis hor-
izontal and rolled during welding so that the weld metal
is deposited from above. Refer to QW-461.4(a).

QW-122.2 Horizontal Position 2G. Pipe with its
axis vertical and the axis of the weld in a horizontal
plane. Pipe shall not be rotated during welding. Refer
to QW-461.4(b).

QW-122.3 Multiple Position 5G. Pipe with its axis
horizontal and with the welding groove in a vertical
plane. Welding shall be done without rotating the pipe.
Refer to QW-461.4(c).

QW-122.4 Multiple Position 6G. Pipe with its axis
inclined at 45 deg. to horizontal. Welding shall be done
without rotating the pipe. Refer to QW-461.4(d).

QwW-123 Test Positions for Stud Welds

QW-123.1 Stud Welding. Stud welds may be made
in test coupons oriented in any of the positions as
described in QW-121 for plate and QW-122 for pipe
(excluding QW-122.1). In all cases, the stud shall be
perpendicular to the surface of the plate or pipe. See
QW-461.7 and QW-461.8.

TEST POSITIONS FOR FILLET
WELDS

QW-130

Fillet welds may be made in test coupons oriented
in any of the positions of QW-461.5 or QW-461.6,
and as described in the following paragraphs, except



QW-130

that an angular deviation of +15 deg. from the spec-
ified horizontal and vertical planes is permitted during
welding.

QW-131  Plate Positions

-

QW-131.1 Flat Position IF. Plates so placed that
the weld is deposited with its axis horizontal and its
throat vertical. Refer to QW-461.5(a).

QW-131.2 Horizontal Position 2F. Plates so placed
that the weld is deposited with its axis horizontal on

the upper side of the horizontal surface and against the -

vertical surface. Refer to QW-461.5(b).

QW-131.3 Vertical Position 3F. Plates so placed
that the weld is deposited with its axis vertical. Refer
to QW-461.5(c).

QW-131.4 Overhead Position 4F. Plates so placed
that the weld is deposited with its axis horizontal on
the underside of the horizontal surface and against the
vertical surface. Refer to QW-461.5(d).

QW-132  Pipe Positions

QW-132.1 Flat Position 1F. Pipe with its axis in-
clined at 45 deg. to horizontal and rotated during weld-
ing so that the weld metal is deposited from above and
at the point of deposition the axis of the weld is hor-
izontal and the throat vertical. Refer to QW-461.6(a).

QW-132.2 Horizontal Positions 2F and 2FR

(a) Position 2F. Pipe with its axis vertical so that
the weld is deposited on the upper side of the hori-
zontal surface and against the vertical surface. The axis
of the weld will be horizontal and the pipe is not to
be rotated during welding. Refer to QW-461.6(b).

(b) Position 2FR. Pipe with its axis horizontal and

the axis of the deposited weld in the vertical plane.
The pipe is rotated during welding. Refer to QwW-
461.6(c). :

QW-132.3 Overhead Position 4F. Pipe with its axis
vertical so that the weld is deposited on the underside
of the horizontal surface and against the vertical sur-
face. The axis of the weld will be horizontal and the
pipe is not to be rotated during welding. Refer to QW-
461.6(d).

QW-132.4 Multiple Position SF. Pipe with its axis
horizontal and the axis of the deposited weld in the
vertical plane. The pipe is not to be rotated during
welding. Refer to QW-461.6(e).
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QW-140  TYPES AND PURPOSES OF TESTS
AND EXAMINATIONS

Qw-141 Mechanical Tests -

Mechanical tests used in procedure or performance
qualification are as follows.

QW-141.1 Tension Tests. Tension tests as de-
scribed in QW-150 are used to determine the ultimate
strength of groove-weld joints.

QW-141.2 Guided-Bend Tests. Guided-bend tests
as described in QW-160 are used to determine the de-
gree of soundness and ductility of groove-weld joints.

QW-141.3 Fillet-Weld Tests. Tests as described in
QW-180 are used to determine the size, contour, and
degree of soundness of fillet welds.

QW-141.4 Notch-Toughness Tests. Tests as de-
scribed in QW-171 and QW-172 are used to determine
the notch toughness of the weldment.

QW-141.5 Stud-Weld Test. Deflection bend, ham-
mering, torque, or tension tests as shown in Qw-
466.4, QW-466.5, and QW-466.6, and a macro-ex-
amination performed in accordance with QW-202.5,

respectively, are used to determine acceptability of stud
welds.

QW-142  Special Examinations for Welders

Radiographic examination may be substituted for
mechanical testing of QW-141 for groove-weld per-
formance qualification as permitted in QW-304 to
prove the ‘ability of welders to make sound welds.

QW-143  Examination for Welding Operators

An examination of a weld by radiography may be
substituted for mechanical testing of QW-141 for
groove weld performance qualification as permitted in
QW-305 to prove the ability of welding operators to
make sound welds.

QW-150
QWwW-151

TENSION TESTS
Specimens

Tension test specimens shall conform to one of the
types illustrated in QW-462.1 and shall meet the re-
quirements of QW-153.

QW-151.1 Reduced Section — Plate. Reduced-sec- -
tion specimens conforming to the requirements given
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in QW-462.1(a) may be used for tension tests on all
thicknesses of plate.

(a) For thicknesses up to and including ! in., a full
thickness specimen shall be used for each required ten-
sion test.

(b) For plate thickness greater than 1 in., full thick-
ness specimens or multiple specimens may be used,
provided QW-151.1(c) and QW-151.1(d) are complied
with,

(c) When multiple specimens are used, in lieu of full
thickness specimens, each set shall represent a single
tension test of the full plate thickness. Collectively, all
of the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) When multiple specimens are necessary, the en-
tire thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that can
be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements of
QW-153.

QW-151.2 Reduced Section — Pipe. Reduced-sec-
tion specimens conforming to the requirements given
in QW-462.1(b) may be used for tension tests on all
thicknesses of pipe having an outside diameter greater
than 3 in.

(a) For thicknesses up to and including 1 in. a full
thickness specimen shall be used for each required ten-
sion test.

(b) For pipe thicknesses greater than 1 in., full
thickness specimens or multiple specimens may be
used, provided QW-151.2(c) and QW-151.2(d) are
complied with.

(c) When multiple specimens are used, in lieu of full
thickness specimens, each set shall represent a single
tension test of the full pipe thickness. Collectively, all
of the specimens required to represent the full thickness
of the weld at one location shall comprise a set.

(d) When multiple specimens are necessary, the en-
tire thickness shall be mechanically cut into a minimum
number of approximately equal strips of a size that can
be tested in the available equipment. Each specimen
of the set shall be tested and meet the requirements of
QW-153.

For pipe having an outside diameter of 3 in. or less,
reduced-section specimens conforming to the require-
ments given in QW-462.1(c) may be used for tension
tests.

QW-151.3 Turned Specimens. Tummed specimens
conforming to the requirements given in QW-462.1(d)
may be used for tension tests.

{a) For thicknesses up to and including 1 in., a sin-
gle turned specimen may be used for each required
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tension test, which shall be a specimen of the largest
diameter D of QW-462.1(d) possible for test coupon
thickness [per Note (a) of QW-462.1(d)].

(b) For thicknesses over 1 in., multiple specimens
shall be cut through the full thickness of the weld with
their centers parallel to the metal surface and not over
1 in. apart. The centers of the specimens adjacent to
the metal surfaces shall not exceed ’/; in. from the
surface.

{c) When multiple specimens are used, each set shall
represent a single required tension test. Collectively,
all the specimens required to represent the full thick-
ness of the weld at one location shall comprise a set.

(d) Each specimen of the set shall be tested and meet
the requirements of QW-153.

QW-151.4 Full-Section Specimens for Pipe. Ten-
sion specimens conforming to the dimensions given in
QW-462.1(e) may be used for testing pipe with an out-
side diameter of 3 in. or less.

QW-152  Tension Test Procedure

The tension test specimen shall be ruptured under
tensile load. The tensile strength shall be computed by
dividing the maximum load by the least cross-sectional
area of the specimen as calculated from actual mea-
surements made before the load is applied.

QwW-153 Acceptance Criteria — Tension Tests

QW-153.1 Tensile Strength. In order to pass the
tension test, the specimen shall have a tensile strength
that is not less than:

(a) the specified minimum tensile strength of the
base metal; or

(b) the specified minimum tensile strength of the
weaker of the two, if base metals of different minimum
tensile strengths are used; or

(c) the specified minimum tensile strength of the
weld metal when the applicable Section provides for
the use of weld metal having lower room temperature
strength than the base metal;

(d) if the specimen breaks in the base metal outside
of the weld or fusion line, the test shall be accepted
as meeting the requirements, provided the strength is
not more than 5% below the specified minimum tensile
strength of the base metal.

GUIDED-BEND TESTS
Specimens

QW-160
Qw-161
Guided-bend test specimens shall be prepared by cut-

ting the test plate or pipe to form specimens of ap-
proximately rectangular cross section. The cut surfaces
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shall be designated the sides of the specimen. The other
two surfaces shall be called the face and root surfaces,
the face surface having the greater width of weld. The
specimen thickness and bend radius are shown in QW-
466.1, QW-466.2, and QW-466.3. Guided-bend spec-
imens are of five types, depending on whether the axis
of the weld is transverse or parallel to the longitudinal
axis of the specimen, and which surface (side, face,
or root) is on the convex (outer) side of bent specimen.
The five types are defined as follows.

QW-161.1 Transverse Side Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that one of the side surfaces becomes
the convex surface of the bent specimen. Transverse
side-bend test specimens shall conform to the dimen-
sions shown in QW-462.2.

Specimens of base metal thickness over 1'/, in. may
be cut into approximately equal strips between °/, in.
and 1'/, in. wide for testing, or the specimens may be
bent at full width (see requirements on jig width in
QW-466). If muitiple specimens are used, one com-
plete set shall be made for each required test. Each
specimen shall be tested and meet the requirements in
QW-163.

QW-161.2 Transverse Face Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that the face surface becomes the con-
vex surface of the bent specimen. Transverse face-bend
test specimens shall conform to the dimensions shown
in QW-462.3(a). For subsize transverse face bends, see
QW-161.4.

QW-161.3 Transverse Root Bend. The weld is
transverse to the longitudinal axis of the specimen,
which is bent so that the root surface becomes the con-
vex surface of the bent specimen. Transverse root-bend
test specimens shall conform to the dimensions shown
in QW-462.3(a). For subsize transverse root bends, see
QW-161.4.

QW-161.4 Subsize Transverse Face and Root
Bends. See Note (2) of QW-462.3(a).

QW-161.5 Longitudinal-Bend Tests. Longitudinal-
bend tests may be used in lieu of the transverse side-,
face-, and root-bend tests for testing weld metal or base
metal combinations which differ markedly in bending
properties between

{a) the two base metals; or

{b) the weld metal and the base metal.

QW-161.6 Longitudinal Face Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the face surface becomes the convex
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surface of the bent specimen. Longitudinal face-bend
test specimens shall conform to the dimensions shown
in QW-462.3(b).

QW-161.7 Longitudinal Root Bend. The weld is
parallel to the longitudinal axis of the specimen, which
is bent so that the root surface becomes the convex
side of the bent specimen. Longitudinal root-bend test
specimens shall conform to the dimensions shown in
QW-462.3(b).

QW-162  Guided-Bend Test Procedure

QW-162.1 Jigs. Guided-bend specimens shall be
bent in test jigs that are in substantial accordance with
QW-466. When using the jigs illustrated in QW-466.1
or QW-466.2, the side of the specimen tumned toward
the gap of the jig shall be the face for face-bend spec-
imens, the root for root-bend specimens, and the side
with the greater defects, if any, for side-bend speci-
mens. The specimen shall be forced into the die by
applying load on the plunger until the curvature of the
specimen is such that a '/, in. diameter wire cannot
be inserted between the specimen and the die of QW-
466.1, or the specimen is bottom ejected if the roller
type of jig (QW-466.2) is used.

When using the wrap around jig (QW-466.3), the
side of the specimen turned toward the roller shall be
the face for face-bend specimens, the root for root-bend
specimens, and the side with the greater defects, if any,
for side-bend specimens.

When specimens wider than 1'/, in. are to be bent
as permitted in QW-462.2, the test jig mandrel must
be at least '/, in. wider than the specimen width.

QW-163  Acceptance Criteria — Bend Tests

The weld and heat affected zone of a transverse
weld-bend specimen shall be completely within the
bent portion of the specimen after testing.

The guided-bend specimens shall have no open de-
fects in the weld or heat affected zone exceeding '/
in., measured in any direction on the convex surface
of the specimen after bending. Cracks occurring on the
comners of the specimen during testing shall not be con-
sidered unless there is definite evidence that they result
from slag inclusions or other internal defects. For cor-
rosion-resistant weld overlay cladding, no open defect
exceeding '/, in., measured in any direction, shall be
permitted in the cladding, and no open defects ex-
ceeding '/s in. shall be permitted in the bond line.
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QW-170 NOTCH-TOUGHNESS TESTS
QwW-171 Notch-Toughness Tests — Charpy

V-Notch

QW-171.1 General. Charpy V-notch impact tests
shall be made when required by other Sections.

Test procedures and apparatus shall conform to the
requirements of SA-370.

QW-171.2 Acceptance. The acceptance criteria
shall be in accordance with that Section specifying im-
pact requirements.

QW-171.3 Location and Orientation of Test Spec-
imen. The impact test specimen and notch location and
orientation shall be as given in the Section requiring
such tests.

When qualifying pipe in the 5G or 6G position, the
notch-toughness specimens shall be removed from the
shaded portion of QW-463.1(f).

QW-172  Notch-Toughness Tests — Drop

Weight

QW-172.1 General. Drop weight tests shall be
made when required by other Sections.

Test procedures and apparatus shall conform to the
requirements of ASTM Specification E 208.

QW-172.2 Acceptance. The acceptance criteria
shall be in accordance with that Section requiring drop
weight tests.

QW-172.3 Location and Orientation of Test Spec-
imen. The drop weight test specimen, the crack starter
location, and the orientation shall be as given in the
Section requiring such tests.

When qualifying pipe in the 5G or 6G position, the
notch-toughness specimens shall be removed from the
shaded portion of QW-463.1(f).

QW-180  FILLET-WELD TESTS

Qw-181 Procedure and Performance

Qualification Specimens

QW-181.1 Procedure. The dimensions and prepa-
ration of the fillet-weld test coupon for procedure qual-
ification as required in QW-202 shall conform to the
requirements in QW-462.4(a) or QW-462.4(d). The
test coupon for plate-to-plate shall be cut transversely
to provide five test specimen sections, each approxi-
mately 2 in. long. For pipe-to-plate or pipe-to-pipe, the
test coupon shall be cut transversely to provide four
approximately equal test specimen sections. The test

1992 SECTION IX-

QWw-183

specimens shall be macro examined to the requirements
of QW-183,

QW-181.2 Performance. The dimensions and the
preparation of the fillet-weld test coupon for perfor-
mdnce qualification shall conform to the requirements
in QW-462.4(b) or QW-462.4(c). The test coupon for
plate-to-plate shall be cut transversely to provide a cen-
ter section approximately 4 in. long and two end sec-
tions, each approximately 1 in. long. For pipe-to-plate
or pipe-to-pipe, the test coupon shall be cut to provide
two quarter sections test specimens opposite to each
other. One of the test specimens shall be fracture tested
in accordance with QW-182 and the other macro ex-
amined to the requirements of QW-184. When quali-
fying pipe-to-plate or pipe-to-pipe in the SF position,
the test specimens shall be removed as indicated in
QW-463.2(h).

QW-182  Fracture Tests

The stem of the 4 in. performance specimen center
section in QW-462.4(b) or the stem of the quarter sec-
tion in QW-462.4(c), as applicable, shall be loaded lat-
erally in such a way that the root of the weld is in
tension. The load shall be steadily increased until the
specimen fractures or bends flat upon itself.

If the specimen fractures, the fractured surface shall
show no evidence of cracks or incomplete root fusion,
and the sum of the lengths of inclusions and porosity
visible on the fractured surface shall not exceed */; in.
in QW-462.4(b) or 10% of the quarter section in QW-
462.4(c).

Macro-Examination — Procedure
Specimens

QWw-183

. One face of each cross section of the five test spec-
imens in QW-462.4(a) or four test specimens in QW-
462.4(d), as applicable shall be smoothed and etched
with a suitable etchant (see QW-470) to give a clear
definition to the weld metal and heat affected zone.
The examination of the cross sections shall include
only one side of the test specimen at the area where
the plate or pipe is divided into sections i.e., adjacent
faces at the cut shall not be used. In order to pass the
test:

Visual examination of the cross sections of the weld
metal and heat affected zone shall show complete fu-
sion and freedom from cracks; and

There shall not be more than '/; in. difference in
the length of the legs of the fillet.
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QW-184  Macro-Examination — Performance
Specimens

The cut end of one of the end plate sections, ap-
proximately 1 in. long, in QW-462.4(b) or the cut end
of one of the pipe quarter sections in QW-462.4(c), as
applicable, shall be smoothed and etched with a” suit-
able etchant (see QW-470) to give a clear definition of
the weld metal and heat affected zone. In order to pass
the test:

Visual examination of the cross section of the weld
metal and heat affected zone shall show complete fu-
sion and freedom from cracks, except that linear in-
dications at the root not exceeding '/;, in. shall be
acceptable; and

The weld shall not have a concavity or convexity
greater than '/, in.; and

There shall be not more than '/; in. difference in
the lengths of the legs of the fillet.

QW-190 OTHER TESTS AND
EXAMINATIONS

QW-191  Radiographic Examination

QW-191.1 The radiographic examination in QW-142
for welders and in QW-143 for welding operators shall
meet the requirements of Article 2, Section V. The
acceptance standards of QW-191.2 shall be met.

QW-191.2 Radiographic Acceptance Criteria

QW-191.2.1 Terminology

Linear Indications. Cracks, incomplete fusion, in-
adequate penetration, and slag are represented on the
radiograph as linear indications in which the length is
more than three times the width.

Rounded Indications. Porosity and inclusions such
as slag or tungsten are represented on the radiograph
as rounded indications with a length three times the
width or less. These indications may be circular, el-
liptical, or irregular in shape; may have tails; and may
vary in density.

QW-191.2.2 Acceptance Standards. Welder and
welding operator performance tests by radiography of
welds in test assemblies shall be judged unacceptable
when the radiograph exhibits any imperfections in ex-
cess of the limits specified below.

(a) Linear Indications

(1) any type of crack or zone of incomplete fusion
or penetration;

{2) any elongated slag inclusion which has a
length greater. than:

(a) '/ in. for t up to /, in., inclusive
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(b) '/5t for t over */s to 2'/, in., inclusive
(c) */. in. for t over 2'/, in.

(3) any group of slag inclusions in line that have
an aggregate length greater than 7 in a length of 12,
except when the distance between the successive im-
perfections exceeds 6L where L is the length of the
longest imperfection in the group.

(b) Rounded Indications

(1) The maximum permissible dimension for
rounded indications shall be 20% of ¢ or '/, in., which-
ever is smaller.

(2) For welds in material less than '/s in. in thick-
ness, the maximum number of acceptable rounded in-
dications shall not exceed 12 in a 6 in. length of weld.
A proportionately fewer number of rounded indications
shall be permitted in welds less than 6 in. in length.

(3) For welds in material '/; in. or greater in
thickness, the charts in Appendix I represent the max-
imum acceptable types of rounded indications illus-
trated in typically clustered, assorted, and randomly
dispersed configurations. Rounded indications less than
'/5; in. in maximum diameter shall not be considered
in the radiographic acceptance tests of welders and
welding operators in these ranges of material thick-
nesses.

QW-191.2.3 Production Welds. The acceptance
standard for welding operators who qualify on pro-
duction welds shall be that specified in the referencing
Code Section. The acceptance standard for welders
who qualify on production welds as permitted by QW-
304.1 shall be per QW-191.2.2.

QW-191.3 Record of Tests. The results of welder
and welding operator performance tests by radiography
shall be recorded in accordance with QWwW-301.4.

QW-192  Stud-Weld Tests — Procedure

Qualification Specimens

QW-192.1 Required Tests. Ten stud-weld tests are
required to qualify each procedure. The equipment used
for stud welding shall be completely automatic except
for manual starting.

Every other welding stud (five joints) shall be tested
either by hammering over until one-fourth of its length
is flat on the test piece, or by bending the stud to an
angle of at least 15 deg. and returning it to its original
position using a test jig and an adapter location di-
mension that are in accordance with QW-466.4...

The remaining five welded stud joints shall be tested
in torque using a torque testing arrangement that is sub-
stantially in accordance with QW-466.5. Alternatively,
where torquing is not feasible, tensile testing may be
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used, and the fixture for tensile testing shall be similar
to that shown in QW-466.6 except that studs without
heads may be gripped on the unwelded end in the jaws
of the tensile testing machine.

QW-192.2 Acceptance Criteria — Bend. and
Hammer Tests. In order to pass the test(s), each of
the five stud welds and heat affected zones shall be
free of visible separation or fracture after bending and
return bending or after hammering.

QW-192.3 Acceptance Criteria — Torque Tests.
In order to pass the test(s), each of the five stud welds
shall be subjected to the required torque shown in the
following table before failure occurs.

Required Torque for Testing
Threaded Carbon Steel Studs

Nominal Diameter Threads/in. Testing Torque,
of Studs. in. and Series Designated ft-lb
174 28 UNF 5.0
1/4 20 UNC 4.2
5716 24 UNF 9.5
5/16 : 18 UNC 8.6
8 24 UNF 17
38 16 UNC 15
116 20 UNF 27
Aty 14 UNC 24
12 20 UNF 42
112 13 UNC 37
916 18 UNF 60
9/16 12 UNC 54
518 18 UNF 4
5/8 It UNC 74
34 16 UNF 147
34 10 UNC 132
8 14 UNF 234
7/8 9 UNC 212
1 12 UNF 348
1 8 UNC 318

Alternatively, where torquing to destruction is not
feasible tensile testing may be used, in which case fail-
ure strength in pounds per square inch shall not be less
than 35,000. The failure strength shall be based on the
minor diameter of the threaded section of externally
threaded studs except where the shank diameter is less
than the minor diameter, or on the original cross-sec-
tional area where failure occurs. in a nonthreaded, in-
ternally threaded, or reduced-diameter stud.

QW-192.4 Acceptance Criteria — Macro-Exam-
ination. In order to pass the macro-examination, each
of five sectioned stud welds and the heat affected zone
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shall be free of cracks when examined at a magnifi-
cation of X 10, which is required by QW-202.5 when
studs are welded to metals other than P-No. 1. B

QwW-193 Stud-Weld Tests — Performance

Qualification Specimens

QW-193.1 Required Tests. Five stud-weld tests are
required to qualify each stud-welding operator. The
equipment used for stud welding shall be completely
automatic except for manual starting. The performance
test shall be welded in accordance with a qualified
WPS per QW-301.2.

Each stud (five joints) shall be tested either by ham-
mering over until one-fourth of its length is flat on the
test piece or by bending the stud to an angle of at least
15 deg. and returning it to its original position using
a test jig and an adapter location dimension that are
in accordance with QW-466.4.

QW-193.2 Acceptance Criteria — Bend and
Hammer Tests. In order to pass the test(s), each of
the five stud welds and heat affected zones shall be
free of visible separation or fracture after bending and
return bending or after hammering.

QW-195  Liquid Penetrant Examination

QW-195.1 The liquid penetrant examination in QW-
214 for corrosion-resistant weld metal overlay shall
meet the requirements of Article 6, Section V. The
acceptance standards of QW-195.2 shall be met.

QW-195.2 Liquid Penetrant Acceptance Criteria
QW-195.2.1 Terminology

(a) relevant indications — indications with major
dimensions greater than '/, in.
(b) linear indications — an indication having a

length greater than three times the width

(c) rounded indications — an indication of circular
or elliptical shape with the length equal to or less than
three times the width

QW-195.2.2 Acceptance Standards. Procedure
and performance tests examined by liquid penetrant
techniques shall be judged unacceptable when the ex-
amination exhibits any indication in excess of the limits
specified below:

(a) relevant linear indications;

(b) relevant rounded indications greater than */,4 in.;

(c) four or more relevant rounded indications in a
line separated by !/, in. or less (edge-to-edge).
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APPENDIX 1
ROUNDED INDICATION CHARTS
(See QW-191.2)

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
1/8 IN. TO 1/4 IN. THICKNESS

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
OVER 1/4 IN. TO 1/2 IN. THICKNESS

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
OVER /2 IN. TO 1 IN. THICKNESS

TYPICAL QUANTITY AND SIZE PERMITTED
IN 6 IN. LENGTH OF WELD
OVER 1 IN. THICKNESS
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QW-196  Resistance Weld Testing

QW-196.1 Metallographic Examination

QW-196.1.1 Welds shall be cross-sectioned, pol-
ished, and etched to reveal the weld metal. The section
shall be examined at a magnification of 10 times.

QW-196.1.2 The weld nugget shall be sound for
1.25 times the thickness of the thinner member.

QW-196.1.3 For spot welds, the nugget size shall
be measured at the interface between the sheets being
joined, and it shall equal or exceed 0.9Vt, where ¢ is
the thickness of the thinner sheet. For projection welds,
the nugget size shall not be less than the initial size
of the projection. For seam welds, the width of the
fused weld cut transverse to the seam shall be not less
than 0.9V7, where ¢ is the thickness of the thinnest
sheet.
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QW-196.2 Mechanical Testing

QW-196.2.1 Shear test specimens shall be pre-
~pared as shown on QW-462.9. For spot and projection
welds, each test specimen shall equal or exceed the
minimum strength, and the average strength specified
in QW-462.10 and QW-462.11 for the appropriate ma-
terial. Further, for each set, 90% shall have shear
strength values between 0.9 and 1.1 times the set av-
erage value. The remaining 10% shall lic between 0.8
and 1.2 times the set average value.

QW-196.2.2 Peel test specimens shall be prepared
as shown in Fig. QW-462.8. The specimens shall be
peeled or separated mechanically, and fracture shall oc-
cur in the base metal by tearing out of the weld in
order for the specimen to be acceptable.



ARTICLE II
WELDING PROCEDURE QUALIFICATIONS

QW-200 GENERAL

QW-200.1 Each manufacturer and contractor shall
prepare written Welding Procedure Specifications
which are defined as follows.

{a) Welding Procedure Specification (WPS). A WPS
is a written qualified welding procedure prepared to
provide direction for making production welds to Code
requirements. The WPS or other documents [see (e)
below] may be used to provide direction to the welder
or welding operator to assure compliance with the Code
requirements.

(b) Contents of the WPS. The completed WPS shall
describe all of the essential, nonessential, and, when
required, supplementary’ essential variables for each
welding process used in the WPS. These variables are
listed in QW-250 through QW-280 and are defined in
Article IV, Welding Data.

The WPS shall reference the supporting Procedure
Qualification Record(s) (PQR) described in QW-200.2.
The manufacturer or contractor may include any other
information in the WPS that may be helpful in making
a Code weldment.

(c) Changes to the WPS. Changes may be made in
the nonessential variables of a WPS to suit production
requirements without requalification provided such
changes are documented with respect to the essential,
nonessential, and, when required, supplementary es-
sential variables for each process. This may be by
amendment to the WPS or by use of a new WPS,

Changes in essential or supplementary essential
(when required) variables require requalification of the
WPS (new or additional PQRs to support the change
in essential or supplementary essential variables).

(d) Format of the WPS. The information required to
be in the WPS may be in any format, written or tab-
ular, to fit the needs of each manufacturer or contrac-
tor, as long as every essential, nonessential, and, when
required, supplementary essential variables outlined in
QW-250 through QW-280 is included or referenced.

Form QW-482 (see Nonmandatory Appendix A) has
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been provided as a guide for the WPS. This Form in-
cludes the required data for the SMAW, SAW,
GMAW, and GTAW processes. It is only a guide and
does not list all required data for other processes. It
also lists some variables that do not apply to all pro-
cesses (e.g., listing shielding gas which is not required
for SAW). The guide does not easily lend itself to mul-
tiple process procedure specification (e.g., GTAW root
with SMAW fill).

(e) Availability of the WPS. A WPS used for Code
production welding shall be available for reference and
review by the Authorized Inspector (Al) at the fabri-
cation site.

QW-200.2 Each manufacturer or contractor shall be
required to prepare a procedure qualification record
which is defined as follows.

(a) Procedure Qualification Record (PQR). A PQR
is a record of the welding data used to weld a test
coupon. The PQR is a record of variables recorded
during the welding of the test coupons. It also contains
the test results of the tested specimens. Recorded vari-
ables normally fall within a small range of the actual
variables that will be used in production welding.

(b) Contents of the POR. The completed PQR shall
document all essential and, when required, supple-
mentary essential variables of QW-250 through QW-
280 for each welding process used during the welding
of the test coupon. Nonessential or other variables used
during the welding of the test coupon may be recorded
at the manufacturer’s or contractor’s option. All vari-
ables, if recorded, shall be the actual variables (in-
cluding ranges) used during the welding of the test cou-
pon. If variables are not monitored during welding,
they shall not be recorded. It is not intended that the
full range or the extreme of a given range of variables
to be used in production be used during qualification
unless required due to a specific essential or, when re-
quired, supplementary essential variable.

The PQR shall be certified accurate by the manu-
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facturer or contractor. The manufacturer or contractor
may not subcontract the certification function. This cer-
tification is intended to be the manufacturer’s or con-
tractor’s verification that the information in the PQR
is a true record of the variables that were used during
the welding of the test coupon and that the resulting
tensile, bend, or macro (as required) test results are in
compliance with Section IX.

When more than one welding process or filler metal
is used to weld a test coupon, the approximate deposit
weld metal thickness of each welding process and filler
metal shall be recorded.

(c) Changes to the POR. Changes to the PQR are
not permitted except as described below. It is a record
of what happened during a particular welding test. Ed-
itorial corrections or addenda to the PQR are permitted.
An example of an editorial correction is an incorrect
P-Number, F-Number, or A-Number that was assigned
to a particular base metal or filler metal. An example
of an addendum would be a change resulting from a
Code ‘change. For example, Section IX may assign a
new F-Number to a filler metal or adopt a new filler
metal under an established F-Number. This may per-
mit, depending on the particular construction Code re-
quirements, a manufacturer or contractor to use other
filler metals that fall within that particular F-Number
where, prior to the Code revision, the manufacturer or
contractor was limited to the particular electrode clas-
sification that was used during qualification. Additional
information can be incorporated into a PQR at a later
date provided the information is substantiated as having
been part of the original qualification condition by lab
record or similar data. )

All changes to a PQR require recertification (in-
cluding date) by the manufacturer or contractor.

(d) Format of the PQR. Form QW-483 (see Non-
mandatory Appendix A) has been provided as a guide
for the PQR. The information required to be in the
PQR may be in any format to fit the needs of each
manufacturer or contractor, as long as every essential
and, when required, supplementary essential variable,
required by QW-250 through QW-280, is included.
Also the type of tests, number of tests, and test results
shall be listed in the PQR.

The QW-483 guide does not easily lend itself to cov-
er combinations of welding processes or more than one
F-Number filler metal in one test coupon. Additional
sketches or information may be attached or referenced
to record the required variables.

(e) Availability of the PQR. PQRs used to support
WPSs shall be available, upon request, for review by
the Authorized Inspector (AI). The PQR need not be
available to the welder or welding operator.
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() Muliiple WPSs With One PQOR/Multiple PQRs

With One WPS. Several WPSs may be prepared from -

the data on a single PQR (e.g., a IG plate PQR may
support WPSs for the F, V, H, and O positions on
plate or pipe within all other essential variables). A

single WPS may cover several essential variable

changes as long as a supporting PQR exists for each
essential and, when required, supplementary essential
variable (e.g., a single WPS may cover a thickness
range from '/ in. through 1'/, in. if PQRs exist for
both the '/, in. through and %/, in. through 1Y/, in.
thickness ranges).

QW-200.3 To reduce the number of welding pro-
cedure qualifications required, P-Numbers are assigned
to base metals dependent on characteristics such as
composition, weldability, and mechanical properties,
where this can logically be done; and for steel and steel
alloys (QW-422.1 through QW-422.11) Group Num-
bers are assigned additionally to P-Numbers. These
Group Numbers classify the metals within P-Numbers
for the purpose of procedure qualification where notch-
toughness requirements are specified. The assignments
do not imply that base metals may be indiscriminately
substituted for a base metal which was used in the qual-
ification test without consideration of the compatibility
from the standpoint of metallurgical properties, post-
weld heat treatment, design, mechanical properties, and
service requirements. Where notch toughness is a con-
sideration, it is presupposed that the base metals meet
the specific requirements.

In general, notch-toughness requirements are man-
datory for all P-No. 11 quenched and tempered metals,
for low temperature applications of other metals as ap-
plied to Section VI, and for various classes of con-
struction required by Section IIl. Acceptance criteria
for the notch-toughness tests are as established in the
other Sections of the Code.

For certain materials permitted by the ASME/ANSI
B31 Code for Pressure Piping or by selected Code
Cases of the ASME Boiler and Pressure Vessel Code
but which are not listed in QW-422, S-Number group-
ings are assigned in Appendix C. These groupings are
similar to the P-Number groupings of QW-422. Qual-
ification limits are given in Appendix C.

QW-200.4 Combination of Welding Procedures

(a) More than one procedure having different essen-
tial or nonessential variables may be used in a single
production joint. Each procedure may include one or
a combination of processes, filler metals, or other vari-
ables.

Where two or more procedures involving different
processes or other essential variables are used in one
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joint, QW-451 shall be used to determine the range of
base metal thickness qualified and the range of thick-
ness of deposited weld metal qualified for each process
or procedure, except for root deposit qualification made
in accordance with QW-200.4(b). The deposited weld
metal of each process or procedure shall be included
in the tension and bend specimens, and in the notch-
toughness specimen (when required). One or more pro-
cesses or procedures may be deleted from a qualified
combination procedure. Each such process or procedure
may be used separately provided:

(1) the remaining-essential, nonessential, and sup-
plementary essential variables are applied;

(2) the base metal and deposited weld metal thick-
ness limits of QW-451 are applied.

(b} When qualifying a separate process or procedure
for the root deposit only, the coupon shall be '/, in.
minimum thickness. The root deposit process shall
qualify for 2z (for short-circuiting type of GMAW, see
QW-404.32) of the qualification deposited weld metal
thickness on any maximum thickness of base metal
qualified by the other PQRs used to support the WPS,
except as otherwise required by Note (1) of QW-451.1
and QW-451.2,

Qw-201 Manufacturer’s or Contractor’s

Responsibility

Each manufacturer or contractor shall list the param-
eters applicable to welding that he performs in con-
struction of weldments built in accordance with this
Code. These parameters shall be listed in a document
known as a Welding Procedure Specification (WPS).

Each manufacturer or contractor shall qualify the
WPS by the welding of test coupons and the testing
of specimens (as required in this Code), and the re-
cording of the welding data and test results in a doc-
ument known as a Procedure Qualification Record
(PQR). The welders or welding operators used to pro-
duce weldments to be tested for qualification of pro-
cedures shall be under the full supervision and control
of the manufacturer or contractor during the production
of these test weldments. It is not permissible for the
manufacturer or contractor to have the welding of the
test weldments performed by another organization. It
is permissible, however, to subcontract any or all of
the work of preparation of test metal for welding and
subsequent work on preparation of test specimens from
the completed weldment, performance of nondestruc-
tive examination, and mechanical tests, provided the
manufacturer or contractor accepts the responsibility for
any such work.

The Code recognizes a manufacturer or contractor as
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the organization which has responsible operational con-
trol of the production of the weldments to be made in
accordance with this Code. If in an organization ef-
fective operational control of welding procedure qual-
ification for two or more companies of different names
€xists, the companies involved shall describe in their
Quality Control system/Quality Assurance Program, the
operational control of procedure qualifications. In this
case separate welding procedure qualifications are not
required, provided all other requirements of Section IX
are met.

A WPS may require the support of more than one
PQR, while alternatively, one PQR may support a
number of WPSs,

The manufacturer or contractor shall certify that he
has qualified each Welding Procedure Specification,
performed the procedure qualification test, and docu-
mented it with the necessary Procedure Qualification
Record (PQR).

QW-202  Type of Tests Required

QW-202.1 Mechanical Tests. The type and number
of test specimens which shall be tested to qualify a
groove weld procedure are given in QW-451, and shall
be removed in a manner similar to that shown in Qw-
463. If any test specimen required by QW-451 fails to
meet the applicable acceptance criteria, the test coupon
shall be considered as failed, and a new test coupon
shall be welded. Where qualification is for fillet welds
only, the requirements are given in QW-202.2(c) and
(d); and where qualification is for stud welds only, the
requirements are given in QW-202.5.

QW-202.2 Groove and Fillet Welds

(a) Qualification for Groove Full Penetration Welds.
Groove-weld test coupons shall qualify the thickness
ranges of both base metal and deposited weld metal to
be used in production. Limits of qualification shall be
in accordance with QW-451. WPS qualification for
groove welds shall be made on groove welds using
tension and guided-bend specimens. Notch-toughness
tests shall be made when required by other Section(s)
of the Code. The WPS shall be qualified for use with
groove welds within the range of essential variables
listed.

(b) Qualification for Partial Penetration Groove
Welds. Partial penctration groove welds shall be qual-
ified in accordance with the requirements of QW-451
for both base metal and deposited weld metal thick-
ness. Alternatively, partial penetration groove welds
qualified using 1'/, in. thick or thicker base metal qual-
ify the weld metal deposit in accordance with QW-451,
with no upper limit on the base metal thickness.
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(c) Qualification for Fillet Welds (Except for P-No.
11 Meitals Excluding P-No. 11A Group Nos. 1 and 2).
WPS qualification for fillet welds may be made on
groove-weld test coupons using test specimens speci-
fied in (a) or (b) above. Fillet-weld procedures so qual-
ified may be used for welding all thicknesses of base
metal for all sizes of fillet welds, and all diameters of
pipe or tube in accordance with QW-451.4. Nonpres-
sure-retaining fillet welds, as defined in other Sections
of the Code, may as an alternate be qualified with fillet
welds only. Tests shall be made in accordance with
QW-180. Limits of qualification shall be in accordance
with QW-451.3.

(d) Qualification for Fillet Welds in P-No. 11 Metals
(Excluding P-No. I1A Group Nos. I and 2). WPS
qualification for all fillet welds (including nonpressure-
retaining) shall be made on:

(1) groove-weld tests in accordance with (a) or (b)
above; and
(2) fillet-weld tests in accordance with QW-180.

QW-202.3 Weld Repair and Buildup. WPS qual-
ified on groove welds shall be applicable for weld re-
pairs to groove and fillet welds and for weld buildup
under the following provisions.

(a) There is no limitation on the thickness of base
metal or deposited weld metal for fillet welds.

(b) For other than fillet welds, the upper limit for
base metal and deposited weld metal for each welding
process shall be in accordance with QW-451, except
qualification on 1'/; in. thick base metal will permit
welding on unlimited base metal thickness.

QW-202.4 Dissimilar Base Metal Thicknesses.
WPS qualified on groove welds shall be applicable for
production welds between dissimilar base metal thick-
nesses provided: _

(a) the thickness of the thinner member shall .be
within the range permitted by QW-451;

(b) the thickness of the thicker member shall be as
follows.

(1) For P-No. 8, P-No. 41, P-No. 42, P-No. 43,
P-No. 44, P-No. 45, P-No. 46, P-No. 51, P-No. 52,
P-No. 61, and P-No. 62 metal in which notch tough-
ness is not a requirement, there shall be no limitation
on the maximum thickness of the thicker production
member in joints of similar P-Number materials pro-
vided qualification was made on base metal having a
thickness of '/, in. or greater.

(2) For all other metal, the thickness of the thicker
member shall be within the range permitted by QW-
451, except there need be no limitation on the maxi-
mum thickness of the thicker production member pro-
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vided qualification was made on base metal having a
thickness of 1'/, in. or more. :

More than one PQR may be required to qualify for
some dissimilar thickness combinations.

QW-202.5 Stud Welding. Procedure qualification
tests for stud welds shall be made in accordance with
QW-192. The procedure qualification tests shall qualify
the welding procedures for use within the range of the
essential variables of QW-261. For studs welded to
other than P-No. | metals, five additional welds shall
be made and subjected to a macro-test, except that this
is not required for studs used for extended heating sur-
faces.

QW-203  Limits of Qualified Positions for

Procedures

Unless specifically required otherwise by the welding
variables (QW-250), a qualification in any position
qualifies the procedure for all positions. The welding
process must be compatible; and the welding rods,
electrodes, and filler metals such as defined in the spec-
ifications of Section II, Part C must be suitable for their
use in specific positions. A welder or welding operator
making and passing the WPS qualification test is there-
by qualified for the position tested. See QW-301.2.

QW-210 PREPARATION OF TEST COUPON
QW-211  Base Metal and Filler Metal

The base metals and filler metals shall be one or
more of those listed in the WPS. The dimensions of
the test assembly shall be sufficient to provide the re-
quired test specimens.

The base metals may consist of either plate, pipe,
or other product forms. Qualification in plate also qual-
ifies for pipe welding and vice versa.

QW-212  Type and Dimensions of Groove

Welds

The test coupon shall be welded using a type of
welding groove proposed in the WPS for use in con-
struction. Except as otherwise provided in QW-250, the
type and dimensions of the welding groove are not es-
sential variables.

QW-213  P-No. 11 Base Metals

For vessels or parts of vessels constructed with P-
No. 11 base metals, weld grooves for thickness less
than /y in. shall be prepared by thermal processes,
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when such processes are to be employed during fab-
rication. This groove preparation shall also include
back gouging, back grooving, or removal of unsound
weld metal by thermal processes, when these processes
are to be employed during fabrication.

QwW-214 Corrosion-Resistant Weld Metal

Overlay

QW-214.1 The size of test coupons, limits of qual-
ification, required examinations and tests, and test
specimens shall be as specified in QW-453.

QW-214.2 Essential variables shall be as specified
in QW-250 for the applicable welding process.

QwW-215 Electron Beam Welding and Laser

Beam Welding

The WPS qualification test coupon shall be prepared
with the joint geometry duplicating that to be used in
production. If the production weld is to include a lap-
over (completing the weld by rewelding over the start-
ing area of the weld, as for a girth weld), such lap-
over shall be included in the WPS qualification test
coupon.

QW-216

QW-216.1 The size of test coupons, limits of qual-
ification, required examinations and tests, and test
specimens shall be as specified in QW-453.

QW-216.2 Essential variables shall be as specified
in QW-250 for the applicable welding process.

Hard-Facing Overlay (Wear Resistant)

QW-217  Joining of Composite (Clad Metals)

The WPS for groove welds in clad metal shall be
qualified as provided in (a) below when any part of
the cladding thickness, as permitted by the referencing
Code Section, is included in the design calculations,
and as provided in either (a) or (b) below when the
cladding thickness is not included in the design cal-
culations.

(a) The essential and nonessential variables of QW-
250 shall apply for each welding process used in pro-
duction. The procedure qualification test coupon shall
be made using the same P-Number base metal, clad-
ding, and welding process, and filler metal combination
to be used in production welding. For metal not in-
cluded in QW-422, the metal used in the composite
test plate shall be within the range of chemical com-
position of that to be used in production. The qualified
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thickness range for the base metal and filler metal(s)
shall be based on the actual test coupon thickness for
each as applied to QW-451, except that the minimum
thickness of filler metal joining the cladding portion of
the weldment shall be based on a chemical analysis
performed in accordance with QW-453. Tensile and
bend tests required in QW-451 for groove welds shall
be made, and they shall contain the full thickness of
cladding through the reduced section of the specimen.
The bond line between the original cladding and the
base metal may be disregarded when evaluating side-
bend tests if the cladding was applied by a process
other than fusion welding.

(b) The essential and nonessential variables of Qw-
250 shall apply for each welding process used in pro-
duction for joining the base metal portion of the weld-
ment. The PQRs that support this portion of the WPS
need not be based on test coupons made with clad
metal. The essential and nonessential variables of Qw.-
250 shall apply for the corrosion-resistant overlay por-
tion of the weld, and the test coupon and testing shall
be in accordance with QW-453. The WPS shall limit
the depth of the groove, which will receive the cor-
rosion-resistant overlay in order to ensure development
of the full strength of the underlying weld in the base
metal.

QW-218  Applied Linings

Each welding process to be used in attaching applied
linings to base metal shall be qualified on a lining-
attachment weld made in the form and arrangement
used in the construction, and with materials that are
within the range of chemical composition of the metal
to be used for the base plate, the linings, and the weld
metal. The other welding variables of QW-250 shall
also apply. In addition, a qualification test shall be per-
formed for each position that will be used in produc-
tion. One specimen from each position to be qualified
shall be sectioned, polished, and etched to show clearly
the demarcation between the fusion zone and the base
metal. To be acceptable, the specimen shall show com-
plete fusion in the fusion zone and complete freedom
from cracks in the fusion and heat affected zones under
visual examination without magnification.

QW-250 WELDING VARIABLES
QWwW-251 General

QW-251.1 Types of Variables for Welding Pro-
cedure Specifications (WPS). These variables (listed
for each welding process in QW-252 through QW-282)
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are subdivided into essential variables, supplementary
essential variables, and nonessential variables (QW-
401).

QW-251.2 Essential Variables. Essential variables
are those in which a change, as described in the spe-
cific variables, is considered to affect the mechanical
properties of the weldment, and shall require requali-
fication of the WPS.

Supplementary essential variables are required for
metals for which other Sections specify notch-tough-
ness tests.

QW-251.3 Nonessential Variables. Nonessential

variables are those in which a change, as described in
the specific variables, may be made in the WPS with-
out requalification.

QW-251.4 Special Processes

(a) The essential variables for corrosion-resistant and
hard-surfacing weld metal overlays are as indicated in
the following tables for the specified process. (Exclu-
sive of the variables for groove welding.) A change in
the corrosion-resistant or hard-surfacing welding pro-
cess shall require requalification.

(b) WPS qualified for corrosion-resistant and hard-
surfacing overlay welding, in accordance with other
Sections when such qualification rules were included
in those Sections, may be used with the same provi-
sions as provided in QW-100.3.

Qw-251.4
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QW-252
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
- Oxyfuel Gas Welding (OFW)

Special Process Essential Variables
Supple-
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- [Nonessen- Overlay Overlay
Paragraph - Brief of Variables tial tial tial (QW-216) (QW-214)
1 ¢ Groove design X .16 | < finished t
QW-402 2 * Backing X
Joints .3 | & Backing comp. X
10 | ¢ Root spacing X
QW-403 .1 | ¢ P-Number X .20 | ¢ P-Number
Base .2 Max. T qualified
Metals 13| & P-No. 9/10
3 | ¢ Size X 37 | & A-Number
Qw-404 4 ¢ F-Number X
Filler
Metals 5 | & A-Number
12 | ¢ AWS class. - X
QW-405 1 | + Position X 4 | + Position
Positions
QW-406 1 Decrease > 100°F X 4 < 100° Preheat
Preheat : > Interpass
QW-407 d [ ¢ PWHT X 5 | ¢ PWHT
PWHT
7 | ¢ Type fuel gas X 7 ¢ Type of fuel
QW-408 gas
Gas .14 | ¢ Fuel gas pres-
sure range
.1 | ¢ String/weave X 38 | ¢ Multi- to
single-layer
.2 | ¢ Flame characteristics X .39 | ¢ Torch type,
Qw-410 tip size
Techni
echnique 4 ¢ = Technique
5 ¢ Method cleaning
.26 | = Peening
Legend:
+ Addition > Increase/greater than t Uphill ~ Forehand ¢ Change
— Deletion < Decrease/less than 1 Downhill — Backhand
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WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Shielded Metal-Arc (SMAW)

) Special Process Essential Variables
- Supple-
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- |Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (Qw-214)
1 ¢ Groove design X .16 | < finished ¢ 16 | < finished t
Qw-402 -
Joints K Backing X
.10 | ¢ Root Spacing X
.11 | * Retainers X
5 ¢ Group Number .20 | ¢ P-Number .20 | ¢ P-Number
b T Limits impact -
7 T/t Limits 8 in. X
Qw-403 / >
Base 8 ¢ T Qualified X
Metals 9 t Pass > 1% in. X
.11 | ¢ P-No. qualified X
13 | ¢ P-No. 9/10 X
4 ¢ F-Number X .12 | ¢ AWS class. 5 | ¢ A-Number
5 | ¢ A-Number X 38 | & Dia. (1st layer)| .38 | ¢ Dia. (1st layer)
Qw-404 .6 | & Diameter X
Filler = N
Metals 7 ¢ Diam. > Y, in.
12 | ¢ AWS class. X
30| ¢ ¢ X
33| ¢ AWS class. X
1 + Position 4 + Position 4 | + Position
Qw-405 e
Positions .2 ¢ Position X
3 ¢ 11 Vertical welding X
1 Decrease > 100°F X 4 Dec. > 100°F 4 | Dec. > 100°F
preheat preheat
> Interpass > [Interpass
QW-406 :
Preheat 2 ¢ Preheat maint. X
3 Increase > 100°F (IP) X
1 | ¢ PWHT X .1 | & PWHT 1 | ¢ PWHT
qQw-407
PWHT .2 ¢ PWHT (T & T range) X
4 T Limits X
1 ¢ I or > heat input X 4 ¢ Current or 4 | ¢ Current or
Qw-409 polarity polarity
Electrical
Characteristics |8 | ¢ Type I or ¢ 1 & E range X 25 | Inc. > 10% 1st| .25 | Inc. > 10% 1st
layer layer
1 ¢ String/weave X .38 | ¢ Multi- to .38 | ¢ Mutti- to
single-layer single-layer
5 ¢ Method cleaning X
Qw-410
Technique .6 | ¢ Method back gouge X
.25 | ¢ Manual or automatic X
.26 | = Peening X
Legend:
+ Addition > Increase/greater than 1 Uphill ~ Forehand ¢ Change
- Deletion < Decrease/less than | Downhill - Backhand
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WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Submerged-Arc Welding (SAW)

Qw-254

Special Process Essential Variables
Supple-
mentary Hardfacing Corrosion-Resistant o
Essen- Essen- |Nonessen- Overfay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (Qw-214)
1 ¢ Groove design X .16 | < finished ¢ .16 | < finished ¢
QW-402 4 ~ Backing X
Joints .10 | ¢ Root spacing X
.11 | * Retainers X
.5 ¢ Group Number .20 | ¢ P-Number .20 | ¢ P-Number
.6 T Limits
Qw-403 7 T/t Limits > 8 in. X
Base .
Metals .8 | & T Qualified X
9 t Pass > 1 in. X
.11 | ¢ P-No. qualified X
.13 | ¢ P-No. 9/10 X
4 ¢ F-Number X 12 | ¢ AWS class. .5 | & A-Number
.5 ¢ A-Number X .17 | ¢ Nom. flux 17 | ¢ Nom. flux
comgp. comp.
6 | ¢ Diameter X 24 | = Sup. filler .24 [ = Sup. filler
metal metal
.9 | & Flux/wire class. X 25 | * Sup. powder
10 | ¢ Alloy flux X .26 | > Sup. powder
.24 | = Supplemental X 27 | ¢ Aloy elements
Qw-404 25| * Sup. powder X 40 | ¢ >10% elec. 40 | d > 10% elec.
Filler ’ dia. sup. filler dia. sup. filler
Metals
.26 | > Sup. powder X
.27 | ¢ Alloy elements
.29 | ¢ Flux designation X
30| ¢t X
.33 | ¢ AWS class. X
34 | ¢ Flux type X
.35 | ¢ Flux/wire class. X X
36 Recrushed slag X
QW-405 1 + Position X 4 + Position 4 | + Position
Positions
.1 Decrease > 100°F X 4 Dec. > 100°F 4 | Dec. > 100°F
preheat preheat
QW-406 > Interpass > Interpass
Preheat 2 ¢ Preheat maint. X
3 Increase > 100°F (IP) X
1 ¢ PWHT X 5 ¢ PWHT 5 | & PWHT
Qw-407
PWHT 2 ¢ PWHT (T & T range) X
4 T Limits X
A ¢ 1 or > heat input X 1 ¢l or > heat .1 | ¢ 1or > heat
QW-409 input input
Electrical
Characteristics | .8 ¢ Typelor o1 & E range X 4 ¢ Current or 4 | ¢ Current or
polarity polarity
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QwW-254 (CONT'D)
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Submerged-Arc Welding (SAW)

i Special Process Essential Variables
Supple-
mentary Hardfacing Corrosion-Resistant
Essen- Essen- |[Nonessen- Overiay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (QwW-214)
.1 | ¢ String/weave X .10 | ¢ No. of elec. .10 | ¢ No. of elec.
5 ¢ Method cleaning X .38 | ¢ Multi- to 38 | ¢ Multi- to
single-layer single-layer
.6 ¢ Method back gouge X .40 | — Sup. device
7 ¢ Oscillation X X 42 | * Oscillation 42 | * Oscillation
QWA.IO .8 ¢ Tube-work distance X
Technique
9 | ¢ Multi to single pass/side X X
.10 | ¢ Single to multi electrodes X
.15 | & Electrode spacing X
.25 [ ¢ Manual or automatic X
.26 | % Peening X
Legend:
<+ Addition > Increase/greater than t Uphill «~ Forehand ¢ Change
~ Deletion < Decrease/less than 1 Downhill - Backhand
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WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Gas Metal-Arc Welding (GMAW and FCAW)

QW-255

Special Process Essential Variables

Supple-
mentary -~ Hardfacing Corrosion-Resistant
Essen-* | Essen- |Nonessen- Overiay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (Qw-214)
B ¢ Groove design X .16 | < finished ¢ .16 | < finished ¢
QW-402 4 | - Backing X
Joints .10 [ é - Root spacing X
.11 | * Retainers X
.5 ¢ Group Number X .20 | ¢ P-Number .20 | ¢ P-Number
6 T Limits
7 T/t Limits > 8 in. X
QW-403 .8 ¢ T Qualified X
l?ﬂa:t:Is 9 t Pass > 1 in, X
.10 T Limits (S. Cir. Arc) X
.11 [ ¢ P-No. qualified X
13| ¢ P-No. 9/10 X
4 | ¢ F-Number X .12 | ¢ AWS class. 5 | ¢ A-Number
5 ¢ A-Number X .24 | x Sup. filler .24 | £ Sup. filler
metal Y metal
6 ¢ Diameter X .25 | = Sup. powder
12 | ¢ AWS class. X .26 | > Sup. powder
QW-404 .23 | ¢ Solid to tubular X .27 | ¢ Alloy elements
Filler .24 | * Supplemental X
Metals .25 | = Sup. powder X
.26 | > Sup. powder X
.27 | ¢ Alloy elements X
30| ¢t . X
.32 t Limit (S. Cir. Arc) X
33| ¢ AWS class.
1 + Position 4 + Position 4 | + Position
g::i.:ig:s .2 ¢ Position X
.3 ¢ 11 Vertical welding X
1 Decrease > 100°F X 4 Dec. > 100°F 4 | Dec. > 100°F
preheat preheat
QW-406 > Interpass > Interpass
Preheat .2 ¢ Preheat maint. X
3 Increase > 100°F (IP) X
1 | & PWHT X 5 | ¢ PWHT 5 | ¢ PWHT
ga:y 2 | & PWHT (T & T range) X
4 T Limits X
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QW-255

Gas Metal-Arc Welding (GMAW and FCAW)

1992 SECTION IX

Qw-255 (CONT'D)
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) -

Special Process Essential Variables
Supple- ’ .
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- |Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (QW-214)
1 * Trail or ¢ comp. X 15| ¢ Type or flow | .15 | ¢ Type or flow
rate rate
.2 ¢ Single, mixture, or % X
QW-408 3 ¢ Flow rate
Gas .5 | = or ¢ Backing
9 *+ Backing or < flow rate X
or ¢ comp.
.10 | ¢ Shielding or trailing X
Al ¢ I or > heat input X 1 ¢ [ or > heat ¢ 1 or > heat
QW-409 input input
Electrical .2 ¢ Transfer mode X 4 ¢ Current or po- ¢ Current or po-
Characteristics larity larity
.8 ¢ Typelor ¢ 1 & E range
¢ String/weave 10 [ ¢ No. of elec. | .10 | ¢ No. of elec.
.3 ¢ Orifice, cup, or nozzle size X .38 | ¢ Multi- to .38 | ¢ Multi- to
single-layer single-layer
.5 ¢ Method cleaning X 42 | * Oscillation .42 | = Oscillation
6 ¢ Method back gouge X
QW-410 7 ¢ Oscillation X X
Technique 8 | ¢ Tube-work distance X
9 | & Multi to single pass/side X
.10 | ¢ Single to multi electrodes X
.15 | ¢ Electrode spacing X
.25 | ¢ Manual or automatic X
.26 | = Peening X
Legend:
+ Addition > Increase/greater than t Uphill ~ Forehand ¢ Change
- Deletion < Decrease/less than | Downhill —. Backhand
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PROCEDURE QUALIFICATIONS

Qw-256

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Tungsten-Arc Welding (GTAW)

QWwW-256

Special Process Essential Variables
Supple-
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- [Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (QW-214)
1 ¢ Groove design X .16 | < finished t .16 | < finished t
QW-402 .5 + Backing X
Joints .10 | ¢ - Root spacing X
11 | = Retainers X
.5 | ¢ Group Number .20 | ¢ P-Number .20 | ¢ P-Number
.6 T Limits X
Qw-403 7 T/t Limits > 8 in. X
Base
Metais .8 ¢ T Qualified X
11 | ¢ P-No. qualified X
.13 | ¢ P-No. 9/10 X
.3 ¢ Size X 12 | d AWS class. 5 | ¢ A-Number
4 ¢ F-Number X .24 | * Sup. filler .24 | *= Sup. filler
metal _metal
5 | & A-Number X
Qw-404 12 | ¢ AWS class. X
Filler - B
Metals 14 | = Filler X
.22 | = Consum. insert X
30| ¢ ¢ X .
33| ¢ AWS class.
1 + Position 4 + Position 4 | + Position
QW-405 et
Positions .2 ¢ Position X
.3 | & 11 Vertical welding X
1 Decrease > 100°F X 4 Dec. > 100°F .4 | Dec. > 100°F
QW-406 preheat preheat
Preheat > Interpass > Interpass
.3 Increase > 100°F (IP) X
.1 ¢ PWHT X
QW-407
PWHT 2 ¢ PWHT (T & T range) X
4 T Limits X
1 * Trail or ¢ comp. X .15 | ¢ Type or flow | .15 | & Type or flow
rate rate
2 ¢ Single, mixture, or % X
QW-408 .3 | ¢ Flow rate
Gas 5 * or ¢ Backing
9 * Backing or < flow rate X :
or ¢ comp.
.10 | ¢ Shielding or trailing X
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QW-256

1992 SECTION IX

QW-256 (CONT’'D)
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Tungsten-Arc Welding (GTAW)

Special Process Essential Variables
Supple-
mentary L Hardfacing Corrosion-Resistant
Essen- | Essen- |Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tial tial (QW-216) (QW-214)
A ¢ 1or > heat input X .1 ¢lor > heat |.1 [d1or > heat
input input
Qw-409 3 + Pulsing 1 X 4 ¢ Current or pol- | .4 | ¢ Current or pol-
Electrical arity arity
Characteristics
8 | ¢ Typelor ¢l &E range X
.12 | ¢ Tungsten electrode X
.1 | ¢ String/weave X .10 | ¢ No. of elec. .10 | ¢ No. of elec.
3 ¢ Orifice, cup, or nozzle size X .38 | ¢ Multi- to .38 | ¢ Multi- to
single-layer single-layer
.5 | ¢ Method cleaning X 42 | * Oscillation 42 | * Oscillation
X ¢ Method back gouge X
QW-410 7 ¢ Oscillation X
Technique 9 | ¢ Multi to single pass/side X
.10 | ¢ Single to multi electrodes X
.11 | ¢ Closed to out chamber X
.15 | ¢ Electrode spacing X
.25 | ¢ Manual or automatic
26 | = Peening '
Legend:
+ Addition > Increase/greater than t Uphill « Forehand ¢ Change
~ Deletion < Decrease/less than 1 Downhill - Backhand
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PROCEDURE QUALIFICATIONS

Qw-257

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Plasma-Arc Welding (PAW)

QwW-257

Special Process Essential Variables
Supple-
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- |Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tial tial (QwW-216) (Qw-214)
1 ¢ Groove design X .16 | < finished ¢ .16 | < finished t
QW-402 .5 + Backing X
Joints .10 | ‘¢ Root spacing X
11| = Retainers X
.5 ¢ Group Number .20 | ¢ P-Number .20 | ¢ P-Number
.6 T Limits
Qw-403 8 | ¢ T Qualified
Base
Metals .12 | ¢ P-Number/melt-in
13| ¢ P-No. 9/10
3 ¢ Size X 12 | ¢ AWS class. .5 | ¢ A-Number
4 ¢ F-Number X 41 | ¢ >10% powder | .41 | & >10% powder
feed rate feed rate
5 ¢ A-Number X 43 | ¢ Particle size 43 | & Particle size
12 | & AWS class. X 44 | ¢ Powder type | .44 | ¢ Powder type
Qw-404 14| = Filier X 45| & Filler met. | .45 | & Filler met.
Filler form form
Metals
.22 | * Consum. insert X
25 | %= Sup. powder X
26 | > Sup. powder X
27 | ¢ Alloy elements X
30| ¢t X
33| ¢ AWS class.
1 + Position 4 + Position 4 + Position
QW-405 .
Positions 2 ¢ Position X
3 ¢ 11 Vertical welding X
.1 Decrease > 100°F X 4 Dec. > 100°F 4 Dec. > 100°F
preheat preheat
gn’;’:gf > Interpass > Interpass
Increase > 100°F (IP) X
.1 ¢ PWHT X 6 ¢ PWHT & | & PWHT
QW-407
PWHT .2 ¢ PWHT (T & T range) X
4 T Limits X
1 * Trail or ¢ comp. X .15 | ¢ Type or mix- .15 | ¢ Type or mixture
ture
4 ¢ Comp./flow rate X 16| ¢ >5% Arcor (.16 | é > 5% Arc or
metal feed metat feed gas
Qw-408 9as
Gas 5 | + or ¢ Backing X A8 | ¢ >10% Mix. |.18| ¢ > 10% Mix.
comp. comp.
9 + Backing or < flow rate X
or ¢ comp.
.10 | ¢ Shielding or trailing X
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Qw-257

Plasma-Arc Welding (PAW)

1992 SECTION IX

QW-257 (CONT'D)
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Special Process Essential Variables
Supple-
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- [Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tial tial (Qw-216) (Qw-213)
1 ¢ [ or > heat input X 4 ¢ Current or pol- | .4 | ¢ Current or pol-
arity arity
Qw-409 -
Electrical 8 | ¢ Typelord I &E range 23| ¢ >10% T & E|23|¢ > 10% 1 & E
Characteristics |~ ¢ Tungsten electrode X 24 [ ¢ >10% filler |.24 [ >10% filler
wire watt. wire watt.
.1 | ¢ String/weave X .38 | ¢ Multi- to .38 | ¢ Multi- to
single-layer single-layer
3 ¢ Orifice, cup, or noxzie size .39 | ¢ Torch dia. .39 | ¢ Torch dia.
5 ¢ Method cleaning A4l [ ¢ >15% travel | 41 [ ¢ > 15% travel
speed speed
6 ¢ Method back gouge .42 | * Oscillation 42 | = Oscillation
QW-410 7 ¢ Oscillation 48 | ¢ Transfer mode | .48 | ¢ Transfer mode
Technique 9 | ¢ Muiti to single pass/side .52 | ¢ Filler metal .52 | ¢ Filler metal
del. del.
-10 [ ¢ Single to multi electrodes X X
.11 | ¢ Closed to out chamber X
12 | ¢ Melt-in to keyhole X
.15 | ¢ Electrode spacing
.26 | T Peening
Legend:
+ Addition > Increase/greater than t Uphill ~ Forehand ¢ Change
~ Deletion < Decrease/less than -1 Downhill - Backhand



PROCEDURE QUALIFICATIONS

aw-258

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Electrosiag Welding (ESW)

QW-258

Special Process Essential Variables
- Supple-
mentary Hardfacing Corrosion-Resistant
Essen- | Essen- |Nonessen- Overlay Overlay
Paragraph Brief of Variables tial tia) tial (QW-216) (Qw-219)
1 ¢ Groove design X .16 | < finished ¢ .16 | < finished ¢t
QW-402 -
Joints .10 | ¢ Root spacing X
.11 | £ Retainers
A ¢ P-Number .20 | ¢ P-Number
Qw-403 4 | ¢ Group Number X
Base
Metals t Pass > 4 in. X
13| ¢ P-No. 9/10 X
4 ¢ F-Number X .5 | ¢ A-Number
5 ¢ A-Number X .24 | = Sup. filler
metal
.6 ¢ Diameter X .39 | ¢Flux type or
comp.
QW-404
Filler 12 ¢ AWS class. X 40 | & >10% elec.
Metals dia. sup. filler
17 | ¢ Flux type or comp..
.18 | ¢ Wire to plate
19| ¢ Consum. guide
33| ¢ AWS class. X
QW-406 4 Det:r;'e ltOO F
Preheat prehea
> Interpass
1 ¢ PWHT X 6 | & PWHT
QW-407
PWHT 2 | ¢ PWHT (T & T range) X
4 T Limits
: +
QW-409 5 | ¢ *15% I & E range d | ¢ l ort> heat
Electrical inpu
Characteristics A | ¢ Current or pol-
arity
5 | ¢ Method cleaning X .38 | ¢ Multi- to
single-layer
QW-410 7 ¢ Oscillation X .40 | — Sup. device
Technique .0 | ¢ Single to multi electrodes 42 | % Oscillation
.15 | ¢ Electrode spacing X .50 | ¢ No. of elec.
.26 | = Peening
Legend:
+ Addition > Increase/greater than t Uphill ~ Forehand ¢ Change
— Deletion < Decrease/less than } Downhill - Backhand
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QwW-259

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

1992 SECTION IX

Qw-259_

Electrogas Welding (EGW)*

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
1 ¢ Groove de.sign X
QwW-402 .
Joints .10 | ¢ Root spacing
.11 | % Retainers
.1 ¢ P-Number
QW-403 5 ¢ Group Number
Base .6 T Limits
Metals 9 t Pass > 1, in. X
.13 | ¢ P-No. 9/10 X
4 ¢ F-Number X
QW-404 .5- ¢ A-Number X
Filler .6 ¢ Diameter X
Metals 12 | ¢ AWS class. X
.23 | ¢ Solid to tubular X
33 | & AWS class.
QW-406 1 Decrease > 100°F
Preheat
1 é PWHT X
QwW-407
PWHT 2 ¢ PWHT (T & T range) X
4 T Limits
QW-408 .2 | ¢ Single, mixture, or % X
Gas 3 | & Flow rate X
QW-409 1 ¢ I@or > heat input X
Electrical
Characteristics .8 | ¢ Typelor ¢ 1 & E range X
5 ¢ Method cleaning b 4
7 ¢ Oscillation X
.8 ¢ Tube-work distance X
Qw-410 " . .
Technique 9 ¢ Multi to single pass/side X X
.10 | ¢ Single to multi electrodes X
.15 | ¢ Electrode spacing X
.26 | = Peening
Legend:
+ Addition > Increase/greater than t Uphill ~ Forehand ¢ Change
- Deletion < Decrease/less than 1 Downhill - Backhand
NOTE:

(1) Automated vertical gas metal-arc welding for vertical position only.
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PROCEDURE QUALIFICATIONS

QW-260

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Electron Beam Welding (EBW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
.1 ¢ Groove design X
QW-402 N
Joints .2 * Backing X
X > Fit-up gap X
.1 | ¢ P-Number X
Qw-403 3 | ¢ Penetration X
Base
Metals .13 | ¢ P-No. 9/10 X
15| ¢ P-Number X
.1 ¢ Cross section or speed X
2 < tor ¢ comp. X
QW-404 .8 * or ¢ Chem. comp. X
Filler .14 | %+ Filler X
Metals 20 | ¢ Method of addition X
21| ¢ Analysis X
.33 | ¢ AWS class, X
QW-406 1 Decrease > 100°F X
Preheat
Qw-407 1 | ¢ PWHT X
PWHT .
Qw-408 -6 | ¢ Environment X
Gas
QwW-409 b ¢ I, E, speed, distance, X
osc.
Electrical
Characteristics | .7 ¢ Pulsing frequency X
5 ¢ Method cleaning X
¢ Oscillation X
.14 | ¢ Angle of beam axis X
QW-410 17 | ¢ Type & model equip. X
Technique .18 | > Pressure of vacuum X
.19 | ¢ Filament type, size, etc. X
.20 | + Wash pass X
.21 1 vs. 2 side weiding X
Legend:
+ Addition > Increase/greater than t Uphill «~ Forehand ¢ Change
- Deletion < Decrease/less than 1 Downhill -- Backhand
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QW-261 1992 SECTION IX

Qw-261
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
- Stud Welding
Supplementary
Paragraph Brief of Variables Essential Essential Nonessential

QW-402 -8 | ¢ Stud shape size
Joints .9 | ¢ Flux or ferrule
QW-403 .17 | ¢ Base metal or stud metal
Base Metal
QW-405 .1 + Position X
Pasitions
QW-406 1 Decrease > 100'F X
Preheat
QW-407 -1 | ¢ PWHT X
PWHT
QW-408 .2 | ¢ Single, mixture, or % X
Gas

8 ¢ Typelord I & E range X
Qw-409 ¢ Arc timing X
Electrical
Characteristics | -10 | ¢ Amperage X

.11 | ¢ Power source X
QW-410 22 | ¢ Gun model or lift X
Technique
Legend:
+ Addition > Increase/greater than t Uphill +~ Forehand ¢ Change
- Deletion < Decrease/less than t Downhill — Backhand
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WELDING VARIABLES PR

PROCEDURE QUALIFICATIONS

Qw-262
OCEDURE SPECIFICATIONS (WPS)

Inertia and Continuous Drive Friction Welding

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential

121 @ > 10 deg. X
QW-402 ¢ Cross section > 10% X
Joints é 0.D. > *10% X

¢ Solid-to-tube X

QW-403 .19 | ¢ Base metal X
Base Metal
QW-406 1 ¢ < 100°F X
Preheat
QW-407 1 ¢ PWHT X
PWHT
QW-408 .6 ¢ Environment X
Gas

27 | ¢ Spp. > *10% X
QW-410 28| ¢ Load > *10% X
Technique 29| ¢ Energy > 210% X

30| ¢ Upset > +10% X
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QW-263

1992 SECTION IX

Qw-263

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

RESISTANCE WELDING

Paragraph Brief of Variables Essential Nonessential
.13 Spot, projection, seam X
?:::‘-':02 .14 Overlap, spacing X
.15 Projection shape X
1 ¢  P-No. X
Qw-403 21| *  Coating, plating X
Base Metals
.22 * T X
QW-406 b ¢  Amplitude, cycles X
Preheat
QW-407 S | & PWHT X
PWHT
13| ¢ RWMA class X
14 = A Slope X
QW-409 15| ¢ Pressure, current, time X
Electrical 16 Timing X
A7 ¢ Power supply
.18 Tip cleaning
31| ¢ Cleaning method X
.32 | ¢  Pressure, time
QW-410 33| ¢  Equipment
Technique 34| ¢  Cooling medium
35| ¢ Throat

32



PROCEDURE QUALIFICATIONS

QW-264

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Laser Beam Welding (LBW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
1 ¢ Groove design X
Qw-402 -
Joints 2 * Backing X
6 > Fit-up gap X
1 ¢ P-Number X
Qw-403 3 ¢ Penetration X
Base
Metals 13| ¢ P-No. 9/10 X
.15 | ¢ P-Number X
d ¢ Cross section or speed X
2 < tor ¢ comp. X
-+
QW-404 8 * or ¢ Chem. comp. X
Filler .14 | % Filler X
Metals 20 | & Method of addition X
.21 | ¢ Analysis X
33| ¢ AWS class. X
QW-406 1 Decrease > 100°F X
Preheat
QW-407 1 ¢ PWHT X
PWHT
2 ¢ Single, mixture, or % X
6 ¢ Environment X
QW-408 A1 | £ Gases X
Gas 12 | ¢ % Gases X
.13 | ¢ Phase jet position X
QW-409 .22 | ¢ Pulse X
Electrical
Characteristics | .23 | ¢ Focal, mode, energy X
24 | ¢ Watts, speed, size, dist. X
5 ¢ Method cleaning X
7 ¢ Oscillation X
.14 | ¢ Angle of beam axis X
QW-410 A7 [ ¢ Type & model equip. X
Technique .20 | + Wash pass X
.21 1 vs. 2 side welding X
.37 | ¢ Single to mult. pass X
Legend:
4 Addition > Increase/greater than t Uphill — Forehand ¢ Change
— Deletion < Decrease/less than | Downhill — Backhand
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QW-265

1992 SECTION IX

QW-265

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

HARD-SURFACING: SPRAY FUSE METHOD

[Oxy-fuel Gas or Plasma (non-transferred arc) spraying]

Special Process Essential Variables
Paragraph Oxy-fuel Gas Spray Plasma (Non-transferred arc) Spray
QW-402 16 [ > finished ¢t 16 | > finished ¢t
Joints
QW-403 .20 ¢ P-Number 20 | ¢ P-Number
Base Metals
QW-404 12 ¢ AWS class. 12 ¢ AWS class.
Filler Metals 42 ¢ > 5% Particle size 42 | & > 5% Particle size
range range
46 ¢ Powder feed rate 46 ¢ Powder feed rate
QW-405 4 + Positions 4 + Positions
Positions
QW-406 4 Dec. > 100°F preheat 4 Dec. > 100°F preheat
> Interpass > Interpass
Preheat 5 ¢ Preheat maint. 5 ¢ Preheat maint.
QW-407 K ¢ PWHT 6 - ¢ PWHT
PWHT 7 ¢ PWHT after fusing 7 & PWHT after fusing
7 ¢ Type of fuel gas
16 | ¢ > 5% Powder feed .16 ¢ > 5% Powder feed
rate rate
QW-408 17 ¢ Feed gas comp. 17 ¢ Feed gas comp.
Gas .19 ¢ Plasma gas comp.
.20 ¢ Plasma gas flow rate
range
4 ¢ Current or polarity
QW-409 12 ¢ Type or size elec.
Electrical 25| ¢ > 10%1&E
.38 ¢ Multi- single-layer .38 ¢ Multi- single-layer
44 ¢ > 15% torch to work- | .41 ¢ > 15% travel speed
piece range
QW-410 45 ¢ Surface prep 44 ¢ > 15% torch to work-
piece
Technique 46 ¢ Spray torch 45 | ¢ Surface prep
A7 ¢ > 10% fusing temp. or | .46 ¢ Spray torch
method
A7 ¢ > 10% fusing temp. or
method




QwW-283

QW-283 Welds With Buttering

QW-283.1 Scope. This paragraph only applies when
the essential variables for the buttering process are dif-
ferent than the essential variables for the process used
for subsequent completion of the joint. Common ex-
amples are:

(1) the buttered member is heat treated and the com-
pleted weld is not heat treated after welding; and

(2) the filler metal used for buttering has a different
F-number from that used for the subsequent completion
of the weld.

QW-283.2 Tests Required. The procedure shall be
qualified by buttering the test coupon (including heat
treating of the buttered member when this will be done
in production welding) and then making the subsequent
weld joining the members. The variables for the but-
tering and for the subsequent weld shall be in accor-
dance with QW-250, except that QW-409.1 shall be
an essential variable for the welding process(es) used
to complete the weld when the minimum buttering
thickness is less than %,¢ in. Mechanical testing of the
completed weldment shall be in accordance with QW-
202.2(a).

If the buttering is done with filler metal of the same
composition as the filler metal used to complete the
weld, one weld test coupon may be used to qualify the
dissimilar metal joint by welding the first member di-
rectly to the second member in accordance with Section
IX.

QW-283.3 Buttering Thickness. The thickness of
buttering which shall remain on the production buttered
member after all machining and grinding is completed
and before subsequent completion of the joint shall be
required by the WPS. When this thickness is less than
* in., the thickness of buttering on the test coupon
shall be measured before the buttered member is weld-
ed to the second member. This thickness shall become
the minimum qualified thickness of buttering.

QW-283.4 Multiple Organizations. When one or-
ganization butters a member and a second organization
completes the weld, the second organization shall also
qualify the procedure in accordance with QW-283. The
buttering thickness shall not be greater, nor the heat
input higher than that which was qualified by the first
organization. The second organization may substitute
any base metal which has an assigned P-Number and
a chemical analysis nominally matching the chemical
analysis of the buttering weld metal for the buttered
base metal of the procedure qualification test coupon.

PROCEDURE QUALIFICATIONS

QWwW-286

QW-284  Resistance Welding Equipment

Qualification

Each resistance welding machine shall be tested to
determine its ability to make welds consistently and

. reproducibly. A machine shall be requalified whenever

35

it is rebuilt, moved to "a new location requiring a
change in power supply, when the power supply is
changed, or any other significant change is made to the
equipment. Machine qualification testing shall consist
of making a set of 100 consecutive welds. Every fifth
of these welds shall be subjected to mechanical shear
tests. Five welds, which shall include one of the first
five and one of the last five of the set shall be me-
tallographically examined. No maintenance or adjust-
ment of the machine shall be permitted during welding
of a set of test welds. Qualification testing on any P-
2X aluminum alloy shall qualify the machine for all
materials. Qualification on P-1 through P-11 iron-base
alloys and any P-4X nickel-base alloys shall qualify the
machine for all P-1 through P-11 and P-4X metals.
Testing and acceptance criteria shall be in accordance
with QW-196.

QW-285  Resistance Spot and Projection Weld

Procedure Qualification

Procedure qualification testing for spot or projection
welds shall be done following a Welding Procedure
Specification, and it shall consist of making a set of
10 consecutive welds. Five of these welds shall be sub-
jected to mechanical shear tests and five to metallo-
graphic examination. Examination, testing, and accep-
tance criteria shall be in accordance with QW-196.

QW-286 Resistance Seam Weld Procedure

Qualification

Plates shall be prepared by welding or brazing a pipe
nipple to one of the plates at a hole in one of the plates,
and then the plates shall be welded around the edges,
sealing the space between the plates as shown in Fig.
QW-462.7. The space between the plates shall be pres-
surized until failure occurs. The procedure qualification
is acceptable if failure occurs in the base metal. An
additional seam weld at least 6 in. long shall be made
between plates of the same thickness as to be used in
production welding, and this plate shall be cut into six
approximately equal width strips and one cross section
of each strip shall be metallographically examined and
meet the requirements of QW-196.
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NORMAL EXCESSIVO

FIGURA Q4 - Reforgo excessivo.

| \J
FIGURALY - Sobreposiclo. |

-

]

FIGURA &2 © - Solda ea &ngulo assimétrica.
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FIGURA o/} - Decoeslo lamelar.
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FIGURA Q& - ModificacBes

de projeto para evitar decoesio
lamelar.



FIGURA g'.’_q -~ Amanteioamento para evitar decoesdo lamelar.
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FIGURA 3G =~ Porosidade.
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2.5 NORMAS PARA A QUALIFICAGAO DOS PROCESSOS DE SOLDAGEM:

As normas para a qualificagdo de processos de soidagem para vasos de
pressado utilizadas para este trabalho sdo as normas do cédigo ASME, Secgéo
IX, Capitule QW Welding, edigdo de 1992.

Estas normas encontram-se no anexo A - Normas ASME / Secgéo IX

lar
(+)]

1 C

¢



2aplicative.

3.2 PROJETOS PARA SOLDAGEM:

3.2.1 AGCO RRSt 44.3:

3.2.1.1 PROCESSO TIG - ELETRODO REVESTIDO:
Este processo de soldagem refere-se a EPS No

no Anexo A -»Procedimentos de Soldagem.

3.2.1.2 PROCESSO MAG:
Este processo de soldagem refere-se a EPS No

no Anexo A - Procedimentos de Soldagem.

3.2.2 ACO INOXIDAVEL 304L:
3.2.2.1 PROCESSO ELETRODO REVESTIDO:
Este processo de soidagem refere-se a EPS No

no Anexo A - Procedimentos de Soldagem.

3.2.2.1 PROCESSO TIG / ELETRODO REVESTIDO:
Este processo de soldagem refere-se a EPS No

no Anexo A - Procedimentos de Soldagem.
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. 20163, que se encontra

. 20130, que se encontra

. 20164, que se encontra

. 20169, que se encontra
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3.3 PROCEDIMENTOS PARA ENSAIO:
3.3.1 ENSAIO METALOGRAFICO:
A. Ago RRSt 44.3
Rgtirar um corpo de prova englobando toda seg¢ao longitudinal da solda;,
Usinar a superficie por processo de retifica plana, |
Fazer o lixamento mecanico com auxilio das lixas 60, 180, 240, 320, 400, 600
e 1000, sendo que obedecendo um an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>