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FACULTAD DE INGENIEFIIA U.N.A. M.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del jefe de la

Divisiéon de Educacion Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curso.

El control de asistencia se llevara a cabo a través de la persona que le entregé
las notas. Las inasistencias serdn computadas por las autoridades de la
Divisién, con el fin de entregarle constancia solamente a los alumnos que
tengan un minimo de 80% de asistencias.

Pedimos a los as:stentes recoger su constancia el dia de la clausura. Estas se

retendran por el perlodo de un. aﬁo,‘pasado este tiempo la DECFI no se hara

D A
responsable de este documento. = - . e
f " . ‘ IR }“-\:
N ‘ e [: ‘.v\. ‘;E:*,_'.‘ S ;;,:
e zl\i\ ! ’:;

*)-T
experiencias, pues los cursos que ofrece Ia Dl\nsmn estan planeados para que

'“Iw.

los profesores expongan una tesis, pero sobre todo, para qucz| Hcoordmen las
I Iy ,ntu;rur-u

opiniones de todos los interesados, constltuyendo verdaderos ‘seminarios.

- . !l N o L

Es muy importante que todos los asistentés‘llehen v»'entregueln;'éu hoja de
I b ]

inscripcion al inicio, del curso, informacién. que sgwiré_,_gara'-intagrar un

directorio de asistentes, que se en'_tregaré-’oportu_fl‘ar‘r—l‘ente.

Con el objeto de mejorar los servicios que la Divisién de Educacién Continua
ofrece, al final del curso ‘deberan entregar la evaluacién a través de un

cuestionario disefiado para emitir juicios anénimos,

Se recomienda llenar dicha evaluacién conforme los profesores impartan sus
clases, a efecto de no llenar en la tGltima sesidon las evaluaciones y con esto

sean mas fehaciented sus apreciaciones.

Atentamente
Division de Educacion Continua.

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285

Telefonos: 5128955  512-5121  621.7335 521-1987 Fax 510-0573  521-4020 AL 26
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CALLE FILOMENO MATA

CALLEJON DE LA CONDESA

GUIA DE LOCALIZACION

1. ACCESO
2. BIBLIOTECA HISTORICA
3. LIBRERIiA UNAM

4. CENTRO DE INFORMACION Y DOCUMENTACION
"ING. BRUNO MASCANZONI"

5. PROGRAMA DE APOYO A LA TITULACION

6. OFICINAS GENERALES

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA
8. SALA DE DESCANSO

SANITARIOS

* AULAS

DIVISION DE EDUCACION’ CONTINUA
FACULTAD DE INGENIERIA U.N.A.M.
CURSOS ABIERTOS




FACUILTAD DE INGENIERIA UNAAM
DIVISICON DE EDUCACION CONTINUA

DIPLOMADO EN INGENIERIA
DE CALDERAS Y RECIPIENTES A
PRESION s

MODULO II: MATERIALES,
SOLDADURA Y CALDERAS DE
POTENCIA

TEMA

ESPECIFICACIONES DE MATERIALES.
SECCION II'DEL CODIGO ASME

EXPOSITOR: ING. ALFREDO SANCHEZ FLORES
PALACIO DE MINERIA
MARZO DEL2003

Palacio de Mineria, Colle de Tacubo No. 5, Primer piso, Delegacion Cuauhtémoc, CP 06000, Centro Histérico, México DuF,
APDO Postal M-2285 @ Tels: 5521.4021 al 24, 5623.2910 y 5623.2971 » Fax: 55100573



MATERIALES PARA USO EN BAJA TEMPERATURA

TEMPERATURA DE DISENO

COMPONENTE menos 425 a menos 321 °F
CUERPOS, CABEZAS Y REFUERZOS SA 240 TP304
(Plantillas y Collares) SA 240 TP304L
Forja Forja
BRIDAS CIEGAS Placa SA 182 F304
SA 182 F304L
SILLETAS Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA 283 C
CUELLOS para Boquillas idem cuerpo
COPLES SA 182 F304L
Apoyos de Platos y Soportes Internos tdem cuerpo
Mamparas y Colectores idem cuerpo
TUBERIA INTERIOR SA 312 TP304

SA 312TP304L

CONEXIONES SOLDABLES

SA 403 WP-304
SA 403 WP-304L

CUELLOS DE BOQUILLAS Y
CONEXIONES SOLDABLES

SA 312 TP304
SA 312TP304L

TORNILLERIA INTERIOR

SA 320 B8 y SA 194-8

TORNILLERIA EXTERIOR

SA 194-8




MATERIALES PARA USO EN BAJA TEMPERATURA

CONEXIONES SOLDABLES

TEMPERATURA DE DISENO
COMPONENTE menos 150 a menos 91 °F
CUERPOQOS, CABEZAS Y REFUERZOS SA203ES5
(Plantillas y Collares) . SA 203D S5
BRIDAS CIEGAS Forja Idem cuerpo
) Placa SA 350 LF 3
SILLETAS _ Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C
|CUELLOS para Boquillas Idem cuerpo
COPLES SA 350 LF 3
Apoyos de Platos y Soportes Internos Idem cuerpo
Mamparas y Colectores idem cuerpo
TUBERIA INTERIOR SA 333-3
CONEXIONES SOLDABLES SA 420 WPL-3
CUELLOS DE BOQUILLAS Y SA 333-3

TORNILLERIA INTERIOR

SA320L7 y SA 194-4

TORNILLERIA EXTERIOR

SA 194-4




MATERIALES PARA USO EN BAJA TEMPERATURA

TEMPERATURA DE DISENO

COMPONENTE menos 50 a menos 41 °F
CUERPOS, CABEZAS Y REFUERZOS SA 516-65 S5
(Plantillas y Collares) SA 203 B S5
BRIDAS CIEGAS Forja Idem cuerpo

Placa SA 350 LF 2

SILLETAS Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C
CUELLOS para Bogquillas Idem cuerpo
COPLES SA 350 LF 2
Apoyos de Plaios y Soportes Internos ldem cuerpo
Mamparas y Colectores Idem cuerpo
TUBERIA INTERIOR SA 333-6 .
CONEXIONES SOLDABLES SA420 WPL-6 -
CUELLOS DE BOQUILLAS Y SA 333-6 ”

CONEXIONES SOLDABLES

TORNILLERIA INTERIOR

'SA320L7 y SA 194-4

TORNILLERIA EXTERIOR

SA 194-4




MATERIALES PARA USO EN MEDIA TEMPERATURA

TEMPERATURA DE DISENO

COMPONENTE menos 40 a mas 60 °F
CUERPOS, CABEZAS Y REFUERZOS SA 516 70 S5
(Plantillas y Collares) SA 516 65 S5
Placa ldem cuerpo

BRIDAS CIEGAS Forja SA 350 LF 2
SILLETAS Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C

CUELLOS para Boguillas Idem cuerpo
COPLES SA 350 LF 2
Apoyos de Platos y Soportes Internos idem cuerpo
Mamparas y Colectores Idem cuerpo
TUBERIA INTERIOR SA 333-6
CONEXIONES SOLDABLES SA 420 WPL-6
CUELLOS DE BOQUILLAS Y
CONEXIONES SOLDABLES SA 312 TP304
TORNILLERIA INTERIOR Y EXTERIOR SA 183 B7

SA 194-2H




MATERIALES MAS COMUNES PARA USO EN MEDIA TEMPERATURA

TEMPERATURA DE DISENO EN GRADOS FARHENHEITH

COMPONENTE -40 a +60 +61 a +650
CUERPQOS, CABEZAS Y REFUERZOS SA 516 70 S5 SA285C
(Plantillas y Collares) i SA'516 65'S5 SA 515 70
Placa Idem cuerpo Idem cuerpo
BRIDAS CIEGAS Forja SA 350 LF 2 SA 105
SILLETAS ‘ Idem cuerpo Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C SA283C
CUELLOS para Boquillas Idem cuerpo Idem cuerpo
COPLES SA 350 LF 2 SA 105
Apoyos de Platos y Soportes Internos Idem cuerpo idem cu.ierpo
Mamparas y Colectores Idem cuerpo idem cuerpo
TUBERIA INTERIOR SA 333-6 SA 53-B
) SA 234 WPA
CONEXIONES SOLDABLES SA 420 WPL-6 SA 234 WPB
CUELLOS DE BOQUILLAS Y SA53-B
CONEXIONES SOLDABLES SA 312 TP304 SA 106-B
SA 193 B7 SA 193 B7
TORNILLERIA INTERIOR Y EXTERIOR SA 194-2H SA 194-2H

y
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MATERIALES PARA USO EN ALTA TEMPERATURA

TEMPERATURA DE
DISENO
COMPONENTE 651 a 775 °F
CUERPOS, CABEZAS Y REFUERZOS SA 51570
(Plantillas y Collares)
Placa Idem cuerpo
BRIDAS CIEGAS Forja SA 105
SILLETAS Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA 283 C
CUELLQOS para Boquillas [dem cuerpo
COPLES SA 105
Apoyos de Platos y Soportes Internos Idem cuerpo
Mamparas y Colectores Idem cuerpo
TUBERIA INTERIOR SA53B
CONEXIONES SOLDABLES SA 234 WP B
CUELLOS DE BOQUILLAS Y SA 106-C
CONEXIONES SOLDABLES SA 106-B
TORNILLERIA INTERIOR Y EXTERIOR SA 193 B7

SA 194-2H
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MATERIALES PARA USO EN ALTA TEMPERATURA

TEMPERATURA DE DISENO

CONEXIONES SOLDABLES

COMPONENTE 851 a 1050 °F
) SA 387 Il CL2
CUERPOS, CABEZAS Y REFUERZOS SA 387 I CL2
(Plantillas y Collares) Clad SA 263
con SA 264
Placa ldem cuerpo
BRIDAS CIEGAS Forja SA182F I
SILLETAS |ldem cuerpo
FALDON a 1.2 m. de linea de tangencia SA 283 C
CUELLOS para Boquillas ldem cuerpo
COPLES . SA 182 F Il
_Apoyos de Platos y Soportes Intermos . . Idem cuerpo
Mamparas y Colectores Idem cuerpo .
TUBERIA INTERIOR.. SA 335-PII -
CONEXIONES SOLDABLES SA 234 WP I
CUELLOS DE BOQUILLAS Y SA 335-Pll

TORNILLERIA INTERIOR Y EXTERIOR

SA 193 B7 y SA 194-2H

12



FACULTAD DE INGENIERIA UNAAM
DIVISION DE EDUCACION CONTINUA
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DIPLOMADO CALDERAS Y
RECIPIENTES A PRESION

MODULO II: MATERIALES,
SOLDADURAS Y CALDERAS DE
POTENCIA -

H

TEMA

Materiales Para Recipientes A Presion

EXPOSITOR: ING. ALFREDO SANCHEZ FLORES
PALACIO DE MINERIA
MARZO DEL2003

Palacio de Mineria, Calle de Tacuba No 5, Pnimer piso, Delegacion Cuauhtémoc, CP 06000, Centro Historico, México DF,
APDO Postal M-2285 & Tels- 5521 4021 al 24, 5623.2%910 y 5623 2971 ® Fax: 5510.0573



Materiales para Recipientes a
Presion y Calderas

Manuel Cabrera Moreno
Buen Teno 142, Col Industrial
México, D.F. Tel y Fax 759 3550

e FACULTAD DE INGENIERIA - UNAM

e DIVISION DE EDUCACION CONTINUA

SECRETARIA
DEL TRABAJOY
PREVISION SOCIAL




COLEGIO DE INGENIEROS
MECANICOS Y ELECTRICISTAS
(CIME)

ESCUELA SUPERIOR DE INGENIERIA
MECANICA Y ELECTRICA

(ESIME)

DIPLOMADO EN INGENIERIA DE
CALDERAS
Y RECIPIENTES SUJETOS A PRESION

«El proceso de disefio de un recipiente
sujeto a presion, ya sea que vaya o no a
ser sometido a fuego directo consiste
basicamente en el arreglo y disposicién
de una serie de elementos o formas
geométricas, tanto metilicos come no
metalicos, de tal manera que soporten las
cargas ylo la presién en forma segura,
cumpliendo las funciones especificas para
las que es diseflado . - : -




CONDICIONES BASICAS

¢ El recipiente debe cumplir los requisitos
de SEGURIDAD y funcionales

#Los elementos estructurales que I[o
conformen deben ser capaces de soportar
la presidn y las cargas a las que estara
sometido.

& Debe ser la construccidon mas econdmica.

CONCEPTOS BASICOS
& DISENO ESTRUCTURAL

= TIPOS DE FORMAS GEOMETRICAS Y
LAS RELACIONES ENTRE LAS
MISMAS

¢ ANTECEDENTES HISTORICOS QUE SE
TENGAN SOBRE LAS MISMAS * ~~

CONCEPTOS BASICOS

€ COMPORTAMIENTC DE LA
FORMAS EETRUCTURALES

S DISTINTAS
¢« CONCEPTOS DE DISENO
« FACTORES DE SEGURIDAD

« CODIGOS Y ESPECIFICACIONES

~ -
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DISENO ESTRUCTURAL

HERRAMIENTAS PARA EL DISENO
MECANICO ESTRUCTURAL

Conocimiento de las propiedades de
los materiales.

El analisis de Ila resistencia
estructural o mecanica.

Los codigos, especificaciones vy
estandares.

f5

PASOS LOGICOS PARA
REALIZAR EL DISENO

Requisitos de comportamiento del
recipiente.

La forma y ubicacion del recipiente.
Condiciones de carga y operacion.

Disefio preliminar.
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PASOS LOGICOS PARA
REALIZAR EL DISENO

e Analisis.

¢ Seleccién de materiales, formas y
espesores.

2 Disefo secundario.

FORMAS GEOMETRICAS Y
SUS INTERRELACIONES

TIPOS DE FORMAS GEOMETRICAS Y
I.A TRANSICION ENTRE LAS MISMAS

« Para este punto, se debe considerar las
distintas especificaciones de materiales y
en que formas o perfiles se encuentran
comercialmente,

= El tipo o tipos de refuerzo que se
requieren para garantizar la continuidad
en la resistencia y comportamiento
estructural de los distintos miembros gue

componen el recipiente.

R A
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ANTECEDENTES HISTORICOS
QUE SE TENGAN SOBRE LAS
FORMAS GEOMETRICAS

ANTECEDENTES HISTORICOS QUE SE TENGAN
SOBRE EL COMPORTAMIENTO DE LA GEOMETRIA

EN LAS ESTRUCTURAS MECANICAS

@ Es muy importante tener en cuenta los
antecedentes histéricos que se tengan
sobre determinados disenos 0
configuraciones geométricas.

ANTECEDENTES HISTORICOS QUE SE TENGAN
SOBRE EL COMPORTAMIENTO DE LA GEOMETRIA

EN LAS ESTRUCTURAS MECANICAS

¢ Los codigos se encargan de resumir
los distintos comportamientos que
se han observado a lo largo de arfos
de servicio bajo distintas
condiciones de operacion.

¢ Estas reseiias se presentan como
adendas o como interpretaciones en
el codigo ASME.
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COMPORTAMIENTO DE
LAS FORMAS
ESTRUCTURALES

COMPORTAMIENTO DE LAS FORMAS
ESTRUCTURALES

=+ El comportamiento de los aceros y
materiales estructurales esta
definido por dos de sus
propiedades-basicas, su resistencia
y su ductilidad.

« Estas propiedades normalmente se
presentan por medic de graficas
esfuerzo-deformacion.

Grafica# 1

Curva Tipica Estuerzo Deformacion
pars Acaros al Carbono

P can
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COMPORTAMIENTO DE LAS DISTINTAS
FORMAS ESTRUCTURALES

¢ Una gréifica esfuerzo-deformacion

“comercial” puede o no mostrar las
cuatro zonas principales que Ila
componen, que a sSu vez
representan los cuatro estados
tipicos de comportamiento de los
metales.

COMPORTAMIENTO DE LAS DISTINTAS
FORMAS ESTRUCTURALES

¢ Estas zonas son:

El rango elastico

El rango plastico

El rango de deformaciones
permanentes

El rango de adelgazamiento-
fractura-ruptura

COMPORTAMIENTO DE LAS DISTINTAS
FORMAS ESTRUCTURALES

% Las graficas “comerciales”, pueden

© no mostrar las cuatro areas, pero
todas cuando menos muestran los
rangos elasticos y plasticos.
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CRITERIOS DE DISENO

CONCEPTOS DE DISENO

¢ El comportamiento de las formas

geométricas y estructuras metalicas
al ser sometidas a cargas o presion,
puede estar controlada por uno o
mas criterios. Estas propiedades se
conocen como “limite de utilizacion
estructural” y de entre ellas
destacan:
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CONCEPTOS DE DISENO

El Punto de Cedencia Hipotético
La Maxima Resistencia Plastica

Las Deformaciones Maximas a las
condiciones de servicio

La Inestabilidad
La Fatiga
La Fractura

DISENO

Como resuitado de la combinacién
de los “iimites” anteriores, se
desarrollaron sistemas de disefio,
entre los cuales estan el método del
“esfuerzo maximo permisible” y el
de “disefio plastico”

Diseiio por el Método del

“Esfuerzo Maximo Permisible”

2090 00

El método de disefio por “esfuerzo
maximo permisible”, requiere
considerar los siguiente:

Punto de cedencia hipotético,
Inestabilidad

Fatiga y, frecuentemente la
Maxima resistencia plastica

10
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“Disefio Plastico”

El método de diseiio por “disefio
plastico” requiere se consideren,
obligatoriamente,

@ La Méxima resistencia plastica
e La Inestabilidad

FACTOR DE SEGURIDAD

¢ E| término “factor de seguridad” se
ha introducido como un elemento
comercial de confiabilidad, a la luz
de los registros estadisticos que se
han realizado en un gran nimero de
recipientes sujetos a presion bhajo
las mas distintas condiciones de
operacion.

11
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El “Factor de Sequridad” no debe
consitderarse como la posibilidad de

sobrecargar o sobrepresurizat _un
recipiente.

Para seleccionar un margen de
seguridad, considerar:

Factor de Seguridad

Aproximaciones e incertidumbre en
el método de analisis

Calidad de la Mano de Obra

Presencia de esfuerzos residuales y
concentraciones de esfuerzos

Factor de Seguridad

- Posibles deficiencias en el material

* Adelgazamiento en las secciones

calculiadas

Ubicacion y utilizacion del

recipiente

12
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Factor de Seguridad

¢ Cargas a las que estara sometido.

(adicionales a las consideradas en
el calculo).

< Un meétodo preciso para obtener un

valor adecuado para el "factor de
seguridad” requiere de analisis
estadisticos del comportamiento de
cada miembro en esa posicion
especifica, ya que pueden
presentarse variaciones al cambiar
de posicion o de tipo de servicio.

Factor de Seguridad

 La mayoria de los accidentes que han

ocurrido en la industria, involucrando el
uso de estructuras metilicas en general,
han sido resultado de la combinacién de
los puntos mencionades, los cuales han
sido ignorados o analizados
separadamente, por lo que no deben
desdefiarse o considerarse exagerados
algunos factores  de seguridad
considerados en los cédigos vylo
especificaciones.

13
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CODIGOS Y ESPECIFICACIONES

CODIGOS Y ESPECIFICACIONES

@ Esta es la parte esencial que nunca

debe olvidar un disefador.

eLas especificaciones son puntos

torales de la construccion.

CODIGOS Y ESPECIFICACIONES

*» Son la principal herramienta que

guia al ingeniero hacia
procedimientos de disefios seguros
y universalmente aceptados,
ademas de ser la mejor referencia
en la seleccién tanto de materiales
como de métodos de trabajo ylo
proceso. Su utilizacién es

recomendable,

14
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CODIGOS Y ESPECIFICACIONES

8 Los codigos representan un conjunto de
reglas de construccién que comprenden
los aspectos de seguridad y bases
comerciales por o que su cumplimiento
es obligatorio por Ley.

@ El seguimiento de las especificaciones y
cddigos, representan para el comprador,
una garantia de que el recipiente cumple
con los requisitos basicos de seguridad,
funcionamiento y economia.

MATERIALES

MATERIALES

«El uso de materiales metalicos,
especialmente los aceros, en la
construccion de recipientes sujetos
a presion, se atribuye a sus
excelentes propiedades mecanicas, a
la abundancia de las materias primas
para fabricarlo y a su precio
competitivo.

I5
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©La principal cualidad del acero y de

los materiales metalicos es que
pueden producirse con una amplia
gama de propiedades fisicas vy
mecdnicas, las cuales pueden
controlarse con mucha precision
para obtener las caracteristicas y
propiedades deseadas.

MATERIALES

=#Para la construccion de calderas y
recipientes sujetos a presion existe
una gran cantidad de aceros y

materiales metalicos identificados

bajo designaciones estandarizadas
por diversas asociacicnes, entre las
que destacan las de ASTM, AISI, DIN,
BSl, JIS, etc.

MATERIALES

PROPIEDADES IMPORTANTES

eLa bherramienta principal de que
dispone un disefador para
determinar el comportamiento
mecanico, son los diagramas
esfuerzo-deformacion.

16
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MATERIALES

Estuerze

|
o /_
I '

Fhujn Plastico Imestricto

'
L Flujo Pristica '
Contardo + Deformacén

MATERIALES

Las propiedades importantes a

considerar son:

& Punto de cedencia

& Punto de fiuencia

& Nivel de esfuerzo de cedencia
& Limite proporcional

% Resistencia a la tensién

MATERIALES

¢ Ductilidad

¢ Modulo de elasticidad

@ Rgdule de deformacion permanente
# Relacion de Poisson

£ Madodulo de efasticidad cortante

« Soldabilidad

@ Maquinabilidad

@ Formabilidad

17
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MATERIALES

& Resistencia a la corrosion y a la
abrasién

& Resistencia a la fatiga

© Tenacidad

¢ Resistencia a la fractura fragil
@ Sensibilidad a las grietas

& Resistencia al impacto

MATERIALES
e Resistencia al deslizamiento
(creeping}

# Relajacion,

MATERIALES

FACTORES QUE
AFECTAN LAS
PROPIEDADES

MECANICAS

18
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Los factores que afectan las
propiedades mecanicas de los
aceros y de los materiales
metalicos son principalmente:

MATERIALES

1 Composicion quimica
Tratamiento térmico
Historia.de su deformacion

W N

Geometria

Temperatura

Relacion de deformacian
Estado de esfuerzos

~N O 0 A

MATERIALES

¢los tres primeros dependen
exclusivamente del procesc de
manufactura del material base.

© Los cuatro restantes dependen de.la
aplicacién, de la funcionalidad del
disefio y de los detalles de diseio de
cada miembro o0 componente.

<

19
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DETERMINACION DE LAS
PROPIEDADES MECANICAS

o Esta es una parte importante del proceso
de disefio-fabricacion,

¢ En disefios de alto riesgo, deben tomarse
probetas normalizadas y someterias a las
distintas pruebas indicadas en los
codigos yio especificaciones para
corroborar que el material recibido cumple
con las caracteristicas mecanicas
consideradas en el disefio.

DETERMINACION DE LAS
PROPIEDADES MECANICAS

@ La ASTM cuenta con procedimientos
escritos, incluyendo la descripcién
de los aparatos requeridos para la
determinacién y evaiuacién de todas
y cada una de las propiedades que
debe tener un material conforme a
una especificacién predeterminada y
los criterios de aceptacién - rechazo.

DISPONIBILIDAD DE ACEROS
Y MATERIALES METALICOS

¢ Es importante asegurarse que realmente

existen en su forma comercial los
materiales considerados en nuestro
disefio.

20
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DISPONIBILIDAD DE ACEROS
Y MATERIALES METALICOS

@ Es comun encontrar que determinada
especificacion solo se produce
comercialmente hasta o a partir de
determinado espesor o diametro y que en
caso de que se nos fabrique deberemos
comprar un minimo de “x” toneladas y
este material tendra un tiempo de entrega
de “n” meses.

DISPONIBILIDAD DE ACEROS
Y MATERIALES METALICOS

¢ Esta situacion puede resolverse
comparando la concordancia entre las
especificaciones ASTM con las DIN o
con las JIS, etc., de tal manera que se
evalle en que grado son iguzles o en
qgue nos afectan las variantes que se
presenten, recalculando los factores
esencidles que puedan afectar el
comportamiento de nuestro disefo.

IMPORTANCIA DE LA SELECCION
DE MATERIALES

® Para cumplir los requisitos de seguridad,
funcionamiento y economia, existe una
amplisima variedad de materiales de
donde escoger, siguiendo las
especificaciones y los procedimientos de
trabajo para los distintos materiales.

= El reto para el disefiador es seleccionar el
material mas conveniente para un trabajo
especifico

W -
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IMPORTANCIA DE LA SELECCION
DE MATERIALES

La seleccion debe basarse en:

oE| cumplimiento de las condiciones
de servicio predeterminadas

©El cumplimiento de las condiciones
de seguridad predeterminadas

¢ E! cumplimiento de las expectativas
mecanicas de los materiales

o La economia

SELECCION DE MATERIALES

@ En el aspecto econémico,
considerar el precio del material
base, fletes, los costos de
fabricacion, efectos del peso.muerto
en los costos de las estructuras y
cimentaciones, areas o espacios de
operacion y otros factores.

SELECCION DE MATERIALES

« También considerar que en
ocasiones es mas economico utilizar
materiales base mas resistentes,
aparentemente mas caros pero, gue
requerirdn espesores menores y
consecuentemente estructuras ylo
cimentaciones mas ligeras.
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SELECCION DE MATERIALES

@Este criterio debe utilizarse al
analizar materiales resistentes a la

corrosién o a la abrasién,
estudiando la posibilidad de utilizar
materiales revestidos {clad),

soldadura de revestimiento, etc,

SELECCION DE MATERIALES

@ Bajo ninguna circunstancia, violar el
codigo sobre el que esti basado el disefio
en aras de la economia o de alguna

condicién operativa,

© NO-ES NEGOCIABLE NI ESTA SUJETO A
ANALISIS NI CONSIDERACIONES DE
NINGUN TIPO LA SEGURIDAD QUE DEBE
TENER EL RECIPIENTE DURANTE LA
OPERACION.

SELECCION DE MATERIALES

« Es obligacion del disefador el
realizar analisis exhaustivos sobre
el comportamiento de distintos
materiales para garantizar la
funcionalidad y seguridad del
recipiente dentro de los marcos de

seguridad establecidos.
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SELECCION DE MATERIALES

eTodos sus hallazgos y decisiones en
este sentido debe consignarlos en la
MEMORIA DE DISENO Y CALCULO
DEL RECIPIENTE a fin de que,
cualquier otra persona debidamente
calificada pueda revisarlos y
rehacerlos cuando asi sea necesario.

SELECCION DE MATERIALES

&« El disefiador nunca debe olvidar que
todo tiene solucion, menos la
muerte,

«DE UN BUEN DISENO DEPENDEN LA
FUNCIONALIDAD Y LA ECO_NOMiA,
PERO TAMBIEN LA VIDA DE LAS
PERSONAS.

Tablas de Seleccion de Materiales
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MATERIALES MAS COMUNES PARA USO
EN BAJA TEMPERATURA
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MATERIALES PARA USO EN BAJA

TEMPERATURA
TEMPERATUIRA DE DESERO
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MATERIALES PARA USO EN MEDIA
TEMPERATURA
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MATERIALES PARA USO EN ALTA
TEMPERATURA
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MATERIALES PARA USO EN ALTA
TEMPERATURA
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MATERIALES POR TIPO DE SERVICIO
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Seleccion de Materiales

@ Es importante que al seleccionar un
material en particular se revisen
cuidadosamente las especificaciones
correspondientes a fin de contemplar en
que rango es aplicable, { temperatura,
presién, espesores), y que pruebas
indica el Cédigo que se deben realizar,
{metailograficas, de impacto, tratamiento
térmico previo, durante y después de la
soldadura, etc.}

Seleccion de Materiales

e Todos los requisitos que indique el
Cddigo se deben consignar en la
Memoria de Disefio y Caiculo del
Equipo y también se deben indicar
en los Dibujos de Fabricacién, en la
Especificacion de Procedimiento de
Soldadura, en la Hoja Viajera, etc.

Seieccidén de Materiales

NO ES NEGOCIABLE NI ESTA
SUJETO A ANALISIS NI
CONSIDERACIONES DE NINGUN
TIPO LA SEGURIDAD QUE DEBE
TENER EL RECIPIENTE DURANTE
LA OPERACION.
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Corolario

DE UN BUEN DISENO DEPENDE LA
FUNCIONALIDAD Y LA ECONOMIA,
PERO TAMBIEN LA VIDA DE L AS
PERSONAS Y LOS BIENES
PATRIMONIALES DE LAS
EMPRESAS.
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MATERIALES POR TIPO DE SERVICIO

SERVICIOS TIPICOS

MATERIAL

Fluidos con corrosividad mediana
Agua fria o caliente

Aceros al Carbono

Aceites sulfurados, frios o calientes hasta 300 °C
Hidrogeno gaseoso, gases ¢on contenido de Azufre

Aceros al
o al Cromo-

Aleaciones Ferriticas,
Carbono-Molibdeno,
Molibdeno

Servicio moderadamente corrosivo, componentes
en contacto con compuestos sulfurados o que
tengan Azufre como impureza.

Aceros en configuracion ferritica con
contenido de Cromo.

Servicio con corrosion no sulfurosa, comrosivos en
general. -

Aceros Austeniticos al Cromo-Nigquel.

Manejo de compuestos salobres, aguas de mar,
compuestos con contenido de Halégenos.

Aleaciones de Cobre, Admiralty, Laton
aluminico, Cupro-Niqueil.

Acidos Minerales, acidos y compuestos clorados,

Aceros con alta aleacién de Niquel-
Cromo-Molibdeno

Compuestos salobres con sdélidos en suspensién,
Recipientes sometidos a esfuerzos zalternos presion-
vacio.

Aceros al Titanio.

Ambientes severamente corrosivos
Ambientes con diferenciales de temperatura
Ambientes altamente &cidos o alcalinos
Recipientes multiusos o multiprocesos.

Tecnologia Clad

Revestimientos de Piomo, Hule, Vidrio
Revestimientos con resinas epdxicas
Revestimientos con refractarios
Recipientes de Carbdn-acero.




MATERIALES MAS COMUNES PARA USO EN BAJA TEMPERATURA

TEMPERATURA DE DISENO EN GRADOS FARHENHEITH

COMPONENTE -425 a -321 -320 a -151 -150 a -91 -90 a -51 -50 a -41
SA 353 (9% Ni)
CUERPOS, CABEZAS Y REFUERZOS | SA 240 TP304 SA 553 TP-| SAZ203 E S5 SA 203 B S5 SA 516-65 S5
(Plantillas y Collares) SA 240 TP304
SA 240 TP304L | SA240 TP304L | SA 203D S5 SA 203 A S5 SA 203 B S5
Forja Forja Forja Idem cuerpo ldem cuerpo Idem cuerpo
BRIDAS CIEGAS SA 522 (9% Niy~
Placa SA 182 F304 SA 182 F304 SA350LF3 SA350LF 3 SA 350 LF 2
SA 182 F304L SA 182 F304L
SILLETAS Idem cuerpo ldem cuerpo ldem cuerpo Idem cuerpo Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C SA283C SA 283 C SA283C SA283C
CUELLOS para Boquillas Idem cuerpo Idem cuerpo Idem cuerpo [dem cuerpo Idem cuerpo
COPLES SA 182 F304L SA 182 F304L SA350LF 3 SA350LF 3 SA350LF 2
' Apoyos de Platos y Soportes Internos Idem cuerpo Idem cuerpo idem cuerpo Idem cuerpo idem cuerpo
Mamparas y Colectores Idem cuerpo ldem cuerpo Idem cuerpo Idem cuerpo Idem cuerpo
SA 333-8 .
TUBERIA INTERIOR SA312TP304 | SA 312 TP304 SA 333-3 SA 333-7 SA 333-6
* SA 312TP304L | SA 312TP304L
SA 420 WPL-8
CONEXIONES SOLDABLES SA 403 WP-304 | SA312TP304 | SA 420 WPL-3 | SA 420 WPL-3 SA 420 WPL-6
SA 403 WP-304L | SA 312TP304L
SA 333-8
CUELLOS DE BOQUILLAS Y SA 312 TP304 | SA 312 TP304 SA 333-3 SA 333-7 SA 333-6
CONEXIONES SOLDABLES SA 312TP304L | SA 312TP304L
SA 320 B8 SA 320 B8 SA 320 L7 SA320L7 -SA 320 L7
TORNILLERIA INTERIOR SA 194-8 SA 194-8 SA 194-4 SA 194-4 SA 194-4
TORNILLERIA EXTERIOR SA 194-8 SA 194-8 SA 194-4 SA 194-4 SA 194-4

T LT




MATERIALES MAS COMUNES PARA USO EN MEDIA TEMPERATURA

TEMPERATURA DE DISENO EN GRADOS FARHENHEITH

COMPONENTE -40 -a +60 +61 a +650
CUERPOS, CABEZAS Y REFUERZOS SA 51670 S5 SA285C
(Plantillas y Collares) SA 516 65 S5 SA 51570
Placa ldem cuerpo ldem cuerpo
BRIDAS CIEGAS Forja SA 350 LF 2 SA 105
SILLETAS |dem cuerpo ldem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C SA 283 C
CUELLOS para Boquiilas Idem cuerpo ldem cuerpo
CQPLES SA 350 LF 2 SA 105
. Ap%yos de Platos y Soportes Internos dem cuerpo ldem cuerpo
Mamparas y Colectores [dem cuerpo ldem cuerpo
TUBERIA INTERIOR . SA333-6 SA 53-B
SA 234 WPA
CONEXIONES SOLDABLES SA 420 WPL-6 SA 234 WPB
CUELLOS DE BOQUILLAS Y SA 53-B
CONEXIONES SOLDABLES SA 312 TP304 SA 106-B
SA 193 B7 SA 193 B7
TORNILLERIA INTERIOR Y EXTERIOR SA 194-2H SA 194-2H




MATERIALES MAS COMUNES PARA USO EN ALTA TEMPERATURA

TEMPERATURA DE DISENO EN GRADOS FARHENHEITH

COMPONENTE 651 a 775 776 a 850 851 a 1050 1051 a 1150
SA 204 B SA 387 11 CL2
CUERPOS, CABEZAS Y REFUERZQOS SA 51570 -+ .S5A204C SA 3871l CL2 SA 204 TP304
{Plantillas y Collares) Clad SA 263 Clad SA 263
L con SA 264 con SA 264
Placa Idem cuerpo Idem cuerpo Idem cuerpo Forja
BRIDAS CIEGAS SA 182 F1 (B)
Forja SA 105 SA182F2(C) SA182F SA 182 F304 H

SILLETAS [dem cuerpo ldem cuerpo Idem cuerpo Idem cuerpo
FALDON a 1.2 m. de linea de tangencia SA283C SA283C SA283C SA283C
CUELLOS para Boquillas Idem cuerpo ldem cuerpo Idem cuerpo Idem cuerpo
COPLES SA 105 SA182F2(C) SA 182 F il SA 182 F304 H
Apoyos de Platos y Soportes Internos ldem cuerpo ldem cuerpo idem cuerpo ldem cuerpo
Mamparas y CoIectoFes idem cuerpo “ldem cuerpo ldem cuerpo Idem cuerpo
TUBERIA INTERIOR SA53B SA 335-PI SA 335-Pil SA 312 TP304 H
CONEXIONES SOLDABLES SA234 WP B SA 234 WP | SA 234 WP I SA 403 WP304 H
CUELLOS DE BOQUILLAS Y SA 108-C
CONEXIONES SOLDABLES SA 106-B SA 335 PI SA 335-PIl SA 312 TP304 H
: SA 193 B7 SA 193 B7 SA 193 B7 SA 193 B8
TORNILLERIA INTERIOR Y EXTERIOR SA 194-2H SA 194-2H SA 194-2H SA 194-8
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1) dlo tnmbien pcde niliacs vida dacalidadens donde el codigo ASME iene reamoommiata alis !

Pl I

o et et o s sl bt Lo e b pore e o

R o nede B noaon et o graal U o
I 1 i

wonal o T tone s €l s Roaproes a
e s (vatioetal Toand ot Borler amd Pressure ¥ossel Ispeatonsy sy que oste comszoado par el msimo pera
el o

I a coeunstane

s que ehstaenliZana [oamenoe e que e i s s de ot nie no Uene sccenoonie tie
olicad o codiga ASME o Las compainnas de seguros tuien aceion jusdiccional fuera ded pars v tampoco
d|spontmcl': actialimenie de sgameacion protocalarnizada v cahbcada de smpectores de calderas y recipienics

d presion

Por la anlenion expuesto i canep.
nechios g

15 Bahncatites Jde calderas Vieipenios a presion o capacadad s
sativfier Tos tegquesitos de constceron seialados por el codigo ™ ASAMIE, oy
Compadores s vean e Liecesndind de contragsn o sens g de mspeccion s use del seHlo ASNMET Grldos

[

Lstaclios Tnides e Nonteamctica cinn el vonsecnente precio enadgunuos casis pralubiine

Comao cpemplo sabre ¢f parceha cabe meuciona gue

stualaenite algunas de Lis cmpresas de masor
s minud dechicaed i L fehnacson de ealderas s reepiontes apresion cnecsino pars, han adgmindse Ty

autort e ton pan o usesdelselln = ASMIL a hinde sazslacer ks seguisites del mereado: prineipaknente
[N P [8]]

La enegencu del ecompradon con respecto al sello = ASME", es que este representa Ly aplicacion de una
teenlogin oy anzisda v dinaencd con amplrar aceptacion mundial, v en matena de segundad representa
tambien el opumo valar

Fo Mewieo desde 1967, 1a Asaciacion Mewicana de Ingenieres Meeanicos y Klecinestas ¢ VMM E )
suscrilia un acuerde con” The Amenican $ociets ot Mechamieal Engineers {ASME} para traducrr al espaiol
el codigo *ASME" para calderas v recipientes & preslon sus SUFeMenLos ¢ nter pretacion de casos Js1como
para publecar v distribine las ediciones de esa fuente de diche idioma, en la intehgencta de que en Ly
actuahdad Mesico es el umco s disungindo con esa conceston

Techa han side trasdoeidin s pulhicadas Las seeetones siguienes ded codigo - ASME
1- Caldleras de potencie

IV - Calduras pai ealefacedin

HMODULO
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A= Praeduis podesuiciings

1= Reghs sugerdin pana L emdudo de calderas de potenc
V- Revapnenies a prossan dis )

IN - Cahficacones de sobladura

Ior otra parte desde hace mas de tremta aiios junciona penmaneniemente dentio de A MTA L un grupo de
trabain limado comite de calderas y recpientes o presion, cova labor ne s¢ ha limitado a la traduceion v
echicton de los eodigos de calderas "ASNIE" en lengaa espefiala y adoptarto ol metnco decimal sino que ha
Tt tamlbien Labor de digusion en el medio industnal interesado 3 buscande mterrelacion von las
antoridades e L Seeretania del Tribasy Proviiion Socnl Seorctagig de Comercio s Tomente {ndustial
Dopartamenio del Insoste Eedersd, Searcrana du Doearrolbe Soeab e acbincde whzar loogue fuere
conuiente e b reenmlugin antes menaionacda anlocods
seguodad induetnial

vy nonngs nacionales sdacsanadas con la

Por st ute b bgcraanee e ASME Lan e aannenove plona poracgue cbeonomedo de e ondagery
st izl prate Jos s cmabado s coste al guie

' nnesteer pais, by g
(PR EITT

v on de fabneantes ulizza como sumeor @
TRST TR
al

Las normas “ASMET s embargoe
©onmn e b Lo it e acnendo e el v TASNITT Cp
et Ly splicas o e ¢ dar Lo

vt nla

L medio e b dospreion Autonizada™ que
constituna i parte desmteresada entre ol tabncanie, mstalador, ed operador y los uswarios

IR I TR

Actalmente el conute de calderas y reeipenies s presion de b AR TM I, dinge sus esfuerzos hacia la
solucion de esta elase de problemsas Tuehando por Jestablecimiento de esa mspeccion aulonznda. en
Aesieo

20 visla de gue en los Estados Unidos de Noreamersea este irabujo es practicado por personal de los
Departamenos de Inspeceicn de Gabieme, s en sumayor parte por personal de compaiias dv seguros. y
At de Ipeeeion Landelo comeniente meny i sjue demro del comue de caldetas mevieano hemos
micgradi comer parie de Ja U tospeeckin Aulozrads™ o comie del sello et cwal se abocado 3 mciar tas

actis khades de mspecoin de Labneagion o guesion en p!

[IN]

Conseueitemente et el pasade se ha olocgado cl sello ANTME-ASME, g mponames firmas fabricanies de
. |!H.'§iu|| < IUes e s

1 sde comite delsclise se dn fanmado de et analoga ol de los E A L halnendo paneipado persenal de
connpaiins e seguros mgemeros coisadiores s luncionaios de gabuerno

Es apenine seitalar que del grapo que han tormada el conure de calderas ¥ reciprentes & presion. ires
mgenteros han sustentado examen s Tueron aprobados en los 12U A | por el Natzenal Board and Pressure
Vessel Inspecun s, come mspectores cahiflicados de calderas y recipientes a presion

El procedimienta que se ha segdo dentio de este grnpo para determinar 51 es o ne posibie ¢l otorgamiento
del sclla o cernficado de autonzacion, en lenmsnos generales es como u conunuacion se indica

I - Se exige al fabricante que proporeione al comité ¢l masual de procedimientos para la tabneacon, junto
con una solieitud que previamente se le ha proporcionido

2~ Se estudia B documentacion antes itida y s¢ programd und sisitz de mspeecion de comun acuerdo con el
sohcitane

3ose naliza L visitg e nspeccon pard verihear bo establoodo e el manual de procedmire mtos para
fahncacion v sedespuds deduiber anleado Lomedena promg, los disedos, procedimmentos de tabneacion y
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uchas seodetermina gue todo esta de acuerde con el Codigo ASKID o ANINL-ASML enionees setd
pevarhile otorgar el use del scllo cotrespondiente

[mglmante ¢l comnte de calderas v reciprentes a presién tabar en el establecimaents de un sellode calidad
PAMIMET v sabides v oreconocmmento miermaciomal sea annba al sello “ASMET wda vz que mnbon
Trcrespalda
it

atecnolotd cnanada de ol codieoy e ehmceantann s cuesato de lonegpeccinm
cumplmaentes senameles,

De enta manerd Las condiciones gue se exigen e st tatesig de constiucon sernan s nasneas Loy
1equisitos v condiciones de [abricacion v seguridad estarian tambien asi avalados plenamente por vl setle de
cahdad “AMIME . en esta forma Mévieo estara en posibilidades de concursar s entaosmmente con sus
productos termimados o el mercade mremacional

Por lo antes expuesto se puede conchar de la manera syinente

I - Ls indispensable contar en Mevico con un codigo que norme ¢l diseno, fabnicacion nspecuion ¢
nastalacién de eabderas y recipientes o presion que garantice la segunidad. + que este sea el que megor se
adapte al medie y recurses nacienales

2 - By necesano ebreconacuniento de ese codigo que en 1a Librcacion garantice gue Ta pradoceton penmitg
reszinda un prestiges nacional de acucrdo con laerientacion tendiente hacia L espantacion

- 8¢ ha usgdo v se speue wsandue Ty tecnologi det codiga AWIINT - AR de caldoras s teequentes o
presion pot pante de Ls tomnas de mgemenade reeomondaciones pan fos isiarios ensos copeotieagines de
compra por 1os Labneanies en sus dil
compladores

nes proacesos s pen oy inspectores de compamias de nispeceion o de
L os matcnates dispomibles v Libncados en dMévco, se daboran para cumplir con requisitos de norimas
eitoles coneondantes conlos de las espectlicacnnes de matena de este codige

1 IS necesano agalizar y acelerar los rabages de proparacion del codiga AMINL-
de normas para calderas 3 1eciprentes a presion on tadas sis seceiones

SMIE dentro cled conate

5 - s comveniente que J0s propios usuativs las fitmas de mrgemicita las compaitias de seauros « los

consuftores exian ¢ cumplimiento de 1os requisitos establecidos en el codigo ANINE-ASAE

6 - Ts necesanto establecer v ¢jercer procedimientos para mantener actuahizada la foima de esahacn 3
waltficamon de fubnicantes en heneflicio de compradores y usuaries

7 - s recomendable que el cone de cadderas y reeipnentes o presion electue ka califieacion Je mspectores de
ool de calidad cn o Labrocacron de eilderas v recrpentas o presion s gue L calibicacion se aceesible s
tuda persena quee compha con los reguistos gque el comnte detennme

S -1 s canveriente que < eomite de s para calderas s reapientes a presion clabore adiowacs ab cedigs
AMIME-ASML como parte de adaptacion que cotiesponda i Tos tecmrsos mdustrrales propros del iedin
nagional, tna ves gue el codipe sea reconocido eliciahinents

- s conventente que e votmte de caldens s reciprentes a preston orgamed 3 tealicd somiaios ot fodos
los sectores mleresados parg erear congtenci positing en L aphoacion v aleance deb codigo AN SN

10 - Lste copnté considera pecesds 1o uiear coneieneia entre usuanos consultores compaias du sepnto y de
mspeccion de la importancia del sello cahidad AMIMLE comne garanba de segundad

11 - Latazeas detnvadas de las remmones de este comne, hacen necesano que L ASHME Lis autondades s la
mucialn a privada patticipen ¢n forma activa en el desanolto de los tabajos del conute que Batan posible
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mepor Gihidad s precios de producios denrtro ded wleanee del codige para tograr equipes que poedan cenmpein
vpetnutan by participaciin de Mesico en los meteados mternacionales

12 - 7 eomite de caldesan v reepentes i presion ha becho antenonmente eatos planteimentos i L
antonddes compoontes o s @ del comdocnes adccnado poraobtoc ol revonuensiento olical de e
voliea, pon [o gl comadenamos mus Lcnble o logranle cac obpeinon
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SOLDADURA

TEMA 2 SOLDADURAS, SECCION I1X DE ASME

la necesdad de producins confiables aunado a la neceskdad de conservar ks recursos y preservar la segundad de
los trabagarfores ha hecho que la caldad de tas sordaduras sea cada vez de mayor imporanca

La fabncacion de productos meldicos confiables debe comprender
* (hisenos documentados
* Buenas Practicas de Manufactura
* Un Sislerna ge Control de Caldad
* Calficacion de lus Procedimientos de Soldadura
Caliiciann de los soldadares

[isefios documenlados

1 a docuinenlacion de (05 disefios se consigna, kasicamente, €n 1a Kiemopa de Chsedo y Calcula de cada Equipo, en
los dibujos de fabncacdn y en el controf de los matenales einpleados

Buenas Prachcos de Maaulactiura

Las Buenas Practicas de KManulacturs se obuenen

Apegandose a los ordenamienics del Codige que se esle aplicando
Raspetando lis Especificationes emnanadis de los Calculos
Usando magquinana en buen estado

Empleando solo personal calificada

Sisterna de Control de Cabdad

Ln Sisterna de Fabncacion confiable uguigre del establecaiento de Sislemas de Calidad que contermplen

£l eslablecmiento de un Manual del Sistema de Calidad
El establecmiento de un Manual de Procedimenios de Operacion

Sistema de Control de Caldad

El establecmiento de Instrucciones de Trabajo

La existencia y aphcacion de Formnatos de Control de fas distinlas operaciones def proceso

¥l
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Calficacon de os Procexsnuenios de Soldadira

La Calficacon del Procedmiento de Soldadura, es el documento dende se consgharan las vanables reales
emplgadas, s pruebas efecluadas y los resullages obtetides, en un establecmiento en parlicular

Calficacion de ks soldadores

Este proceso siwve para calficar 3 habikdad de un soldader, o de un operador de maguwna de soldar, para
demoslrar que es capaz de efectuar depOsitos de soldadura con la calidad establecida en el disefio, aplcando
procesas especificos, con distinlas sckiaduras y/o procesas y en distintas posKiones

LOS PROCESOS DE SOLDADURA

ta calficacion de los procedimientos de sokdadura, aunadas a un control estncto de los procesos son las
herramientas capaces de demostrar que la construccion soidada propuesta tendra las propiedades mecanicas
congideradas en los calculos de diseno

Dehoicones linpoctantes

SOLDADURA

Es li coulescenca localzada de dos 0 mas metales produckda por el calentamiento de los mismos a temperaluras
convenientes con y sin el uso de matenales de aporte, con @ sin la apbcaaon de presion, o por la sola aplicacon de
preson

SOLDABILIDAD

Es la capacidad de un malena! para ser unido a olro mediante soldadura, baje condiciones y procesos especificos y
tener un desempeno satistaciono en un conjunto estructural predetinide

PROCESDS DE SOLDADURA

MAS USUALES

rocesos de Soldadura mas usuales
SHAW (Shielded Metal Arc Welding)

Es un procese de soldadura el cual preduce 1a coalescercia por ei calenlamiento de los metales mediante wn arco
elecinco entre un electrodo de metal recutieno y el metal base

El aporle s¢ cbltiene def eleclrodo y ia cubarta protectora de la descomposicon del revesumiento  del mismo

Procesos de Sokdadura mas usuales

7 SAW (Submerged Arc Welding)

Es un procese de soldadura el cual produce la coalescencia por el calentamiento de los metales medanie un arco ¢
arcos electncos formados entre un elecirode de metal desnudo y el metal base

El aporie se obtiene det electrodo y 1a cubierta protectora de una capa de matenal fundible aphcada al arco y al melal
funchido
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Procesos de Sokdadura mas usuales JUNTAS (JOINTS) QW-402
&7 GTAW (Gas Tungsten Arc Welding)[tig] Notas & QW-402 JUNTAS (JOINTS)
Es un proceso de soldadura el cual produce la coalescenca por el calentamiento de los metales medante un arco METALES BASE (BASE METALS) QW-403

eléctace formado entre un electrodo de lungsteno (no consumible) y el metal base

" METALES DE APORTE (FILLER METALS) QW-404
Puede 0 no usarse matenal de aporie y la cubierta protectora se obtiene mediante 1a aplicacion de un gas o mezcla
de gases POSICION (POSIMION) QW-405

Procesos de Soldadura mas usuales FRECALENTAMIENT G (PREHEAT) QW-40G

T GMAW [Gas Metal Arc Welding)[rrg)

TRATAMIENTO TERMICO POSTERIOR
Es un proceso de soldadura @l cual produce 1a coalescencia por el calenlamento de tos metales mediante un arco (POSTWELD HEAT TREATMENT)
eléctnco formado entre un efectrodo metahco (consumible) y el metal base, QW-407
El zporte se obtiene del elecirodo y (a cubieria proteclora se chiiene mediante fa aphcacin de un gas o mezda de GAS (GAS) QW-408
gases y un fundente
CARACTERISTICAS ELECTRICAS

Procesos de Soidadury més usuakes (ELECTRICAL CHARACTERISTIC) Qw409

T ECAW {Flux Cored Arc Welding)

} Notas a Qvv-409
Es un proceso de soldadura el cual produce la coalescenca por el calentamiento de los melales mediante un arco TECNICA (TECHNIQUE} QW-410
eléctnco formade entre un electrodo metalico continue {consurmible) y el metal base N
La cubierta proteciora se abtiene da un fundenta contenido dentro del electrodo tubular y, opcionalimente medianie TECNICA (TECHNIQUE) Q=410 (continuacian)

la aplicacion externa de un gas o mezcla de gases

RESUMEN DE PARAMETROS DEL PROCEDIMIENTO
Especficacon de Procedimrenio de Soldadura

REGISTRO DE CALIFICACION
WPS - DE PROCEDIMIENTC DE SOl DADURA

EPS

PREPARACION DE UN PROCEDIMIENTO CONFORME A LA FORMATO SUGERIDO

SECCION X DEL CODIGO ASME CALIFICACION DE UN PROCEDIMIENTO CONFORME ALA

Identificacion de i Compariia y del Procedimiento - SECCIOM IX DEL CODIGO ASME
identmicacdn de Responsables del Procedimiento Identficacon de la Compadia y del Procedimenio
QW-482 EPS (WPS) Identficacidn de Responsables del Procedimiento
Version en Inglés QW-483 RCP (WPPO)
* QW-482 SUGGESTED FORMAT FOR WELDING PROCEDURE SPECIFICATION (WPS) Version en Inglés
(See QW-200 1, Secton IX, ASME Boder and Pressure Vessel Code) Identficacion del documento
Identificacsén del documento JUNTAS (JOINTS) Qw 402
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ETALES BASE (BASE METALS) QW-403
METALES DE APORTE (FILLER METALS) QW-404
POSICION (POSITION) GW-405

PRECALENTAMIENTO (PREFIEAT) QW-406

TRATAMIENTO TERMICO POSTERIOR
(POSTWELD HEAT TREATMENT}
OVany

GAS (GAS) GW 408

LS N o | LV 21 10 HRICAS

(ELECTRICAL CHARACTERISTIC) (QW-400

THCHECH ¢ HECHMCUZ) TA T A10

Pruebas de Tension (Tersde Test) QW-150

Pruebas de Dobiez Guado (Guded-Bend Testy) Qw-160
Pruebas de Tenaciad (Toughness Test) QW-170
Prueba Filcte de Soldadura (Filffet-Weld Testt QW-180
Otras Pruebas (Other Tests)
Registros Indspensables

Certficacién

Observaciones

* Ei detalle de reqistro de las pruebas es solamente ilustraivo y puede ser modificade conforme al tipo y

nimero de pruebas requendas por el Cédigo

{Detait of record of tests are ilfustanve only and may be modified to conformn to the type and number of tests
required by the Code )

ASEGURAMIENTO DE LA CALIDAD EN SOLOADURA

Es ewidenle que casi cualquier persona puede realizar una unién medianie soldadura, pero para hacer unones
soldadas para calderas o recpientes Ssujetos a presion se reguieren muchos otros trabajes adiconales y equipos
espeqakzados

ASEGURAMIENTO DE LA CALIDAD EN SOLDADURA

MOOWULC I Matenales sokdadura y calderas ce potencia

Para reahzar unnes soldadas en recipientes a presion, las empresas u GrganiZaqones que quievan Nacero
deberan de conlar con un Sistema de Coniral tal que, garantice que todas las uniones medante soldadura
salisfagan ios requisitos minimes de calidad y eficiencia necesanos en eslos equipos

Requisttos Minimos

ORGANIPACION Debe contar con una estructura que defina con clanidad los mutes de autoridad y
responsabrlidad de cada funcionario

PROGRALS DE ASEGURALIENTO DE LA CALIDAD Que defina las especificaciones del producto y descnba
los controles, procesos y métodos de prueba para garantizar su cumplimiento.

Requsitos [Arimos

OO LE I E Lol fpaee ane iy, e 00 € e, by caalilnpiannn y poat de ee, prodedipen, y duaranlics: o total apego
B WA R PR | L TR T

CONTROL DE ADQUISICIONES Las especificacones al proveedor deben enliegarse por escrito y el recibo de los
it gl Aaibicn tleta documentarse. Ambos, doraminteos dehen concidn

Requsitos Mirumos

PROCEDIMIENTOS E INSTRUCTIWOS Se debe asegurar que ltodo trabajo se realice mediante instnucciones
claras y completas

CONTROL DE DOCUMENTOS Debe exslr un Sistema tal que, permna recolectar y controlar loda la
documentacidn de un equipo haciendo rasireable su utilizacion

Requsitos Minimaos

CONTROL DE PROVEEDORES Se debe contar con un sistema de control que evalue 2 los proveedares, los
cuales deberan de contar con Sistemas de Calidad sinilares al nuesiro

IDENTIFICACION ¥ CONTROI. DE MATERIAIES Se debe contar con un sislema de marcas que permila la
denlificacicn plena de los matenales emnpleados en el equipo y sus sobrantes

Requsitos Minmos

CONTROL DE PROCESOS ESPECIALES Se debe garantzar que lodos los proceses especales, inchryende los
de soldadura se efectuen bajo condiiones contraladas

INSPECCION Se debe contar con un sistema de nspectidn, independiente del area de produccion, que garantice
el cumplimiento de las especificacones en cada elapa

Requisiios Minimos

CONTROL DE PRUEBAS Y METODOS Todas las pruebas que se leven a cabo deben efectarse siguendo
mélodos escntos y documeniar los resultados

CONTROL DE £QUIPO DE MEDICION ¥ PRUEBA Se debe contar con un sisterna tal que garanbice ta precision y
calibracon de lodas las herramientas usadas en las pruebas

10
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Requisitos Mimimos

MANEJO DE NO CONFCHRMIDADES Se debe contar con un sislema tal que permita reconocer clasificar y
disponer de todos los matenales y equipos no conformes con sus especilicaciones

ACCIONES CORRECTIVAS. Se debe contar con un sistema lal que defina los mwveles de autondad v
responsabihidad para ordenar y conlrolar |as comeciones

Requistos Minmos
AUDITORIAS

Se debe contar con un sislema que permita auditar pencdicamente la eficiencia y aplicabilidad de las polilicas, los
metodos, procedimientos, instruclivos y formatos usados en las areas productivas y el apego de todas las areas de
la empresa al Sistema de Cahdad de la empresa

Los resultados se deben documentar
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OomMmoomP

MODULO i ‘
TEMA 3.- CALDERAS DE POTENCIA |

INGENIERIA DE CALDERAS

. COMPONENTES ¥ ACCESQRIOS DE UNA CALDERA

CIRCULACION

. ESPECIFICACION ¥ EVALUACION DE CALDERAS

DISENO TERMICO

USO EFICIENTE DE LA ENERGIA DE CALDERAS

CODIGO ASME DE CALDERAS Y RECIPIENTES A PRESION

COMPARACION DE CODIGOS DE CALDERAS ASME.CODIGO ALEMAN PRESENTACION -
PREGUNTAS.

CALDERAS DE POTENCIA

COMPONENTES ¥ ACCESORICS

SISTEMA DE PARTES A PRESION AGUA-VAPOR
SISTEMA DE AIRE GASES

SISTEMA DE COMBUSTION

EQUIPOS AUXILIARES

ACCESORIOS

MEDICION CONTROL Y PROTECCION

COMPONENTES DE LA CALDERA
CORAZA - TUBGCS - ESPEJOS - REFLECTORES - TIRANTES - BOQUILLAS
DOMOS - CABEZALES - PAREDES - BANCOS GENERADORES - BAJANTES -

SOBRECALENTADORES - ATEMPERADORES- RECALENTADORES - ECONOMIZADCRES

CUBIERTAS - ESTRUCTURA - CAMARA DE COMBLUSTION - DUCTOS - COMPUERTAS -
JUNTAS DE EXPANSION - SOPORTES - REFRACTARIO - AISLAMIENTO - CHIMENEA -
PRECALENTADORES DE AIRE

EQUIPOS AUXILIARES

12
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QUEMADORES
BOMBAS DE AGUA DE ALIMENTACION
VENTHLADCR DE TIRO FORZADO
VENTILADCR DE TIRQ INDUCLIDO
SOPLADORES DE HOLLIN
BOMBAS DE COMBUSTIBLE

CALENTADORES DE COMBUSTIBLE

CIRCULACICN EN CALDERAS

CONCEPTOS BASICOS

TIPOS DE CIRCULACION
TERMICA O NATURAL

CIRCULACION CONTROLADA
CIRCULACION FOQRZADA

CRITERIO DE GISENO

IMPORTANCIA DE LA CIRCULACION
EMBULLICION NUCLEADA - DNB
ESPECIFICACION Y EVALUACION DE CALDERAS

VA A ADQUIRIR UNA CALDERA NUEVA ©

ALGUNOS PROBLEMAS CON LAS CALDERAS EN SERVICIO

ALGUNAS SOLUCIONES

ESPECIFICAR ADECUADAMENTE

CAUSAS DE ESPECIFFCAC.!ON DEFICIENTE
ESPECIFIACION DEMASIADO ABIERTA
ESPECIFICACION DEMASIADA CERRADA

EVALUACION DE CALDERAS

DISENQ TERMICO
MODOS DE TRANSFERENCIA EN UNA CALDERA

CONDUCTANCIA
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TRANSFERENC!IA POR RADIACION
TRANSFERENCIA POR CONVECCION
MECANISMOS DE TRANSFERENGIA COMBINADA
QOTRAS FORMAS DE TRANSFERENCIA
CONDENSACION
EVAPORACION
TRANSFERENCIA DE CALOR
AL AGUA
AL VAPOR
EN EL HORNO
RADIACION AL AMBIENTE
ABSORCION EN DIFERENTES COMPONENETES
BALANCE TERMICO ES UNA CALDERA
USO EFICIENTE DE LA ENERGIA EN CALDERAS
USO RACIONAL
USO EFICIENTE

EL GENERADOR DE VAPOR
IMPORTANCIA ENERGETICA DE LA GENERACION DE VAPOR

DIAGNOSTICO ENERGETICO

GENERACION DE VAPOR

APLICACIONES - CAPACIDADES - CONDICIONES
OPERACION EFICIENTE

OPERACION SEGURA

FACTORES QUE INFLUYEN EN LA SEGURIDAD

EFICIENCIA EN CALDERAS N

MHFERENTES CONCEPTOS DE EFICIENCIA
CONTROL ¥ PROTECCION Vs. EFICIENCIA,

METODOS DE CALCULD

CODIGO ASME - SECCION 1
CALDERAS DE POTENCIA

PARTES DEL CONTENIRDO

MoDuLON

PG
PW
PR
PWT
PFT
PFH

PME
PEB
PVG

Malernales soldadura y calderas de polena

REQUISITOS

GENERALES PARA TODOS LOS METQODOS DE CONSTRUCCION

CALDERAS FABRICADAS MEDIANTE SOLDADURA

CALDERAS FABRICADAS MEDIANTE REMACHADO

CALDERAS ACOUTURULARES

CALDERAS DE TUBO DE HUMO

CPCIONALES PARA CALENTADOR DE AGUA DE ALIMENTACION DENTRO DEL
ALCANCE DE LA SECCION |

CALDERAS MINIATURA

CALDERAS ELECTRICAS

GENERDORES DE FLUIDOS ORGANICOS VAPORIZANDO

PARTE PG - REQUISITOS GENERALES
MATERIALES

DISENO

ABERTURAS Y COMPERSACION
TUBERIA EXTERNA A LA CALDERA
TUBERIA EXTERNA A LA CALDERA
VALVULAS DE SEGURIDAD Y DE ALIVIO
FABRICACION

INSPECCION ¥ PRUEBAS

CERTIFICACION POR MEDIO DEL SELLO Y REPORTE DE DATOS

PARTE PW - CONSTRUCCION SOLDADA

DESENCQ - JUNTAS - TRANSICIONES - ABERTUAS-- CONEXIONES - TIRANTES - NDT -
TRATAMIENTO TERMICO

FABRICACION - PROCESOS - CALIFICACION - REGISTROS - PREPARACION DE SUPERFICIES
- ALIMENTACION.

LA ASME NO “APRUEBA", “CLASIFICA", O RESPALDA NINGUN{A} PARFIDA,
CONSTRUCCION, DISPOSITIVO O ACTIVIDAD

LA ASME NO TOMA NINGUNA ACTITUD CON RESPECTO A LA VALIDEZ DE ALGUNOS
DERECHOS DE PATENTES DEFENDIDOS EN RELACION CON TALES PARTIDAS
MENCIONADAS EN ESTE DOCUMENTO, ¥ NO SE COMPROMETE PARA DAR SEGURIDAD A
ALGUNO QUE UTILIZA UNA NORMA CONTRA RIESGOS POR VIOLACION DE ALGUNA
PATENTE DE PRIVILEGIC, NI SE ATRIBUYE NINGUNA RESPONSAEBILIDAD TAL,

LOS USUARIOS DE ALGUN COCIGO QO NORMA ESTAN ADVERTIDOS EXPRESAMENTE QUE
LA DETERMINACION ¥ LA VALIDEZ DE ALGUNOS DERECHOS DE PATENTES Y RIESGO DE
VIOLACION DE ESOS DERECHOS ES ENTERAMENTE DE LA RESPONSABILIDAD DE ELLOS



MODLL D1

35 solladura ycalderas de patencia
LA PARTICIPACION DE PARTE DE REPRESENTANTE(S) AFILIADAS A LA INDUSTRIA NO ES
PARA INTERPRETARSE CGMO RESPALDO GEL GOBIERND O INDL!STRIA DE ESTE CODIGO G
CONJUNTO DE NORMAS,
LA ASME ACEPTA LA ESPONSABILIDAD SOLAMENTE PARA AQUELLAS
INTERPRETACIQNES EMITIDAS DE ACUERDO CON LOS PROCEDIMIENTOS Y POLITICAS DE
GOBIERND DE LA ASME, LAS QUE HACEN IMPOSIBLE LA EMISION DE INTERPRETACIONS
POR VOLUNTARIOS INDIVIDUALES.
ELEMENTOS DE SEGURIDAD EN El: PRIMER CODIGO
MATERIALES CON PROPIEDADES CONGCIDAS
FORMULAS DE DISENO - FACTOR DE SEGURIDAD MINIMO
METODOS DE CONSTRUCCION RECONOCIDOS
PN I I P L T F U NY BT O S L B PV I B2 T TR I Y B LT PV YO
INSPECCION ¥ PRUEBAS - TALLER Y CAMPO
SELLO DE CUMPLIMIENTS A CODIGO

RELACION CON OTROS CODIGOS

COMPARACION DE CODIGOS DE CALDERAS
CODIGO ASME - ESTADOS UNIDOS DE NORTEAMERICA

REGLAS TECNICAS “TRD” PARA CALDERAS DE POTENCIA- ALEMANIA

DIFERENCIAS ENTRE LOS DOS CODIGOS
DEFINICION DE CALDERA DE POTENCIA

CODIGO ASME
CCDIGD ALEMAN

CEASIFICACION SUGUN “TRD”

GRUPGC I - CAPACIDAD MENOR DE 10 LITROS

GRUPO II- CAPACIDAD MAYOR DE 10 LITROS

PRESION MENOR DE t BAR
TEMPERATURA MENOR DE 120°C (AGUA CALIENTE-VAPOR})

GRUPOD llI- CAPACIDAD MAYOR DE 10 LITROS ¥ MENOR DE 50 LITROS

PRESION MAYOR DE 1 BAR
PRGDUCTG PRESION -CAPACIDAD MENOR DE 1000 (AGUA O VAPOR}

GRUPQ IV- CALDERA NO CUBIERTA POR GRUPOD |, 11 Y It

CODIGO TRD

MODULO N Matenales soldadura y calderas de potencia

ALCANCE DEL CODIGO ASME

JURISDICCION ASME
SECCION t

EL. CODIGO “TRD” INCLUYE REQUISITOS PARA
ESTRUCTURA, REFRACTARIO ¥ ENVOLVENTE
EQUIPQ PE COMBUSTION

EQUIPO EN EL CUARTO DE CALDERAS
PRECALENTADORES DE AIRE ¥ VENTILADORES

SISTEMA DE REMOCION DE GASES Y CHIMENEA

CALENMTADORES Y LINEAS DE AGUA DE ALIMENTACION
SOHRECALENTADGRES « KECALENTADORES ATEMPERADORES

TUBERIA DE VAPOR Y AGUA CALIENTE DENTRO DEL CUARTO DE CONTROL
TAMNQUES DE EXPANSION

TODO EL EQUIPO NECESARIO PARA LA OPERACION DE LA CALDERA.
TODO El. MATERIAL USADO PARA LA OPERACION DE LA CALDERA

MATERIAL PERMISIBLES

CORIGO ASME

CERTIFICACION DE AGENCIAS DE INSPECCION AUTORIZADAS -
MATERIAL - SOLDADURA - APLICACICN - PRUEBAS

MAYORES EXIGENCIAS QUE ASME SECCION ¢

VALORES PERMISIBLES DE ESFUERZOS DE DISENO

ASME - EL MENOR DE ESTOS VALORES (APENDICE A-150)

114 RESISTENCIA A TENSION MIN_ {TEMPERATURA AMBIENTE)

/4 RESISTENCIA A TENCION {TEMPERATURA DE DISENQ}

213 RESISTENCIA PUNTO DE CEDENCIA (TEMPERATURA AMBIENTE)
213 RESISTENCIA PUNTO DE CEDENCIA {TEMPERATEIRA DE DISENO)
CODIGO TRD l?STABLECE USAR EL MENOR DE ESTOS VALORES
RESISTENCIA A TENSION A 20°C/2 4

RESISTENCIA PUNTO DE CEDENGIA A TEMPERATURA DE DISENO/M.5

17



Mdtenales solda ldmas de polencia

MAYORES EXIGENCIAS DE IISENO EN CODIGO TRD QUE EN ASME SECCION |

PLACA DE REFUERZO

ABERTURAS

BOQUILLAS

ESFUERZOS TERMICOS Y CARGAS CICLICAS

DISENO DE LA CALDERA REVISADO POR AGENCIA DE INSPECCION AUTORIZADA.
FABRICACION. i

ASME REQUIERE GERTIFICACION DE HABILIDAD DE DISENO Y FABRICACION A CODIGO Y
EXTIENDE CERTIFICADO RE AUTGRIZACION Y USO DEL SELLO “S” A FABRIGANTES

CODIGO TRD TIENE REQUISITOS SIMILARES CON MENOR FORMALIDAD PARA LA
CERTIFICACION QUE EXTIENDE LA AGENCIA AUTORIZADA DE INSPECCION.

OTRAS EXIGENCIAS DEL CODIGO TRD

FORMADO Y DOBLADO

CUPONES DE PRUEBA DE MATERIALES
CALIFICACIONES GE SCLDADURA

CALIFICACION DE PROCEDIMIENTOS DE SOLDADURA,
TRATAMIENTO TERMICO

PRUEBAS NO DESTRUCTIVAS {NDE}

CERTIFICADO DE CALDERA

INSPECCION ¥ PRUEBA

REGISTROS

INSPECCIONES EN SERVICIO

TIPICAS EN ESTADOS UNIDOS Y CANADA,
ANUALMENTE INSPECCION EXTERNA,

ANUALMENTE INSPECCION INTERNA 6 MESES DESPUES DE INSPECCION EXTERNA

POR DECRETO EN ALEMANIA

ANUALMENTE INSPECCION EXTERNA,

MODULO N Matenales soldardurd y calderas de polencia

TRIANUALMENTE INSPECCION INTERNA

PRUEBA HIDROSTATICA CADA 9 ANOS - 1.3 VECES LA PRESION MAXIMA DE TRABAJO

MODULO Il INGENIERIA DE CALDERAS

COMPONENTES ¥ ACCESORIOS DE UNA CALDERA

CIRCULACION

ESPECIFICACION Y EVALUACION DE CALDERAS
DISENO TERMICO
USO EFICIENTE DE LA ENERGIA DE CALDERAS

CODIGO ASME DE CALDERAS Y RECIPIENTES A PRESION.

COMPARACION DE CODIGOS DE CALDERAS ASME.CODIGO ALEMAN PRESENTACION -
PREGUNTAS

CAILDERAS DE POTENCIA

COMPONENTES Y ACCESORIOS

SISTEMA DE PARTES A PRESION AGUA-VAPOR
SISTEMA DE AIRE GASES

SISTEMA DE COMBUSTION

EQUIPOS AUXILIARES

ACCESORIOS

MEDICION CONTROL ¥ PROFTECCION

19



MODULG,

3l % naidathurd y caldeyas de polencia

COMPONENTES DE LA CALDERA '

CORAZA - TUBOS - ESPEJOS - DEFLECTORES - TIRANTES - BOQUILLAS
DOMOS - CABEZALES - PAREDES - BANCOS GENERADORES - BAJANTES
SOBREBRECALENTADORES - ATEMPERADORES- RECALENTADORES - ECONOMIZADORES

CUBIERTAS - ESTRUCTURA - CAMARA DE COMBUSTION - DUCTOS - CCMPUERTAS -
JUNTAS DE EXPANSION - SOPORTES - REFRACTARIO - AISLAMIENTO . CHIMENEA -
PRECALENTADORES DE AIRE

EQUIPOS AUXILIARES

QUEMADORES

BOMBAS DE AGUA DE ALIMENTACION

VENTILADOR DE TIRO FORZADO

VENTH.ADOR DE TIRO INDUCIDO

SOPLADORES DE HOLLIN

BOMBAS DE COMBUSTIBLE

CALENTADORES DE COMBUSTIBLE N

CIRCULACION EN CALDERAS
CONCEPTOS BASICOS
TIPOS DE CIRCULACION

TERMICA O NATURAL

CIRCULACION CONTROLADA

CIRCULACION FORZADA
CRITERIO DE DISEND
IMPORTANCIA DE LA CIRCULACION
EBULLICION NUCILEADA - DNB
ESPECIFICACION ¥ EVALUACION DE CALDERAS
(VA A ADGQUIRIR UNA CALDERA NUEVA 7
ALGUNOS PROBLEMAS CON LAS CALDERAS EN SERVICIO

ALGUNAS SOLUCIONES

20

MODULO It Matenales, sold2dura y calderas de patencia

-

ESPECIFICAR ADECUADAMENTE

CAUSAS DE ESPECIFICACION DEFICIENTE
ESPECIFICACION DEMASIADO ABIERTA
ESPECIFICACION DEMASIADAQOCERRADA

EVALUACION DE CALDERAS

BISENO TERMICO
MODOS DE TRANSFERENCIA EN UNA CALDERA
CONDUCTANCIA
TRANSFERENCEA POR RADIACION
TRANSFERENCIA POR CONVECCION
MECANISMOS DE TRANSFERENCIA COMBINADA
OTRAS FORMAS DE TRANSFERENCIA
CONDENSACION
EVAPGRACION
TRANSFERENCIA DE CALOR
AL AGUA
AL VAPOR
EN EL HORNO
RADIACION AL AMBIENTE
ABSORCION EN DIFERENTES COMPONENETES
BALANCE TERMICO ES UNA CALDERA
USO EFICIENTE DE LA ENERGIA EN CALDERAS
USO RACIONAL
USO EFICIENTE

EL GENERADOR DE VAPOR
IMPORTANCIA ENERGETICA DE LA GENERACION DE VAPOR

DIAGNCSTICO ENERGETICO

GENERACION DE VAPOR
APLICACIONES - CAPACIDADES - CONDICIONES
OPERACION EFICIENTE

QPERACION SEGURA

21



MODULO

PG
PW
PR
PWT
PFT
PFH

PMB
PEB
PVG

Malauains, s( ralderas de polencia

FACTORES QUE INFFLUYEN EN LA SEGURIDAD

EFICIENCIA EN CALDERAS

DIFERENTES CONCEPTOS DE EFICIENCIA
CONTROL Y PROTECCION Vs EFICIENCIA,

METODOS DE CALCULO

CORIGO ASME - SECCION |

CAILDERAS DE POTENCIA

PARTES DEL CONTENIDO

REQUISITOS
GENERALES PARA TODOS LOS METODOS DE CONSTRUCCION
CALDERAS FABRICADAS MEDIANTE SOLDADURA
CALDERAS FABRICADAS MEDIANTE REMACHADO
CALDERAS ACUOTUBULARES
CALDERAS DE TUBO DE HUMO
OPCIONALES PARA CALENTADOR DE AGUA DE ALIMENTACION DENTRO DEL
ALCANCE DE LA SECCION |
CALDERAS MINIATURA
CALDERAS ELECTRICAS
GENERDORES DE FLUIDOS ORGANICOS VAPORIZANTES

PARTE PG - REQUISITOS GENERALES

MATERIALES

DISERNO

ABERTURAS Y COMPENSACION

TUBERIA EXTERNA A LA CALDERA

TUBERIA EXTERNA A LA CALDERA

VALVULAS DE SEGURIDAD Y DE ALIVIO

FABRICACION

INSPECCION Y PRUEBAS

CERTIFICACION POR MEDIO DEL SELLO Y REPORTE DE DATOS
PARTE PW - CONSTRUCCION SOLDADA

DISENQ - JUNTAS - TRANSICIONES . ABERTURAS . CONEXIONES - TIRANTES - NOT -
TRATAMIENTO TERMICG

22

MODULD I Matenales -oldadura y calderas de potencia

FABRICACION - PROCESOS - CALIFICACION - REGISTROS - PREPARACION DE SUPERFICIES
- ALIMENTACION

LA ASME NO “APRUEBA”, "CLASIFICA", O RESPALDA NINGUN{A} PARTIDA,
CONSTRUCCION, DISPOSITIVO O ACTIVIDAD

LA ASME NO TOMA "NINGUNA ACTITUD CON RESPECTO A LA VALIDEZ DE ALGUNOS
DERECHOS DE PATENTES DEFENDIDOS EN RELACION CON TALES PARTIDAS
MENCIONADAS EN ESTE DOCUMENTOC, Y NOQ SE COMPRQMETE PARA DAR SEGURIDAD A
ALGUNO QUE UTILIZA UNA NORMA CONTRA RIESGOS POR VIOLACION DE ALGUNA
PATENTE DE PRIVILEGIO, NI SE ATRIBUYE NINGUNA RESPONSABILIDAD TAL

LOS USUARIOS DE ALGUN CODIGD O NORMA ESTAN ADVERTIDOS EXPRESAMENTE QUE
LA DETERMINACION Y LA VALIDEZ DE ALGUNCS DERECHOS DE PATENTES Y RIESGO DE
VIOLACION DE ESOS DERECHOS ES ENTERAMENTE DE LA RESPONSABILIDAD DE ELLOS

LA PARTICIPACION DE PARTE DE REPRESENTANTE(S} AFILIADAS A LA INDUSTRIA NO ES
PARA INTERPRETARSE COMO RESPALDO DEL GOBIERNO G INDUSTRIA DE ESTE CODIGO O
CONJUNTO DE NORMAS,

LA ASME ACEPTA LA RESPONSABILIDAD SOLAMENTE PARA  AQUELLAS
INTERPRETACIONES EMITIDAS DE ACUERDC CON LOS PROCEDIMIENTOS Y POLITICAS DE
GCBIERNQ DE LA ASME, LAS QUE HACEN IMPOSIBLE LA EMISION DE INTERPRETACIONS
POR VOLUNTARIOS INDIVIDUALES

ELEMENTOS DE SEGURIDAD EN EL PRIMER CODIGO

MATERIALES CON PROPIEDADES CONOCIDAS

FORMULAS DE DISENO - FACTOR DE SEGURIDAD MINIMO

METODOS DE CONSTRUGCION RECONGCIDOS

ACCESORIOS Y VALVULAS DE SEGURIDAD APROPIADAS

INSPECCION Y PRUEBAS - TALLER ¥ CAaMPQ

SELLO DE CUMPLIMIENTO A CODIGO

RELACIQON CON OTRQS CQDIGOS

COMPARACION DE CODIGOS DE CALDERAS
CODIGO ASME - ESTADOS UNIDOS DE NORTEAMERICA

REGLAS TECNICAS “TRD” PARA CALDERAS DE POTENCIA- ALEMANIA

DIFERENCIAS ENTRE LOS DOS CODIGOS
DEFINICION DE CALDERA DE POTENCIA

CODIGO ASME
CODIGD ALEMAN

23



MADDULO 1ates soldadura y calderas de polencid

CLASIFICACION SUGUN “TRD"

GRUPO | - CAPACIDAD MENOR DE 10 LITROS

GRUPQ |l- CAPACIDAD MAYOR DE 10 LITROS
PRESION MENGR DE 1 BAR
TEMPERATURA MENOR DE 120°C {AGUA CALIENTE-VAPOR)

GRUPO Iil- CAPACIDAD MAYOR DE 10 LITROS Y MENOR DE 50 LITROS
PRESION MAYCR DE 1 BAR
PRODUCTO PRESION -CAPACIDAD MENOR DE 1000 (AGUA O VAPOR) -

GRUPO Y- CALDERA O CUBIERTA POR GRUPO L 1Y 1D

ALCANCE DEL CODIGO ASME

JURISLICCION ASME
SECCION |

EL CODGO "TRD" INCLIYE REQUISTTOS PARA
LS TRULC TURA, REFRACTARIO Y ENVOLVENTE
EQUIPO DE COMBUS TION

EQUIPO EN EL CUARTO DE CALDERAS
PRECALENTADOQRES DE AIRE ¥ VENTILADORES

SISTEMA DE REMOCION DE GASES ¥ CHIMENEA

CALENTADORES Y LINEAS DE AGUA DE ALIMENTACION
SOBRECALENTADORES - RECALENTADORES ATEMPERADORES

TUBERIA DE VAPCOR Y AGUA CALIENTE DENTRO DEL CUARTO DE CONTROL
TANQUES DE EXPANSION

TODO EL EQUIPO NECESARIO PARA LA OPERACION DE LA CALDERA,

TODO EL MATERIAL USADO PARA LA OPERACION DE LA CALDERA

MATERIAL PERMISIBLES
CODIGO ASME

CODIGO TRD CERTIFICACION DE AGENCIAS DE INSPECCION AUTORIZADAS -
MATERIAL - SOLDADURA - APLICACION - PRUEBAS

MAYORES EXIGENCIAS QUE ASME SECCION |

VALORES PERMISIBLES DE ESFUERZOS DE DISENO

24

MOCIALO N Matenaizs sokladura y caderas de polencia

ASME - EL MENOR DE ESTOS VALORES (APENDICE A-150)

t/d RESISTENCIA A TENSION MIN {TEMPERATURA AMBIENTE)

114 RESISTENCIA A TENSION (TEMPERATURA DE DISENO)

213 RESISTENCIA PUNTO DE CEDENCIA (TEMPERATURA AMBIENTE)
23 RESISTENCIA PUNTO DE CEDENCIA {TEMPERATURA DE DISENG)
CODIGO TRD ESTABILECE USAR EL MENOR DE ESTOS VALORES
RESISTENCIA A TENSION A 20°C/2 4

RESISTENCIA PUNTO DE CEDENCIA A TEMPERATURA DE DISENO/1 §

MAYORES EXIGENCIAS DE DISENO EN CODIGO TRD QUE EN ASME SECCION |

PLACA DE REFUERZO

AHERTURAS

BOQUILLAS

ESFUERZOS TERMICOS Y CARGAS CICLICAS

DISENG DE LA CALDERA REVISADO POR AGENCIA DE INSPECCION AUTORIZADA,
FABRICACION .

ASME REQUIERE CERTIFICACION DE HABILIDAD DE DISENG Y FABRICACION A CODIGO Y
EXTIENDE CERTIFICADO DE AUTORIZACION Y USO DEL SELLO "S” A FABRICANTES.

CODIGC TROD TIENE REQUISITOS SIMILARES CON MENDR FORMALIDAD FARA LA
CERTIFICACION QUE EXTIENDE LA AGENCIA AUTORIZADA DE INSPECCIQN

OTRAS EXIGENCIAS DEL CODIGO TRD

FORMADO Y DOBLADO

CUPONES DE PRUEBA DE MATERIALES
CALIFICACIONES DE SOLDADURA

CALIFICACION DE PROCEDIMIENTOS DE SOLDADURA
TRATAMIENTO TERMICO

PRUEBAS NO DESTRUCTIVAS {NDE)

CERTIFICADO DE CALDERA

INSPECCION Y PRUEBA

25



MOOULO Ik Matenales 5ol -alderas de patencia

REGISTROS

INSPECCIONES EN SERVICIO

TIPICAS EN ESTADOS UNIDOS Y CANADA
ANUALMENTE INSPECCION EXTERNA

ANUALMENTE INSPECCION INTERNA 6 MESES DESPUES DE INSPECCION EXTERNA

POR DECRETD EN ALEMANIA
ANUALMENTE INSPECCION EXTERNA
TRIANUALMENTE INSPECCION INTERNA

PRUEBA HIDROSTATICA CADA 9 ANOS - 1 3 VECES LA PRESION MAXIMA DE TRABAJO

26
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PART PG
GENERAL REQUIREMENTS FOR ALL
METHODS OF CONSTRUCTION

GENERAL
PG-1 SCOT'E

The requirements of Pan PG apply to power boilers
and high pressure, high-temperature water boilers und
o parts and appurtenances thercto and shall be used
i conjunction with the <pectiic requirements in the
applicable Parts of this Section thas pertain to the
methods of construction used.

PG-2 SERVICE LIMITATIONS

PG-2.1 The rules of dus Secuen arc applicable tw
the tollowing services:

feri Botlers i winchy steam or other yvapor 1 gencrated
at o pressure of more than 13 pag (103 kPaj:

(b1 gh-temperature water banlers intended for opeli-
non at pressues exceeding 160 psig (1 100 kPa) and/or
temperatires eaceeding I30°F (121°C).

bt

PG-2.2 For services below those specified in PG-
20 it is intended that rules of Section IV apply:
however, botlers for such services may be constructed
amd stamped in accordance with this Section provided
all applicable requitements are met.

PG-2.3 Coud-type hot water hoders where the water
can tlash into steam when released directly to the
atmosphere through a manually operated nozzle may
be exempted from the rules of this Section provided
the following conditions are met.

{a) There is no drum. header. or other steam space.

(b) No steam is gencrated within the coil.

{¢) Tubing outside diameter does not exceed 1 in.
(25 mm).

(d) Pipe size does not exceed NPS ¥, (DN 20).

{e} Nominal water capacity dves not exceed 6 gal
(23 .

“(f) Water temperature ‘does not exceed 350°F
(17770 :

(¢) Adequate safety reliet valves and controls are
provided.

PrG-3 REFERENCED STANDARDS

Specific editions of standards referenced in this Sec-
ton are shown in Appendin A-360

MATERIALS
PG-3 GENERAL

PG-34 Matenal subject to stiess duc (o pressurce
shall conferm to one of the specifications given in
Section 1T and shall be linted o those that me lised
in the Tables of Section 11, Part D, except as otherwise
peinutted 1 PG-8 2. PG-8.3. PG-10, and PG-11 Materi-
als shail not be used ai temperatures above those for
which stress values are hmited. for Section 1 censtruc-
tion. in the Tables of Sectton . Pan D, Specific
additional requirements desceribed in PG-5 thiough PG-
13 shall be met as appiicable.

P(-5.2 Material covered by specifications in Section
il 15 not restricted as to the method of production
unless so stated in the specification, and as long as

the product complies with the requirements of the
specification.

PG-5.3 1. in the development ot the art of boiler
construction, it is desired to use materials other than
those herein described, data should be submitted to the
Boiler and Pressure Vessel Committee 1 accordance
with the requirements of Appendix 5 of Section II,
Part D. Material not completely identified with any
approved Code specifications may be used in the con-

struction of boilers under the conditions outlined in
PG-10.

PG-5.4 Materials outside the Iimits of size or thick-
ness given in the title or scope clause of any specification
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PG-5.4

in Section [ may be used it the material is in compliance
with the other requirements of the specification, and no
simudar limutation is given 1n the rules for construction.

PG-3.5 The use of austenitic alloy steel is permitted
tor boiler pressure parts that are steam touched in
normal operation. Except as specifically provided in
PG-9.1 1. PG-12, and PEB-5.3, the use of such austenitic
alloys for boiler pressure parts that are water wetted
in normal service is pmhibi[f:d.l

PG-6 PLATE

P(GG-6.1 Steel plates for any part of a boiler subject
to pressure, whether or not exposed to the fire or
products of combustion, shall be of pressure vessel
quality in accordance with one of the following specifi-
cations:

SA-202  Piessure Vessel Plates, Alloy Steel, Chro-
mium-Manganese-Silicon

SA-204  Pressure Vessel Plates. Alloy Steel, Molyb-
denum

SA-240  (Type 405 only) Pressure Vessel Plates, Alloy

Steel {Ferriue Stanless), Chromium
SA-285 Pressure Vessel Plates. Carbon Steel, Low-

and Intermediate-Tensile Strength
SA-299  Pressure Vessel Plates. Carbon Steel, Manga-

nese-Silicon
SA-302  Pressure Vessel Plates, Alloy Steel. Manga-
nese-Molybdenum  and  Manganese-Molybdenum-

Nickel
SA-387 Pressure Vessel Plates. Alloy Steel, Chro-

mium-Molvbdenum
SA-515 Pressuie Vessel Plates, Carbon Steel, for inter-

mediate- and Higher-Temperature Service
SA-316 Piessure Vessel Plates, Carbon Steel. for Mod-
erate- and Lower-Temperature Service
SA/EN-10028-2 Flat Products Made of Steels for Pres-
sure Purposes

PG-7 FORGINGS

PG-7.1 Seamless steet drum forgings made in accord-
ance with SA-266 for Carbon-Steel and SA-336 for

! Austemitse alloys are susceptible to mtergranular corrosien and stress
corresion cracking when used 10 boiler apphceations in waler wetted
service Factors that affect the senswivity to these metallurgical
phenomena are applied or residual stress and water chemistry. Suscep-
tibtlity 1o attack 5 usually enhanced by using the matenal in a
stressed condition with a concentration of corrosive agents (e.g.,
chlorides, caustic, or reduced sulfer species). For successful operation
in water environments, residual and applied stresses must be mim-

mized and caretul attention must be paid to continuous control of
water chemistry.
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Alloy Steel may be used for any part of a boiler for
which pressure vessel quality is specified or permiued.

PG-7.2 Forged flanges, fittings, nozzles, vaives, and
other pressure parts of the boiler shall be of material

that conforms 1o one of the forging specifications as
listed in PG-9.

PG-7.3 Drums. shells. or domes may be of seamiess
drawn construction, with or without integral heads.

provided the matenal conforms to the requirements of
the Code for shell material.

PG-8 CASTINGS

PG-8.1 Except for the limited usage permitted by PG-
8.2 and PG-8.3. cast material used in the construction of
vessels and vessel parts shall conform to one of the
specifications listed in PG-9 for which maximum allow-
able stress values are given i Tables 1A and 1B of
Section 11, Part D. The allowable stress values shall
be multiplicd by the applicable casting quality factor
awven in PG-25 for all cast materials except cast iron.

When cast ron is used as allowed in PG-111 for
standard pressure parts, it shall conform to one of these
standards: .

ASME B16 1. Cast Iron Pipe Flanges and Flanged
Fittings

ASME Bi6.4. Cast Tron Threaded Fittings

Muteral conforming o ASTM A 126 may be used
subject to all requirements of the parucular standard.
Such usage 15 subject also to all the requirements for
the use of castiron given in PG-8.2 and other paragraphs
of this Section.

PG-8.2 Cast Iron

PG-8.2.1 Cast iron shall not be used for nozzles

or flanges attached directly to the boiler for any pressure
Or temperature.

PG-8.2.2 Cast iron as designated in SA-278, Gray
Iron Castings for Pressure-Containing Parts for Temper-
atures up to 650°F (343°C) may be used for boiler
and superheater connections under pressure, such as
pipe fittings, water columns, valves and their bonnets,
for pressures up to 250 psi (1 720 kPa), provided the
steam temperature does not exceed 450°F (232°C).

PG-8.3 Cast Nodular Iron. Cast nodular iron as
designated in SA-395 may be used for boiler and
superheater connections under pressure, such as pipe
fittings, water columns, and valves and their bonnets,
for pressures not to exceed 350 psi {2 410 kPa), provided
the steam temperature does not exceed 450°F (232°C).
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PG-8.4 Nonferrous. Bronze castings shall conform
to SB-61 and SB-62 und may be used only for the
followng:

PG-8.4.1 For Hanges and flunged or threaded
fittnes complying with the pressure and temperature
reguirements of ANSE B16.15 or B16.24, except that
such fittings shall not be used where steel or other
material s specifically required. Threaded fitings shall
ot be used where flanged types are specified.

PG-8.4.2.1 For valves at allowable stress values
not to exceed those given in Table 1B of Section I,
Part D, with maximum allowable temperatures of 550°F
(288°C) tor SB-61 und H08°F (208°C) for SB-62.

P(:-8.4.2.2 For parts of safety valves or safety
relief valves subject to limuations of PG-67.7.

PG-9 PIPES. TUBES. AND PRESSURE

CONTAINING PARTS

Pipes. tubes. and pressure contmning paits used in
botleis shatt conform to one of the specifications hsied
in this paragraph for which maximum allowuble stresses
are given in Tables 1A and (B of Section I[, Part 1.
The stress valoes given n these tables melude the
applicable joant efficieney

factor tor welded pipes
and tubes.

Open-hewth, clectrie furmnace, or hasic oxygen steel
shall be used tor boiler pressure parts eaposed 1o the
fire or products of combuxtion. When used for internal
pressure, the material stress and dimensions shall meet
the appropriate requuements of PG-27 and Part PW
and be m accordance with the followmy:

PG-9.1 Boder parts shall be of the followmng speci-

fications onfy:

SA-33  Welded and Seamless Steel Pipe (excluding
galvanized)

SA-105 Forgings. Carbon Steel. for Piping Compo-
nents

SA-106 Seamless Carbon Steel Pipe for High-Temper-
ature Service

SA-178 Electric-Resistance-Welded
Boier Tubes

SA-i181 Forged or Rolled Steel Pipe Flanges, Forged
Fittings, and Valves and Parts for General Service

SA-182 Forged or Rolled Aloy-Steel Pipe Flanges.
Forged Fittings, and Vahes and Parts for High-
Temperature Service (fernitic only)

SA-192 Seamless Carbon Steel Bmler Tubes for High
Pressure Service

Carbon  Steel
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SA-209  Seamless Carbon.-Molybdenum
Botler und Superheater Tubes

SA-210  Seamless Medium Carbon Steel Boiler and
Superheater Tubes

SA-213  Seamless Ferrine and Austenitic Allov-Steel
Boiler. Superhewter and Heat Exchanger Tubes (fer-
ric anly)

SA-216 Carbon Steel Castings Suitable for Fusion
Welding for High-Temperare Service

SA-217  Alloy-Steel Castings for Pressure-Contaiming
Parts Suitable for High-Temperature Service

SA-234  Piping Fitungs of Wrought Carbon Steel and
Alloy Steel for Moderate and Elevated Temperatures

SA-2350 Electric-Resistance-Welded Carbon-Molybde-
num AHoy Steel Boiler and Superheater Tubes

SA-266 Carbon Steel Seamless Drum Forgings

SA-268 Seamless and Welded Ferritic Stainless Steel
Tubing for General Service

SA-335  Seumless Ferrinie Alloy Steel Pipe for High-
Temperature Service

SA-336 AHloy Steel Seamless Drum Forgings (fer-
ritic only) .

SA-423 Seamless und Electric Welded I_ow'r Alloy
Steel Tubes ;

SA-660  Centitugally Cast Carbon Steel Pipe for High-
Temperature Service

SA-731  Scamless, Welded Fernie, and  Martenstuc
Stainless Steel Pipe )

Alloy-Steel

PG-2. LT Baler parts on onee-through boilers shali
be any of the specifications listed n PG-Y.1 or any
of the following™:

SB-407  Nickel-Tron-Chromium Alloy Seamless Pipe
and Tube .

SB-408 Nickel-Iron-Chromium Alloy Red and Bar

SB-409  Nichel-Iron-Chromium  Alloy Plate, Sheet.
and Strip

$B-423 Nickel-Iron-Chromum-Molybdenum  Seam-
less Pipe and Tube

8B-424 Nickel-lion-Chromium-Molybdenum-Copper
Alloy Plate. Sheet, and Strip

$B-425 Nickel-Iron-Chromium-Molybdenum-Copper
Alloy Rod and Bar

SB-513 Welded Nickel-Iron-Chromium Alloy Tubes

SB-564 Nickel Alloy Forgings

PG-9.2 Superheater parts shall be of any one of the
specifications listed in PG-9.1 or one of the following:
SA-182 Forged or Rolled Alloy-Steel Pipe Flanges,

Forged Fittings, und Valves and Plates for High-

Temperatuere Service

*The maximum recommended feedwater-dissolved solids concentra-
non for once-throngh botlers 14 0 030 ppm

o1
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SA-213 Seamless Ferritic and Austenttic Alloy Steel
Boiier, Superhea[ef and Heat Exchanger Tubes
SA-240 Stainless and Heat-Resisting Chromium and
Chromium-Nickel Steel Plates. Sheet and Strip for
Fusion-Welded Unfired Pressure Vessels

SA-249 Welded Austeniuc Steel Boiler, Superheater,
Heat Exchanger. and Condenser Tubes

SA-312 Seamless and Welded Austenitic Stainless
Steel Pipe

SA-336  Alloy Steel Seamless Drum Forgings

SA-351 Ferntic and Austenitic Steel Castings for
High-Temperature Service

SA-369 Ferntic Alloy Steel Forged and Bored Pipe
for High-Temperature Service

SA-376 Seamless Austenitic Steel Pipe for 1ligh-Tem-
perature Central-Station Service

SA-430  Austenitic Steel Forged and Bored Pipe for
High-Temperature Service

SA-479 Stmnless and Heat-Resisting Steel Bars and
Shapes-for Use in Boilers and Other Pressure Vessels

SA-731 Seamless, Welded Ferntic. and Martensitic
Stamnless Steel Pipe

SB-163  Seamless Nickel and Nickel Aitoy Condenser
and Heat Exchanger Tubes

SB-166 Nickel-Chromwm fron Alleys (LINS NO6600,
NO6601, NO6OYD. and NO6(H3) and Nickel-Chro-
mium-Cobalt-Molvbdenum  Alloy (UNS NO66LT)
Rod, Bar, and Wite

SB-167 Nickel-Chiomium Iron Alloys (UNS NOG60D,
NOGGO1, NO6GOO. NO6(R5, and NO6D45) Seamiess
Pipe and Tube .

SB-168  Nickel-Chromium Iron Allovs (UNS N06600,
NO6GOT, NO66Y0O. NOG026, and NO60435) and Nickel-
Chromunin-Cobalt-AMolvbdenum Alloy (UNS
N06017) Plate. Sheet, and Strip

SB-360 Factory-Made Wrought Nickel and Nickel
Alloy Fittings

SB-407 Nicket-Tion-Chromium Allov Seamless Pipe
and Tube

SB-408 Nickel-lTron-Chromium Alloy Rod and Bar

SB-404 Nickel-Iron-Chromium  Alloy Plate, Sheer,
and Strip

SB-423 Nickel-Iron-Chromium-Molybdenum  Seam-
less Pipe and Tube

SB-424  Nickel-Tron-Chromium-Molybdenum-Copper
Alloy Plate, Sheet. and Strip

SB-425 Nickel-Iron-Chromium-Motybdenum-Copper
Alloy Rod and Bar

SB-435 N06002. W06230. and R30556 Plate, Sheet,
and Strip

SB-514 Welded Nickel-lron-Chromium Alloy Pipe

SB-515 Welded Nickel-Iron-Chromium Alloy Tubes
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SB-516 Welded Nickel-Chromium-Iron Alloy (UNS
NO6600), UNS NO6025, and UNS NO6045 Tubes
SB-517 Welded Nickel-Chromium-Iron Alloy (UNS
NO66(0), UNS NO6025. and UNS NO6045 Pipe

SB-564  Nickel Alloy Forgings

SB-572  Nickel-Molybdenum-Chromium-Iron
Rod

5B-619  Welded Nickel and Nickel-Cobalt Alloy Pipe

SB-622  Seamless Nickel and Nickel-Cobalt Alloy Pipe
and Tube

SB-626 Weided Nickel and Nickel-Cobalt Alloy Tube

Alloy

PG-9.3 Copper or copper alloy pipe or tubes shall
not be used in the boiler proper for any service where
the temperature exceeds 406°F (208°C). Copper and
copper alloys shall be seamless. having a thickness not
less than ANSI Schedule 40 standard pipe, and shall
comply 1o one of the following specifications: SB-42,
Seamless Copper Pipe. Standard Sizes: $B-43, Seamless
Red Brass Pipe. Standard Sizes; SB-75, Seamless Cop-
per Tube: or SB-111. Copper and Copper-Alloy Seam-
less Condenser Tubes and Ferrule Stock.

PG-9.4 Bimcetallic tubes. having a core of an accept-
able baoler and superheater material, and having an
external cladding of another metal alloy, may be used
provided the requirements of PG-27.2.1.5 are met for
establishing munimum thicknesx of the core. The permis-
sible variation - wall thickness tolerance of SA-450
or SB-163. as apphcable. shall apply to the total wali
thickness The thickness and over and undertolerances
of the cladding shall be included in the ordering informa-
tuon. Marking of the bimetallic tubular product shalt
meet the speaification requirements of the core matenal.
but shall alse suitably denufy the cladding alloy.

PG-9.5 ERW products shall be limited to a maximum
thickness of ', in. for internal pressure applications
For cxternal pressure applications, ERW products shall
be limited 10 1 maximum thickness of % in. and a
maximum size of NPS 24, The thickness and diameter
limitations noted above shall be within tolerances stated
by the product material specification,

PG-10 MATERIAL IDENTIFIED WITH OR
PRODUCED TO A SPECIFICATION
NOT PERMITTED BY THIS
SECTION, AND MATERIAL NOT

FULLY IDENTIFIED

PG-10.1 Identified With Complete Certification
From the Material Manufacturer, Material identified
with a specification not permitted by this Section, or
material procured to chemical composition requirements

01
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and identified {0 a single production lot as required
by o permitted specification mav be accepted as satis-
fying the requirements of a specificanion permitted by
this Section provided the conditions set forth in PG-
10.1 1 or PG-10.1.2 are satistied.

PG-10.1.1 Recertification by an organization other
than the boiler or part manutacturer;

PG-10.1.1.1 All requirements, including but not
limited to. melting method, melting practice. deoxida-
von. quality. and heat treatment, of the specification
permitted by this Section, to which the material is to
be recertified. have been demonsirated to have been met.

PG-10.1.1.2 A copy of the certification by the
material manufacturer of the chemmical analysis required
by the permitted specification. with documentation
showing the requirements 10 which the maierial was
produced and purchased, and which demonstrates that
there is no contlict with the requirements of the permit-
ted specification. has been furnished to the boiler or
part manufacture:

PG-10.1.1.3 A centticanon that the material
was manufactured and tested i wccordunce with the
requitements ot the spcmfigﬁnon to which the matenal
is recerttfied. excluding the specilic marking requite-
menis. has been furnished l:} the botler or part manufac-
turer. together with copies of Gl ducuments and test
reports perunent to the demonstration of conformance
to the requizements of the permitied specification

PG-10.1.1.4 The material. and the Certificate
of Compliance or the Muawenat Test Repont have been
identtied with the designanon ot the specification to
which the muteral is recerified and with the notation
“Certitied per PG-107

PG-10L12 Recertificauon by the boiler or part
manufacturer:

PG-10.1.2.1 A copy of the certification by the
material manufacturer of the chenucal analysts required
by the permitied specification. with documentation
showing the requirements to which the matenial was
produced and purchased, which demonstrates that there
is no contlict with the requirements of the permited
specification, is available to the Inspector.

PG-10.1.2.2 For applications in which the maxi-
mumn allowable stresses are subject to a note of Table
YA of Section I Part D. requining the use of killed
steel. documentatuon is avauiable to the Inspector that
establishes that the matenizl is a killed sieel.
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PG-10.1.2.3 Documentauon is available to the
Inspector that demonstrates that the metallurgical struc-
ture. mechamcal property, and hardness requirements
of the permiued specification have been mel.

PG-10.1.2.4 For matenal recertified to a permit-
ted specificanion that requires a fine austenitic grain
size or that requires that a fine gram pracuce be
used duning melting, documentation 15 available to the
Inspector that demonstrates that the heat treatment
requirements of the permitted specification have been
met, or will be met during fabrication.

PG-10.1.2.5 The material has marking, accept-
able to the Inspector, for 1denufication to the documen-
tation.

PG-10.1.2.6 When the conformance of the mate-
rial with the permitted specification has been established.
the material has been marked as required by the permit-
ted specification

PG-i10.2 Material Identified to a Particular Pro-
duction Lot as Required by a Specification Permitted
by This Section but That Cannot Be Quaiified Under
PG-10.1. Any material identified 1o a particular produc-
tion lot as required by a specification permitted by this
Secuon, but tfor which the documentation iequited in
PG-10.1 is not available, may be accepted as sutistying
the requirements of the specitication pernutied by this
Section provided that the condittens set forth below
are satisfied.

PG-10.2.1 Recerttication by un ergunization other
than the boiler or pitt manufacturer — not permtted

P (ol i B}

PG-10.2.2 Recertificauon by the boiler or part
manufacturer.

PG-10.2.2.1 Chemical anaiyses are made on
different picces {rom the lot to cstablish a mean analysis
which 15 to be accepted as representative of the lot.
The pieces chosen for analyses shall be sciected at
random from the lot. The number of pieces selected
shall be at least 0% of the number of pieces in the
lot, but not less than three. For lots of three pieces
or less, each piece shail be analyzed. Each individual
analysis in the permitted specification and the mean
for each element shall conform to the heat analysis
limits of that specification. Analyses need to be made
for only those elements required by the permitted
specification. However, consideration should be given
to making analyses for elements not specified in the
specification but which would be deleterious if presemt
in excessive amounts.
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PG-10.2.2.2 Mechanical property tests are made
in accordance with the requirements of the permitted
specificauon and the results of the tests conform to
the specified reguirements.

PG-10.2.2.3 For applications in which the maxi-
mum allowable stresses are subject to a note of Table
1A of Section II. Part D. requiring the use of killed
steel, documentation is available to the Inspector which
establishes that the matenal s a killed steel.

PG-10.2.2.4 When the requirements of the per-
mitted specification include metallurgical structure re-
quirements (i.e.. fine austenitic grain size), tests are
made and the results are sufficient to establish that
those requirements of the specification have been met.

P(G-10.2.2.5 When the requirements of the per-
mitted specificauon include heat treatment, the material
is heat treated 1n accordance with those requirements.
either priot to or durning fabrication.

rial with the permuted specificanon has been established.
the material has been marked as required by the permit-
ted specilicanon.

PG-10,3 Material Not Fully Identified, Material
which cannot be qualified under the provisions of either
PG-10.1 or PG-10 2, such as material not {elly wenutied
as required by the penmitted specification or as unidenti-
fied matenal. may be accepted as satistying the require-
ments of a specificavon permitied by this Section
provided that the conditions set forth below are satisfied.

PG-10.3.1 Qualification by an organization other
than the boiler or pari manutacturer — not pernutted

PG-10.3.2 Qualification by the boiler or part manu-
factures:

PG-10.3.2.1 Each piece is tested to show that
it meets the chemical composition for product analysis
and the mechanical properties requirements of the per-
mitted specification. Chemical analyses need only be
made for those clements required by the permitted
specification. However, consideration shall be given to
making analyses for elements not specified in the
specification but which would be deleterious if present
in excessive amounts. For plates, when the direction
of final roliing is not known, both a transverse and a
longitudinal tension test specimen shall be taken from
each sampling location designated 1n the permitted
specification. The results of both tests shall conform
to the mmimum requirements of the specification, but
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the tensile strength of only one of the two specimens
need conform to the maximum requirement.

PG-10.3.2.2 The prowvisions of PG-10.2.2.3, PG-
10.2.2.4, and PG-10.2.2.5 are met.

PG-10.3.2.3 When the identity of the materiai
with the permitted specification has been established
in accordance with PG-10.3.2.1 and PG-10.3.2.2, each
piece (or bundle, etc.. if permitted in the specification)
1s marked with a marking gaving the permitted specifica-
tion number and grade, type. or class as applicable
and a serial number identifying the particular lot of
material. A suitable report, clearly marked as being a
“Report on Tests of Nonidentified Material,” shall be
completed and certified by the boiler or part manufac-
turer. This report, when accepted by the Inspector, shall
constitute authority to use the materal in lieun of

material procured to the requirements of the permutted
specification.

PG-11 MISCELLANEOUS PRESSURE

PARTS

Prefabricated or preformed pressure parts for boilers
which sre subject to allowable working stresses due
to internal or external pressure in the borler and which
are furnished by other than the shop of the Manufacturer
responsible for the completed boiler shall conform to
all applicable iequirements of the Code for the com-
pleted boler, including mspection i the shop of the
pants manufacturer and the furnishing of Manufacturer’s
Partial Data Reports as provided for in PG-112.24
except as permitted in PG-11.1. PG-11.2, and PG-11.3.

PG-11.1 Cast, Forged. Rolled, or Die Formed
Standard Pressure Parts

PG-11.1.1 Pressure parts such as pipe fittings,
valves, flanges. nozzles. welding necks, welding caps,
manhole {rames and covers, and casings of pumps that
are part of a boiler circulating system that are wholly
formed by casting, forging, rolling, or die torming shall
not require inspection. mill test reports. or Partial Data
Reports. Standard pressure parts that comply with some
ASME Standard® shall be made of materials permitted
by this Section or of matenals specifically listed in an
ASME product standard listed elsewhere in this Section
but not of materials specifically prohibited or beyond
use limitations listed in this Section. Standard pressure

*These are pressure parts that comply with some ASME product
standard accepted by reference in PG-42. The ASME product standard
establishes the basis for the pressure-temperature rating and markang.
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parts that comply with @ manufacturer’s standard™®
shall be made of materials permitted by this Section.
Such parts shall be marked with the name or trademark
of the parts manufacturer and such other markings as
are required by the standird. Such markings shall be
considered as the parts manufacturer’s certification that
the product compiies with the material specifications

and standards indicated and is suttable for service at -

the rating indicated. The intent of the paragraph will
have been met if. in lieu of the detailed marking on
the part itself. the parts described heremn have been
marked in any permanent or temporiry manner that
will serve to identify the part with the parts manutactur-
er's written listing of the panicular items and such
listings are available for examination by the Inspector.

PG-11.1.2 Parts of small size falling within this
category for which 1t is difficult or impossible to obtain
identified material or that may be stocked and for which
null test reports or cenificates cunnot be ccononucally
obtained and are ot customarily fumished, and that
do not apprectubly affect the safety of the vessel. may
be used for relatively umimportant purt o7 parts stiessed
to not more than 30% of the stress value permiited
bv this Section, and hsted in Tables 1A and B of
Section . Part D, prog?dcd they are suttable tor the
putpose intended and meel the approval of the fnspector.
The Manutacturer of [hc_complczcd vessel shall sausty
himself that (he part s suitablz for the design condinons
specificd for the completed vessel.

PG-11.2 Cast. Forged. Rolled. vr Die Formed
Nonstandard Pressure Parts. Pressure parts such as
shells, heads, removabie and access opening cover
plates. that are whoily formed by casung, forging,
rolling, or die forming. may be supplied basically ag
matertals. All such pars shall be made of materials
permitted under this Section. and the manufacturer of
the part shall furnish mill test reports or other acceptable
evidence to that effect. Such pans shall be marked
with the name or trademark of the parts manufacturer
and with such other markings as will serve to wdentify
the particular parts with accompanying matenal identi-
fication. The Manufacturer of the completed botler shali
satisfy himself that the part 15 suitable for the design
conditions specified for the completed boiler.

*These are pressure parts that comply with a parts manufacterer’s
standard that defines the pressure-temperature ranng marked on
the part and described n the parts manufacturer's literature. The
Manufacturer of the completed vessel shall sausfy himsclf that the
part 1s suitable for the design condiuons of the completed vessel

* Pressure purts may be in accordance with an ASME product standard

not covered by footnote 4, but such parts shall sausfy the requirements
apphcable to a parts manufacwrer’s sandard and footnate 6,
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PG-11.3 Welded Standard Pressure Parts Tor Use
Other Than the Shell of a Vessel.® Pressure parts
such ax welded standard pipe fitings. caps. valves, and
flanges that are fabricated by one of the welding
processes recognized by this Section shall not require
mspection. mill test reports. or Manutacturers™ Partial
Data Reports provided.’

PG-11.3.1 Standard pressure pans that comply
with some ASME product standard”® shall be made of
materials permitted by this Secuon or of materials
specifically histed in an ASME product standard accepted
and listed elsewhere in this Secoon but not of matenals
specifically prohibited or bevond use limntations listed
in this Section. Standard pressure pans that comply
with a manufacturer’s standard®™ shall be made of
matertals permitted by this Section.

PG-11.3.2 Welding tor pressure parts thut comply
with a manufacturer’s standard®® shall comply with the
requirements of PW-26 tuough PW-39. Welding for
pressure parts that comply with some ASME product
standard® shall comply with the requirements- of PW-
26 through PW-39 or. a3 a ammimum. may: comply
with the welding requiremienis of §A-234. Muarkings
where applicable, or certitication by the parts manufic-
wrer where markings are not applicable shall be ac-
cepted as evidence of compliance with the above weld-
ing requitements. Such parts shali be marked as required

by PG-11.1.1.

PG-11.3.3 If radiographic examnuation o1 heat
treatment is requited by the apphceable rules of this
Section. it may be performed cither in the nlant of the
parts manufacturer or in the plant of the Manufucturer
of the completed vessel.

If the radiographic examinanion is done under the
control of the parts manufucturer, the completed radio-
graphs. properly identified. with a radiographic inspec-
tion.report, shall be forwarded to the vessel manufacturer
and shall be avatlable to the Authorized Inspector.

PG-11.3.4 If heat treatment is performed at the
plant of the parts manufacturer, certification by the
parts manufacturer that such treatment was performed
shall be accepted as evidence of compliance with
applicable Code paragraphs. This certification shall be
available to the Authorized Inspector. The Manufacturer
of the completed vessel shall satisfy himself that the

®Fusion welded pipe. with added filler metal, for use as the shell
of the vessel shall be subject to the sume requirements as i shell
fabneated from plate, including tnspection at the pomt of manutacture
and Manutacturers” Partial Data Reports

T For requirements for welded water columns. see PW-42



PG-11.34

part is suitable for the design conditions specified for
the completed vessel.

PG-12 GAGE GLASS BODY AND

CONNECTOR MATERIALS

Gage glass body and connector materials shall comply
with a Manufacturer’s standard that defines the pressure—
temperature rating marked on the unit. The materials
used may include austenitic stainless sieel.

PG-13 STAYS

Threaded stays shall be of steel complying with SA-
36 or SA-675.

Seamiess steel tubes for thieaded stays shall comply
with SA-192 or SA-210.

Staybolts, stays. through-rods, or stays with ends for
attachment by fusion welding shall comply with SA-
36 or SA-675.

DESIGN
PrG-16 GENERAL
PG-16.1 The design ol power-boiers, high-tempera-

ture water boilers. and other pressure pans included
within the scope of these rules shall conform o the
general design requirements in the following paragriphs
and in addition to the specific requirements for design
given in the applicable Parts of this Section that pertain
to the methods of consiruction used.

PG-16.2 When the pressure parts of a forced-flow
steam generator with no fixed steam and waterline are
designed for different pressure levels as permitied in
P(-21.2, the owner shall provide or cause to be provided
2 boiler pressure system design diagram, certified by
a Professional Engineer experienced in the mechanical
design of power plants, which supplies the following
information.

PG-16.2.1 The relative location of the varivus
pressure parts within the scope of Section [, with
respect to the path of water-steam flow.

PG-16.2.2 A line showing the expected maximum
sustained pressure as described in PG-21.2, indicating

the expected variation in pressure along the path of
water-steam flow.

PG-16.2.3 The maximum allowable working pres-
sure of the various pressure parts.

2001 SECTION 1

PG-18

PG-16.2.4 The location and set pressure of the
overpressure protection devices.

Copy of this diagram shall be attached to the Master
Data Report per PG-113.

PG-16.3 Minimum Thicknesses. The minimum
thickness of any boiler plate under pressure shall be
Yy in. (6 mm) except for electric boilers constructed
under the rules of Part PEB. The minimum thickness
of plates to which stays may be applied in other than
cylindrical outer shell plates shall be %6 (8 mm) in.
When pipe over NPS 5 (DN 125) is used in lieu of
plate for the shell of cylindrical components under
pressure, its minimum wall shall be % in. (6 mm).

PG-16.4 Undertolerance on Plates. Plate material
that is not more than 0.01 in. (0.3 mm) thinner than
that calculated from the formula may be used in Code
constructions provided the material specification permits
such plate to be furnished not more than .01 in.
(0.3 mm) thinner than ordered.

PG-16.5 Undertolerance on Pipe and Tubes. Pipe
or tube material shall not be ordered thinner than that
calculated from the applicable formula of this Section.
The ordered material shall include provision tor the
allowed manufactuning undentolerance as given in Sec-
tion II in the apphcable pipe or tube specification.

PG-17 FABRICATION BY A

COMBINATION OF METHODS

A boiler and parts thereof may be designed and
fabricated by a combination of the methods of fabrica-
tion given in this Section. provided the rules applying
to the respective methods of fabrication are followed
and the boiler is iimited to the service permitted by
the method of fabrication having the most restrictive
requirements,

PG-18 HYDROSTATIC DEFORMATION

TEST

Where no rules are given and it is impossible to
calculate with a reasonable degree of accuracy the
strength of a boiler structure or any part thereof, a
full-sized sample shall be built by the Manufacturer
and tested in accordance with the Standard Practice
for Making a Hydrostatic Test on a Boiler Pressure
Part to Determine the Maximum Aliowable Working
Pressure, given in A-22 or in such other manner as
the Committee may prescribe,
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SPECIFICATION FOR SEAMLESS CARBON STEEL
PIPE FOR HIGH-TEMPERATURE SERVICE

SA-106

(Identical with ASTM A 106-92 except for editonal corrections in 20.4 and the deletion of ASTM caveat | 5.)

1.  Scope

1.1 This specification covers seamless carbon steel
mpe for high-lemperature service (Note 1) it NPS '/
to NPS 48 inclusive, with nomnal (average) wall
thickness as given in ANSI B36.10. Pipe having other
dimensions may be furnished provided such pipe com-
phes with ull other requirements of this specification.
Pipe ordered under this _§becif1canon shall be suitable
for hending. flanging, and similar forming operations,
and for welding. When the steel is to be welded, it is
presupposed that @ welding procedure suituble to the
grade of steet and intended use or service will be uti-
lzed (Note 2)

NOTE |—Consideration should be given 1o possible graplutizatien
of the nntereal at the higher temperatures at which 1t may be used.

NOTE 2—Grade A rather than Grade B or Grade C pipe should be
used for close coihing, vr cold bendig. The purpose for which the
pipe s to be used should be stated in the order. This note 15 2ot
intended to prohubit the cold bending of Grade B seamless pipe.

1.2 Supplementary requirements (S1 to S$4) of un
optional nature are provided for seamless pipe intended
for use in applications where a superior grade of pipe
is required. These supplementary requirements call for
additional tests to be made and when desired shall be
so stated in the order.

1.3 When these products are to be used in appii-
cations conforming to 15O Recommendations for Boiler
Construction, the requirements of Specification A 520
{Mechanical Property Requirements Section) shall sup-

plement and supersede the requirements of this spec-
ification,

1.4 The values stated in inch-pound units are to be
regarded as the standard.
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NOTE 3—The dimensiontess destgnator NPS (nomunal pipe size) has
been subsnruted in this standard for such traditional terms as “nom-
imd! diameter,” “stze,” and “nonung size T

1.5 DELETED

2. Referenced Documents

2.1 ASTM Srandards:

A 520 Specification for Supplementary Requirements
for Seamless and Eleciric-Resistance-Weided Cuarbon
Steel Tubular Products for High-Temperature Service
Cenforming to ISO Recommendations for Boiler
Construction -

A 330/A 530M Specification for General Requirements
for Specialized Carbon and Alloy Steel Pipe

E 29 Practice for Using Significant Digits in Test Data
to Determine Conformance With Specifications

E 213 Practice for Ultrasonic Examination of Metal
Pipe and Tubing

E 309 Practice for Eddy-Current Examination of Steel
Tubular Products Using Magnetic Saturation

E 381 Method of Macroetch Testing, Inspection, and
Rating Stee! Products, Compnsing Bars, Billets,
Blooms, and Forgings

E 570 Practice for Flux Leakage Examination of Fer-
romagnetic Steel Tubular Products

2.2 ANSI Srandard:

ANSI B36.10 Welded and Seamless Wrought Steel
Pipe

2.3 Military Standards:
MIL-STD-129 Marking for Shipment and Storage
MIL-STD-163 Steel Mill Products. Preparation for
Shipment and Storage
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2.4 Federal Standard:

Fed. Std. No. 123 Marking for Shipments (Civil Agen-
cies)

Fed. Std. No. 183 Continuous Identification Marking
of Iron and Steel Products

2.5 Other Standards:
SSPC-SP6 Surface Preparation Specification No. 6

3. Ordering Information

3.1 Orders for materials under this specification
should include the following, as required. to describe
the desired material adequately:

3.1.1 Quantity (feet or number of iengths),

3.1.2 Name of malterial (seamless carbon steel
pipe),

3.1.3 Grade (Table 1),
3.1.4 Manufacture (hot-fimshed or cold-drawn).

3.1.5 Size (either NPS and weight class or sched-
ule number, or both, or outside diameter und nominal
wall thickness, ANSI B36.10).

3.1.6 Length (specific or random. Section 20),

3.1.7 Optional requircments {Section 9 and $! to
s4y, '

3.1.8 Test report required (Section on Certificanon
of Specification A 530/A 530Mh.

3.1.9 Specification designation,
3.1.10 End use of material.

3.1.11 Hydrostatic test in accordance with Spec-
ification A 530/A 530M or 13.3 of this specification.
or NDE in accordance with Section 14 of this speci-
fication.

3.1.12 Special requirements.

4.  General Requirements

4.1 Material furmnished to this specification shall con-
form to the applicable requirements of the current edi-
tion of Specification A 530/A 530M unless otherwise
provided herein.

5.  Process

5.1 The steel shall be killed steel made by one or
more of the following processes: open-hearth, basic-
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oxygen, or eleciric-furnace. The primary melting may
incorporate separate degassing or refining, and may be
followed by secondary melting. using electroslag re-
melting or vacuum-are remelting. If secondary melting
is employed, the heat shall be defined as all of the
ingots remelted from a single primary heat.

5.2 Steel may be cast in ingots or may be strand
cast, When steels of different grades are sequentially
strand cast, identification of the resultant transition ma-
terial is required. The producer shall remove the tran-
sition material by any established procedure that pos-
itively separates the grades ’

"5.3 Pipe NPS 1'/, and under may be ecither hot fin-
ished or cold drawn.

5.4 Unless otherwise specified, pipe NPS 2 and over
shall be furnished hot finished. When agreed upon be-
tween the manutacturer and the purchaser, cold-drawn
pipe may be furnished.

6. Heat Treatment

6.1 Hot-fimished pipe need not be heat treated. Cold-
drawn pipe shall be heat treated after the final cold.
draw pass wt a temperature of P200°F (650°C) or high-
er.

7.  Chemical Composition

7.1 The steel shall conform. o the requirements as
to chemical composition prescnbed i Tables | and 2.

8.  Heat Analysis

8.1 An analysis of cach heat of steel shall be made
by the steel manufacturer to determine the percentages
of the elements specified in Section 7. If the secondary
melting processes of 5.1 are employed, the heat anal-
ysis shall be obtained from cne remelted ingot or the
product of one remelted ingot of each primary melt.
The chemical composition thus determined, or that de-
termined from a product analysis made by the manu-
facturer, if the latter has not manufactured the steel,
shall be reported to the purchaser or the purchaser’s
representative, and shall conform to the requircments
specified in Section 7.

9. Product Analysis

9.1 At the request of the purchaser. analyses of two
pipes from each lot {Note 4) of 400 lengths or fraction
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thereof, of each size up to, but not including, NPS 6,
and from each lot of 200 lengths or fraction thereof of
each size NPS 6 and over, shall be made by the man-
ufacturer from the finished pipe. The results of these
analyses shall be reported to the purchaser or the pur-
chaser’s representative and shall conform to the re-
quirements specified in Section 7.

9.2 If the analysis of one of the tests specified in
8.1 does not conform to the requirements specified in
Section 7, analyses shall be made on additional pipes
of double the original number from the same lot, cach
of which shall conform to requiremenis specified.

NOTE 4—A lot shall consist of the number of lengths specified ia
Sections 9 and 20 of the same size and wail thickness from any one
heat of steel.

10. Tensile Requirements

10.1 The material shall conform 1o the requirements
as to tensile properues prescribed in Table 3.

11. Bending Requirements ™

11.1 For pipe NPS 2 and under a sufficient length
of pipe shall stand being bent cold through 90° around
a cylindrical mandrel, the dumeter of which »n 12
tumes the nominal diameter of the ppe, withow de-
veloping cracks. When ¢rdered for close coiiing {Note
23, the pipe shall stand being bent cold through 180°
around u cyhindncal mandrel, the diameter of which is
eight times the nominal diameter of the pipe, without

ol o
Latiuie.

11.2 For pipe whose diameter equals or exceeds [0
in, (254 mm)} a bend test may be conducted instead of
the flattening test. The bend test specimens shall be
bent at room temperature through 180° without crack-
ing on the outside of the bent portion. The inside di-
ameter of the bend shall be | in. {25.4 mm). Substi-
tution of the bend test for the flanening test shall be
subject to the approval of the purchaser.

11.3 For pipe whose diameter exceeds 25 in. (635
mm) and whose diameter to wall thickness ratio is 7.0
or less. the bend test described in 11.2 shall be con-
ducted instead of the flattening test.

NOTE 3--Diameter to wall thickness ratlo = specified outside di-
ameter/nominal wall thickness.

. Example: For 28 in. diameter 5.000 in. thick pipe
the diameter to wall thickness ratio = 28/5 = 5.6.
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12.  Flattening Tests

12.1 For pipe over NPS 2 a section of pipe not less
than 2'/, in. (63.5 mm) in length shall be flattened
cold berween parallel plates until the opposite walls of
the pipe meet. Flatteming tests shall be in accordance
with Specification A 330/A 330M. except that i the
formula used to calculate the A" value, the following
“e” constants shall be used:

0.08 for Grade A
0.07 for Grades B and C

12.2 When low D-to-t ratio tubulars are tested. be-

“cause the strain imposed due to geometry is unreason-

ably high on the inside surface at the six and welve
o'clock locations, cracks at these locations shall not he
cause for rejection if the D-to-r ratio is less than 10.

NOTE &—The "#17 values have been calculated tor stzes trom NPS
24/, 10 24, inclusive, and are shown an Tuble X1 T of s speci-
ficaben

13. Hydrostatic Test

13.1 Each length of pipe shall be subjected to the
hydrostatic test, except as provided for in [3 2. 13.3,
and 3.4,

13.2 When specified by the purchaser. pipe may be
tested by the nondestructive eleetric test method i hee -
of the hydrostatic test as shown in Section 14,

13.3 When specified in the order. pipe.may be fur-
mished without hydrostatic test and without the NDE
in Scction 14, In this case, cuch Iength so furnmished

shall nclude the mandatory marking of the letters
“NH."

13.4 When the hydrostatic test and the NDE test are
omitted and the fengths marked with the letters "NH,”
the certification. when required. shall clearly state “Not
Hydrostatically Tested,” the specification number and
material grade. as shown on the certification. shall be
followed by the letters “NH.”

14. Nondestructive Electric Test

14.1 As an alternative to the hydrostatic test. and
when specified by the purchaser, each pipe shali be
tested with a nondestructive electric test in accordance
with Practice E 213, Practice E 309, or Practice E 570.
In this case. each length so furnished shall include the
mandatory marking of the letters "NDE." It is the in-
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tent of this test o reject pipe with imperfections which
produce test signals equal to or greater than that of the
calibration standard.

14,2 When the nondestructive electric test is per-
formed, the lengths shall be marked with the letters
“NDE.™ The centification. when required, shall state
“Nondestrucuve Electric Tested™ and shall indicate
which of the tests was applied. Also the letters *“NDE™
shall be appended to the product specification number
and matenal grade shown on the certification.

14.3 The following information 1s for the benefit of
the user of this specification:

14.3.1 The reference standards defined in 14.3.2
through 14.3.6 are convenient standards for calibration
of nondestrucuive testing equipment, The dimensions of
these standards should not be construed as the mini-
mum size imperfection detectable by such equipment.

14.3.2 The ultrasonic testing can be performed to
detect both longuudinally and circumferentially onent-
ed defects. It should be recognized that different tech-
nigues should be employed to detect differently ori-
ented imperfections, The examination may rot detect
short, deep defects,

14.3.3 The eddy current examination referenced
in this speaification has the capability of detecting sig-
miicant discontpties, especially of the short abrups
type

14.3.4 The flux leakage exammaton referred to
in this specificanon is capable of detecting the presence
and location of significant longitudinaily or transversely
nriented discontinuities. [t should be recognized that
different techniques should be emploved to detect dif-
ferently orented imperfections.

14.3.5 The hvdrostatic test referred to 1n Section
13 has the capability of finding defects of a size per-
mitting the test flud to leak through the tube wall and
may be either visually seen or detected by a loss of
pressure. This test may not detect very tight, through-
the-wall defects or defects that extend an appreciable
distance inio the wall without complete penetration.

14.3.6 A purchaser interested in ascertaining the
nature (tvpe. size. location, and orientation) of dis-
continuities that can be detected in the specific appli-
cation of these examinations should discuss this with
the manufacturer of the tubular product.

14.4 For ultrasonic testing, the calibration reference
notches shall be. at the option of the producer, any
one of the three common notch shapes shown in Prac-
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tice E 213, The depth of notch shall not exceed
12'/,% of the specified wall thickness of the pipe or
(1.004 in. {0.102 mm}. whichever is greater.

14.5 For eddy current testing, the calibration pipc
shall contain, at the option of the producer, any one
of the following discontinuities to establish a mimmum
sensitivity level for rejection:

14.5.1 Drilled Hole-~The calibration pipe shall
contain depending upon the pipe diameter three holes
spaced 120° apart or four holes spaced 90° apart and
sufficiently separated longitudinally to ensure separate-
ly distinguishable responses. The holes shall be drilled
radiaily and completely through the pipe wall, care
being taken to aveid distortion of the pipe while drill-
ing. Depending upon the pipe diameter the calibration
pipe shall contain the following hole:

< '/, 0039 . (I mm)

> s 1Y, m 0.055 m. (i 4 mm)
> '/, 2in 007! in. (1.8 mm)
>2=<5in. 0.087 in. (22 mm)
> 5 in. 0106 in (2.7 mm)

14.5.2 Transverse Tangential Nowch—Using &
round tool or file with a '/;-in. (6.4-mm) diameter. a
notch shall be filed or milled tangentiat to the surface
and transverse to the longiudinal axis of the pipe. Said
notch shall have a depth not exceeding 12'/.% of the
specified wall thickness of the pipe or 0.004 in. (0.102
mm), whichever is greater.

14.5.3 Longitudinal Notch—A notch 0.031 in.
{1.787 mm) or less in width shail be machined in 2
radial plane parallel to the tube axis on the outside
surface of the pipe, to have a depth not exceeding
12'/,% of the specified wall thickness of the tube or
0.004 1n. (0.102 mm). whichever is greater. The length

of the notch shall be compatible with the testing meth-
od.

14.5.4 Compatibility—The discontinuity in the
calibration pipe shall be compatible with the testing
equipment and the method being used.

14.6 For flux leakage testing, the longitudinal cal-
ibration reference notches shall be straight-sided notch-
es machined in a radial plane parallel to the pipe axis.
For wall thickness under '/, in. (12.7 mm), outside
and inside notches shall be used; for wall thickness
equal and above '/, in. (12.7 mm) , only an outside
notch shall be used. Notch depth shali not exceed
12'/,% of the specified wall thickness, or 0.004 in.
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{0.102 mm}), whichever 15 greater. Notch length shal
not exceed ! in. (25.4 mm)}. and the wdth shall not
exceed the depth. Outside diameter and inside diameter
notches shall be located sufficiently apart to allow sep-
aration and wdentification of the signals.

14.7 Pipe producing a signal equal to or greater than
the signal produced by the calibrztion standard shall be
subject 1o rejection. The wrea producing the signal may
be reexamined.

14.7.1 Test signals produced "by imperfections
which cannot be identificd. or produced by cracks or
crack-like impertections shall result 1n rejection of the
pipe, unless 1t 1s repaired and retested. To be accepted,
the pipe must pass the same specification test to which
it was oniginally subjected. provided that the remaining
wall thickness is not decreused below that permitted by
this specification. The OB at the point of grinding may
be reduced by the amount 30 reduced.

14.7.2 Test signals produced by visual Imperfec-
tions such as those listed below mav be cvaluated in
accordance with the provistons of Section 21:

14.7.2.1 Dinges.

14.7.2.2 Strighiener marks,
14.7.2.3 Cutting c{fxps.
14.7.2.4 Scraches. |
14.7.2.5 Steel dic stamps.
14.7.2.6 Swp malrk:\‘, or
14.7.2.7 Pipe reducer ripple,

[4.8 The test methods descnibed in this section may
not be capable of mspecting the erd pornon of pipes,
This condition is referred 1o as “end effect.™ The length
of the end effect shall be deternused by the manufac-
turer and, when specificd in the purchase order, re-
ported to the purchaser

15. Nipples

15.1 Nipples shail be cut from pipe of the same di-
mensions and quality described in this specification.

16. Dimensions, Weight. and Permissible
Variations

16.1 Weight—The weight of anv length of pipe shali
not vary more than 0% over and 3.5% under that
specified. Unless otherwise agreed upon between the
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manufacturer and the purchaser, pipe in NPS 4 and
smaller may be weighed in convenient lots; pipe larger
than NPS 4 shall be weighed separately.

16.2 Diamerer—Variations in outside diameter shall
not exceed those specified in Table 5,

16.3 Thickness—The minimum wall thickness at any
point shall not be more than 12.5% under the nominal
wall thickness specified.

NOTE 7-—The nunimum wall thicknesses on inspection of some of
the available sizes are shown in Table X2.L. -

17. Lengths

17.1 Pipe lengths shall be i accordance with the
following regular practice:

17.1.1 The lengths required shall be specified in
the order, and

17.1.2 No jointers are permitted unless otherwise
specified.

[7.1.3 If definite lengths are not required, pipe
may be ordered in single random lengths of 16 10 22
ft (4.8 to 6.7 m) with 5% 12 to 16 {t (3.7 to 4.8 m},
or in double random lengths with a minimum average

of 35 [t (10.7 m) and a munimum length of 22 ft with
3% 16 10 22 fi.

18. Workmanship, Finish and Appeamncéw

18.1 The pipe manufacturer shall explore a sufficient
number of visval surface imperfections to provide rea-
sonable assurance that they have been properly eval-
uated with respect to depth. Exploration of afl surface
tmperfections is not required but may be necessary to
assure compliance with [8.2.

18.2 Surface imperfections that penetrate more than
12'/.% of the nomunal wall thickness or encroach on
the minimum wall thickness shall be considered de-
fects. Pipe with such defects shall be given one of the
following dispositions:

18.2.1 The defect may be removed by grinding
provided that the remaining wall thickness is within
specified limits.

18.2.2 Repaired in accordance with the repair
welding provisions of 18.6,

18.2.3 The section of pipe containing the defect
may be cut off within the limits of requirements on
length.
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18.2.4 Rejected.

18.3 To provide a workmanhke finish and basis for
evaluating conformance with 18.2 the pipe manufac-
wrer shall remove by grinding the following noninju-
rious imperfections:

18.3.1 Mechanical marks. abrasions (Note 8) and
pits. any of which imperfections are deeper than '/,q
in. (1.58 mm).

18.3.2 Visual imperfections commenly referred to
as scabs, seams, laps, tears. or slivers found by ex-
ploration in accordance with 18 | to be deeper than
5% of the nominal wall thickness.

18.4 At the purchaser’s discretion, pipe shall be sub-
Jected to rejection 1if surface imperfections acceptable
under 18.2 are not scauered. but appear over a large
area in excess of what is connidered 2 workmanlike
finish. Disposition of such pipe shall be a matter of
agreement between the manufacturer and the purchaser

18.5 When imperfections or defects are removed by
grinding. a smooth curved surtace shall be mamntained.,
and the wall thickness shall not be decrcased below
that permiutted by this specification The outside di-
ameter at the point of grinding may be reduced by the
amount so removed.

18.5.1 Wall thickness measurements  shall  be
made with o mechamiead caliper o wuth a properly cai-
brated nondestructive testing Jevice ot appropriate uc-
curacy. In case of dispute. the measurement determined
by use of the mechameal caliper shall govern.

18.6 Weid repur shalt be permitted only subject o
the approval of the purchases und in accordance wiih
Specification A 530/A 3300

18.7 The finished pipe shall be reasenably straight,

NOTE 8—Marks und abrasions are defined as cable marks, dinges,
guide marks, roll marks, bali scratches, scores. die marks, cte

19. End Finish

19.1 The Pipe shall be furnished to the following
practice, unless otherwise specified.

19.1.1 NPS 1-'/, and Smaller—All walls shall be
either piain-end square cut, or plain-end beveled at the
option of the manufacturer.

19.1.2 NPS 2 and Larger—Walls ihrough exira
strong weights., shali be plain end-beveled.
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19.L3INPS 2 and Larger—Walls over extra strong
weights, shall be plain-end square cut.

NOTE 5—Plain-cnd beveled 15 defined as plain-end pipe having a
bevel angle of 30°, +5° or —0° as measured from a line drawn
perpendicular o the axis of the pipe with a root face of '/, in. =
"o m (1 5875 £ 0.7938 inm). Other hevel angles may be specified
by agreement between the purchaser and the manufacturer

20. Number of Tests

20,1 The tensile requirements specified in Section 7
shall be determined on one length of ptpe from each
fot (Note 4) of 400 lengths or fraction thereof of each
size under NPS 6, and from each lot of 200 lengths
or fraction thereof of cach size NPS 6 and over.

20.2 For pipe NPS 2 and under, the bend test spec-
ificd in 11.1 shall be made on one pipe from each lot
of 400 lengths or fraction thereof of cach size. The
bend test. where used as permitied by 11.2 or required
by 1.3, shall be made on one ¢end of 5% of the pipe
from each lot For small lots, at least one pipe shall
be tested

20,3 The flattening test specified 10 Section 12 shall
be made on one length of pipe from cach lot of 400
lengths or fraction thereof of cuch size over NPS 2,
up o but a0 including NPS 6, und from each lot of
200 lengths ot traction thereef, of cach size NPS 6 and
ULl

204 Lach fength of pipe shall be subjected to the
hvdrostatie test specified m Secton 13,

20.5 [f any test specimen shows defective machining
or develops flaws, it may be discarded and another
specimen substituted.

21. Retests

21.1 It the percentage of clongation of any tension
test specimen 15 less than that prescribed in Table 2
and any part of the fracture is more than */, in. (19.0
mm) from the center of the gage length of a 2-in., or
50-mm. specimen us indicated by scribe scratches
marked on the spccimen before testing, a retest shall
be allowed. If & specimen breaks in an inside or cutside
surtace flaw. u retest shall be allowed.

21.2 Should u crop end of a finished pipe fail in the
flattening test. one retest may be made from the failed
end. Pipe may be normalized either before or after the

first test. but pipe shall be subjected to only two nor-
malzimg treatments.
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22, Test Specimens and Test Methods

22.1 On NPS § and larger. specimens cut either lon-
gitudinally or transversely shall be acceptable for the
tension test. On sizes smaller than NPS &, the longi-
tudinal test only shail be used.

22.2 Test specimens for the bend test specified 1n
Section 11 and for the flattening tests shall consist of
sections cut from a pipe. Specimens for flatiening tests
shall be smooth on the ends and free from burrs, except
when made on crop ends. -

22.3 Test specimens for the bend test specified in
11.2 and 11.3 shall be cut from one end of the pipe
and, unless otherwise specified, shall be taken in a
transverse direction. One test specimen shall be taken
as close to the outer surface as possible and another
from us close to the mnner surface as possible. The
specimens shall be cither '/, by Yy in. (127 by 12.7
mm) mn section or 1 by '/, in. (25.4 by 12.7 mm) in
section with the corners rounded to a radius not over
Yo in. (1.6 mm) and need not exceed 6 in. {152 mm)
in length. The side of the samples placed in tension
during the bead shall be the side closest to the inner
and outer surface of the pipe respectively.

22.4 All routine check t2sts shali be made at room
temperature

23.  Certification

23.1 When test reports are requested. 1n addition to
the requirements of Specificatton A 330/A 530M. the
producer or supplier shall furmish to the purchaser a
chemical anaiysis report for the elemenis specified m
Tuables 1 and 2.

24. Product Marking

24.1 In addition to the marking prescribed in Spec-
ification A 530/A 330M, the marking shall include heat
number, the information as per Table 6, an addiuonal
symhol “S” if the pipe conforms in anv case to ihe
supplementary requirements specified in S to 85, the
length and schedule number, and on pipe sizes larger
than NPS 4 the weight shall be given. Length shall be
marked in feet and tenths of a foot. or metres to two
decimal places. depending on the units to which the
material was ordered, or other marking subject to
agreement. For sizes NPS 1'/,, 1'/,. 1. and /,. each
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length shall be marxed as prescribed in Specification
A 530/A 530M. These sizes shall be bundled in ac-
cordance with standard mili practice and the total bun-
dle footage marked on the bundle tag. individud
lengths of pipe need not be marked with footage. For
sizes less than NPS */,, all required markings may be
on the bundle tag and shall mclude the total footage:
indtvidual lengths of pipe need not be marked wath
footage. If not marked on the bundle 1ag. all required
marking shall be on cach length.

24.2 When pipe sections are cut 1nto shorter lengths
by a subsequemt processor for resale as matertal, the
processor shall transfer complete identifving informa-
tion, including the name or brand of the manufacturer
to each unmarked cut length, or to metal tags sccurely
attached to bundles of unmarked small diameter pipe.
The same material designation shall be mcluded with
the information transferred, and the processor’s name,
trademark. or brand shall be added.

24.3 Bar Coding—In addition to the requirements tn
24.1 and 24.2. bar coding ts acceptable as u supple-
mentary identification method. Bar coding should be
consistent with the Auvtomotive Industry Action Group
(AIAG) standard prepared by the Primary Metals Sub-
committee of the AIAG Bar Code Project Team

25. Government Procurement

25.1 When specified in the contract, material shali
be preserved, pachaged. and packed 1n accordance with
the requiremens of MIL-ST-163. The applicable fev-
els shall be us specified in the contract Marking tor
the shipment of such material shall be in accordance
with Fed. Std. No. 123 for civil agencies and MIL-
STD-129 for military agencics.

25.2 Inspection—Unless otherwise specified in the
contract, the producer is responsible for the perfor-
mance of all inspectton and test requirements specified
hercin. Except as otherwise specified in the contract,
the producer may use his own, or any other suitable
facilities for the performance of the inspection and test
requircments specified heretn, unless disapproved by
the purchaser. The purchaser shall have the right to
perform any of the inspections and tests set forth in
this specification where such inspections are deemed
necessary to ensure that the maierial conforms to the
prescribed requirements.
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TABLE 1 TABLE 2
CHEMICAL REQUIREMENTS LIMITS ON UNSPECIFIED ELEMENTS
Compeamon, 3 . Compoasion, X, max
Groos A Greos B Grace C . Grace A Grace B Grade C
Sarton, max” 0.25 030 0as Chrorme 0.40 0.40 040
Amngiras 0.27-093 0.29-106 0.29-108 Copper 040 0.40 040
oaphonn. max * D035 0.035 0035 Molybosrasm 015 0.1% 0.15%
‘o, max 0.035 ogas 0038 MNick el ] 0.40 0.40
<aCon., frin 0.0 010 D.10 Varwmdhem 0.08 o.08 0.08
“For each feaaction of 0,01 % below the specfied carbon mexsmum. an

. “A Thess fve slemants combined sk not wcoeed 1 %,
Croase o 0 D8 % Mangoness £0Ove the BDOCH I Mesartem wil Dy prrrTted up
Samaxmum ol 135 %,

TABLE 3
TENSILE REQUIREMENTS
Grooe A
(Exptanatory Grace B Grady C
Note 2)
Torade gtrengtn. man, pa {MPo) 48 000 {330} 80 DOO {415) 70 DOO (485)
Yisid stongth, mm, pa (MPR} 30 000 {205) 35 000 240y 40 000 (27%5)
Longry- Trarsvarse Longtu- Trwrwvorss Longtu- Trangverse
danad dnad dnal
Elongaton i 2 in or 50 mm, mn %
Batic mMrenum Songabon TaNIverss SIND tests, ang for & smad uzes 35 25 30 18.5 0 18.5
testad 1 Rl secton
YWhen stncors round 240, or S0wmm gage length test spacmen 1 28 20 22 12 20 12
unad
For iongriuctnal strip taats ac ac [ X
for trensverss stO tests, a Oaducbhon for asch ‘oan (0 8-mm) 1254 1004 1,00*
Cocroase n wed Uuchrwss Delow Yis m (79 mm) hom me basc
EYTUm srgabon of e folowang Dorcantags shal be maoe
“ The KowsX) tebis rvey e COMOUIBA MINETWT YAUeS'
Wea Thickness Elongaton n 2 . or 50 mm, mn_ %
n rm Grace A Trameverss Creios @ &0 C, Trarasverse
wis (0 312} 79 25 00 18 50
WV (0.281) 7 2375 15.50
. Ya 40 250) 54 22,50 14.50
Ao {0 219) 56 R .
¥4 10 188) 48
%yp (0 156) 40
A4 10 125) iz
Y49 (0 054) 24
e (0 062} 16

NOTE— The above table grves the COMPUTET MPWTUM HONGATON values fof 8ach A (0 8-mm) Cecrease N wal thckness YWhars the wall Tuckness bes btween two
RIS SNOWN DOV, The M soNGaton vaue rs determned by the folikowrg squaton-

Crece Owascton ol Test Edjuabon
A leansverss EwdQt + 1250
Bana C Tranaversa E=321+ 650
where:

£ = mongsbon n 2in or 50 mm, ¥ and
! = actush tecknosa Of Specmen n .
* The maernum elongation n 2 1 (50.8 mm) shall be determmned by the fokowing equabion

e = 825 D004 20
where

rrEmUm Moncaton in 2 e (S0 8 M) %, rmtommtosx
cross-aectional area of the tenuon test Specenen, n? MmmWWthawmmwmwmwmm

nesres1 001 n? nuuummmeoamsmmmorsn3 then the vaiue 0.75 shal be used, ang!
J = gpoctied tonsse sirength. pu

cSuTebbifuwmmmhvaforvmnma!mmmgwu_

9 =
4 m



PART A — FERROUS MATERIAL SPECIFICATIONS

SA-106
TABLE 4
ELONGATION VALUES
mnzh,m,MTmsw,m
Tertaon Test Spectrwn Wal Thicknasy, n,#
Arca, in ¥4 Grace A Grace 8 Grage C
AN Soecetwn ¥s i Specamen 1 n Specomen "4 in Specirnen 48 000 80 D00 70 000

=075 1491 =095 z 0746 = 0407 M0 25 285

074 1470-1 450 0.280-0 993 0.735-Q 745 0 490-0 496 »0 0.5 255

0.73 1451-1 489 0 967 -0 979 0.728-0 734 0.484.0 489 8.0 255 25.5

072 1.430-1 450 0 954-0 966 0715-0725 0477-0 483 »0 205 255

0N 1411-1429 0 841-0 952 0708-0714 04710478 5 9.0 245

0.70 1 300-1 410 0.927-0 940 08950705 0.484-03 470 BSs 290 255

069 1.371-1 389 0140 928 0 8860 634 0 457-0 483 ass 290 .5

osa 1 A80-1 370 0.900-0913 08750 685 0.450-0 458 kLT 9.0 20

0.87 1.331-1 349 0 887-0 899 0.886-0674 Q4440 449 iBs 290 25.0

0sa 1.310-1 330 0.874-0 888 0 8550 665 0437-0.443 kL]0 29.0 %0

0.85 1.291-1 309 0.881-gar3 0 646-0 654 0.431-0 438 5.0 285 25.0

084 1.270-15 290 0.847-0 880 0.835-0 645 0.424-0 430 50 28.5 25.0

0.83 1.251-1 268 0.834-0 848 0.826-0 634 0417-0 423 35.0 285 250

062 1.230-1 250 0.£20-0 833 08150625 0.410-0 418 5.0 285 %0

0.61 1241-1229 0 807-0 819 08080614 0 404-0 409 HS 28.5 245

08B0 1190-1 210 0.794-0 806 0 5850 605 0.397-0 403 35 285 4.5

059 1.171-1 189 0.781-0.793 0 586-0 534 02391-0 396 .S 2080 245

058 1.150-1170 0767-0730 0 575-0 585 0.234-0.390 s 280 4.5

0.57 1.131-1 148 0.754-0 766 0 566-0 574 0377-0 383 4.0 280 4.5

058 1110-1130 07400753 0.555-0 565 0.370-0 376 340 280 4.5

035 1.091-1 109 0727-0739 0.546-0 554 0.364-0 369 M0 280 249

054 1070~ 090 07140726 0 535-0 545 03570 363 M0 275 240

053 1051-1 069 07010713 0 526-0 534 0351-0 258 s 27.5 4.0

052 10301 050 0 687-0 700 05156525 0 344-0 350 A5 215 240

055 1011-1029 0.674-0 885 0506-0514 0337-0 243 335 275 24.0

050 09901 010 0 B60-0 673 0 495-0 505 0200338 35 270 225

049 09730 589 D 847.0 653 04860 494 03240329 330 270 235

048 0 9500 §70 0 B340 646 0 475-0 485 0217-0323 e 210 235

047 0 8310 948 0621-0 633 04560474 0311-0316 330 270 235 R
048 0910-0 930 08607-0 620 D.455-Q 465 0 310 330 270 235

045 0 891-0 909 0 584-0 506 0 446-0 454 0.297-0 203 s 265 230 .
044 0 8700 590 0 580-0 553 04350 445 0.290-0 29¢ s 45 2.0

043 0 B51-0 869 05870 579 0426-0 434 0 284-0 289 325 265 23.0 '
042 0 830-0 250 0 554-0 566 0 415-0425 0.27r-( 283 20 265 230 It
o4 08110829 0 5410 553 0406-0 414 0aT-0 2765 20 260 23.0 :
040 07900310 Q5270 540 0.395-0 405 0.284-0.270 20 260 2S5

039 0771-0789 05140525 0 3860 354 0257-0283 Nns 260 25 .
033 G 7500770 0 500-0 512 0 375-0 385 02500 255 s 260 25

037 0.731-0749 0487-0 499 03660 374 0244-0 245 Ns 255 2.5

036 07100730 Q4740 486 (3550 265 02370243 ° ne 2% e 2.3

035 08910709 - 04610473 0 3460 354 0231-0 235 10 2558 220 '
024 Q 870-< 590 04470450 0.335-0 345 0224-0 230 1o 250 2.0 .
033 0 651-0 669 04340 46 0326-0 314 0.217-0 223 s 250 no

01z 08202650 Q420-0433 0315022 2100 216 A5 250 215

03 08110629 0407-0 418 03060 314 0.204-0 209 x5 250 215

¢ 0 5902610 0 3940 406 0295-0 305 0197-0.203 30.0 245 215

029 05710589 03B1-0 382 02850 294 0191-0 196 A0 245 21.5

028 0 550G 570 0367-0 3380 0275-0 085 0.184-0 190 25 245 210

027 0 531-0 549 0 354-0 365 02668027 0177-0 183 295 2490 20

026 05100 530 0 340-0 353 0255-0 265 0170-0.178 i R 240 210

025 04910509 0 327-0.339 02480254 0 1840 169 220 23s 2035

024 0 470-0 490 0314-0 328 02350 245 01570163 29.0 235 2058

023 0.451-C 469 03010213 02260234 01510158 285 2315 205

022 0 4300 450 (2870 300 02150 225 0 144-0.150 2B s 23.0 200

021 04110429 02740 285 0.206~0 214 0.137-0.143 30 230 200

020 0 3900 410 0 280-0 273 0195-0 205 0.130-0.138 25 225 19.5

019 03710 189 0247-G 259 0186-0 194 01240129 275 225 185

[«RF:] 0 350-0 370 0 234-Q 246 01750185 0.117-0123 27.0 20 19.5

017 0331-0 349 02210233 0.1668-0 174 0111-0.118 7.0 220 90

018 03100330 02070 220 0155-0 165 0.104-0.110 265 s 190

¢is 0291-0 309 0 1540 206 0 146~0 154 00970103 260 215 18.5

D14 02700 290 ,0130-0 193 0135-0 145 0091-0 098 2.0 210 185

013 0.251-0 269 01879179 0126-0 14 0 0840 090 255 210 18.0

012 02300 250 0 154-0.156 0115-0,125 0077-0083 250 205 18.0

01 0216229 01410153 0106-0 114 0.071-0.078 245 200 175

Dt0 0.190-0 210 0.127-4 140 0095-0 105 0 064-0 070 240 198§ 170

009 G171-0 189 0 114-0128 0086-0.094 0 057-0 062 235 19.5 170

0.08 01500 170 0100-0113 0075-0 085 0.050-0 056 2.0 180 185

007 01310149 0 087-0 099 0068-0.074 0.044-0 049 25 145 18.0

048 0110-0130 0074-0 085 0 045-0 065 Q0370043 2.0 180 15.5

0.05 0091-0 109 00810 073 0048-0 054 001-0.038 1.0 170 150

004 0 070-0 090 0 047-0 060 0035-0 045 0.024-0 030 200 18.5 14.5

003 0051-0 069 0 0340 048 0.026-0 034 00170023 19.0 15.5 135

002 0 0300 050 0 020~0 033 00150025 0.010-0.018 175 145 12.%

5001 5009 5 0.0!9 50014 = 0.009 5.0 125 110

1= g5 18 mmt

21N =254 v
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TABLE 5
VARIATIONS iN QUTSIDE DIAMETER

Parressdis Veraoom in Outsios

Dbarmesrtar
NP3 Dosigrertor Over 1
n. mm n mm
<10 VAL It Yo (0 015} 040 Vs (0 015} 0.40
- 1% 04, Ind ‘4w {0.03Y) are ‘ha (0.001) omn
vor 408, Incd e {0.082) 1.50 vm (0.031) 0.79%
o~ 818, ¥ {0.090 2 Ve (0.031) ore
18t 20, nd % 0125 LA.) Ve {0 031) 079
ww 20 o 34, Ind Y (0.158) gy “he {0 031) 079
o a0 48, al ¥ (0.187) 478 e (0 O31) org
TABLE 6
MARKING
Hyora NDE Maridng
Tes Ho Test Prosmre
No Yeu WOE
Ny No NH
Yoa Yoo Test Prossre/MOE

166



|
|
|
!
;

PART A — FERROQUS MATERIAL SPECIFICATIONS

SA-106

SUPPLEMENTARY REQUIREMENTS FOR PIPE REQUIRING SPECIAL CONSIDERATION

One or more of the foilowing supplementary requirements shall apphy oniv when specified in the
purchase order. The purchaser may specity @ different frequency of test or anaivsis than 1s provided
in the supplementary reguirement Subject to agreement between the purchaser and manufacturer,
retest and retreatment provisions of these supplementary requiremenis may also be modified

S1. Product Analysis

81.1 Product analvsis shall be made on each lengih
of pipe Individual lengths fmling 1o contorm to the
chemical compositton requirements shall be rejected.

§2. Transverse Tension Test

82,1 A transverse tension test shall be made op a
speciimen from one end or both ends of cach pipe NPS
8 and over, I this supplementary requirement s spec-
ied. the number of tests per pipe shall abso be spec-
ificd. I a spectmen<from any length il 1o meet the
reguired tensile propertics (teisile. vield. and clonga-
ton). that fergth shall be rejected subject to retreatment
in accordance with Speaificauon A S50A 530M and
sutisluctory retest.

83, Flattening Test

83,1 The flattenming lest of Speatication A 3307A
530M shall be made on o specunen from one end or
both ends of cach pipe. Crop ends may be used  If
this supplementary requirement s speciied. the num-
ber of dests per pipe shall also be speeriied. B a spuee-

imen from any length fuls because of lack or ducdlity

prior to satistactory complenon of the first step of the
flattenmy test reguirement. thai pipe shall be rejected
stbject o retreatnient in accordance with Specificaton
A 330/A 330M and satisfactory retest 1t a speciimen
from any length of pipe fails because of o lack of
soundness, that length shall be rejected. unless sub-
sequent relesting indicates that the remaimng length s
sound.

5S4, Metal Structure and Etching Test

84.1 The steel shall be homogeneous us shown by
etehing tests conducted in accordance with the uppro-
priate sections of Method E 381 Etching ests shall be
made on a cross section from one end or both ends of

167

cach pipe and shall show sound and reasonably untform
material free irom injunious lanmnations. cracks, and
similar objectionable defects. If this supplementary re-
quirement is specified, the number of tests per pipe
required shall alse be specified. It a specimen from
any leneth shows vbjectonable defects, the length shall
be rejected, subject o removal of the defecttve end and
subsequent retests ndicating  the remainder of  the
tength 1o be sound und reasonably eniform matenal

55, Carbon Equivalent

85,1 The steel shall conform fo a carbon equivalent
(CEY ot 0530 mavamum as determaned by the following
formuta.

edin G 0r - GeMo = GV ey 1 Tl

(i-‘“_-fl e -

6 5 ' 13

8$5.2 A lower CE maximum may be agreed upon
between the purchaser and the producer

85.3 The CE shall be reported on the iest report.

§6. Heat Treated Test Specimens

56.1 At the request of the purchaser, one tensile tesl
shadl be performed by the manufacturer on a test spec-
men {rom each heut of steel furmished which has been
either stress relieved at 1230°F or normalized at 16507
F. as specified by the purchaser. The results of this
test shall mect the requirements of Table 3.

S7. Internal Cleanliness—Government Orders

87.1 The mternal surface of hot fimshed ferritic steel
pipe and tube shail be manufactured to a free of scale
condition equivalent to the visual standard [isted 1n
SSPC-5P6 Cleaning shall be performed in accordance
with a written procedure that has been shown 10 be
effective. This procedure shall be avatlable for audit.
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1995 SECTION 11

APPENDIX
{Nonmandatory Information)

CALCULATED H VALUES FOR
SEAMLESS PIPE

X1.1 Table X1.1 hsts values for H to be used for

the test of Section 11.

TABLE X1.1
CALCULATED “H" VALUES FOR SEAMLESS PIPE

Incr=Pound Units

Dratance, n inches,

Distancs, & InChes,

out Betwoen Plstes Out- Betweoon Plates
wel Sched- "H* by Equaton, wel Sched- ‘H* by Equation’
NPS =8 s o NPS side Thick- e
+ ol {1 + en
Demg- Dam- ness. Num- Ha_te Dam- nass, N H- -
nator ster, n be e+ 1D nator aler, n. ber o+ {/
n. Grade Graces n Grade Graces
A BAC A BAC
24 2875 0202 40 1 456 1545 P4 14 000 0250 10 2759 3.045
0276 80 1694 1779 | 0312 20 3,294 3617
03a7s 180 1925 2002 ] 0375 30 1792 4,148
0438 40 4.669 5.126
3 3500 0216 40 1 646 1755 ! 0593 50 5234 5647
0 300 80 1955 2062 I 0.750 80 6.064 6 494
0438 160 2.306 2398 ! 0937 100 6 887 7322
i 1093 120 7479 7.902
34 4000 0226 40 1788 1912 : 1250 140 7.974 8397
0318 80 2153 2276 i 1 406 160 8416 8827
4 4500 0237 40 1929 2087 i 16 000 0250 10 2.284 3124
0337 80 2 350 2489 | 0312 20 3387 2730
0438 120 2687 2818 0375 30 1815 4254
0531 160 2396 3022 | 0.500 40 4854 5284
] 0656 &0 5.855 8.324
3 5 563 0258 40 2 205 2372 | 0843 80 6.861 7382
0375 80 2747 2920 | 1091 100 709 8 208
0 500 120 3179 31346 i 1218 120 8426 8519
0825 160 31509 1667 ! 1438 140 9,141 9.625
! 1593 180 9579 10.050
6 6§ 625 0 280 40 2473 2669 1
0 432 80 g 2419 13 18.000 0250 10 2.876 2189
0562 120 3682 1884 0.a12 20 3.462 3823
0719 160 4118 4307 0438 30 4 535 4963
0562 a0 5.457 5941
8 8 625 0250 20 2477 2702 0750 80 6636 7185
0277 30 2668 2902 0.937 80 7.663 8214
0322 40 2964 3210 1.156 100 8657 9216
¢ 405 &0 3451 arn 1,375 120 9495 10 043
0 500 80 1314 418t 1562 140 10.115 10 880
0593 100 4305 4573 1718 160 10,885 11198
0719 120 4750 5013
0812 149 5036 5293 20 20.000 0250 10 2919 3242
0.906 160 5288 5538 0.375 20 4901 4521
0 500 30 5.143 5632
10 10 750 0250 20 2615 2868 0593 Th 5841 8.367
0307 30 3054 1333 0812 60 7272 7 858
0 365 40 3459 3787 1.0 80 8.464 8.072
0.500 &0 4268 4592 1281 100 9 601 10.221
0592 80 4738 5070 1.500 120 10.452 11 089
0719 100 5320 5,621 1.750 140 11.284 11.889
0.843 120 5747 6077 1.968 160 11.913 12.504
1 000 140 6.242 6564
1125 180 6580 8.892 24 24600 0.250 10 2.986 3.326
0.375 2 4236 4,858
12 12.750 0250 20 21 2985 0.562 30 5859 8.437
0330 30 3366 3883 0.887 49 8.831 7.454
0.408 40 g 4 268 0.988 60 8.890 9.390
0.562 60 4892 21 1.218 B0 10 061 10.793
0687 80 5 542 5934 1.531 100 11 448 12,244
0843 100 6231 8.627 1.812 120 12.585 13.332
1.000 120 aeg17 7209 2.062 140 13.424 14,150
1125 140 Tz 7.807 2.343 180 14.248 14.958
1012 160 1747 119
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PART A -— FERROUS MATERIAL SPECIFICATIONS

SA-106
TABLE X1.1 {(CONT'D)
SI Unns
Distance, o rmm, Distance, i mm,
Out- Betweesn Putes Out. Batweon Pates
wal Scrwd- “H* by Equabon Wal Sched- “H* by Equation
HES sida Treck- e NPS 3uchl Thcx Lo
Demg- D st Nurm- Ha L te¥ Deng D ness Nom P Ud ]
rator oter, by J *+1/0 nator ster, jiag bee €« +1/0
mm Grade Grades mm Grade Graces
A 8L A BAC
A 730 516 40 370 9.2 14 355 6 6.5 10 701 7a
M B0 43.0 452 792 20 837 918
952 180 489 50.8 952 30 263 1053
1113 40 1198 130.2
3 BB.5 549 40 418 “uo 15 06 &0 13128 1434
762 B0 496 524 19.05 BG 154 0 1685.0
1113 160 58.8 50.9 23.80 100 1749 . 188 Q
27.76 120 1900 2007
kL2 106 74 40 45 4 88 N335 140 2025 2133
808 80 54.7 578 3571 160 2138 242
4 114 3 602 40 4990 52.5 16 406 4 635 10 7.z 79.4
B 56 80 59.7 B 2 7.92 20 890 84.7
1112 120 670 716 9.52 30 994 109 %
1349 160 736 768 1270 40 1223 1432
16 85 60 1487 180.8
s 1413 855 40 560 602 21 4% B8O 174 3 168.7
952 80 69.8 742 26,19 100 1958 084
1270 120 808 850 | 30 94 120 2140 288
15 88 160 89.1 931 36.53 140 2322 244 5
40 45 160 2433 255.3
6 168 3 D] 40 620 £78
097 B0 818 86 & 18 457 2 635 10 730 810
1427 120 N5 9B 6 792 20 879 971
1824 160 104 6 109 4 1113 30 1152 126 1
1427 40 1395 1509
A 2991 635 20 630 686 19.05 60 1691 1825
7 30 67 8 17 2380 80 194 6 2088
818 40 75.3 815 2836 100 2199 234 1
0N 6C 877 A 5482 120 2412 2551
1270 80 994 106 2 3967 140 2569 2707
“5 06 5 109.4 M62 4524 1680 2709 284 4
1924 1260 106 27 3 |
262 140 127.9 134 4 y 20 080 8235 10 741 824
30 180 1343 1407 i 952 20 104 2 114 8
’ 12.70 30 1306 1430
10 2730 535 20 66 4 728 . 15 06 40 148 4 181.7
7 80 20 7.6 sy | 20,82 & 1847 %5
927 40 879 95.4 2619 80 2150 204
1270 60 1084 116 8 54 100 2439 2536
506 80 1204 128.8 38.10 120 2655 2812
1824 100 1351 1428 44 45 140 2868 20
214 120 1460 154 .4 49 .99 1680 2.8 3n7e
2540 140 1586 166.7
2858 160 1671 175.1 24 609 6 6.35 10 758 B4.5
9.52 20 107.6 119.0
12 3238 635 20 689 758 14.27 30 1491 183 5
8238 30 B85 5 938 17.35 40 173.5 1893
13 31 40 M6 108 4 24 59 80 20.7 2385
14 27 50 1243 1239 30 94 80 2556 T4
T35 80 1408 1507 38.89 100 290.8 N0
214 100 158. 168 3 48 02 120 3197 3388
540 120 1712 1831 5237 140 M0 1584
858 140 183.4 193.2 59.51 160 819 e
3332 160 196.8 208.2
169
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X2, MINIMUM WALL THICKNESSES

X2.1 Table X2.1 lists minimum wall thicknesses for
nomtnal pipe wall thickness.

TABLE X2.1
TABLE OF MINIMUM WALL THICKNESSES ON INSPECTION FOR NOMINAL (AVERAGE) PIPE WALL THICKNESS

NOTE 1= Ths KA0wWINg BQUALON, UOON whech e tADW 4 Dasad, May be apphed to caltate miemum wal thickness from nomeal (average) wal gecknass:
L, x 0BT =1t,
whery!
I, = nOmonal [overage) wal theckness, i and
[, = Mramum wal faoxness, n .
The wai Thichess 4 Bxpreassd o three CociMal Disces e fourth decanal place beng camed forward o dropped. In accordance with Praches E 29

NOTE 2—Thes inbie COvers Bome wal Tecknesses ssaocuaind with atandand {wpe sze3 but 13 NOt Meart 1o fnply that thess are T oty thicknessas obtainabie Lncer
ey aDacficabon

Momeral Maeamum l Norenal Mrwmum Normnal Mk
{Average) Thackness [Avarage) Trachness |Avernge) Thickness
Theckrmeas on irapec. Trackness on napec. Thickness On Nspac-
LS| bon i1, I 1. bor (1) (LN BN {fy)
an ™ n mm t n mm n mm i n, men n. mm
0088 173 Q080 152 1 02m 74 0246 625 0B854 21.94 6758 19.20
0083 7N 0073 185 | 0294 747 0257 653 0875 22.22 6768 19 48
0cBa 224 Qo077 19% | 0300 762 0262 6 65 0 906 zm 0793 20.14
0091 23 0080 203 0307 780 0269 683 0938 2382 0 829 2085
0095 241 0083 21 0308 782 g270 6586 0968 24.59 B es? 2151
0109 277 0095 4 0312 792 0273 693 1000 25 40 0875 222
D113 287 0099 251 0318 ao07 0278 706 103 2619 0.2 29
0119 302 0104 264 | Dax2 818 0282 716 1062 26 97 0.829 23.60
o125 318 01039 277 ¢ 0330 B8 0289 7TM 1094 27.79 0957 243
0126 320 0110 278 0337 856 0255 74 1128 2858 0684 2489
0132 338 Q118 295 O 344 874 0 764 115%6 2935 112 2570
0140 356 0122 3w 0358 909 0313 795 1219 309 1068 2708
0141 358 0123 312 | 036s 927 0319 810 1250 7S 1094 2179
0 145 163 o127 123§ 037s 952 0328 533 1201 3254 (RF3 2847
0147 173 0129 128 | 0382 %70 0334 348 1312 33232 1.148 2916
G154 391 e 138 343 | o400 10 16 0150 589 1375 3492 1203 £8...
o1e8 3% RS 345 | 105 1033 5335 502 i 405 3N 123 31.24%
0172 437 0150 181 0432 1097 0avs 9 60 1438 3653 1258 3185
0179 & 55 0187 389 0438 1107 0382 370 1500 B0 1312 332
oicd 278 0164 417 | T 438 t112 0383 73 153 38 89 140 04
0191 485 0187 424 1 0469 1o 0410 10 41 1562 987 1,387 34.72
0200 509 0175 444 | 0500 1270 0438 1113 1594 4049 12395 35,43
0203 516 0178 452 | 0531 1349 0 465 na 1635 4153 1431 3835
0210 533 0184 467 + 0552 14 02 0483 12.27 1750 445 1.531 38.89
0216 549 0189 480 | 0562 1427 0492 1250 1781 4524 1558 39.57
0218 554 0191 485 . 0594 1509 0520 1321 1812 4502 1,588 40,28
0219 556 0492 483 0600 1524 0525 1334 1875 4762 1.841 4188
0226 574 0198 503 ! 0825 1588 0547 1389 1989 5001 LD 4378
0237 §02 0207 526 | 0656 1666 a574 1458 2000 50 80 1.7% 4445
0250 835 9218 558 1 0674 1712 0550 1409 2082 5237 1.804 4502
0258 855 0228 574 0688 1748 0602 15.29 2125 5358 1859 o2
0276 701 0242 615 0719 1826 0629 1598 2 200 5588 1925 48 50
o217 704 0242 615 0750 1905 0856 16 66 2344 59.54 2051 52.10
027% 709 0244 619 0Bz 2082 0710 1803 2.500 83.50 2,148 55.58
0280 711 0245 822 0 Bd4 2144 0719 1877
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SPECIFICATION FOR FORGINGS, CARBON STEEL,
FOR GENERAL-PURPOSE PIPING

&

®

SA-181/SA-181M

il

(Identical with ASTM Specification A 181/A 181M-93a)

1. Scope

1.1 This specification covers nonstandard as-forged
fittings, valve components, and parts for general service.

1.2 Two grades of material are covered, designated
as Classes 60 and 70, respectively, and are classified
in accordance with their chermical composition and
mechanical properties as specified in 3.1 and 6.1

1.3 Class 60 was formerly designated Grade [ and
Class 70 was formerly designated Grade IL

14 Thic specification i5 expressed in both inch-
pound units and SI unuts. However, unless the order
specifies the applicabie “Mi” specification designation
(S1 units). the material shail be furnished to inch-pound
uniis.

1.5 The valueg stated in either inch-pound units er
S1 units are to be regarded as standard. Within the
text, the ST units are shown in brackets, The values stated
in each system are not exact equivalents; therefore,
each system must be used independently of the other.
Combining values from the two systems may result in
nonconformance with the specification.

2. Referenced Documents

2.1 ASTM Standards:

A 275/ A 275M Test Method for Magnetic Panticle Exam-
ination of Stee! Forgings

A 370 Test Methods and Definitions for Mechanical Test-
ing of Steel Products

A 700 Practices for Packaging., Marking, and Loading
Methods for Steel Products for Domestic Shipment

A 788 Specification for Steei Forgings, General Require-
menls

195

A 751 Test Mcthods, Practices, and Terminology for
Chemical Analysis of Steel Products

E 163 Test Methods for Liquid Penctrant Inspection
Method

E 709 Guide for Magnetic Particle Examination
2.2 ASME Boier and Rressure Vessel Code:

Section IX, Welding Qualifications

Section VIII, Pressure Vessels, Div. |

2.3 Military Siandard:
MIL-STD-163 Steel Mill Products, Preparation for Ship-

[
meni and Storage

24 AIAG Standard:

AIAG B-5 02.00 Primary Metals Identification Tag Ap-

plication Standard

3. Ordering Information

3.1 Orders for material under this specification shall
include the following information, as necessary, 10
describe adequately the desired material:

3.1.1 Description of item requirements,

3.1.2 Matenal class (see 1.2),

3.1.3 Specification designation,

3.1.4 Requirements pertaining to sketch (see 4.4)

3.1.5 Weld repair of specially designed parts (see
11.2),

3.1.6 Use of the short circuit gas metal arc welding
{GMAW) process for repair welds (see 11.4),

3.1.7 Making repair welds exceeding the limits
specified herein (see 11.7), and
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3.1.8 Requirements pertaining to chemical and
mechanical test results {see Sections 15 and 16).

4, Materials and Manufacture

4.1 The steel shall be made by the open-hearth,
basic-oxygen, or electric-fumace process and shall be
fully killed. ‘

4.2 A sufficient discard shall be made from source
material to secure freedom from injurious piping and
undue segregation.

4.3 The material shall be forged as close as practicable
to the specified shape and size.

4.4 Except for flanges of all types, hollow, cylindri-
cally shaped parts may be machied from hot-rolled
or forged bar, provided that the axial length of the
part 1s approximately parallel to the metal flow lines
of the stock. Other parts, excluding flanges of all types,
up to and including NPS 3 may be machined from
hot-rolled or forged bar. Elbows, return bends, tees,

and header tees shall not be machined directty from
bar stock. ‘

4.5 Except as permitted in 4.4, the finished product
shall be a forging as defined in the Terminology section
{exclusively) of Specification A 788,

4.6 When specified in the order, the manufacturer
shall subnmt for approval of the purchaser a sketch

showing the shape of the rough forging before ma-

chining.

4.7 Forgings shall be protected against sudden or
too rapid cocling from the rolling or forging while
passing through the cntical range.

4.8 Heat treatment is neither required nor prohibited,
but when applied, heat treatment shall consist of termper-
ing, annealing, normalizing, or normalizing and tem-
pering.

5. Chemical Composition

5.1 Cast or Hear Analysis— An analysis of each
cast or heat shall be made by the manufacturer to
determine the percentages of the elements specified in
Table 1. The analysis shall be made from a test sample
taken preferably during the pouring of the cast or
heat. The chemical composition thus determined shall
conform io the requirements in Table 1.
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5.2. Producr Analysis:

5.2.1 The purchaser may make a product analysis
on forgings supplied to this specificalion by any of
the commonly accepted methods that will positively
identify the material. Samples for analysis may be taken
from midway between center and surface of solid
forgings, midway between inner and outer surfaces of
hollow forgings, midway between center and surface
of full-size prolongations, or from broken mechanical
test specimens. The chemical composition thus deter-
mined shall conform to Table 1 within the permissible
variations of Table 2.

5.2.2 Test Methods, Practices, and Terminology
A" 751 shall apply.

6. Mechanical Properties

6.1 The material shall conform to the requirements
as to tensile properties prescribed in Table 3.

6.2 Testing shall be performed in accordance with
Test Methods and Definitions A 370,

7. Test Specimmens

7.1 The tension test specimens shall be machined
to the form and dimensions of the standard_2-in. [50
mm] gage length tension test specimen shown in Fig.
4 of Test Methods and Definitions A 370, except as
specified in 7.2.

7.2 In the case of small sections which wili not
permit the taking of standard test specimen specified
in 7.1, the tension test specimen shall be as large as
feasible and its dimensions shall be proportional to
those shown in Fig. 4 of Test Methods and Definitions
A 370. The gage length for measuring elongation shall
be four times the diameter of the specimen.

7.3 For the purpose of determining conformance to
Table 3, specimens shail be obtained from the produc-
tion forgings, or from separately forged test blanks
prepared from the stock used to make the finished
product. Such test blanks shall receive approximately
the same working as the finished product.

8. Number of Tests
8.1 One tension test shall be made from each heat.

8.2 If any test specimen is defectively machined, it
may be discarded and another specimen substituted.
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9. Retests

9.1 When one or more representative test specimens
do not conform to specification requirements for the
tested characteristic, only a single retest for each noncon-
forming charactenstic mayv be performed to establish
product acceptability. Retests shali be performed on
twice the number of representative specimens that were
originally nonconforming. When any retest specimen
does not conform to specification requirements for the
characterisuc in question. the lot represented by that
specimen shall be rejected, heat-treated or reheat-treated

1n accordance with 4.6, and tested in accordance with
Sections 6, 7, and 8.

10. Workmanship, Finish, and Appearance

10.1 The forgings shall be free of injurious imperfec-
tions as defined below and shall have a workmanlike
finish. At the discretion of the mspector representing
the purchaser, himshed rorazings shall be subject to
rejection if surface imperfecuons acceptable under 10.3
are nol scattered bul appear over a large area in excess
of what is considered a workmanlike finish,

10.2  Depth of infurious Imperreciions — Selected
typical lineur and other tvprcal surface imperfections
shall be explored for depith When the depth encroaches
on the minimum wall thickness of the finished forging,
such imperfections shall be considered injurious.

10.3 Machining or Grinding Impcrfections Not Classi-
fied as Impurious — Surtace imperfections not classified
as injurious shall be treated as follows:

10.3.1 Forgings showing seams, laps, tears, of
slivers not decper than 5% of the nominal wall thickness
or Y in. [1.6 mm}, whichever is less, need not
have these imperfections memoved, If the imperfections
require removal. they shall be removed by machining
or grinding.

10.3.2 Mechamical marks or abrasions and pits
shall be acceptable without grinding or machining pro-
vided the depth does not exceed the limitations set
forth in 10.2 and 1f not Jeeper than ¥g in. [1.6 mm].
If such imperfections are deeper than Y6 in. {1.6 mm}
but do not encroach on the minmmum wall thickness
of the forging they shall be removed by grnding to
sound metal.

10.3.3 When imperfections have been removed by
grinding or machining, the outside dimension at the
pomnt of grinding or machuung may be reduced by the
amount removed. Should :r be imprcticable to secure
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a direct measurement, the wall thickness at the point
of grinding, or at imperfections not required to be
removed, shall be determined by deducting the amount
removed by grinding, from the nominal finished wall
thickness of the forging, and the remainder shall not

be less than the minimum specified or required wall
thickness.

11.  Repair by Welding

11.1 Repair welding, by the manufacturer, is permissi-
ble for parts made to dimensional standards such as
those of ANSI or equivalent standards.

11.2 Prior approval of the purchaser shall be required

to weld repair special parts made to the purchaser’s
requirements.

11.3 The welding procedure and welders shall be
gualified in azccordance with Section IX of the ASME
Boiler and Pressure Vessel Code.

11.4 The composition of the weld deposits shall be
similar to the base metal and in accordance with
the procedure gualification for the applicable material.
Welding shall be accomplished with a weld procedure
designed to produce low hydrogern in the weldment,
Short-circutt gas metal arc welding is permissible only
with the approval of the purchaser.

11.5 Unacceptable imperfections shall be removed
by mechanical means or thermal cutting or gouging
methods. Cavities prepared for welding shall be-exam-
ined by onc of the following methods to verify removal
of the imperfection:

11.5.1 Magnetic particle examination in accordance
with Test Method A 275 or Guide E 709.

11.5.2 Liquid penetrant examination in accordance
with Test Method E 165.

11.6 Weld repaired area(s) shall be blended uniformly
to the base metal and shall be examined by the same
method used for 11.5.

11.7 Repair by welding shall neither exceed 10 %
of the surface arez of the part, nor 33'/; % of the
wall thickness of the finished product at the location
of repair, without prior approval of the purchaser.

12. Marking of Forgings

12.1 Identification marks consisting of the manufac-
turer's symbol or name (Note), designation of service
rating, Specification number, grade, and size shall be
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legibly forged or stamped on each forging, and in such
a position as not to injure the usefuiness of the forgings.
The specification number marked on the forgings need

not include specification year of issue and revision
letter,

NOTE — For purposes of idenufication marking, the manufacturer
is considered the orgamization that cemtifies the piping component
was manufactured, sampled, and iested in accordance with this
specificaton and the results have teen dewerrmined 1o meet the
requirements of this specificauon,

12.2 Bar Coding — In addition to the requirements
in 12.1, bar coding is acceptable as a supplementary
identification method. Bar coding should be consistent
with AIAG standard B-5 02.00 Primary Metals Identifi-
cation Tag Application. If used on small parts, the bar
code may be zppiied to the box or a substantially
applied tag,

13. Packaging, Marking, and Loading for

Shipment

13.1 Packaging, marking, and loading for shipment
shall be in accordance with Practices A 700.

13.2 When specified in the contract or order, and
for direct procurement by or direct shipment to the
government, when level A 1s specified, preservation,
packaging, and packing shall be in accordance with
the tevel A requirements of MIL-STD-163.

14. Inspection

14.1 The manufacwrer shall afford the purchaser’s
inspector all reasonable facilities necessary to satisfy
him that the matenial 1s being produced and furmished
in accordance with this specitication, Mill inspection
by the purchaser shall not interfere unnecessanly with
the manufacturer's operations. All tests and inspections
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shall be made at the place of manufacture, unless
otherwise agreed 1o,

15. Certificate of Compiiance

13.1 When specified in the purchase order or contract,
a producer’s or supplier’s certification shall be fumnished
1o the purchaser that the material was manufactured,
sampled, tested, and inspected in accordance with this
specification and has been found to meet the require-
ments. The specification designation included on certifi-
cates of compliance shall include year of issue and
revision letter, if any.

15.2 When specified in the purchase order or contract,
a report of the test results shall be furnished.

16. Reports of Testing

16.1 Upon request of the purchaser in the contract
or order, a report of the test results and chemical
analyses shall be furnished. The specification designa-
tion included on reports of testing shall include year
of issue und revision letter, if any.

17. Rejection

17.1 Each forging
during shop working
and the manufacturer

that develops injurious defects
or application shall be rejected
notified.

18. Rehearing

18.1 Samples representing material rejected by the
purchaser shall be preserved until disposition of the
claim has been agreed upon between the manufacturer
and the purchaser.
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TABLE 1 Chemical Requiremaents

Composibon, X
Element Classes 60 ang 704
Carbon, max 0.35
Manganase, max 1.108
Phosphorus, max 0.05
Sibkcon, max A
Suitr, max 0.05

4 1t may be necsssary to add slicon to the compasiton for Class 70 ana for the

heavier thicknessea of Class 60 flanges in order to meet the requwed tensile
properties Tha silicon content shall not exceed 0.35 X.

& Manganoss may be increased o 1,35 X max prowded the carbon is reduced
001 % for asch 0.06 % ncrease in manganese over the kmit shown in the table

TABLE 2 Permisgible Varstions In Product Analysis

NoTe—Product cross-sectional area ls defined &8s either:

(&) maximum cross-sectional area of rough rmachinad forging (excluding boringy,
{b) maximum cross-sactional area of the unvmachined forging, or
(¢) maximum cross-sectional area cf tha tuiet, bloom or slab,

illat
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Aren taken at right angles 1o the exis of the onginal ingot o

Permussibla Variations over the Maximum Umit or Lncer the Minimurn Limit, %

H
200 in.2 [1290 &) Over 200 to 400 Wn. Cver 400 to 800 In3
and Undet

-Over 1600 in.#

5 Over B0O to 1600 in 2
(129010 2380 omd) (258010 160 15160 t0 10 320 cev) [10 320 m?]

Manganese .

Up to and Including 0.90 0.04 0.05 006 0.07 o.ce
0.8 aha Oover 0.06 2.07 0.08 0.08 0.09
Phosohorus 0009 0.010 0.010 0015 0.015
Sultur 0.010 ame 5.610 0.015 0015
Sicon 0.03 0.04 0.04 0.05 0.06

TABLE 3 Tensile Requlremants

Class 60 Class 70
Tenxde strength, min, ksl {MPa) 60 [415) 70 [485]
Yield strength,* min, ksl [MPa] 30 [205] 36 (250}
Elongation n 21n, [50 mm], min, X 22 18
Fieduction of area, min, % 35 24

A Deterrruned by either the 0.2 % offsel method or the D5 X extension-
underdosd maetnod.
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SUPPLEMENTARY REQUIREMENTS

S51. Carbon Equivalent
$1.1 The maximum carbon equivalent based on heat

analysis shall be as follows:

Maximum Carbon Eguivalent Value
Maximum Section Thickness Maximum Section Thickness

Class  Less Than or Equalto 2 in. Greater Than 2 in.
60 0.45 0.46
70 047 0.48

51.2 Determine the carbon equivalent (CE) as follows:

CE p C + Mw/6 + (Cr + Mo + V)/5 + (Ni + Cu)15

S1.3 A lower maximum carbon equivalent may be
agreed upon between the supplier and the purchaser.

S51.4 When this Supplementary Requirement is in-
voked, all elements 1n the carbon equivalent formula
shall be analyzed and the amounts reported.
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SPECIFICATION FOR PRESSURE VESSEL PLATES,
CARBON STEEL, FOR INTERMEDIATE- AND
HIGHER-TEMPERATURE SERVICE

SA-515/515M

(Identical with ASTM Specification A 515/A 515M-93)

1. Scope

1.1 This speaification covers carbon-silicon steel
plates primarily for intermediate- and higher-tempera-
ture service m welded boilers and other pressure ves-
sels.

1.2 Muatertal under this specificanon s avatlable
four grades having different strength fevels as tollows:

Tensile Strepyth,
ks | MPa]

OO-R0 [413-550]
63-83 [430-385|
O3 4856201

Grade U S (S

6 [$15]
63 [450)
30 1485

1.3 The maxtmum thickness of plates 1s limited only
be the capacity of the compostiion to meet the specified
mechanical property requirements: however, current
practice normally limits the maximum  thickness of
plates furnished under this specificanon as follows:

Miamum Thrckpess,

. Grade U S, [S]) in mm]
60 [415] 3 [200)
65 [450] 8 [203]
70 {485) 8 (23

1.4 The values stated in cither inch-pound units or
SI units are 1o be regarded separately as sandard.
Within the text, the SI umis are shown i brackets.,
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The values stated 10 each system are not exact cquiv-
alems: therefore, each system must be used indepen-
dently of the other. Combining values from the two

systems may result in nonconformance with the spec-
ification.

2. Referenced Document

1 ASTM Siandard:

A 20M Speaification tor General Requirements
for Steel Plates for Pressure Vessels

3. General Requirements and Ordering
Information

3.1 Material supplied to this material specification
shall conform to Specification A 20/A 20M. These re-
quirements outline the festing and retesting methods
and procedures. permissible vanations in dimensions.
and mass, quality and repair of defects. marking. load-
ing, etc.

3.2 Specification A 20/A 20M also cstablishes the
rules for the ordering information that should be com-
plied with when purchasing material to this specifi-
cation.

3.3 In addition to the basic requirements of this spec-
ification, certain supplementary requirements are avail-
able when additional control, testing, or cxamination

is required to meet end use requirements. These in-
clude:

3.3.1 Vacuum treatment,
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3.3.2 Additional or special tension testing,
3.3.3 Impact testing, and
3.3.4 Nondestructive cxamination.

3.4 The purchaser is referred lo the listed supple-
mentary requirements 1n this specification and to the
detailed requirements in Specification A 20/A 20M

3.5 If the requirements of this specification are m
conflict with the requirements of Specification A 20/

A 20M. the requirements of this specification shall pre-
vail.

4. Manufacture

4.1 Sieeimaking Practice — The steel shail be killed
and made to a coarse austenitic grain size practice.

3. Heat Treatment

5.1 Plates 2 in, [50 mmj and under in thickness are
narmally supplied in the as-rolled condition. The plates
may be ordered normalized or stress relieved, or both

1995 SECTION I

5.2 Plates over 2 in. [50 mun] in thickness shall be
nermalized

6. Chemical Requirements

6.1 The steel shall conform to the chemnical require-
ments shown in Table | unless otherwise modified in
accordance  with  Supplementary Requirement S17.

Vacuum Carbon-Deoxidized Steel. in Specification A
20/A 20M.

7.  Mechanical Requirements

7.1 Tenswon Test Requirements — The matenal as
represented by the tension-test specumens shall conform
to the requirements shown in Table 2

TABLE 1
CHEMICAL REQUIREMENTS

Composition, %

Eloments Grade 50 Grace 65 Grade 70
|Grade 415] [Grade 450) (Grade 485]
Carbon, max*,
10 [25 mm] and unger 024 028 . 0.3
Over 110 21 {25 o 50 mm|, incl 027 033 033
QOver 210 4 in, [S0 10 100 mm], gl g2e 033 gl
Over 4 to 8, [100 to 200 mm)], inc! 0.31 033 035
QOver B [200 mm) 0.31 033 035
Manganese, max*
Haat analysis 0.90 0.50 1.20
Product analysis 0.58 088 1.30
Phosphorus, max* 0035 0035 0.035
Sultur, max* 0.035 0035 0035
Silcon
Heat analysis 0.15-0.40 0.15-0 40 015-0.40
Product analysis 013-045 0.13-0.45 0.13-0.45
A Apphes 10 beth heat and product analyses
TABLE 2
TENSILE REQUIREMENTS
Grade
60 [415) 65 [450) 70 (485}
Tensile sirength, ks [MPa]

Yield strength, min, ksl [MPa}

60-80 [415-550]

65-85 [450-585] 70-50 [485-820]

3z [220) 35 [240] 38 {260)
Ekwgatonn 8 in {200 mm), min, % 214 194 174
Elongation in 2 . {50 mm|, min, % 254 234 214

4 Sea Specificaton A 207A 20M,
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S1.
s2.
S3.

PART A — FERROUS MATERIAL SPECIFICATIONS

SUPPLEMENTARY REQUIREMENTS

Supplementarv requirements shall not apply unless specified in the order. A list of standurdized
supplementary requirements {or use at the option of the purchaser 1s included in ASTM Speci-
fication A 2074 20M. Those which are considered suitable for use with this specification are

listed below by title,

Vacuum Treatment,
Product Analvsis.

Simulated Post-Weld Heat Treatment of
Mechanical Test Coupons,

S4.1 addittonal Tenswon Test,

e
Lh

§7.

Charpy V-Notch Impact Test,
Drop-Weight Test,

High-Temperature Tension Test.

S8.

59,
SH.

S14.
517,

Ultrasonic Examination in accordance with
Specification A 435/A 435 M,

Magnetic Particle Examination.

Ultrasonic Examination tn accordance with
Specification A 577/A 577M,

. Ultrasonic Examination in accordance with

Specification A 578/A 578M,
Bend Test, and

Vacuum Carbon-Deoxidized Steel.

ADDITIONAL SUPPLEMENTARY REQUIREMENTS

Abso listed below T

.

S6E. Austenitic Grain Size

kg
an additional optional supplementary requirement suntable for this speetfication

§61.1 The material shall have a carburized austemitic

grain size of 1o 3
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SPECIFICATION FOR SEAMLESS COPPER PIPE,
STANDARD SIZES

&

SB-42

{Identical with ASTM Specification B 42-83 for the alloys covered except for the deletion of para. 4.1.6 and Supplementary Re-
quirements for government precurement. Certification has been made mandatory.)

1. Scope

1.1 This specification covers seamliess copper pipe
in all nominal or standard pipe sizes, both regular and
extra stong, suitable for use in plumbing, boiler feed
lines, and for similar purposes.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses
are provided for information purposes only.

2. Referenced Documents

2.1 The following documents of the issue in effect

. A T n
on date of material pUrcnase 10mm a

part oi this
specification to the extent referenced herein:

2.1.1 ASTM Srandurds:

B 153 Test Method for Expansion (Pin Test) of Copper
and Copper-Alloy Pipe and Tubing

B 170 Specificauon for Oxygen-Free Electroiytic Copper
Refinery Shapes

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast

E 8 Test Methods for Tension Testing of Metallic Mate-
rials

E 29 Practice for Using Significant Digits in Test Data
to Determine Conformance with Specifications

E 53 Test Methods for Chemical Analysis of Copper

E 55 Practice for Sampling Wrought Nonferrous Metals
and Alloys for Determination of Chemical Compo-
sition

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys {Photometric Methods)

E 243 Practice for Electromagnetic (Eddy-Current) Ex-
amination of Copper and Copper-Alloy Tubes

E 478 Test Methods for Chemical Analysis of Copper
Alloys

E 527 Practice for Numbering Metals and Alleys (UNS)

3. Terminology

3.1 Definitions:

3.1.1 lengths — straight pieces of the product.
3.1.1.1 standard — uniform lengths recom-
mended in a Simplified Practice Recommendation or
established as a Commercial Standard.

3.1.2 tube, seamless — a tube produced with a
continuous periphery in all stages of the operations.
3.1.2.1 pipe — a seamless tube conforming

to the particular dimensions commercially known as
Nominal or Standard Pipe Sizes.

3.2 Description of Term Specific to This Standard:

3.2.1 capable of — as used in this specification,
the test need not be performed by the producer of the
material. However, should subsequent testing by the
purchaser establish that the material does not meet
these requirements the material shall be subject to
rejection.

E95
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4.  Ordering Information

4.1 Orders for material under this specification shall
include the following information:

4.1.1 Type of copper. if required,

4.1.2 Temper (see 6.1),

4.1.3 Pipe size, regular or extra-strong, (see 10.2),
4.1.4 Length (see 10.3),

4.1.5 Total length of each size,

4.1.6 Mill test report, if required (see 20.1},
4.1.7 Hydrostatic test, if required, and

4.1.8 Pneumatic test, if required.

5. Chemical Composition

5.1 The materwul shall conform to the following
chemical requirements:

Copper (incl silver), min, % 899.9

Phosphorus, max, % 004

5.2 The pipe may be produccd from the following
coppers. and unless otherwise specified. anvone of them
may be furnished:

Previousiy Used

Copper UNS No. Designation Type of Copper
C10200 OF Oxygen-free without
) residenual deoxidanis
Cl2000 DLP Phosphortzed, low
residual phosphorus
Ci2200 DHP Phosphorized. high

residual phosphorus

5.3 When the copper is specified, the material shall
conform: to the chemical requirements specified in Table
1.

5.4 These specification limits do not preclude the
possible presence of other elements. Limits for unnamed
elements may be established by agreement between
manufacturer or supplier and purchaser.

5.4.1 The major element that is not analyzed shall
be determined by difference between the sum of those
elements analyzed and 100%. By agreement between
manufacturer and purchaser, analysis may be required
and limits established for elements not specified.

6. Temper

6.1 All pipe shall normally be furnished in the Q61
(annealed), H55 (light drawn), or H80 (hard drawr
temper, as prescribed in Practice B 601, and shall have
the properties shown in Table 2

6.2 When pipe is required for bending, it shall be
so specified in the purchase order, and the pipe shall
be furnished in the temper agreed upon between the
manufacturer or supplier and the purchaser.

7.  Expansion Test

7.1 Pipe ordered in the annealed (O) condition,
selected for test, shall withstand an expansion of 25%
of the outside diameter when expanded in accordance
with Test Method B 153. The expanded pipe shall
show no cracking or rupture visible to the unaided
eye. Pipe ordered in the drawn (H) condition is not
subject 1o this test.

NOTE 1 — The term “unaided eye,” as used hercin, permus the
use of corrective spectacles necessary to attain normal vision.

7.2 As an alternative to expansion test for pipe over
4 in. (102 mm) in diameter in the annealed condition,
a section 4 in. in length shall be cut from the end of
one of the lengths for a flattening test. This 4-in.
specimen shall be flattened so that a gage set at three
times the wall thickness will pass over the pipe freely
thoughout the flattened part. The pipe so tested shall
develop no cracks or flaws visible to the unaided eye
{Note 1) as a result of this test. In making the flattening
test the elements shall be slowly flattened by one stroke
of the press.

8.  Microscopical Examination

8.1 The pipe shall be made from copper that is
free of cuprous oxide as determined by microscopical
examination at a 75X magnification. When Copper UNS
No. C12200 is supplied, microscopical examination for
cuprous oxide is not required.

9.  Nondestructive Testing

9.1 The material shall be tested in the final size but
may be tested prior to the final anneal or heat treatment.
when these thermal treatments are required, unless

otherwise agreed upon by the manufacturer or supplier
and purchaser.
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9.2 Eddy-Current Test — Each piece of material
from % in. up to and inctuding 2% in. nominal outside
diameter, or within the capabilities of the eddy-current
tester, shall be subjected to an eddy-current test. Testing
shall follow the procedures of Practice E 243, except
for determination of “end effect.” The matenal shail
be passed through an eddy-current testing unit adjusted
to provide information on the suitability of the material
for the intended application.

9.2.1 Notch-depth standards rounded to the nearest
0.001 in. (0.025 mm) shall be 10% of the nominal
wall thickness. The notch depth tolerance shail be
*+0.0005 in. (0.013 mm). Altemnatively, when a manu-
facturer uses speed insensitive equipment that can select
a maximum imbalance signal, a maximum imbalance
signal of 0.3% may be used.

9.2.2 Material that does not actuate the signaling
device of the eddy-current test shall be considered as
conforming to the requirements of this test. Material
with disconunuities indicated by the testing unit may
be reexamined or retested, at the option of the manufac-
turer, to determine whether the discontinuity is cause
for rejection. Signals that are found 1o have been caused
by minor mechamcal damage, sotl or moisture shall
not be cause for rejecnion of the material provided the
dimensions of the material are still within prescribed
limits and the marterial is suitable for its intended

........

9.3 Hydrostaric Test — When specified, the material
shall stand. without showing evidence of leakage, an
internal hyvdrostatic pressure sufficient to subject the
matenial to a fiber stress of 56000 psi (41 MPa), deter-
mined by the following equation for thin lwilow cylin-
ders under tension. The material need not be tested at
a hvydrostatic pressure of over 1000 psi (6.9 MPa)

Tunless so specified.

P =25/(D - 0.80)

where:
P = hydrostatic pressure, psi (or MPa),
= wall thickness of the material, in. (or mm),
D = outside diameter of the material in. (or mm),
and
S = allowable stress of the material, psi (or MPa),

9.4 Pneumatic Test — When specified, the material
shall be subjected to an internzl air pressure of 60 psi
(415 kPa) minimum for a 3 s without showing evidence
of leakage. The test method used shall permit easy
visual detection of any leakage, such as by having the
material under water or by the pressure-differential
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method. Any evidence of leakage shall be cause for
rejection.

10. Dimensions and Permissible Variations

10.1 For the purpose of determining conformance
with the dimensional requirements prescribed in this
specification, any measured value outside the limiting
values for any dimensions may be cause for rejection.

10.2 Standard Dimensions, Wall Thickness, and Di-
ameter Tolerances — The standard dimensions, wall

thickness, and diameter tolerances shall be in accordance
with Table 3.

10.3 Length and Length Tolerances — The standard

length of copper pipe is 12 fi (3.66 m) with a tolerance
of % in. (13 mm).

10.4 Roundness:

10.4.1 For drawn unannealed pipe in straight
lengths, the roundness tolerances shall be as follows:

Roundness Tolerances as
Percent of Qutside Diameter
(Expressed to the Nearest
0.001 in. (0.025mm))

/d (ratio of
Wall Thickness o
Quiside Diameter)

001 to 0.03. incl 1.5
Over 0.03 to 0.05, inct . 10
Quver 0,05 o 0.10, incd 0.8
Over 0.10 0.7 -

10.4.2 Compliance with the roundness tolerance
shatl be determined by taking measurements on the
outside diameter only, irespective of the manner in
which the pipe dimensions are specified.

10.4.3 The deviation from roundness is measured
as the difference between major and minor diameters
as determined at any one cross section of the tube.

10.5 Squareness of Cut — The departure from square-

ness of the end of any pipe shall not exceed the
following:

Qutside Diameter
in, {mm)

Up 1o 5/5 (15.9), incl
Over % (15.9)

Tolerance

0.010 in, (0.25 mm)
0.016 in/in. (0.016 mm/mm) of diameter

11. Workmanship, Finish, and Appearance

11.1 The material shall be free of defects of a nature
that interfere with normal commercial applications. It
shall be well cleaned and free of dirt.
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12.  Sampling

12.1 Sampimg — The lot size, portion size, and
selection of sample pieces shall be as follows:

12.1.1 Lot Size — The lot size shall be as follows:

Pipe Size. in Lot Weight, Ib (kg)
Up to 1'4, 1ncl 5 000 (2270 or fracuon thereof
Over 1'/2 o 4, el 10 000 (4550) of fracuon thercof
Qver 4 40 000 (18 100) or fraction thereof
12.1.2 Pertion Size — Sample pieces shall be

taken for test purposes from each lot according to the
following schedule:

Number of Picces

in Lot Number of Sample Pieces to be Taken®
1 to 50 i
51 to 200 2
201 to 1500 ' 3
Over 1500 02% of 1otal number of pieces i the

lon, but netto eveeed 10 sample pieces

* Each sample prece shall be taken from a separate tube

13. Number of Tests aund Results

13.1 Chemical Analvsis — Samptes for chemical
anyalysis shall be taken in accordance with Practice E
535, Drillmgs, milthngs, cte., shail be taken o approxi-
mately equal weight from each of the sample pieces
selected 1 accordanee with 12.1.2 and combined into
one composite sample. The munimum weight of the
composite sample that 15 to be divided into three equal
parts shull be 150 g

13.1.1 Instead of sampling in accordance with
Practice E 55, the manufacturer shall have the opuen
of determining conformance 1o chemical composition
as follows: Conformance shall be determined by the
manufacturer by analyzing samples taken from the semi-
finished product. If the manufactuerer determines the
chemical composition of the matenal during the course
of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples
taken for determinanon of chemical composition shall
be as follows:

13.1.1.1 When samples are taken at the ume
the castings are poured, at least one sample shall be
taken for each group of castings poured simultaneously
from the same source of molten metal.

13.1.1.2 When samples are taken from the semi-
finished product. u sample shail be taken to represent
each 10 000 lb (4550 kg) or fraction thereof, except
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that not more than one sample shall be required per
piece.

13.1.1.3 Due to the discontinuous nature of the
processing of castings into wrought products, it is

not practical to identify specific quanitity of finished
matenal.

13.1.1.4 In the event that heat identification or
traceability is required, the purchaser shall specify the
details destred.

13.2 Retests:

13.2.1 If any test specimen shows defective ma-
chining or develops flaws, it may be discarded and
another specimen substituted.

13.2.2 If a bend test specimen fails, due to condi-
tions of bending more severe than required by the
specification, a retest shall be permitted on a new

sample piece or on the remaining portion of the first
sample plece.

13.2.3 If the results of the test on one of the
specimens fail to meet the specified requirements, two
additional specimens shall be taken from different sam-
ple picces and tested. The results of the tests on both
of these specimens shall meet the specified requirements.
Failure of more than one specimen to meet the specified
requirements for a parttcular property shall be cause
for rejection of the entire lot,

13.2.4 If the chemical analysis fails 1o conform
to the specified limits, analysis shall be made on a
new composite sample prepared from additonal pieces
selected in accordance with 12.1. The results of this
retest shall comply with the specified requirements.

14.  Test Methods

14.1 The properties enumerated in this specification
shall, in case of disagreement, be determined in accord-
ance with the following applicable test methods:

Test ASTM Designation®

Chemical analysis B 170%. E 53, E 62, E 478

Tension Es
Expansion (pin test) B 153
Eddy current E 243

4 8ee 2.1

8 Reference to Specification B 170 15 to the suggested chemical
methods m the annex thereof. When Commutiee E-1 has tested and
published metheds for assaying the low level impurities in copper, the
Specihcation B 170 annex will be eliminated.
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14.2 Tension test specumens shall be of the full
section of the pipe and shail conform to the requirements
of the Specimens for Pipe and Tube section, of Test
Methods E 8, unless the limitations of the testing
machine preclude the use of such a specimen. Test
specimens conforming to Tvpe No. 1 of Fig. 13, Tension
Test Specimens for Large-Diameter Tubular Products,
of Test Methods E 8 may be used when a full section
specimen cannot be tested.

14.3 Whenever tension test results are obtained from
both full size and machinzd test specimens and they
differ, the results obtained irom full test specimens shall
be used to determine confermance to the specification
requirements.

14.4 Tension test results on material covered by this
specification are not seriousiv affecied by variations in
speed of testing. A considerable range of testing speed
is permissible; however, the rate of stressing to the
yvield strength should not eceed 100 ksi (700 MPu)/
min. Above the yvield strengih the mevement per minute
of the testing machine head under load should not
exceed 0.3 in./in. (0.3 mm/mm) of gage length (or
distance between grips for full-section specimens).

15. Significance of Numerical Limits

I5.1 For purposes of determining compliance with
the specihied limits for rec.irements of the properties
listed in the followmng tab’s. an observed value or 2
caiculated valug shall he rowrded us mdicated in accord-
ance with the rounding meinod of Practice E 29.

Rounded Unit for
Property Croserved or Cileulated Value

Chermical compositon  aeares: ritin the iast nght-hand place

of tigu-os of the specified hmmt
Tenstle strength

Yield strength neareas aof (nearest 3 MPa)

16. Inspection

16.1 The manufacturer shall afford the inspector
representing the purchaser all reasonable facilities, with-

out charge, to satisfy him that the material is being
furnished in accordance with the specified requirements.

17. Rejection and Rehearing

17.1 Material that fails to conform to the requirements
of this specification may be rejected. Rejection should
be reporied to the manufacturer or supplier promptly
and in writing. In case of dissatisfaction with the results
of the test, the manufacturer or supplier may make
claim for a rehearing,

18, Packaging and Package Marking

18.1 The material shall be separated by size, composi-
tion, and temper, and prepared for shipment in such
a manner as to ensure acceptance by common carrier
for transportation and to afford protection from the
normal hazaards of transportation.

18.2 Each shipping unit shall be legibly marked with
the purchase order number, metal or alloy designation,
temper, size, total length or piece count or both, and

name of supplier. The specification number shall be
shown, when specified.

19. Certification

19.1 The manufacturer shall furmish to the purchaser
a certificate stating that each lot has been sampled,
tested, and inspected in accordance with this specifica-
tion and has met the requirements.

20. Mill Test Report

20.1 When specified on the purchase order, the
manufacturer shall furnish to the purchaser a test report
showing results of tests required by the specification.

21. Keywords

21.1 copper pipe; extra strong; regular; standard sizes
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TABLE 1
CHEMICAL REQUIREMENTS

Copper (incl Silver),

Copper UNS No. min, % Phasphorus, %
cloz00 99 95 ..
£12000 99.90 0.004 to 0.012
C12200 99.9 0.015 to 0.040

TABLE 2
TENSILE REQUIREMENTS

Temper Designation  Pipe Size

Nominal
or Tensile Yield
Standarg,  Strength, Strength,*
Standard Former In. min, ksi®- min, ksi®
061 annealed ail ~ 30 2
HB80 hard drawn  '/,~2, incl a5 <0
H55% light drawn  2-12, ncl 36 30

“At 0.5% extension under {oad.
“ks1 = 1000 psi.
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TABLE 3 STANDARD DIMENSIONS, WEIGHTS, AND TOLERANCES
NOTE—AIl tolerances are plus and minus except as otherwise indicated.

Nominal or Average Qutside
Standard Outside Diameter, Diameter Tolerances,” Theoretical Weight,
Pipe Size, 1n in. in All Minus Wal! Thickness, in. Tolerance,® in ib/it
Regular
He 0.405 0004 0.062 0 004 0.253
A 0.540 0004 0.082 0.005 0.447
A 0675 0005 0.090 0.005 0.627
A 0.840 ¢.005 0.107 0.006 0.934
A 1050 0 006 0.114 0.006 1.27
1 1.315 0.006 0.126 0.007 1.78
i/, 1 660 0 006 0.146 0.008 2.63
A 1.900 0 006 0150 0.008 3.13
2 2 375 0008 0156 0.009 4,12
2'/. 2.875 2008 0187 0.010 5.9%
3 3 500 0010 0219 0.012 8 56
3/, 4.000 J.010 0.250 0013 - 11.2
a 4.500 s 012 " 0250 0014 12.7
5 5.562 2014 0.250 0014 15.8
& 6625 00l 0250 0.014 19.0
8 8 625 o020 0.312 0.022 30.9
10 10 750 a2 . 0 365 0.030 45,2
i2 12 750 2023 0375 0.030 55.3
Extra Strong
e 0 405 AR 0100 0.006 0.363
Y 0,540 1004 0123 0.007 0611
A 0679 0095 0127 0.007 0829
1. 0.840 Q005 0149 0.008 123
/s 1.050 S 006 0157 0.009 187
i 1315 0 0o 0182 0.010 2.46
-1 ' 1.660 ¢ 606 0193 0010 339
1/, 1900 2008 0.203 0.011 419
2 2375 0008 0.221 0.012 5.67
2'/, 2.875 2008 0.280 0.015 8 66
3 3.500 0010 0.304 0.016 1i.6
3/, 4 000 Cold 0.321 0017 141
4.500 0012 0.341 0.018 16.9
5562 0014 0375 0019 23.2
6 6.625 0015 0.437 0.027 32.2
8 8625 0020 0 500 0.035 48 4
10 10.750 0.022 0.500 0040 61.1

*The average outside diameter of a tube 15 e average ¢f tne maximum and munimum outside diameters as determined at any one cross section of
the pipe

“Maximum deviation at any one point

17
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APPENDIX

{Nonmandatory Information)

X1. METRIC EQUIVALENTS

X1.1 The ST unit for strength properties now shown
15 11 accordance with the International System of Units
(SD). The derived SI unit for force is the newton (N),
which is defined as that force which when applicd to
a body having a mass of one kilogram gives it an
acceleration of one meter per second squared (N =
ke+*m/s®). The derived SI unit for pressure or siress
in the newton per square metre (N/m"), which has
been named the pascal (Pa) by the General Conference
on Werghts and Measures Since 1 ksi = 6 894 757
Pu the metric equivalents are expressed as megapascal
(MPa). which is the same as MN/m® and N/mm”,
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SPECIFICATION FOR CARBON STEEL ELECTRODES
FOR SHIELDED METAL ARC WELDING

G

SFA-5.1

(ldenncal with AWS Specification A5, 1-91)

1. Scope

This spectfication piescnibes requirements for the
classification ot carben steel electrodes for shielded
metal arc weldimg

SECTION A — GENERAL REQUIREMENTS
2. Classification

2.1 The welding clestrodes coversd by this speci-
fication are classitied according (0 the following:

(1) Type of curent o Tavle 1)

(2) Tvpe of covering (see Table 1)

{3) Welding position tsee Table 1)

(4) Mechanical prorcines of the weld metal in the
as-welded or aged condiion xce Tables 2 and 3)

2.2 Muateriabs classtied under one classificution shail
not be classtficd unde: any other classification of this
specification, except that E7013M may abo be ¢las-
sified as E7018 provided the electrode meets all of the
requirernerts of both classificzions.

3. Acceptance

Acceptance' of the welding clectrodes shall be in
accordance with the provisions of the ANSIFAWS
AS5.01, Filler Metal F:ocurenent Guidelines.”

' See A3 (in Lhe Appendin ior furiher information concermng ac-
ceptance. lesting of the mzieral shepred. and ANSE/AWS AS 0]
Filler Metal Procuremeni G clelines

: AWS standards can be ertaned from the American Welding So-
clety, 350 N'W  Leleune Road, P.O tox 351040, Miami, Florida
33135,

4. Certification

By affining the AWS specitication and classification
designations to the puckagings, or the clissificanion to
the product, the manufacturer cerufies that the product
meets the requirements of this specification,’

5, Units of Measure and Rounding-Otf Procedure

5.1 U.5 Customury Units are the standard umits of
measure in this specification The S1 Units are given
as equivalent values to the U.S. Customary Units. The
standard stzes and dimensions i the two systems are
not identical, and for this reason, conversion from a
standard size or dimension in one system will not al-
ways coincide with a standard size or dimension in the
other  Suitable conversions. encompassing standard siz-
¢s of both, can be made. however, if appropriate tol-
erances are appiied n each case.

5.2 For the purpose of determining conformance
with this specification. an observed or calculated value
shall be rounded to the “nearest unit” of the last right-
hand place of figures used in expressing the limiting
value n accordance with the round-ofi method of
ASTM Practice E29 for Using Significamt Digits in Test
Data 10 Determine Conformance with Specifications.”

' See A4 (i the Appendix) for further intormation ¢oncerning cer-
uficaton and the testing called for 10 meet this requirement

' ASTM standards cen be obtained from the American Society for

Tesung and Materials. 1916 Ruce Street, Phudadelphia, Pennsylvama
19103,
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TABLE 1
ELECTRODE CLASSIFICATION

AWS ) ) Welding Type of
Classification Type of Covering Position? Current®
E6010 High cellulose sodium FVOHH dcep
E6011 High ceflulose potassium F.V.OH H ac or deep
E6012 High titania sodium F,v.OH.H ac or deen
E6013 High titania potassium F,Y.OH H ac, dcep or dcen
E6019 Iron oxide titania potassium F.VOHH, ac, deep or deen

_ . H-fillets ac or deen
E6020 High iron oxide {F ac, deep or deen
E6Q22¢ High iron oxide F.H ac or deen
Es027 High iron oxide, iron { H-fillets ac or dcen

powder F ac, decep or decen
E7014 Iron powder, titania F.YOHH ac, deep or deen
E70159 Low hydrogen sodium F.¥.OH.H dcep
E70164 Low hydrogen potassium FV.OH.H ac or deep
E7018¢ Low hydrogen potassium, F,V,OH H ac or dcep

iron powder
E7018M Low hydrogen iron powder F Vv OH H dcep
E7024¢ lron powder, titania H-fillets.F ac. deep or deen
E7027 High ircn oxide, iron {H-ﬁ!le'.s ac or deen

powder F ac, deep or deen
E70284 Low hvdrogen potassium, H-fillets F ac or deep

iron powder
E70484 Low hydrogen potassium, -F,OH,H,V-down ac or deep

ron powder
Notes:

a. The abbreviations indicate the weiding positions as follows:

F = Flat

H = Horizontal

H-fillets = Horizontal fillets ‘
Y-down = Vertical with downward progression

Y = Vertical
OH = Overhead

For electrodes 3/16 in. (4.8mm) and under, except 5/32 in. (4.0mm)
and under for classifications E7014, E7015, E7016, E7018, and E701 M.

b. The term **dcep™ refers to direct current electrode positive (dc, reverse polarity). The term “dcen™ refers to direct
current clectrode negative (dc, straight polanty).

¢. Electrodes of the E6022 classification are intended for single-pass welds only.

d. Electrodes with supplemental elongation, notch toughness, absorbed moisture, and diffusible hydrogen requirements
may be further identified as shown in Tables 2, 3, 10, and 11.

t
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PART C — SPECIFICATIONS FOR WELDING RODS,

ELECTRODES. AND FILLER METALS

SFA-5.1

TABLE 2
TENSION TEST REQUIREMENTS"<

Yield Strength

AWS Tensile Strength at 0.2% Offset Ei],:n(%%_]gr;nl:j)z
Classification ksi MPa ksi MPa Percent
E6010 60 414 48 33] 22
E6011 60 414 48 331 22
E6012 60 414 43 331 17
E6013 60 414 48 339 17
Es019 60 414 48 331 22
E6020 60 414 48 331 22
E60224 60 414 not specified not specified
E6D27 60 414 48 . 331 22
E7014 70 482 58 399 17
E7015 70 482 58 399 22
E7016 70 482 58 399 22
E?7018 70 482 58 399 22
E7024 70 482 58 39% 17¢
E7027 70 482 58 359 22
E7028 70 482 58 399 22
E7048 70 482 58 399 22
E7018M note g 482 53-72f 365-496f 24
Notes:

a. See Table 4 for sizes to be tested,

b. Reguirements are in the as-welded condition with aging as specified in 11.3.

c. Single values are minimum

d. A transverse tension lest, as specified in 11.2 and Figure 9 and a longitudinal guided bend test, as specified in Sec-

tion 12, Bend Test, and Figure 10, are required.

e. Weld metal from electrodss identified as E7024-1 shall have elongation of 22 % minimum,
{. For 3/32 in. (2.4mm) electrodes. the maximum for the vield strenath shall be 77 ksi (531 MPa).

g. Tensile strength of this weld metal is a nominal 70 ksi (482 MPa).

SECTION B — TESTS. PROCEDURES, AND
REQUIREMENTS

6. Summary of Tests

The tests required for cach clussificaiion are specified
in Table 4. The purpose of these testy is (o determine
the chemical composition, mechamcal properties. and
soundness of the weld metal. moisture content of the
low hvdrogen electrode covering: and the usability of
the electrode. The base metai for the weld test assem-
blies. the welding and testing procedures to be em-
ploved. and the results required ase given tn Sections
8 through 17

The supplemental tests for absorbed moisture, in
Section 16, Absorbed Moisture Test, and diffusible hy-
drogen. in Section 17, Diffusible Hydrogen Test, are
not required for classification of the low hydrogen elec-
trodes except for E7018M. where these are required.
See Notes ) and n of Table 4.

LI

7. Retest

If the results of anry fests fwl to meet the require-
ment, that test shall be repeated twice. The results of
both tesis shall meet the requirement. Specimens for
reiest may be taken from the original test assembly or
from a new test assembly, For chemical analysis, retest
need be only for those specific elements that faiied 10
meet the test requuirement.

8. Weld Test Assemblies

8.1 One or more of the following five weld test as-
semblies are required.

(/) The weld pad in Fig. | for chemical analysis of
the undituted weld metal

(2) The groove weld m Fig. X for mechanical prop-
ertics and soundness of the weld metal

(3) The fillet weld in Fig. 3 for the usability of the
electrode

(<) The groove weld in Fig. 4 for transverse tensile
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TABLE 3
CHARPY V-NOTCH IMPACT REQUIREMENTS

Limits for 3 out of 5 Specimens?

AWS

Classification Average, Min. Single Value, Min.
E6&d10, E6O11,

E6027,E7015, 20 fi-Ib at -20°F 15 fi-1b at -20°F
E7016b, E7018b, (27 Ja1.29°C) (207 a1 -29°C)
E7027, E7048

E6019 } 20 fi-Ib at O°F 15 fi-Ib a1 O°F
E7028 (27 Jat -18°C) (20 a1 -18°C)
E6012, E6013,

E6020, E6022, Not Specified Not Specified
E7014, E7024Y

Limits for 5 out of 5 Specimens®

Average, Min. Single Value, Min.
E7018M 50 fi-lb at -20°F 40 ft-1b at -20°F
(67 Ja1.29°C) {54 ) at-29°C)

Notes:

a. Both the highest and lowest test values obtained shall be disregarded in computing the av-
crage. Two of these remaining three values shall equal or exceed 20 fi-1b (27 3).
b. Electrodes with the following optional supplemental designations shall meet the lower tem-

perature ympact requirements specified below:

Charpy V-Noich Impact Requirements,

AWS Electrode Limits for 3 out of 5 specimens (Refer 1o
Classification Designation Note a above)

Average, Min. Single Value, Min.
E7016 E7016-1 } 20 fi-lb at -50°F 15 fi-lb at -50°F
E7018 E7018-1 (27 J a1 46°C) (20 ) a1 -46°C)
E7024 E7024-1 20 fi-1b a1 O*F 15 fi-lb at O°F

(27 Jat-18°0) 20) at-18°C)

c. All five values cbtained shall be used 1n computing the average. Four of the five values

shall equal, or exceed, 50 ft-1b (67 1).

r

and longitudinal bend tests for welds made with the
E6022 single pass electrode

{5) The groove weld in Fig. 5 for mechanical prop-
erties and soundness of weld metal made with the
E7018M electrode .

The sample for chemical analysis may be taken from
a low dilution area cither in the groove weld in Fig.
2 or 5 or in the fractured all-weld-inetal tension test
specimen, thereby avoiding the neced to make a weld

pad. In case of dispute, the weld pad shall be the ref-
eree method.

8.2 Preparation of each weld test assembly shall be

as prescribed 1n 8.3 through 8.5. The base metal for
each assembly shall be as required in Table 5 and shall
meet the requirements of the ASTM specification
shown there or an equivalent specification. Testing of
the assemblies shall be as prescribed in Sections 9
through 14,

Electrodes other than low hydrogen electrodes shall
be tested without “conditioning.” Low hydrogen elec-
trodes, if they have not been adequately protected
against moisture pickup in storage, shall be held at a
temperature of 500 to 800°F (260 to 427°C) for a min-
imum of one hour prior to testing.
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TABLE 4
REQUIRED TESTS™™

Electrode Size© Radiographic Test®

AWS Current and Chemicald All-Weld-Metal Impact Fillet Moisture
Classification Polarity? in. mm Analysis Tension Testf Testt  Weld Testh Test!
3732, 1/8 24,32 NR NRb NRb NRb NR
5132, 116 4.0 44 NR F F v & Ol NR
E6H10 dcep 7732 5.6 C o NR NRb NR?b NRb NR
174 64 NR F F H NR
5/16 g0 NR F NRb NRb NR
5 3% T NR HRe MR N NR
/32, 371 0. 4. v H NR
E6011 ac and deep 7132 56 NR NRb NRb  NRb NR
174 6.4 NR F F H NR
5/16 8.0 NR F NRb NRD NR
1/16 to 1/8 inc. 1.6 to 3.2 inc. NR NRb NR NRb NR
E6012 ac and dcen 5732, 3/16 4.0, 4.8 NR F NR vV & OH NR
7/32 5.6 NR NRb NR NRb NR
1/4, 5/16 6.4, 8.0 NR P NR H NR
1/16 to 1/8 inc. 1.6 to 3.2 inc. NR NRb NR NRb NR
ac, dcep, and 5/32, 3/16 4.0, 4.8 NR F NR VvV & OH NR
E6013 dcen 7/32 5.6 NR NRY NR NRb NR
1/4, 5716 6.4, 8.0 NR F NR H NR
5/64 to 1/8 inc. 2010 3.2 inc. NR NRb NRb NRb NR
5/32, 3/16 40.48 NR Fl F vV & OH NR
E6019 ac, deep, and 7/32 5.6 NR NRb NR? NR?Y NR
dcen 174, 5/16 6.4, 8.0 NR 3 Fi H NR
For H-fillets, 1/8 3.2 NR NRb NR NRb NR
ac and dcen; 5/32, 3/16 4.0.4.8 NR Fl NR H NR
E6020 For fat 7432 5.6 NR NRb NR NRb NR
position 1/4
ac ,dcep, and 5/16 6.4 NR Fi NR H NR
dcen 8.0 NR F NR NRb NR
1/8 3.2 NR NR. NR NR NR
E6022 ac and dcen { 5/32ta 732 inc. 4.0 1o 5.6 inc. NR NRik NR NR NR
For H-hillets, 1/8 3.2 . NR NR NRb NRb NR
ac and dcen; 5/32. 3/16 40,48 NR Fl.m F! H NR
E6027 For fat 7732 5.6 NR NRb NRb NR? NR
position 1/4
ac, deep, and s/16 64 NR Fl.m Fl H NR
dcen 8.0 NR Fl.m NRb NRb NR
(Continued)
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TABLE 4 (CONT

‘D

REQUIRED TESTS*®

Elecirode Size¢

Radiographic Testt

AWS Current and Chemicald All-Weld-Metal Impact Fillet Moisture
Classification Polarity? in. mm Analysis Tension Test' Test8 Weld Testh Testf
[ 3/32, 1/8 2.4, 3.2 NRP NRDV NR NRb NR
5732 4.0 F! Fl NR V & OH NR
E7014 ac, dcep, and { Vi6 4.8 NRb F NR H NR
dcen 7132 5.6 NRP NRb NR NRP NR
1/4 64 F! F NR H NR
L /16 8.0 NRb F NR H NR
[ 3/32, 1/8 24,32 NRb NRb NRDV NRY NRb
532 4.0 F F F V & OH Rcc‘;d.
E7015 dcep 4 316 4.8 NRb F F H NR
7/32 56 NR b NRP NRb NRPD NRb
1/4 6.4 F F F H Rch‘d.
L S5/16 8.0 NRb F NRP NRP NR
[ 3/32, 1/8 24,32 NRb NRY NRY NRb NRb
5/32 40 F F E V & OH ch;d.
E7016 ac and deep { 316 4.8 NRbE F F H NR
7/32 5.6 NRb NRb NRD NRb NRb
1/4 6.4 F F F H Req”d.
L S/16 £.0 NRVY F NR?P NRb NR
[ 3/32, 1/8 24,32 NRb NRb NRb NRb NRY
5732 4.0 F F F vV & OH Re({;d
E7018 ac and dcep y 316 4.8 NRb F F H NR
7/32 5.6 NRbP NRb NR?Y NRb NRb
1/4 6.4 F F F H RecL‘d.
5/16 8.0 NRb F NRD NRb NR
n 3/32105/32inc. 24104 0inc, F A v NR Req'd
E7018M deep { 31610 5716 inc. 4.8 1o 8.0 inc. F F F NR Req'd
[ 3/32, 1/8 2.4, 3.2 NRbP NRb NRbo  NRP NR
5/32 4.0 F Flm Fe H NR
E7024 ac, dcep, and y e 48 NRbP Fl.m Fe H NR
dcen 1732 5.6 NRbD NRP NRbo  NRb NR
174 6.4 Fl Fl.m Fo H NR
L 5/16 8.0 NR? FChm NRbe  NRb NR
For H-fillets [ 1/8 3.2 NRY NRb NRb NRb NR
E7027 ac and dcen 5/32 4.0 F! Fl.m F H NR
For Rat ) /16 4.8 NRb Ft.m Fl H NR
position 7132 5.6 NRb NRbP NRb NRbD NR
ac, deep, and 1/4 6.4 F! Fl.m F H NR
dcen L §/16 8.0 NRb Fl.m NRb NRb NR

(Continued)
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TAELE 4 (CONT'D)
REQUIRED TESTS™®
Electrode Sizct ‘ Radiographic Test®
AWS . Current and ] Chemicaid All-Weld-Metal Impact Fillet Moisture
Classification Polarity® in. mm Analysis Tension Testf Testd8  Weld Testh Testl
1/8 12 NRP NRP NRb NRb NRb
5732 :.0 ;\:l b Fm F RC(L'd.
16 4. R Fm F H NR
E7028 ac and dcep 7/32 56 NRb NRb NRb  NRb NRb
1/4 64 F Fm F H RecL'd.
5116 80 " NRb Fm NRb  NRb NR
1/8 3.2 NRb NRb NRb NRb NRP
E7048 ac and dcep 5132 4.0 F F F ;-gown & Req'd.
36 4.8 NRb F F V-down & NRb
H

a. NR means “‘not required”. The abbreviations, F.H, H-fillets, V.down, V, and OH, are defined in Note a of Table |. The terms “dcep”™ and “dcen",
are defined in Note b ol Table 1.

b. Standard electrode sizes not requiring this specific test can be classified provided at ieast two other sizes of that classification have passed the tests
required for then, or the size to be classified meets specification requirements by having been tested in accordance with Figures |, 2, and 3 and

Table 6.
c. Electrodes manufactured in sizes not shown shall be tested to the requirements of the nearest standard size. 6.0 mm electrode shall be tested to the re-

uirements of [/4 in. (6.4 mm) electrode.
3. Sce Section 9, Chemical Analysis.
e. See Section 10, Radiographic Test.
f. See Section 11, Tension Test.
. See Section 13, Impact Test,
. See Section 14, Fillet Weld Test.

i. A radiographic test is not required for this classification.
j. The moisture test given in Sections |5 through 15,9 is the required test for measurement of moisture content of the covering. In Section 16, Absorbed

Muoisture Test, and Section 17, Diffusible Hydrogen Test, are supplemental tests required only when their corresponding optional supplemenlal designa-

tors are to be used with the ciassification designatars,
k. A transverse tension test (see 11.2 and Figure 9) and a longitudinal guided bend test (see Section 12, Bend Test, and Figure 10) are required for classi-

fication of §/32, 3/16, and 7/32 in. {4.0, 4.8, and 5.6 mm) E6022 electrodes. Welding shall be in the flat position. See Note d of Table 2.

. When dcep and dcen are shown, only dcen need be tested. » )
m. Electrodes longer than 18 in. {450 mm) will require 2 double length test assembly in accordance with Note 2 of Figure 2, to ensure uniformity of the

entire electrode.
n. Tests in Section 16 Absorbed Moisture Test. and in Section 17, DilTusible Hydrogen Teslt, are required tests for all sizes of E7018M.

o. Electrodes identified as E7024-1 shall be impact tested See Note b of Table 3.
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L, LENGTH (SEE NOTE 9)

W, WIDTH
(SEE NOTE 9}

KK/
~———BASE METAL
Notes:

1. Base metal of any convenent size, of any type specified in
Table 5, shalt be used as the base for the weld pad.

2. The surface of the base metal on which the filler metal is to
be deposited shall be clean.

3 The pad shall be welded In the fiat postion with successive
layers to obtain undiuted weld metal.

4. One pad shall be wekied for each type of current shown n
Table 4 except for those classificatons wentified by note L
i Table 4

5. The number and size of the beads will vary according to the
size of the electrode and the width of the weave, as well as
the amperage employed

6 The preheat temperature shall not be less than 60°F (16°C)
and the interpass temperature shall not exceed 300°F
{(150°C).

7 The slag shall be removed after each pass.

. The test assembly may be quenched in water between

passes to control interpass termnperature

9 The minmum compieted pad size shall be at least four
layers n heught {H} with length {1} and width {W) sufficient
to perform analysis. The sample for analysis shall be taken
at least 1/4 in {6 4 mm) above the onginal base meta!
surface

WELD METAL | l
|

H, HEIGHT
(SEE NOTE 9)

-]

FIG.1 — PAD FOR CHEMICAL ANALYSIS OF UNDI-
LUTED WELD METAL

8.3 Weld Pad. A weld pad, when required, shall
be prepared as specified in Fig L. Base metal of any
conventent size of the type specified in Table 5 shall
be used as the base for the weld pad. The surface of
the base metal on which the filler metal is deposited
shall be clean. The pad shall be welded in the flal
position with multiple layers to obtain undiluted weld
metal. The preheat temperature shall not be less than
60°F (16°C) and the interpass temperature shall not ex-
ceed 300°F (150°C). The slag shall be removed after
each pass. The pad may be quenched in water between
passes. The dimensions of the completed pad shall be
as shown 1n Fig [. Tesung of this assembly shall be
as specified in Section 9. Chemical Analysis.

8.4 Groove Weld

8.4.1 Mechanical Properties and Soundness. A
test assembly shall be prepared and welded as specified

1995 SECTION II

in Figs. 2 or 5 using base metal of the approepriate type
specified in Table 5. Testing of this assembly shall be
as specified in Section 11, Tension Test, and Section
13. Impact Test. The assembly shall be tested in the
as-welded or aged condition.

8.4.2 Transverse Tension and Bend Tests. A
test assembly shall be prepared and welded as specified
in Fig. 4 using base metal of the appropriate type spec-
ified in Table 5. Testing of this assembly shall be as
specified in 11.2 through 11.4 and Section 12, Bend

Test. The assembly shall be tested in the aged con-
diticn.

8.5 Fillet Weld. A test assembly shall be prepared
and welded as specified in Table 4 and Fig. 3 using
base metal of the appropriate type specified in Table
5. The welding positicns shall be as specified in Table
6 and Figs. 3 and 6 according to the size and clas-
sification of electrode. Testing of the assembly shall be
as specified in Section 14, Fillet Weld Test,

9. Chemical Analysis

9.1 The sample for analysis shall be taken from weld
metal obtained with the electrode. The sample shall
come from a weld pad or from a low dilution area in
the fractured all-weld-metal tension specimen or the
groove weld in Figs. 2 or 3 Areas where arc starts or
craters exist shall be avoided.

The iop surface “of the pad described in 8.3 und
shown in Fig. | shall be removed uand discarded, and
a sample tor analysis shall be obtained from the un-
derlying metal by any appropriate mechanical means.
The sample shail be free of slag and shall be taken at
least '/, in (6.4 mm) from the nearest surface of the
buse metal,

The low dilution area in the fractured tension test
specimen or in the groove weld in Figs. 2 or 5 shall

be prepared for analysis by any surtable mechanical
means

9.2 The sample shall be analyzed by accepted an-
alvtical methods. The referee method shall be ASTM
Standard Method E350, Chemical Analysis of Carbon
Steel, Low Alloy Steel, Silicon Electrical Steel, Ingot
tron and Wrought Iron.

9.3 The results of the analysis shall meet the re-

quirements of Table 7 for the classification of electrode
under test.

10. Radiographic Test

10.1 When required in Table 4, the groove weld
described in 8.4.1 and shown in Fig. 2 or 5 shall be
radicgraphed to evaluate the soundness of the weld



PART C — SPECIFICATIONS FOR WELDING RODS,
ELECTRODES. AND FiLLER METALS SFA-5.1

— — — . 10 MIN

-— r—— 1 MIN p——1/2 LENGTH "—"‘_ T
POINT OF
TEMPERATURE
MEASUREMENT 14 MIN MIN

l l l—R
. 7\ 2
1 M'—T‘ -H.-O/ L ;

7 M E—
1/4 MIN
) 5 MIN
ALL-WELD-METAL ]
IMPACT TEST < TENSION TEST
SPECIMENS SPECIMEN
— ‘-— 1 MIN
{A) TEST ASSEMBLY SHOWING LOCATION OF TEST SPECIMEN
. S! Eouivalents
T2 pral S AR LR
m  mm
1/4 6.4
1 25 ..
5 127
10 54
WELDG  SECTION AA  WELD G SECTION 8B el
(B) ORIENTATION AND LOCATION OF {C) LOCATION OF ALL-WELD-METAL
IMPACT TEST SPECIMEN TENSION TEST SPECIMEN
m (R)
Electrocde Size Flale Theckness Root Opening Passes : Total
in mm I, mm n mm Per Layer Leyers
332 24 12 13 /8 10 2 not spectiied
1/8 32 12 13 112 13 2 5t?
5/32 40 34 20 5/8 16 2 7to9
316 48 34 20 34 20 2 6108
7/32 56 34 20 7/8 23 2 R LY
1/4 64 1 25 1 25 2 91t 11
516 80 14 32 1-1/8 28 2 10012
. Notes

1.

2
3
4
5

All dimensions except angles are mn inches.

. For electrodes jonger than 18 in. (450 mmy), &8 20 (500 mm) minimum kength test assembly shall be welded.
Base metal shall be as speabed in Tabe 5.

. The suriaces to be welded shall be ciean.

. Pnor 1o welding, the assem™y may be presel to yield a welded joint sutficsently fiat to faciitate removal of the test specimens.
As an pltermative, restraint or a combxnation of restraint and presetting may be used to keep the wekled jont within 5 deg of e

piane. A welted test assemdiy that s more than 5 deg cut of plane shall be discarged. Straightening of the test assembiy s
pronibred.

. Weiding shall be m the flat posmhon, using each type of current specified In Tab;&e 4 except for classifications identified by Note L

in Table 4.

The preheat temperature shall be 225°F {105°C) minmum The interpass temperature shall not be less than 225°F (105°C) nor
more than 350°F (175°C).

. The joint root may be sea) wesded with /32 or 1/8 in. (2.4 or 3.2 mm) electrodes using stringer beads.

. In addition to the stops ang starts at the ends, each pass shall contan a stop and start in between the ends.
. The compieted weid shall be at ieast fush with the surface of the test plate

FIG.2 — GROOVE WELD TEST ASSEMBLY FOR MECHANICAL PROPERTIES AND SQUNDNESS EXCEPT FOR
E6022 AND E7018M ELECTRODES



SFA-5.1 1995 SECTION 1I

APPROX 1 IN.

CUT HERE FOR

N
MACRO EXAMINATION SECTION END OF WELD MADE

WITH FIRST ELECTRODE
/— SEE NOTE B IN TABLE 6.

/,

JIN MIN

S| Equivalents

mm
25

-
0

NL T

J 1IN MIN

w3

FLANGE TO BE STRAIGHT AND IN INTIMATE CONTACT
WITH SQUARE MACHINED EDGE OF WEB MEMBER ALONG
ENTIRE LENGTH TO ENSURE MAXIMUM RESTRAINT

Notes

1.

o wm

See Table & tor values of T and L.

2. Base metal shall be as speched in Tabie 5.
3.
4. An essembliy shall be welded in each position specified in Tabie 6 and shown m Figure 6 using each type of current specihed In

The surfaces 10 be welded shall be clean

Table 4

. The preheat shall be 60°F (16°C) mimmum.
. A single pass hilet weid shall be made on one side of the jont. The first electrode shall be consumed to a stub length no greater

than 2 in. (50 mm)

. Weiding in the verbcal positon shalt be with upward progression, except for the E7048 classification where progression shall be

downward.,

- Weld cieanmg shal! be kmited 1o sisg chipping, brushing, and needle scating. Gnnding or fitng of the weid face in protubrted.

FIG. 3 — FILLET WELD TEST ASSEMBLY
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PART C — SPECIFICATIONS FOR WLLDING RODS.

ELECTRODES. AND FILLER METALS SFA-5.1

4 MIN 4 MIN TRANSVERSE TENSION

TEST SPECIMEN
(SEE FIGURE 9)
| 1 MIN DISCARD

i

L ____ L _

2
_____ —1

r
|
|
|

H

10 MIN

- wm e s m e e A

L
\ 11 MIN DISCARD

LONGITUDINAL BEND
TEST SPECIMEN
| (SEE FIGURE 10)

1/4 Si Eguivalents

in mm
116 16
1/4 64
1 25
2 5
4 102
6 153
116 MAX 101 254
RCOT CPENING

Notes:

. All dimensions are n inches

. Base metal shall be as specified in Table 5.
. The surfaces to be welded shal! be dean.

. Pnor to welding, the assembly may be preset to yeld a welded joint sufficientty flat to faciitate removat of the test specimens. As
an altemative, restraint or a combination of restrant end presetting may be used to keep the welded joint within 5 deg of plane. A
welded test assernbly that is more than 5 deg out of plane shall be discarded. Strasghtening of the test assembly is prohibited.
The assembiy shall be welced in the flat position, using the type of current specified in Table 4.
The preheat temperature shall be 60°F (16°C) min. The interpass temperature shall not exceed 350°F (180°C).
. In adaition to the stops and starts at the ends, each pass shall contain a stop and start in between the ends.
Back gouging may be done to ensure sourkd weid metal through the entire thickness of test assembly
. Tha compiated weld shall be &t least fiush with the surface of the lest plate.

F AN

F1G. 4 — TEST ASSEMBLY FOR TRANSVERSE TENSION AND LONGITUDINAL GUIDED BEND TESTS FOR WELDS
MADE WITH E6022 ELECTRODES
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Notes’

1.

T2
a.
4.

- &

10

1 MIN fet—e—ee 172 LENG T Hmte —_—] 34—

POINT OF
TEMPERATURE
MEASUREMENT

A-o—! I—»’B :
. UL
. | —rﬁ// T !

| f— sMn

5 MIN

/4 MIN

IMPACT TEST ALL-WELD-METAL 2
SPECIMENS TENSION TEST SPECIMEN
iyt bt
1 MIN
(A) TEST ASSEMBLY LOCATIONS OF TEST SPECIMENS

Si Eguivalenzs
n, mm
14 6.4
318 95
112 12.7
314 19.1
WELD @ SECTION AA - WELD ¢ SECTION BB 1 25 4
(B} ORIENTATION AND LOCATION {C) LOCATION OF ALL-WELD-METAL 5 127
OF IMPACT TEST SPECIMEN TENSION TEST SPECIMEN 10 254

All gimensions except angles are n inches.
Base metal shall be as speched in Table 5.
The surfaces to be weided shall be ciean,

Pnor to welding. the assembly may be preset to yeld a welkled joint suticiently flat to faciitate removal of the test specimens. As

an alternative, restraint or @ combinat:on of restraint and presetuing may be used 1o keep the welded jont within § deg of plane A
welded test assembly that 1s more than 5 deg out of plane shall be discarded. Straightening of the test assembly is prohibited.

. The assembty shall be weided In the vertical position with progression upward for electrodes 5/32 in, (4.0 mm) and less in size.

and in the fiat position for electrodes 3/16 1. (4.8 mm) and greater in size, using the type of current specified in Tabie 4 for the
electrode and welding techrigue recommeanded by the electrode manufecturer.

The preheat temperature and the interpass temperature shall be 200-250°F {93-121°C).

. The wetding heat input shall be 30 to 40 kJin, (12 to 16 kJicm) for the 3/32 in. (2.4 mm) size electrodes and 50 to 60 kJ/in. (20

to 24 ki/cm) for the 1/8 in. (3 2 mm) size and larger slectrodes.

. In acQion 1o the stops and starts at the ends, each pass shall contain a stop and start in between the ends.
. The completed weid shall be at least fiush with tha surface of the test piate. Maximum weid reinforcement shall be 3/16 in. (4.8

mm}. Peering of weid beads 1S not permitted.

FIG. 5 — GROOVE WELD TEST ASSEMBLY FOR MECHANICAL PROPERTIES AND SOUNDNESS OF WELD METAL
MADE WITH E7018M ELECTRODES
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PART C — SPECIFICATIONS FOR WELDING RODS,

ELECTRODES., AND FILLER METALS

SFA-5.1
TABLE 5
BASE METAL FOR TEST ASSEMBLES
Base Metal
ASTM UNS
AWS Classification .Type Specification? Number?
Al3] Grade B K02102
At Carbon steel A285 Grade A K01700
A285 Grade B K02200
A285 Grade C K02801
A283 Grade D —
All except ET018M Carbon steel Al6 K02600 -
A29 Grade 1015 G10150
A29 Grade 1020 GI10200

Notes:
a. Equivalent steel may be used.

b. SAE/ASTM Unified Numbering Sysiem for Metals and Alloys.

metal. In preparation for radiography. the backing shall
be removed, and both surfaces of the weld shall be
machined or ground smooth. The finished surface of
the weld may be flush with the plate or have a rea-
sonably uniform reinforcement not exceeding Y5 in,
(2.4 mm)}. Both surfaces of the test assembly in the
area of the weld shall be smooth enough to avord dif-
ficulty in interpréting the radiograph.

10.2 The weld shail be radicgraphed 1in wecordance
with ASTM Method El22. Conrolling Quality of Ra-
diographic Testing
shall be 2-2T.

The guahme level of inspection

10.3 The soundness of the weld metal meets the re-
quirements of this spectication it the radiograph shows
the following.

{1} No cracks. no incomplete fuston or incomplete
joint penetration

(2) No slag inclusions longer shan '/, in. (6.4 mm)
or '/, of the thickness of the weld. whichever is greater.
or no groups of slag inclusions 1n hine that have an
aggregate length greater than the thickness of the weld
in a length 12 times the thickness of the weld, except
when the distance between the successive inclusions
exceeds 6 times the length of the longest inclusions in
the group.

(3} No rounded indicinons mn excess of those per-
mitted by the radiographiw standards in Fig. 7 accord-
ing to the grade specificd in Table 8.

One in. (25 mm) of the weld measured from each
end of the assembly shall be excluded from radio-
graphic evaluation.

10.4 A rounded 1ndication is an indication {on the
radiograph) whose length is ne more than three times
s width, Rounded indications may be circular. ellip-
trcal, comeal, or krreguair in shape. and they may have
“tails.” The size of a rounded mdication 1s the largest
dimension of the indication. including any 1ail that may
be present.

The indication may be porosity or slag. Indications
whose largest dimension does not exceed '/, 1. (0.4
mm) shall be disregarded. Test assembhies wuh po-
rosity indications larger than the largest rounded in-
dications permitted in the radiographic standards do not
meet the requirements ol this specification.

11. Tension Test

11.1 One all-weld-metal tension test specimen shall
be machined from the groove weld described in 8.4.1
as shown in Fig. 2 or 5. The dimensions of the spec-
imen shall be as shown in Fig. 8

11.2 For E6022 clectrodes. one traverse tension test
specimen shall be machined from the groove weld de-
scribed in 8.4.2 and Fig. 4. The dimensions of the
specimen shall be as shown in Fig. 9.

11.3 The tension specimens for all electrodes except
the low hydrogen classifications shall be aged at 200
to 220°F (95 1o 105°C) for 48 =2 hours, and cooled
in air to room temperature. All specimens shall be
tested 1n the manner described in the tension testing
section of AWS B4.0, Standard Methods for Mechan-
ical Testing of Welds.
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TABLE 6

REQUIREMENTS FOR PREPARATION OF FILLET WELD TEST ASSEMBLIES

Assembly Size?

AWS Electrode Size Thickness (T) Length®(L). Min, Welding Fillet Weld Size
Classification in. mm in. mm in. mm Position in. mm
[ 3/32 2.4 1/8 3.2 10 250 vV &OH 5/32 max. 4.0
1/8 3.2 316 48 12 300 V & OH 3/16 max. 4.3
E6010 and 5/32 4.0 18 g5 12 300 vV & OH 1/4 max 6.4
E601 | 316 4.8 4/8 9.5 12 . 300 vV & OH $/16 max. 8.0
7132 5.6 1/2 127 12 or 16¢ 300 or 400¢ H 1/4 min. 6.4
1/4 6.4 12 127 16 400 H 1/4 min. 6.4
L 5/16 R0 172 12.7 16 400 H 1/4 min. 6.4
[ 1/16-5/64 1.6-2.0 1/8 3.2 6 150 vV & OH 1/8 max. 3.2
3/32 2.4 1/8 12 10 250 VvV & OH 1/8 max. 3.2
E6012, 1/8 3.2 316 4.8 12 300 V & OH 3/16 max. 4.8
E6013 and $/32 4.0 /8 9.5 12 300 V & OH 1/4 max. 6.4
E6019 3716 4.8 12 12.7 12 300 V & OH 3/8 max. 9.5
7/32 5.6 1/2 12.7 12 or 16¢ 300 or 400¢ H 1/4 min. 6.4
1/4 6.4 1/2 12.7 16 400 H 5/16 min. 8.0
L S5/16 8.0 172 12.7 16 400 H 5/16 min. 8.0
[ 332 2.4 1/8 3.2 12 300 V & OH 5/32 max. 4.0
1/8 3.2 316 48 12 300 vV & OH 3/16 max. 4.8
5/32 4.0 3/8 9.5 12 300 vV & OH 5/16 max. 8.0
E7014 . } /16 4.8 /8 9.5 12 300 H 174 min. 6.4
7732 5.6 /8 95 12 or 16° 300 or 400¢ H 1/4 min. 6.4
/4 6.4 172 127 16 400 H 5/16 min. 8.0
\S/16 8.0 12 12.7 16 400 H 5/16 min. 8.0
[ 32 2.4 |/8 3.2 10 250 V & OH 5/32 max. 4.0
1/8 3.2 1/4 64 12 300 V& OH 3/16 max. 48
E7015 and } 532 40 /8 9.5 12 300 V & OH 5/16 max. 8.0
E7016 3716 4.3 /8 9.5 12 300 H 3/16 min. 48
7/32 5.6 1/2 127 12 or 16¢ 300 or 400¢ H 1/4 min. 6.4
1/4 6.4 172 12.7 16 400 H 5/16 min. 8.0
L /16 8.0 172 12.7 16 400 H 5/16 min. 8.0

{Continued)

I'S-VAS
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TABLE 6 (CONT'D)
REQUIREMENTS FOR PREPARATION OF FILLET WELD TEST ASSEMBLIES

Assembly Size?

AWS Electrode Size Thickngess (T) LengthP(L), Min, Welding Fillel Weld Size
Classification in. mm in. mm in. mm Position in. mm
[ 3732 2.4 1/8 3.2 10 or 124 250 or 3009 VvV & OH 316 max. 48
18 32 14 64 12 300 vV & OH 1/4 max. 6.4
E7018 } 5132 4.0 8 9.5 12 300 vV & OH $/16 max. 8.0
4 316 4.8 /8 9.5 12 300 H 1/4 min. 6.4
732 5.6 1/2 12.7 12 or 16¢ 300 or 400¢ H 1/4 min. 6.4
1/4 6.4 112 12.7 16 400 H 5/16 min. 8.0
L 5716 8.0 172 127 16 400 H 5/16 min. 8.0
1/8 3.2 1/4 6.4 12 300 H 1/8 min. 3.2
5/32 4.0 3/8 9s 12 300 H 5/32 min. 40
£6020 } 3716 4.8 3/8 95 12 or 16 300 or 400¢ H 3/16 min. 4.8
7/32 5.6 172 12.7 16 400 H 1/4 min. 6.4
174 6.4 112 12,7 16 400 H 5/16 min. 8.0
| 5/16 8.0 12 12 7 16 400 H 5/16 min. 8.0
[ 3320 2.4¢ 14 64 10 250 H 5/32 min. 4.0
E6027. i/8 12 1/4 6.4 12 300 H 5/32 min. 4.0
E7024, 5/32 40 /8 9.5 12 300 H 3/16 min. 48
E7027 and 4 316 4.8 /8 9.5 12 0r16° 300 or 400¢ H 1/4 min. 6.4
E7028 7/32 5.6 172 12.7 16 or 267 400 or 650f H 174 min. 6.4
174 6.4 172 12.7 16 or 26" 400 or 650" H 5/16 min, 8.0
5/16 8.0 142 12.7 16 or 267 400 or 6507 H 5/16 min. 8.0
1/8 3.2 1/4 6.4 12 300 V.down & OH 1/4 max. 6.4
E7048 } 5/32 4.0 3/8 9.5 12 300 V.down & OH 5/16 max. 8.0
316 4.8 /8 9.5 12 0r 16¢ 300 or 400 H & V-down 174 min. 6.4
Noles:
a. See Figure 3.

b. When the end of the bead with the first electrode wili be less than 4 in, (100 mm) from the end of the test assembly, a starting tab or a longer test as-

sembly shall be used.

c. For 14 in. (350 mm) electrodes, the minimum length of the test assembly shall be 12 in. (300 mm); for 18 in. (460 mm) electrodes, the minimum

length of the test assembly shall be 16 in. (460 mm).
- d. For 12 in. (300 mm) electrodes, the minimum length of the test assembly shall be 10 in. {250 mm); for 14 in. (350 mm) electrodes, the minimum

iength of the test assembly shall be 12 in. (300 mm).

c. E7024 only.

f. For 18 in. (460 mm) electrodes, the minimum length of the test assembly shall be 16 in. (400 mm); for 28 in. {700 mm) electrodes, the minimum
length of the test assembly shalf be 26 in. (650 mm).

) STVIIW ¥37U4 gNV "$STA0HLITTI
SAOY ONIQTAM ¥Od SNOILYIMIDAIS — 3 Lyvd

1°S-v4AS



SFA-5.1

AXIS OF WELD HORIZONTAL

Z PLATE HORIZONTAL

(A) OYERHEAD FILLET WELDS

{B) VERTICAL FILLET WELDS

1965 SECTION 11

AXIS OF WELD HORIZONTAL

90

AXIS OF WELD

PLATE
VERTICAL

HORIZONTAL
{C) HORIZONTAL FILLET WELDS

FIG. 6 — WELDING POSITIONS FOR FILLET WELD TEST ASSEMBLIES

§1.4 The results of the tension test shall meet the
requirements specified in Table 2.

12. Bend Test (For E6022 Electrodes Only)

12.1 One longuudinal tace bend specimen. as re-
quired in Table 4. shall be machined from the groove
weld test assembiy descrtbed 1in 8 4.2 and shown i
Fie 4 Dimenstons of the specimen shall be us shown
in Fig. 10

12.2 The bend specimen shall be aged at 200 1o
220K (95 1o 105° ) for 4% =2 hours then air cooled
1o room temperature and tested as required in 123

12.3 The specimen shall be tested 0 the manner Jde-
senbed i the bend reanng secnon of AWS B3 0. Sran-
dard Methods jor Mechaneal Testing of Welds, The
specimen shull be bent umformly through 180 degrees
overa 7o (19 mm) radws moany sunable g Three
standard jigs are shown o Figo 11, Posinoning ot the
face bend specimen shall be such that the weld fuce
of the last side welded v in tension.

12.4 Euch specimen. after bending, shall conform to
the . in. (19 mm) radius. with an appropriate athow-
ance for springback und the weld metal shall not con-
lain openings in excess of /8 in. (32 mm) on the
convex surface,

13. Impact Test

13.1 Five Charpy V-notch impact test specimens.
Fig. 12, shall be machined from the test assembly
shown in Fig. 2 or 3. for those classifications for which
umpact testing is required in Table 4

13.2 The five specimens shall be tested in accor-
dance with the fracture todghness testing section of
AWS B4 O, Srandard Methods for Mechanical Testing
of Welds. The test temperature shall be that specified
m Table 3 for the classiticanon under test.

13.3 In evaluating the test results for all the clas-
sifications that require impact testing ., except E7018M,
the lowest and highest values obtained shall be dis-
regarded  Two of the three remaimng values shall
cqual. or exceed. the specified 20 ft-lb (271} energy
fevel. One of the three may be lower, but not lower
than 13 fi-lb (20)) The average of the three shatl not
be tess than the required 20 fi-1b (271) encrgy level.

13.4 In cvaluaneg the results for ET018M. all five
values shall be used. Four of the five values shall
equal, or exceed, the specified 50 ft-1b (67]) energy
level. One of the five may be lower. but not lower
than 40 {t-Ib (54)) The average of the five shall not
be tess than the required 50 fi-lb (67]) cnergy level.

14, Fillet Weld Test

14.1 The fillet weld test. when required 1n Table 4.
shatl be made in accordance with 8.5 and Fig. 3. The
entire face of the completed fillet weld shall be =x-
amined visually. It shail be free of cracks. overiap.
stag, and porosity, and shall be substantially free of
undercut. An infrequent short undercut up to '/ in.
(0.8 mm} depth shall be allowed. After the visual ex-
amination, a specimen, approximately 1 in. (25 mm)
in length. shall be removed as shown in Fig. 3 One
cross-sectionai surface of the specimen shall be pol-
ished, etched. and then examined as required in i4.2,
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TABLE 7
CHEMICAL COMPOSITION REQUIREMENTS FOR WELD METAL
AWS UUNS2 Weight, Percent” Combined Limit for
Classiftcation Number C Mn Si p S Ni Cr Mo v Mn+Ni+Cr+ Mo+ V
E6010 w0os010 )
E6Qll W060!1
EaD12 wW06012
6013 w6013 .
E6019 W06019 } e e Mot Specified —_—
E6020 w06020
E6D22 W06022
E6027 W06027 J
E7016 wWo7016
E7018 wW07018 Not Specified .60 0.75 Not Specified 0.30 020 0.30 0.08 1.75
E7027 w0r027
E7T014 w7014
E?015 w7015 Not Specified 1.25 0.90 Not Specified 0.30 0.20 0.30 .08 1.50
E7024 w07024
E7028 wW07028 ) -
£7048 W07048 Not Specified 1.ED 090 Not Specified 0.30 0.20 0.30 0.08 1.75
E7018M wo7018 0.12 0.40 0.80 0030 0.020 0.25 0.15 0.35 0.05 Not Specified
{0
1.60
Naotes: -

a. SAE/ASTM Unified Numbering System for Metals and Alloys
b. Single values are maximum.
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SFA-5.1 1995 SECTION 11

(A) ASSORTED ROUNDED INDICATIONS
SIZE /64 m (0.4 mm) TO 1/16 in. (1.6 mm) IN DIAMETER OR IN LENGTH. MAXIMUM NUMBER OF INDICATIONS IN ANY & in
(150 mm} OF WELD = 18, WITH THE FOLLOWING RESTRICTIONS:
MAXIMUM NUMBER OF LARGE 3/64 . (1.2 mm) TO 1/16 in. (1.6 mm) IN DIAMETER OR IN LENGTH INDICATIONS = 3.
MAXIMUM NUMBER OF MEDIUM 1/32 n. (9.8 mm) TO 3/64 in. (1.2 mmj} iN DIAMETER OR IN LENGTH INDICATIONS = 5.
MAXIMUM NUMBER OF SMALL 1/64 m. (0.4 mm) TO 1/32 . (0.8 mm} IN DIAMETER OR IN LENGTH INDICATIONS = 10.

(B) LARGE ROUNDED INDICATIONS
SIZE 3/64 1n {1.2 mm) TO 1/16 . {1 § mm) IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 1n {150 mm) OF WELD = 8

{C) MEDIUM ROUNDED INDICATIONS
SIZE 132 m (08 mm) TO 3/64 in (1 2 mm) IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER OF INDICATIONS iN ANY 6in (150 mm) OF WELD = 15,

{0) SMALL ROUNDED INDICATIONS

SIZE 1/64 1n {0 4 mm) TO 1732 (0.B mm) IN DIAMETER OR IN LENGTH.

MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in. {150 mm) OF WELD = 30.

Notes:

1. In using these standards, tha chart which is Mmost representative of the size of the rounded indications presant in the test
spaamen radiograph shall be used for determming conformance to these radiographuc standards.

2 Since these are test wekis speciically made in the laboratory for ciassification purposes. the radiographic requirements for these
tast weids are more Ngkt than those which may be required for general fabncation

3 indcatons whose largest dimension does not exceed 1/64 in. (0.4 mm) shall be disregarded.

FIG. 7 — RADIOGRAPHIC ACCEPTANCE STANDARDS FQOR ROUNDED INDICATIONS
. (Grade 1}
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PART C — SPECIFICATIONS FOR WELDING RODS,

ELECTRODES. AND FILLER METALS SFA-5.1
* »
.
[ ) [] ° o * ¢ o
- .
L]
bl [

» e » .

L]
o ° . ° . .

{E) ASSORTED ROUNDED INDICATIONS

SIZE 1/64 In (0.4 mm) TO 5/64 in. 2.0 mm) IN DIAMETER OR IN LENGTH.

MAXIMUM NUMBER OF INDICATIONS IN ANY 6 . (150 mm) OF WELD = 27, WITH THE FOLLOWING RESTRICTIONS:
MAXIMUM NUMBER OF LARGE 1/16 in. (1.6 mm) TO 5/64 in. (2.0 mm) IN DIAMETER OR IN LENGTH INDICATIONS = 3.

MAXIMUM NUMBER OF MEDIUM 3/64 1n (1.2 mm) TO 1/16 in. (1.6 mm) IN DIAMETER OR IN LENGTH INDICATIONS = 8,
MAXIMUM NUMBER OF SMALL 1/64 in. (0.4 mm) TO 3/64 in. (1.2 mm) IN DIAMETER OR IN LENGTH INDICATIONS = 16.

o @
() L ]
2] o - ]
) -]
@ o -] ® -]
(F) LARGE ROUNDED INDICATIONS
SIZE 1/45 1 (1 6 mm) TO 5/84 in. (20 mm) IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in. (150 mm} OF WELD = 14.
o . @
* Qo
0 e o o. °
50 2 1+] °
9 o o o
e . o @ o ° P
(G} MEDIUM ROUNDED INDICATIONS
SIZE 3/64 . (1.2 mm) TO 1716 in {1 6 mm) IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6in {150 mm) OF WELD = 22
o °
. .
° . o . * ° hd . * .
° .
° *
@ e ° . N . . .
2 ] e ° . L] *
° . . .
° ° ° . *

{H) SMALL ROUNDED INDICATIONS
SIZE 1/64 in (0.4 mm) TO 3/64 in. (1.2 mm} IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY & in. (150 mm) OF WELD = 44,
Notes:

1. In using these standards, the chan which is most representative of the size of the rounded intications present in the test
sbecimen raciograph shall be used for getermining conformance to these radiographic stansards.

2. Since these are tes! weids sbecfically made in the laboratory for classification purposes, the radgiographic requirements for these

test wekis are more NGid than those which may be required for general fabncation.
J. Ing:cabons wnose largest cinension coes no! exceed 1/64 in. (0.4 mm) shall be drsregarded.

F1G.7 — RADICGRAPHIC ACCEPTANCE STANDARDS FOR ROUNDED INDICATIONS
(Grade 2) (CONT'D}
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TABLE 8
RADIOGRAPHIC SOUNDNESS REQUIREMENTS

AWS
Classification

Radiographic Standard?-b

E6019 \
E6020
E7015 Grade |
E7016 /
E7018

E7018M
E7048 J

E6010 )
E6011
E6Q13
E7014 >
E7024

E6027

E7027

E7028 /

E6012
E6022
Notes:

a. See Figure 7.

b. The radiographic soundness obtainable under actual
industrial conditrons employed for the various elec-
trode classifications is discussed in A6.10 ¥ in the Ap-
pendix

Grade 2

Not specified

14.2 Scobe lnes shall be placed on the prepared
surface. as shown in Fig. 13, und the sillet weld size.
fllet weld leg, and convexity ~hall be determined to
the nearest Y, in (003 mmy by setual measurement
(see Fig 13). These measurements shall meet the re-
guirements of Table 6 with respect io minimum or
maximum tillet weld s1ze and the requirements of Table
9 with respect o mavimum convexny and maximum
difterence between fiflet weld legs according to the hl-
let weld size measured,

14.3 The remaining two sections of the test assembly
shall be broken through the fillet weld by a force ex-
erted as shown in Fig. 14, When necessary 1o facilitate
fracture through the fillet, one or more of the following
procedures may be used.

{1) A reinforcing bead. as shown in Fig. 14, may
be added to each leg of the weld.

(2) The position of the web on the flange may be
changed. as shown in Fig. 14

(3} The face of the fillet mav be notched. as shown
m Fig 14,

Tests i which the weld metal pulls out of the base

1995 SECTION 11

metal during bending are invalid tests. Specimens in
which this occurs shall be replaced. specimen for spec-
imen. and the test completed. In this case, the doubling
of specimens as required for retest in Section 7, Retest,
does not apply.

14.4 The fractured surfaces shall be visuvally ex-
amined without magmfication  The fracture surface
shail be free of cracks Incomplete fusion at the weld
root shall not be greater than 20% of the total length
of the weld. There shall be no continuous length of
incomplete fusion greater than 1 1n. (25 mm) as mea-
sured along the weld axis except for electrodes of the
E6012. E6013. and E7014 classifications. Fillet welds
made with electrodes of these classifications may ex-
hibit incompiete fusion through the enure length of the
fillet weld, provided that at no pomt this incomplete

fusion exceeds 25 percent of the smaller leg of the fillet
weld.

15. Moisture Test

15.F The moistwre content of the covering on the
low hydrogen electrodes. when required in Table 4,
shall be determined by any suitable method In case
of dispure. the method described in 15,3 through 15.9
shall be the referce method.

Hdectrodes shall be tested without condi-
noening, unless the manufacturer recommends  other-
wise [ liwe clectrodes ure condittoned. that fact, aleng
with the method used for conduioning. and the time
and temperature involved in the conditioning. shall be
nated on the test record. The morsture content shall

not exceed the limu specified m Table 10,

15.3 This method (the reteree method) consists of
heating o sample of the covering in a nickel or clay
boat placed nside 2 combustion tube in order io re-
move the moisture from the covering. A stream of ox-
veen 1 used {0 carry the moisture 1o an absorpuion tube
where the moisture 15 collecied. The moisture content
of the covenng is determined by the increase in weight
of the absorption tube and is expressed as a percentage
of the original weight of the sample of the covering.

15.4 The apparatus shall be as shown 1n Fig. 15°
and shall consist of the following:

{1) A twbe furnace with a heating element long
encugh o heat at least 6 in. (150 mm) of the middle
portiont of the combustion wbe 10 2000°F (1093°C).

* Modgificauons of the type described in Appendix A%, which give
egquivalent results also meet the requirements of this specificaton.
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- ; |
F F
l G = GAUGE LENGTH ‘
B - - -
Lo
" Dimensions of Specimen, in
Test Plate
Thickness D G c B F, Min.
12 0250 = 0 005 1.000 £ 0005 1-1/4 3/8 16
34 and 0.500 + 0.010 2.000 = 0.005 2-1/4 34 k]
targer
Dmensions of Speamen, mm

Test Plate
Thickness D G C B F. Min
12.7 640013 25400133 32 95 4.8
19 and 1270+ 0.25 50.80 x 0.13 57 19 9.5
larger
Notes:

1 Dmensions G and C shall be as shown, but ends may be of any shape to fit $he testing machine holders as Jong as the load is

axial,

2. The diameter of the specmen withny the gauge length shakl be shghtly smaller at the center than at the erxds The difference shall
not exceed one percent of the diameter

3 When the extensomater is raquirad 1o datermine yoid strengt,

efongation shall be based on dimension G
4 The surface fiush within the C aimension shall be no rougher

than 63 p in. 1€ 5

—
iy

FIG. 8 — ALL-WELD-METAL TENSION TEST SPECIMEN DIMENSIONS

Notes:

8 MIN e
1/4 —-1 =, i~ 174
k... I A

!
|

a
| R = 2 MIN

G OF WELD

1. All &mansions are in inches.

2. ‘Neld rentorcament shall be ground or machined smooth and fiush with the surfaces of the specimen, Gnnaing or machining
marks shall te paratiel of the longast cimension of the specimen,

F1G. 9 — TRANSVERSE TENSION TEST SPECIMEN (E6022)

1T

1-1/2 £ 1116

p— 174

aimension C may be modited, However, the percent of the

SI Eguivalents

N mm
14 64

1-12 £ 1116 B/B1x186
2 51
8 203



SFA-5.1 1995 SECTION 11
-— 6 - CORNER RADIUS 1/16 MAX
f 81 Equivalents
in, mim
- . .
- - — 172 Q OF WELD 1716 1.6
hL ¢ 174 6.4

1-1/2 38
__[ |__ » 6 152

Notes:
1. All aimensions are in inches.

2. Weld rainforcemant shall be ground or machined smooth and flush with the surfaces of the speamen. Grincing or machening
marks shall be parailel 1o the length of the weid.

FIG. 10 — LONGITUDINAL GUIDED—BEND TEST SPECIMEN (E6022)

PLUNGER

SHOULDERS QR ' 374 IN. MIN ik -
AOLLERS 116 1.6

+ 3/4 18

b 2-1/8 54

1.
LR I\

(A) BOTTOM EJECTING GUIDED-BEND TEST JIG

Notes
1. Enher hardened and greased shoulders or hardened rollers free to rotate shall be used.

. The shoulders or roflers shall have a frunimum beanng length of 2 in. (51 mm} for placement of the specimen.

2
3. The shoulders or rollers shail be high enough above the bottom of the testing jig 50 that the specimen will clear the shouiders or
rollers when the plunger is m the low posmion.

The plunger shall be friited with an appropnate base and provision for attachment to the testng machine and shall be designed to
menimize daflection or misalignment,

. The shoulder or roller supports may He made adiustable in the honzontal direction 80 that specimens of vanous thickness may be
tasted in the same ng

. Tha snoulder or roller supports shall be fitted to a base designed 1o maintain the shouiders or rollers centered and ahgned with
respact to the plunger. and to minimize detiection of misalignment.

4,

FIG. 11 — BEND TEST JIGS

[
(%]
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AS REQUIRED S! Equivalents
AS REQUIRED in. _ mm
r- — , 4 e 1116 1.6
— ! 34 N Joe o] 1/8 3.2
o . T O ; 1/4 6.4
SEE PLUNGER | 172 127
12
NOTE 5 /353 ' —-1 ]———I 1-1/8 IN. ?J:ns ;.g,
1-1/8 IN. :E[' ] f - % 1178 29
! z : . 2 51
. z ; f'EE , Sy
SEE F '_‘ m haNR 178 OTE 7.2 191
NOTE § /354 iy 9 229
; . Pt - Y -
. 34 IN L1 1
i ' ‘?l:?SIN R
I-—&m | L__
L 7-1/2 IN. ——a}
- 9IN. 1

Notes’
1.

(B) BOTTOM GUIDED-BEND TEST JIG

A tapped hole of eppropnate size, or other suitable means for attaching plunger to testing machine shall be mede.

2. Erther hardened and greased shouiders or hardened roflers free to rotate shall be used in the die.
3.
4. The specimen shall be forced into the die by applying the icad on the plunger until the curvature of the speamen is such that a

The plunger and base shall be cesigned 10 minimize detiecton and misalignment

1/8 in. {3.0 mm) diameter wire canno! be placed between the speomen and all points in the curvature of the die member of the
(o)

. Weld size mdicated 1s a recommendaton The actual size 1S the respensibility of the user to ensure nigidity and design adequacy

3/14 IN MIN

5116 IN

CLAMP

314 IN.
S| Eguivalents
in. mm

A
AN e 3

34 19

———————

{C) WRAP-AROUND GUIDED BEND TEST JiG

Notes:

1. Dimensions not shown are the option of the designer, except that the inimum width of the components shall be 2 in. (51 mm)
2. It is essenual to have edequate nepdity 50 that the Jig wall not detiect dunng 1esting. The specimen shall ba firmly clamped on one

end 30 that 15 does not skde dunng the oanding operation,

3. Test specrnens shall ba removed from the Jig when the outer roll has traversac 180 trom the starting point.

FIG. 11 — BEND TEST JIGS (CONTINUED)
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I-———2.165 +0 -0.100 ————

|—-—-—— 0.394 + 0.001
— 0.315 % 0.001

1 I
0.3$4 *+ 0.001

—= |
1/2 LENGTH

OF SPECIMEN

DETAIL OF

NOTCH L

45° >+ 1

Notes
1. Ali dimensions except angles are in inches.

!
90° = 10 MINUTES St Equivalents
W

in mm
0.010 = 6.001 RADIUS 0.00% 0.025
0.010 0.255
0.040 1.0
0.10 2.5
o35 8.0
0.354 100
1.082 27.5
2.165 55.0

2. The notched surface and the surface to be struck shall be paraliel within 0.002 in. (0.05 mm) and have at least 63 p in, (1.6 pym)
finish. The other two surfaces shall be square with the notched or struck surface within = 10 minutes of the degree and have at

beast 125uin (3.2 um) finish.

degree.

. The notch shall be smoothly cut by mechanical means and shall be square with the longitudinal edge of the specimen within one

. The geometry of the notch shall be measured on at least one specmen n a set of five speamens Measurement shall be done at

minmum 50 tmes magrufication on erther & shadowgraph or 8 metaliograph.

testing machine {ollowed by a plus sign {+)

5§ The comrect location of the notch shall be venfied by etching before or atter machining
It 8 specimen does not break upon being struck, the value or energy absorbed shall be reported as the capacity of the impact

FI1G. 12 — CHARPY V-NOTCH IMPACT TEST SPECIMEN

{21 An oxygen purifving i consniing of o needle
valve, a flow meter, a 969 sullunc acid wash boule,
a spray trap. and an anhydrous magnesum perchlorate
drving tower

73} A fused silica combustion tube of at least */y in.
(22 mm) inside dizmeter wath plain ends and a devi-
trification pamnt above 2000°F (1093°C). (A high-tem-
perature ceramic fube can be used. but a higher value
will be obtained for the blanks.) A plug of glass weol
fine enough to filter the gases shalt be inserted far
enough 1n1o the exit end of the combustion tube to be
heated to a temperature of 400 o 500°F (204 w0
260°C).

43 A water absorption train consisting of a U-tube
(Schwartz-tvpe) filled with anhyvdrous magnesium per-
chlerate and a concentrated sulfuric acid gas-sealing
boutle.

[5.5 In conducting this test, a sample of approxi-
mately 4 grams of covering shall be prepared as a com-
posite of the covering from the middle of three elec-
trodes taken from the same package. The covering shall
be removed by bending the clectrode or by pinching
the covering with clean. drv phers or forceps. Im-
mediately vpon removal. the sampie of covening shall

be transferred o a dried. stoppered vial or sampie boi-
m
ue

15.6 The furnace shall be operated at 1800°F = 25°F

(982°C = 14°C) with an oxvgen tlow of 200 w0 250
m} per minute. The empty boat (see 15.3) shall be
placed m the hot zone of the combustion wbe. fur

drying, und the absorption U-tube assembly shall be
attached to the system for “conditioning.” After 30
minuies, the absorpuon U-tube shall be removed and
placed in the balunce case. The boat shall be removed
and placed in a desiccator in which anhydrous mag-
nesium perchlorate is used as a desiccant. After a cool-

ing period of 20 minutes, the absorption U-tube shail
be weighed,

15.7 In the blank determination, the procedure for
an actual moisture determination shall be followed step-
by-step with a single exception of omitting the sample.
The boat shall be removed from the desiccator and ex-
posed to the atmosphere for a period approximating the
time required to transfer a sample from the balance pan
to the boat. The combustion tube shall be opened. the
werghed absorption U-tube auached. the bout placed in
the hot zone of the combustion wbe, and the tube
closed. After a heaung period of 30 minutes. the ab-



PART C — SPECIFICATIONS FOR WELDING RODS,

ELECTRODES. AND FILLER METALS

FILLET WELD LEG

SCRIBE
LINES

.
1ZE -
FILLET WELD S FILLET
- WELD
LEG
(A) CONCAVE FILLET WELD
FILLET WELD LEG .
SCRIBE LINES
1 X CONVEXITY
; ~ WELD TOE
I Sk
¥ V\ g
FILLET WELD SIZE =gt —
FILLET WELD

LEG
(B) CONVEX FILLET WELD

Note
1. Fillet weld size s the kg lengths of the largest isosceles

nght tnangie which can be mscnbed within the fillet welg
Cross section

2. Convexity 15 the maximum aistance from the face of a
convex fillet weld perpenaicular to a ine joining the weld
toes.

3. Fitet weld leg 15 the distance from the joint root to the toe
of the filet weld.

FIG. 13 — DIMENSIONS OF FILLET WELDS

AL
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sorption U-tube shall be removed and placed in the
balance case. The boat shall be transferred to the des-
iccator. Afier the 20 minute cooling period. the ab-
sorption U-tube shail be weighed and the gain in
weight shall be taken as the blank value.

15.8 Immediately after weighing the absorption U-
ube above. the sample of the covering shall be
wetghed and quickly transferred to the boat. The com-
bustion tube shall be opened, the weighed absorption
U-tube attached. the boat with sample transferred to
the hot zone of the combustion tube, and the tube
closed. After heaung for 30 minutes, the absorption U-
tube shall bz removed and placed in the balance case.
Il another sample is to be run, the boat shall be taken
from the combustion tube, the sample removed, and
the boat transferred to the desiccator. The absorption
U-tube shall be weighed after the 20 minute cooling
period, Another determination may be started imme-
diately, since 1t is not necessary to repeat the blank

detcrmunation, provided the same combustion boat can
be used.

15.9 The caleulation shall be muade according to the
iollowing formula:

A—-B
Percent Motsture = w——f—-—— x 100
Weight of Sample

where:
A =gain in weight of absorption tube in moisture
determination
= gain in weight of absorption tube in blank de-
lermination

16. Absorbed Moisture Test

16.1 In order for a low hydrogen clectrode to be
Jesignated as low-moisture-absorbing with the "R™ suf-
fix designator or classified as E7018M. sufficient elec-
trodes shall be exposed to an environment of 80°F
{26.7°C)/80% relative humidity for a period of not less
than 9 hours by any suitable method. In case of dis-
pute, the exposure method described in 6.2 through
16 6 shall be the referee method. The moisture content
of the electrode covering on the low-moisture-absorb-
ing, low hydrogen electrodes (E7015R. E7016R,
E7016-TR. E70I8R, E7018-1R, E7018M. E7028R.
E7048R) shail be determined by any suitable method.
In case of dispute, the method described in 15.3
through 15.9 shall be the referee method for deter-
mination of moisture content. The moisture content of
the exposed covering shall not exceed the maximum
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TABLE 9
DIMENSIONAL REQUIREMENTS FOR FILLET WELD USABILITY TEST SPECIMENS
Maximum

Measured Fillet Maximum Difference Between

Weld Size Convexity Fillet Weld Legs
in mm in mm n, mm
1/8 32 3/64 1.2 1732 0.8
5/32 4.0 3/64 1.2 3/64 1.2
ne 4.8 i/16 1.6 1716 1.6
7/32 5.6 1/16 1.6 5/64 2.0
1/4 6.4 1/16 1.6 3/32 24
9/32 7.1 1/16 1.6 7764 2.8
5716 8.0 5/64 2.0 1/8 3.2
11/32 8.7 5/64 2.0 3/64 36
3/8 9.5 5/64 20 5732 4.0

specified mosture content for the designated electrode
and classification i Table 10

i6.2 An clectrode sample of cach size of E7018M
ar the smaflest and the largest sizes of "R” designated
electrode shall be exposed. If the electrodes are con-
ditioned prier o exposure, that fact. along with the
method used tor condioning. and the time and tem-
perature mvedved in canditioning, shall be noted on the
test record  Conditionming of electrodes after exposure
Iy nor pernnticd,

16_3 The clecirode symple <hall be exposed in 4 suil-
ably calibrated and controlled environmental chamber
for mne hours mnimum ¢t 80°F, minus 0. plus 5°F
{26.7°C, munus 0, plus 2 §°CY and 80% RH, minus 0,

plun 5%

16.4 The covironmental chamber shall meet the fol-
lowing design requirements

{/) The apparatus shall be an insulated humadifier
which produces the temperature of adiabatic saturation
through regenerative evaporation or vaporization of
water.

2) The apparatus shall have an average air speed
within the cnvelope of air surrounding the covered
clectrede of 100 to 325 fpm (05 o 1.7 m/sec.).

(3) The apparatus shall have a drip-free area where
the covered electrode up to 18 1n. (450 mm) in length
can be positioned with length as perpendicular as prac-
tical to the general air flow

(<) The apparatus shall have a calibrated means of
continuously measuring and recording the dry bulb
temperature and cither the wet bulb temperature or the
differenual between the dry bulb and wet bulb tem-
perature over the period of time required.

15) The apparatus shall have an air speed of at least
900 tpm (4 5 m/s) over the wet bulb sensor unless the
wet bulb sensor can be shown to be insensitive to air
speed ar has a known cotrection factor that will provide
for an adjusted wet bulb reading equal to the temper-
ature of adiabatic saturation,

(6) The apparatus shall have the wet buib sensor lo-
cated on the suction side of the fan so that there is an
absence of heat radiation on the sensor.

16.5 The exposure procedure. shall be as tollows.

(/) The electrode sample in unopened packages. or
from reconditioned lots, shall be heated to a temper-
ature. minus 0. plus 10°F (6°C) above the dew point
of the chamber at the time of loading.

12} The clectrode sample shall be loaded into the
chamber without delay after the packages are opened.

{3) The clecirodes shall be placed in the chamber in
a vertical or horizontal position on | in. (25 mm) cen-
ters. with the length of the electrode perpendicular as
practical 10 the general air flow.

(4) Time. temperature, and humidity shall be con-
tinuously recorded for the period that the electrodes are
in the chamber.

{3) Counting of the exposure time shall start when
the required temperature and humidity in the chamber
are established.

(6) At the end of the exposure time, the electrodes
shall be removed from the chamber and a sample of
the electrode covering taken for moisture determina-
tion, as specified in Section 15, Moisture Test.

16.6 The manufacturer shall control other test vari-
ables which are not defined, but which must be con-
trolled to ensure a greater consistency of results.
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FRACTURING
FORCE

FRACTURING
FORCE

——

FRACTURING
FCORCE

REINFORCING MAXIMUM DEPTH
WELDS CF NOTCH = 12

ACTUAL THROAT

wWEB
3/4 WIDTH
OF FLANGE

(A} REINFORCING WELDS (B} OFFSET OF WEB

(C) NOTCHING

FIG. 14 — ALTERNATIVE METHODS FOR FACILITATING FRACTURE OF THE FILLET WELD

FUSED SILICA FURNACE "SCHWARTZ"” TYPE
COMEUSTION TUBE ABSORPTION U TUBE '
CONTAINING ANHYDROUS MAGNESIUM
\\\\\\ "PERCHLORATE
: i I8 s o oe EPE ; i

-

’L—z@\\—qiﬁs !:;:'r — W

wOoOoL
FILTER

NICKEL BOAT

™~— ANHYDROUS MAGNESIUM
PERCHLORATE DRYING
TOWER

NEEDLE VALVE

FLOW METER
SPRAY TRAP —__ |

CONC. H,S0,
DRYING TOWER

FIG. 15 ~— SCHEMATIC OF TRAIN FOR MOISTURE DETERMINATIONS
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TABLE 10
MOISTURE CONTENT LIMITS IN ELECTRODE COVERINGS
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Limit of Moisture Content,

% by Wt.. Max.

AWS Electrode As-Received or
Classification Designation Condstioned? As-Exposed?
E7015 E7015 A

E7016
E7016 E7016-1
E7018 E;gllg-l } Not specified
E7028 E7028
E7048 E7048% f
E7015 E7015R 1

E7016R
E7016 ETOI6IR \

E7018R 0.4
Ej018 E7018-1R
E7028 E7028R
E7048 E7048R )
E7018M E7018M 0.4
Notes:

a. As-recerved or conditioned electrode coverings shall be tested as speéiﬁed in Section
15, Masture Test.

b As-eaposed electrode coverings shall have been exposed to a moist environment as
specified mm §6.2 through 16 6 before being tested as specified in 16.1.

TABLE 11

DIFFUSIBLE HYDROGEN LIMITS FOR WELD METAL
AWS Diffusibie Hydrogen Diffusible Hydrogen Content, Average
Classification Designator mi{H2)/100g Deposited Metal, Max.2b
E7018M None 4.0
E7Q15 Hi16 16.0
E7016
E70!8 HS§ 8.0
E7028
E7048 H4 4.0
Noses:

a. Diffusible hydrogen testing in Section 17, Diffusible Hydrogen Test. is required for E7018M.
Diffusible hydrogen 1esting of other low hydrogen electrodes is only required when diffusible hy-

drogen designator is added as specified in Figure 16.

b. Some low hydrogen classifications may not meet the H4 and H8 requirements.

28
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TABLE 12
STANQOARD SIZES AND LENGTHS
Standard Lengihs2®
E6010, E6OLY, E6DI2,
E6013, E6Q22, ET014,
Standard Sizes? E7015 E7016, E7018 E6020, E6027, E7024
(Core Wire Diameter) ET018M ET7027, E7028, E7048 E6019
in. mm 1. mm n. mm mn. mm

1716° (0.063) 1.6° 9 230 — — —_ —
S5164° (0.072) 2.0 Sori2 230 or 300 - — Sorl2 230 or 300
332 (0.094) 2.4t 1207114 300 or 350 120r 14 300 or 350 i2or 14 300 or 350
1/8 (0.125) 3.2 14 350 14 350 14 350
S/32 (D.156} 4.0 14 350 14 3s0 140r18 350 or 450
316 {0.188) 48 14 350 l4dor 18 330 or 460 14 0r 18 350 or 450
7/32¢ {0.219) 5.6¢ 14or 18 350 or 460 18 or 28 460 or 700 18 450
1/4¢ (0.250) 6.4¢ 18 460 18 or 28 460 or 700 18 450
5/16° {0.313) 8.0r¢ I8 460 18 or 28 460 or 700 18 450
Notes
a. Lenpths and sizes other than these shall be as agreed to by purchaser and supplier,
b. in all cases, end-gripped electrodes are siandard.
c. These diameters are not standard sizes for all classificatons (see Tabie 4).
17. Diffusible Hyvdrogen Test fusible  hydiogen  requirements  for  the  appheable

The smadlest and largest sizes of the clectrode of
¢ach chssiiication o be desgnated by un ophional sup-
plemental dtusible hydroeen designotor and wll sizes
of E701sM 0 shalt be tested aceording o one of the
scthods iven n ANSEAWS AL 3 Sindird Alethods
Jor Determmanion of the Duisible Hyvdroger Conrenr
aof Martemsiie Bavune, and Forrawe Steet Weld Metad
Prechuced by Aare Welding, Testing shall be done wath-
ot eondwiomng” b the clevirode. unless the manu-
facturer recomunends otherwise. I the clectrodes are

conditioned. that fact. wiong with the method esed Tor
condittoning. and the Gme and emperature mvolved in
condinoning. shall be noted on ihe test record. The
~diffusible hvdrogen designator may be added o the
classtficanion according 1o the average test value s
compared to the requirements of Table 1]

For purposes of certitving vomphinee with diffusible
hvdrogen requirements, the reference wimosphenie con-
ditton shall be an absolute humidity of 1) graing of
water vapor per pound (.43 g/keg) of drv air at the
ume of welding, The actual wmosphenc condiions
shall be reported along wiath the average value for the
test according 0 ANSUAWS A4 3 (See Appendia,
A9.2),

When the absolute hunudits equals or exceeds the
reference condimon at the tine of preparation of the
test assembly, the test shall be acceptable as demaon-
strating compliance with the regquirements of this spec-
ification. provided the nctual test results sansty the daf-

kD)

designator. Likewise, if the acutal test results for an
electrode meet the requirements {or the lower ar lowest
hvdrogen designator, as specitied in Table L the elec-
trode also meets the requirements {or all igher hy-

drrver

..... ven dessgaators in Table 11 wahout the need to re-
test

SECTION € — MANUFACTURE,
IDENTIFICATION, AND PACKAGING

15. Method of Manufacture

The clectrodes classified accordmg 1o this specifi-
cation may be manulnctured by any method that will

produce clectrodes that meet the requirements of this
specilication

19. Standard Sizes and Lengths

19.1 Stndard swes (diameter of the core wire) and
fengths of clectrodes are shown in Table 12.

19.2 The diameter of the core wire shall not vary
more than = 0.002 in. (= 0.05 mm) from the diameter
specified The length shall not vary more than = s
n. (£ 10 mm) {rom that specified.

20 Core Wire and Covering

2001 The core wire and covering shall be free of
defects that would interfere with umiform deposition of
the electrode.
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Mandatory Classification Designators:*

Designates an electrode. This designator may be deleted from the product imprint
required for identification of the electrode.

Designates the tensile strength {minimum), in ksi, of the weld metal when produced

in accordance with the test assembly preparation procedure of this specification.
See Table 2.

Designates the welding position in which electrodes are usabie, the type of covering,
l and the kind of welding current for which the electrodes are suitable. See Table 1.
EXXYY ——— Designates an electrode (E7018M) intended to meet most military requirements

EXXYY M {greater toughness, lower moisture content — both as-received and after exposure
EXXYY -1 HZR — and mandatory diffusible hydrogen limits for weld metal). See Table 3, 10 and

-7 1L

Optional Supplementa] Designators:

Designates that the electrode meets the requirements of the absorbed moisture test (an op-

tional supplemental test for all low hydrogen electirodes except the E7018M classification,
for which the test is required). See Table 10.

Designates that the electrode meets the requirements of the diffusible hydrogen test (an op-
tional supplemental test of the weld metal from low hydrogen electrodes, as-received or con-

ditioned — with an average value not exceeding 27 mL of H2 per 100g of deposited metal,
where “Z" is 4, 8, or 16). See Table 11.

Designales that the electrode (E7016, ET018, or E7024) meets the requirements for im-
proved toughness — and ductility in the case of E7024 — (optional supplemental test re-

quirements shown in Tables 2 and 3). Sce notes to Tables 2 and 3.
Note:

* The combination of these designators constitutes the electrode classification.

FiG. 16 — ORDER OF ELECTRODE MANDATORY AND OPTIONAL SUPPLEMENTAL DESIGNATORS

20.2 The core wire and the covering shall be con- (4.8 mm) and larger sizes, 1o provide for electrical con-

centric 10 the extent that the maximum core-plus-one- tact with the electrode holder.
covering dimension shuAll not ecxcced the minimum 21.2 The arc end of cach electrode shall be suffi-
core-plus-one-covering d?mcnmlon by mch[hﬂn ciently bare and the covering sufficiently tapered to
(}:) 7% of the mean dimension in sizes /v in (24 permit easy striking of the arc. The length of the bare
mm) unf sn?allcr; . L . portton (measured from the end of the core wire 10 the
(2) 5% f" ”,w mean dimension in sizes '/, in. (3.2 location where the full cross-section of the covering is
mm) and */y; in. (.0 m_m): Ly obtained) shall not exceed 'Yy in. (3 mm) or the di-
(3) 4% of the mean dimension in sizes °/,, 1 (4.8 ameter of the core wire. whichever is Jess. Electrodes
mm) and I‘FS“- with chipped coverings near the arc end. baring the
Concentricity may be measured by any suitable core wire no more than the lesser of '/, in. (6 mm) or
means.

twice the diameter of the core wire, meet the require-
ments of this specification. provided no chip uncovers

21. Exposed Core more than 50% of the circumference of the core.

21.1 The grip end of each clectrede shall be bare
(free of covering) for a distance of not less than '/, . o
(12 mm). nor more than 1"/, in. (30 mm) for %, in. All electrodes shall be identified as follows:
(4.0 mm) and smailer sizes. and not less than V/, in.
(19 mm) nor more than 1', . 40 mm) for Y, in.

22, Electrode Identification

22.1 At least one imprint of the electrode designation
(classification plus any optional designators) shall

30
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Appendix
Guide to AWS Specification for Carbon Steel Electrodes
for Shielded Metal Arc Welding

(This Appendin 1 not a part of ANSVAWS AS.1-91, Specification for Carbon Steel Elecirades for Shiclded Meri! Arc
Welding. but is included for informaton purpose only.)

Al. Introduction

This guide was designed 1o comrelate the covered
electrode classification with the intended spplications
50 the specification can be used effectively. Such cor-
relationy are intended as examples rather than complete
histings of the hase metals for which cach filler metal
15 suttable. |

A2, Qlassification System

A2.1 The system for clectrode classiication in the
specification follows the established pattern used 1n oth-
er AWS filler mceral specifications. The lewter "E™ at
the beginning of cach classification designation stands
for an electrode The first two digiis. 60, for example,
designate tensile strength of at least 60 ksy of the weld
metal. nroduced i accordiance with the test assembiy
preparation secnion of the specificanon The third digit
designutes position usability that will allow satistactory
welds o be produced with the electrode Thus, the

o

ST ous i BEGUIGL means that the electrode 15 usabic
m all positons (Hat, honzontal, verical, and over-
head), The ~2.7 as in E6020, designates that the elece-
trode i suitable for use m flat position and for making
fillet welds n postion  The “1." in
E7048. designates that the electrode 1s suitable for use
m vertica! weldimg with downward progression and for
other positons (see Table 1), The last two digits taken
together designate the tvpe of current with which the
elecirode can be used and the type of coverng on the
electrode, as listed in Table 1.

the  honzontal

A2.2 Opuonal designators are also used 1n this spec-
fication in order 1o identiiy elecrodes that have met
the muandatory classificalion requirements and certan
supplementars requirements as agreed o between the
supplicr and the purchaser. A =-17 designator following
classitication adentifies an electrode which meets op-
tional supplemental impact requirements at a lower

L

[ 3]

temperature than required for the classification (see
Note b 10 Table 3). An cxample of this is the £7024-
| electrode which meets the classification requirements
of E7024 and also meets the optional supplemental re-
quirements for fracture toughness and improved elon-
gation of the weld metal (see Note ¢ w Table 2). Cer-
tan jow hydrogen electrodes also may have optional
designators

A letter "R7 15 a designator used with the low hy-
drogen electrode classifications. The tetter “R™ s used
to wentify electrodes that have been exposed 1o a hu-
mid environment for a given length of time and tested
for meisture ubsorption in addition to the standard
moisture test required for classification of low hydrogen
clectrodes. See Section 16, Absorbed Moisture Test.
and Table 10. '

An optional supplemental designator “HZ™ following
the Tour digit classification designaiors or following the
“-17 optional supplemental designator, if used. indi-
cates an average diffusible hydrogen content of not
more than “Z" mi/100g of deposited metal when tested
in the “as-received”™ or conditioned state in accordance
with ANSVAWS A4.3. Standard Methods for Deter-
munation of Diffusible Hydrogen Comtent of Martens-
e, Bawmitic, and Ferritic Steel Weld Meral Produced
v Arc Welding. Electrodes that are designared as meet-
ing the lower or lowest hydrogen limits, as specificed
n Table i1, are also understood to be able to meet
any higher hydrogen limits even though these are not
necessarily designated along with the electrode clas-
siication. Therefore, as an example, an electrode des-
ignated as “H4" also meets “H8™ and "H16" require-
ments without bemng designated as such, See Section
17, Diffusible Hydrogen Test, and Table 1.

A2.3 Table Al shows the classification for similar
clectrodes from Canadian Standards Association Spec-
ification W48, 1-M1980. Mild Steel Covered Arc Weld-
g Electrodes.
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PART € — SPECIFICATIONS FOR WELDING RODS,

ELECTRODES, AND FILLER METALS

applied to the clectrode covening in the order specificd
in Fig. 16 within 2-'/, . (65 mm) of the grip end of
the electrode

22.2 The numbers and letters of the imprint shall be
of bold block type of u size large enough 1o be leaible

22.3 The ink used for imprinting shall provide suf-
ficient contrast with the clectrode covering so that. in
normal use, the numbers and letters are legible both
before and after welding

22,4 The prefix letter “E™ in the electrode classifi-
cation designation may be omutied from the fmprint

23, Packaging

23.1 Electrodes shall he suitably packaged to protect
them from damage dunng shipment and storage under
normal coadttions. In additon, E7018M  electrodes
shall be packaged in hermencally sealed containers
Hermetically sealed containers shall be capable of pass-
ing the test speerfied in 23 2.

23.2 For the test, a representalive contaer shall he
immersed in water that 1 at 2 temperature of a1 leust
S0°F (27°C) above that of the puchaged material (roormn
termperature}. The container shall he immersed so that
the surface under observation o upprovumarely 1o
(25 mm) below the water level and the greatest di-
miension s paaiiel to the water surface A container
with u stream of bubbles that lasts tor 30 seconds or
more does not meet the requirements of this specifi-
cation

23.3 Stundurd package weights shall be as agreed
upon between purchaser und supphier.

SFA-5.1

24. Marking of Packages

24.1 Th2 following product information (as a mun-
imum) shall be legibly marked on the outside of cact
unit package.

(1} AWS specification and classification designations
(year of 1ssue may be excluded)

(2} Supplier's name and trade designation

£3) Size and net weight

(+) Lot comtrol. ur heat number

24.2 The following precautionary information (as a
mintmum) shall be prormnently displayed in legible
print on all packages of electrodes. including individual
unit packages enclosed within a larger package.

WARNING:

oProtect vourself and others. Read and

understand this information. FUMES AND

GASES can be dangerous to your health. ARC

RAYS can injure eyes and burn skin.

ELECTRIC SHOCK can Kill.

® Before use, reud and understand the manufactur-
er's anstructions.  Matenal  Safety Data Sheets
(MSDS»). and vour emplover's safety practices.

© Keep vour head out of the fumes,

@ Use cnough ventilation, exhaust at the arc, or
both, to keep fumes and gases away from your
breathing zone, und the general area.

e Wear correct eye, ear, and body protection.

Do not touch electrical parts

® Scc Amencan National Standard Z49.1, Safery in
Welding and Cutring, published by the American
Welding Society, 350 North LeJeune Road, P O,
Box 351040, Muami, Flonda, 33133; OSHA Safety

aned feafth Standards, 29 CFR 1910, available
from the U.S. Government Printing Office, Wash-
ingten, D C. 20402,

DO NOT REMOVE THIS INFORMATION
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PART C — SPECIFICATIONS FOR WELDING RODS.

ELECTRODES. AND FILLER METALS

TABLE Al
CANADIAN ELECTRODE CLASSIFICATIONS SIMILAR
TO AWS CLASSIFICATIONS (For Information Qnly)

Canadian Electrode AWS
Classification? Classification
E41000 —_
E41010 E60I0
E41011 E60!1
E41012 E6Q12
E41013 E6013
E41022 E6Q22
E41027 E6027
E48000 —
E48010 —_
E48011 —
E48012 —
E48013 —
E48014 E7014
E48015 E7015
E48016 E?016
E48018b E7018
E48022 ’ —
E48024 E7024
E48027 . E7027
E48028 E7028
E48048 E7048
Notes:

a. From CSA Standard W48.1-MI1680, Mild Steel Cov-
ered Arc Weiding Electrodes, published by Canadian
Standards Assgeiation, 178 Rexdale Bouievarg,
Rexdale, Ontanio, Canada M9W |R3.

b, Alsoincludes E48018-] designated electrode.

A3, Acceplance

Acceptance of all welding matenals classitied under
this specification s m accordance with ANSIAWS
AS.01. Fuller Metal Procurement Guidelines, as the
speciication states  Any {esting a purchaser requires of
the supplier. for matenial shipped in accordance with
this Specification, shail be clearly stated in the pur-
chase order, according 10 the provisions of ANSIVAWS
A5.01. [n the absence of anvy such statement in the
purchase order. the supplier may ship the matertal wath
whatever testing normally s performed on material of
that classification, s speciizd in Schedule F, Table |,
of ANSIVAWS A3 4] Tesung in accordance with any
other Schedule 1n that Tabic must be specifically re-
quircd by the purctise order In such cases, acceptance
of the muterit] shipped <hill be 1n accordance with
those requirements

SFA-5.1
Ad. Certification

The act of placing the AWS specification and clas-
sification designations on the packaging enclosing the
product, or the classification on the product itself. con-
stitutes the supplier’s (manufacturer’s) certification that
the product meets all of the requirements of the spec-
ification

The only testing requirement implicit in this ceri-
fication is that the manufacturer has actually conducted
the tests required by the specification on matenal that
1s representative of that being shipped and that matenal
met the requirements of the specification. Represen-
tative material, in this case, is any production run of
that classification using the same formulation. *Certi-
fication™ is not to be construed to mean that tests of
any kind were necessarily conducted on samples of the
specific material shipped. Tests on such material may
or may not have been conducted. The basis for the
certification required by the specification is the cias-
sificution test of “representative matenial” cited above,

and the “Manufacturer’s Quality Assvrance Program”
in ANSI/AWS A5 01,

A5, Ventilation During Welding

AS.1 The following five major factors govern the
guantity of fumes in the atmosphere 10 which welders
und welding operators are exposed during welding:

{1) Damensions of 1he space 1 which welding is
done (with special regard to the height of the ceiling)

(2) Number of welders and welding operators work-
tng 10 that space

{3) Rate of evolunon of fumes, gases, or dust. ac-
cording to the materials and processes used

{+) The proximily of the welders or welding oper-
ators to the fumes as they issue from the welding zone,
and w the gases and dusts in the space in which they
are working

(5) The ventilation provided to the space in which
the welding 15 done

A5.2 American National Standard Z49.1, Saferv in
Welding and Cutting (published by the American Weld-
g Society), discusses the ventilation that is required
during welding and should be referred to for details.
Attention is drawn paruculacly to the Section of that
document entitled “Health Protection and Ventiiation.”

A6. Welding Consideration

A6.1 Weld mewl properties may vary.widely, ac-
cording to the size of the electrode and amperage used.
size of the weld beads, base metal thickness, joint ge-
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ometry, preheat and interpass (emperatures. surtace
condition, base meclal compositien, dilution. ete. Be-
cause of the profound effect of these vanables, a test
procedure was chosen for this specification which
would represent good welding praciice and minimize
variation of the most potent of these variables.

A6.2 1t should be recogmzed. however that produc-
tion pracuces may be different. The ditferences en-
countered may alter the properties of the weld metal
For instance. interpass temperajures may range from
subfreezing to several hundred degrees. No single tem-
perature or reasonable range of temperatures can be
chosen for classification tests which will be represen-
tative of all of the condiuons encountered in production
work.

Properties of production welds may vary according-
ly, depending on the particular welding conditions
Weld metal properties may not duplicate, or even
closely approach, the values hsted and prescribed for
test welds. For example. ductiity in single pass welds
in thick base metal outdoors 1n cold weather
without adequate preheating may drop w little more
than halt’ that required herem and nermally obtained
This does not indicate that etther the electrodes or the
welds are below standard. It indicates only that the
particular production condittons are more severe than
ithe test conditions prescribed by this specification

made

AG.3 Hydrogen s another factor 1o be consid

Weld metals. other than thuse from low hydrogen elee-
trodes (R7015. 27010, ETG18. E7018M. LE7028. and
E7048). contain significant quannties of hvdrogen for
some period of tme after they have been made. Thiy
hydrogen gradualiy escapes. After two 0 four weeks
at oom temperature or in 24 10 48 hours at 200 o
220°F (95 1o 105°C), most of it has escaped As u
resuit of this change i hydrogen content. the ductlity
of the weld metal increases towards us inherent value,
while the vield, twnosile, and impact strengths remain
relatively unchanged This specification requires aging
of the test specimens at 200 to 220°F (95 o 105°C)
for 48 hours before subjecting them to the tension or
bend test This is done to mimmize discrepancies in
testing.

A6.4 When weldments are given a postweld heat
treatment. the temperature and tme at temperature are
very important  The tensile and vield strengths gen-
erallv are decreased as postweld heat treatment teni-
perafure and time ot temperature are increased.

A6.5 Welds made with electrodes of the same clas-
sification and the same welding procedure wiil have
sigruticantly different tensife and vield strengths in the

()
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as-welded and postweld heat-treated conditions. Com-
parison of the values for as-welded and postweld heat-
treated |1150°F (620°C)Y for one hour] weld metal will
show the following:

A6.5.1 The tensile strength of the postweld heat-
treated weld metal will be approximately 5 ksi (34.3

M#Pa) Jower than that of the weld metal in the as-weld-
ed condition.

A6.5.2 The yield strength of the postweld heat-
treated weld metal will be approximately 10 ksi (69
MPua) lower than that of the weld metal in the as-weld-
ed condition.

A6.6 Conversely, postweld heat-treated welds made
with the same electrodes and using the same welding
procedure except for variation in interpass temperature
and postweld heat treatment ume can have aimost iden-
tcal tensile and vield strengths. As an example, almost
identicul tensile and yield strengths may be obtained in
two welds. one using an interpass temperature of 300°F
(150°C) and postweld heat-treated for | hour at 1150°F
(620°C). and the other using an interpass temperature
of 200°F (93°C) and postweld heat-treated for 10 hours
at 1150°F (620°C).

A6.7 Electrodes which meet all the requirements of
any wiven classification may be expected to have sim-
ilar characteristics. Certain minor differences continue
to exist from one brand to another due to differences
- preferences that exist regarding specific operatung
characienstics. Furthermore, the only differeaces be-
ween the present E60XX and E70XX classifications
are the differences in chemical composition and me-
chanical properties of the weld metal, as shown n Ta-
bles 2. 3. and 7. In many applications, clectrodes of
either E60XX or E70XX classifications may be used.

A6.8 Since the electrodes within a given classifi-
catton have similar operating characteristics and me-
chanwcal properties, the user can limit the study of
available electrodes to those within a single classifi-
cation after determiming which classification best suits
the particular requirements.

A6.9 This specification does not establish values for
all charactenstics of the electrodes falling within a giv-
en classification. but it does establish values to measure
those of major importance. In some instances, 2 par-
tcular characteristic is common to a number of clas-
sifications and testing for it is not necessary. In other
instances, the characteristics are $o intangible that no
adequate tests are available. This specification does not
necessarily provide all the information needed 1o de-
termine which classification will best fulfill a particular
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necd  Therefore. a discussion of cach classification s

included in Appendix A7 o supplement information
given ¢lsewhere in the «peciication

A6.10 Some imporiznt wests for measuring major
electrode charucterntsties are s follows

A6.10.1 Radiographic Test. Neurly all of the car-
ban steel electrodes covered by this speaification are
capable of producing welds that meet most radiographic
soundness requirements  However, f ncorrectly ap-
phed. unsound welds may be produced by any of the
electrodes. For electrodes of some classifications. the
radiogruphic requirements in Table § are not neces-
sartly indicative of the average rudiographic soundnéss
to be expected in production use  Electrodes of the
E6G10. E6O011. E6OIY. und EON20 classitications can
be eapected o produce seceptable radiographic results.

Under certain condiions. nolably in welding long,
continuous jomnts in relstively thick base metal, low
hydrogen clectrades of the ET015. E7016. E7018. and
E7018M classitications il often produce even betier
results. On the other hand. . jomts open to the at-
mosphere on the root wide. 2 the ends of jonts. n
Jonts with many stops and starts, and o welds on
small diameter pipe or wn smadl. thin, uregularly shaped
joints. the low hydrozen elecirodes tend to produce
welds of poor radwgraphie soundness E6013 elee-
trodes usindly produce the” best radiographie soundness

E6027. E7024 and E7023 siecirodes produce welds
which may be cither gquite goed or rather mieror i
rathographic soundness The endency seems to be in
the latter directnon. OF Al tvpes. the E6022 and E6012
clectrodes generally produce welds with the feast fa-
vorable radiographic soundness

A6.10.2 Fillet Weld Test. Thyy test 15 included
as o means of demonstraung the usabiluy of an clec-
trode. This test is concernes with the appearance of
the weld (e, weld face conteur and smoothness, un-
dercut, overlap, size. und resistance o cracking) it
also provides an excellem and inexpensive method of
determining the adequacy of fusion at the weld roor
{one of the unportant consideratens tor an clectrode).

A6.10.3 Touvghness. Charpy V-notch impact re-
quirements are ncluded 1 the <peciticznon. All clagses
of electrodes in this »pecification can produce weld
metal of sufficient toughness for many applications.
The inclusion of unpuct reguirements for cetain elec-
trode classifications allows the <peaitication to be used
as 2 guide in selecting elecirodes where low-1emper-
ature toughness is required There cuan be considerable
variation in the weld metal toughness unless particular
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altention is given to the welding procedure and the
preparation and festing of the specimens. The impact
energy values are for Charpy V-notch specimens and -
should not be confused with values obtained with other
tughness tests

Ab.}1 Electrode Covering Moisture Content and
Conditioning

A6.11.1 Hydrogen can have adverse effects on
welds in some steels under certain conditions. One
source of this hydrogen s mesture in the clectrode
coverings. For this reason, the proper storage, treat-
ment, and handling of clectrodes are necessary.

A6.11.2 Electrodes are manufactured to be within
acceptable moisture himits. consistent with the type of
covering and strength of the weld metal They are then
normully packaged in a contauner which has been de-
signed to provide the degrece of moisture protection
considered necessary for the type of covering involved.

A6.11.3 If there is a possibihity that the noncel-
tulesie electrades may have absorbed excessive mois-
ture, they may be restored by rebaking. Some elec-
trodes require rebaking at a temperature as high as
BOO°F (425°C) for approximately | to 2 hours, The
manner in which the electrodes have been produced
and the relative humidity and (emperature conditions
under which the clectrodes are stored determine the
proper length of time and emperature used for con-
ditiomng  Some typaeal storage and drying conditions
are inciuded s Table A2

A6.11.4 Cellulose covenngs for E6010 and L6011
electrodes need monure levels of 3% to 7% for proper
operation: therefore. storage or conditionmg above am-
bient temperature may dry them too much and ad-
versely atfect their operanon (see Table A2).

A6.12 Core Wire, The core wire for all the elec-
trodes clussificd 1n this specificatton is usually a mild
steel having 4 typieal composiion which may differ
significantly from that of the weld metal produced by
the covered clectrodes,

A6.13 Coverings

A6.13.1 Electrodes of some classifications have
substantial quanuties of iron powder added to their cov-
erings. The iron powder fuses with the core wire and
the other metal in the covering, as the electrode melts.
and 15 deposited as part of the weld metal. just as is
the core wire. Relauvely high currents can be used
since a considerable pertion of the clectnical cnergy
passing through the electrode 1 used to melt the thicker
covering contamning iron powder. The result is that
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Table A2
Typical Storage and Drying Conditions for Covered Arc Welding Electrodes

AWS

Storage Conditions?

Classtifications Ambent Air

Holding Ovens

Drving Conditions®

E6010, E6011]

E&012, E6013,
E6019, E6020,
E6022, E6027,
E7014, E7024

Ambient temperature

8O+ 20°F (30 = 10°0)
50 percent max relative
humidity

Not recommended

20°F (12°C) to 40°F (24°C)
above ambient temperature

Not recommended

t hour at temperature
275+ 25°F 135+ 15'C)

E7027

E7015, ET016, 50"F (30°C) 1o 250°F 500 1o 800°F (260 to 427°C)
E7018, E7028, Not Recommended® (140°*C) above ambient I to 2 hours at temperature
E7018M, E7048 temperature

Notes:
a. After removal from manufacturer’s packaging.

b. Because of inherent differences 1n covering composition, the manufacturers should be consulted for the exact dry-

ing conditions.

¢. Some of these electrode classifications may be designated as meeting low moisture absorbing requirements. This
designation does not imply that storage in ambient air 15 recommended.

more weld metal may be obtained from a single elec-
trode with iron powder mn its covenng than from a sin-

vle electrode of the same diameter without iron pow-
der.

A6.13.2 Due 1o the thick covenng and deep cup
produced at the arcing end of the electrode. iron pow-
der clectrodes can be used very effectively with a
“drag” techmgue. This techmque consists of keeping
the electrode covering 1n contact with the workplece at
all times. which mukes for casy handling However,
a techmque vsing o short arc length is preferable 1f the
Yoo (2.4 mmy or /g mL (3 2 mm) clectrodes are to
be used n other than {lat or honzonwal fillet welding
positions or for making groove welds.

A6.13.3 The ET0XX clectrodes were included n
this specification to ucknowledge the higher strength
levels obtamed with many of the iron powder and low
hyvdrogen clectrodes. as well as to recognize the in-
dustry demand for electrodes with 70 ksi (482 MPa)
minimum tensile strength. Unlike the E70XX-X clas-
stfication i AWS A5.5. Specification for Low Alloy
Steel Covered Are Welding Electrodes. these electrodes
de not contain deliberate wlloy additions. nor are they

required to meet minimum tensile properites after pos-
tweld heat treatment

A6.13.4 ET0XX low hydrogen clectrodes have
mineral coverings which are hugh in limestone and oth-

6

er ingredients that are low i moisture and hence “low
in hydrogen content.” Low hvdrogen clectrodes were
developed for welding low alloy high-strength steels,
some of which were high in carbon content. Electrodes

“hy-
in these steels. These un-
the base meta!, usually just

with ather thap low hydrogen coverings produce
drogen-induced craching”
derbead cracks sceur in
below the weld bead.
Weld mewl cracks also may occur These usually
are caused by the hydrogen absorbed from the arc -
mosphere  Although these cracks do not generaiiy oc-
cur in carbon steels which have a low carbon content,
they may occur whenever other electrodes are used on
higher carbon or alloy steels. Low hvdrogen electrodes
are also used to weld high-sulphur and enameling
steels. Electrodes with other than low hydrogen cov-
erings give porous welds on high-sulphur steels. With
enameling steels, the hydrogen thar escapes after weld-

ing with other than low hydrogen clectrodes produces
holes in the cnamel.

A6.14 Amperage Ranges. Table A3 gives amperage
ranges which are satisfactory for most classifications.
When welding vertically upward, currents near the low-
er hmit of the range are generally used.

A7. Description and Intended Use of Electrodes
A7.1 E6010 Classification

A7.1.1 E6010 electrodes are characterized by a
deeply penetrating, forceful, spray tvpe arc and readily



TABLE A3
TYPICAL AMPERAGE RANGES

Electrode E6010 E6027 E701S  E7018M  E7024
__Diameter and and and and and

mn. mm E60L1 E6OL2 E&OI3 E6019 E6Q20 E6022 E7027 E7014 E70}6 E7018 E7028 E7048

1/16 1.6 — 2010 201to — — — — — — — — —_—
40 40
5/64 2.0 — 230 25to 35to — _— — _— — _ —_— —_
60 60 55

3/32¢ 2.4 40 to I5to 4510 5010 — — —_— 80 to 6510 70 to i00 to —
80 85 G0 90 125 1o 100 145 _

1/8 3.2 75 to 80 to 80 o 80 to 100 to 110 to 125to {10 to 100 to 11510 140 to 80 to
125 140 130 140 150 160 185 160 150 165 190 140

5132 4.0 110 to 11010 105 to 130 to 130 10 140 to 160 to 150 to ' 140 to 150 to 180 to 150 to
170 190 180 190 190 190 240 210 200 220 250 220

316 4.8 140 to 140 to 150 to 190 to 17510 170 to 210 to 200 to 180 to 200 to 2310 to 210 to
215 240 230 250 250 400 300 275 255 275 305 270
7132 5.6 170 to 200 to 210 to 240 o 22510 370 to 25010 260 to 240 to 260 to 275to —

250 3z0 300 310 310 520 350 340 320 340 365

1/4 6.4 210 to 250 to 250 to 310 to0 275to —_ 300 to 330 to 300 to 315¢t0 33510 —
320 400 350 360 375 — 420 415 390 400 410 —
5/16 8.0 275to 300 to 320 to 360 to 340 1o — 37510 390 to 375to 375t0 400 1o —
425 500 430 410 450 — 475 500 475 470 525 —

* This diameter is not manufactured in the E7028 classification.
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removable, thin. frnable slag which imay not seem to
completely cover the weld bead. Fillet welds usually
have u relatively ftar weld face and have a rather
coarse. unevenly spaced ripple The coverings are high
in cellulose. usually exceedme 30% by weight. The
other matenals generally used in the covering include
tutanum dioxide. metallic deoxidizers such as ferro-
MANganese . Variouy types of magresium or sluminuem
stlicates. and hguid sedium silicate as a binder. Be-
cause ol their cosenng composition, these electrodes
are gencraliy descrnibed as the high-cellulose sodium
type.

A7.L2 These clectrodes are recommended for all
welding positions. particularly on muluple pass appli-
cations in the vertical and overhead welding positions
and where welds of good soundness are required. They
frequently are selected for jomming pipe and generally
are capuble of welding in the vertical position with
cither uphull or downhill progression.

A7.1.3 The majonty ot appheations for these clec-
trodes 1v e jowning carbon sweel However, they have
been used o advantage on galvanized steel and on
some low alloy steels, Typeal apphications clude
shipbuillding. buildings, bridges. storage tanks, piping,
and pressure vessel fittings. Sinee the applications are
so widespread, o discussion of each s impracucal Siv-
es larger than '/, . (48 mmy generally have limited
use n oother than Hat or henzontal-filler welding po-

SO

A7.1L4 These clectrodes have been designed o
use with deep (electrode posmver. The muaximum am-
perage that cun generally be used wuth the larger sizes
of these clectrodes s hinnted m comparisen 1o that o
other classificanions due to the high spatter foss that
occurs with high amperage

A7.2 E6011 Classification

A7.2.1 E60L1 electrodes are designed 1o be used
with ac current and o dupheate the usability charac-
terstics and mechanical propertios of the E6010 ¢las.-
sitficanon  Although alse usable wath deep {electrode
positive), u decrease in jout peretration will be noted
when compared to the E6UL0 clectrodes. Arc action,
slug, and fGillet weld appearance are simular to those of
the E6010 clectrodes.

A7.2.2 The covermgs are also high in celiulose
and are described as the high-celiulose potassium type.
In addition 1o the other ingredients normally founrd in
EGO10 coverings. small quuntities of calcium and po-
tassium compounds usually are present.

o 1
A7.2.3 Swizes larger than /. m (48 mm) gen-

38

1995 SECTION I

erally have limited use in other than flat or horizomal-
fllet welding positions.

A7.3 E6012 Classification

AT.3.1 E60I12 electrodes are characterized by low
penetrating are and dense slag, which completely cov-
ers the bead. This may result in incomplete root pen-
etration m fllet welded joints The coverings are hugh
n Glania. usually exceeding 35% by weight. and usu-
ally are referred 1o as the “tmania™ or “rutile™ type
The covenngs generally also contain small amounts of
cellulose and ferromanganese, and various siliceous
materials such as feldspar and clay with sodinm silicate
as a binder. Also, small amounts of certain calcium
compounds may be used to produce satisfactory arc
charactenstics on decen (electrode negative).

A7.3.2 Fillet welds tend to have a convex weld
face with smowth even ripples i the horizontal welding
position. and widely spaced rougher ripples 1 the ver-
tcal welding position which become smoother and
more umtorm as the size of the weld 1s increased. Or-
dinartdy. a lurger size liflet must be made i the vertical
and overhcad positions using E6012 elcctrodes com-
pared o welds wath E6010 and E6011 clectrodes of
the sume dizmeter.

AT7.3.3 The E6012 electrodes are all-position ¢lec-
trodes and usually are suitable for welding ‘in the ver-
nical position with either the upward or downward pro-
gression. However, more otten the larger sizes are used
m the that and horizontal positions than sn the vertical
and ovethead positions, The larger stzes are often used
for stngle pass, high-speed. high current tillet welds in
the horizontal welding position, Their case of handling,
sond fillet weld face. and ability 10 bridge wide root
openings ender conditions of poor tit. and o withstand
high amperages make them very well suited 1o this type
of work. The electrode size used for verucal and over-
head position welding is {requently one size smaller
than would be used with an E6010 or E6Q11 electrode

A7.3.4 Weld metal from these clectrodes s gen-
crally Jower in ductility and may be higher in yield
strengih [§ to 2 ksi (690 10 1380 kPa}] than weld metal

from the same size of either the E6010 or E6011 clec-
trodes.

AT.4 E60313 Classification

A7.4.1 E6013 electrodes, although very sinulbar to
the E6012 electrodes. have distinet differences. Their
flux covering makes stag removal easier and gives o
smoother are transier than E6012 clectrodes. This s
particulariy the case for the small diameters l'/,t,. S/M.
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and /5, in. (1.6, 2.0, and 2.4 mm)]. This permits sat-
isfactory operation with lower open-circuit ac voltage.
E6013 electrodes were designed specifically for light
sheet metal work. However, the larger diameters are
used on many of the same applications as E6012 elec-
trodes and provide low penetrating arc. The smaller
diameters provide a less penetrating arc than is ob-
tained with E6012 electrodes. This may result in in-
complete penetration in fillet welded joints.

A7.4.2 Coverings of E6013 electrodes contain ru-
tile, cellulose, ferromanganese, potassium silicate as a
binder, and other siliceous materials. The potassium
compounds permit the electrodes to operate with ac at
low amperages and low open-circuit voltages.

A7.4.3 E6013 electrodes are similar to the E6012
electrodes in usability characteristics and bead appear-
ance. The arc action tends to be quieter and the bead
surface smoother with a finer ripple. The characteristics
of E60!3 electrodes vary slightly from brand to brand.
Some are recommended for sheet metal applications
where their ability to weld satisfactorily in the vertical
welding position with downward progression is an ad-
vantage.

Others, with a more fluid slag, are used for hori-
zontal fillet welds and other general purpose welding.
These electrodes produce-a flat fillet weld face rather
than the convex weld face characteristic of E6012 elec-
trodes. They are also suitable for making groove welds
because of their concave weld face and easily removed
slag. In addition, the weld metal is definitely freer of
slag and oxide inclusions than E6012 weld metal and
exhibits better soundness. Welds with the smaller di-
ameter E6013 electrodes often meet the Grade 1 ra-
diographic requirements- of-this specification.

A7.4.4 E6013 electrodes usually cannot withstand
the high amperages that can be used with E6012 elec-
trodes in the flat and horizontal welding positions. Am-
perages in the vertical and overhead positions, how-
ever, are similar to those used with E6012 electrodes.

A7.5 E7014 Classification

A7.5.1 E7014 electrode coverings are similar to
those of E6Q12 and E6013 electrodes, but with the ad-
dition of iron powder for obtaining higher deposition
efficiency. The covering thickness and the amount of

iron powder in E7014 are less than in E7024 electrodes
(see A7.10).

A7.5.2 The iron powder also permits the use of
higher amperages than are used for E6012 and E6013
electrodes. The amount and character of the slag permit
E7014 electrodes to be used in all positions.
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A7.5.3 The E7014 electrodes are suitable for
welding carbon and low alloy steels. Typical weld
beads are smooth with fine ripples. Joint penetration is
approximately the same as that obtained with E6012
electrodes {sce 7.3.!}. which is advantageous when
welding over a wide root opening due to poor fit. The
face of fillet welds tends to be flat to slightly convex.

The slag is easy to remove. In many cases, it removes
wself.

A7.6 Low Hydrogen Electrodes

A7.6.1 Electrodes of the low hydrogen classifi-
cations (E7015, E7016, E7018, E7018M, E7(28, and
E7048) are made with inorganic coverings that contain
minimal moisture. The covering moisture test, as spec-
ified in-Section 15, Moisture Test, converts hydrogen-
bearing compounds in any form in'the covering into
walter vapor that is collected and weighed. The test thus
assesses the potential hydrogen available from an elec-
trode covering. All low hydrogen electrodes, in the as-
manufactured condition or after, conditioning, are ex-
pected to meet a maximum covering moisture limit of
0.6% or less, as required in Table 10.

A7.6.2 The potential for diffusible hydrogen;in the
weld metal can be assessed more directly, but less.con-
veniently, by the diffusible hydrogen test, as specified
in Section 17, Diffusible Hydrogen Test. The results
of this test, using electrodes in the as-manufactured
condition or after conditioning, permit the addition of
an optional supplemental diffusible hydrogen designa-
tor to the classification designation according to:Table
11. See also A9.2 in this Appendix.

A7.6.3 In order 1o maintain low hydrogen elec-
trodes with minimal moisture in their coverings, these
electrodes should be stored and handled with consid-
erable care. Electrodes which have been exposed to
humidity may absorb considerable moisture and their
low hydrogen character may be lost. Then conditioning

can restore their low hydrogen character. See Table
A2,

A7.6.4 Low hydrogen electrode coverings can be
designed to resist moisture absorption for a consider-
able time in a humid environment, The absorbed mois-
ture test (see Section 16, Absorbed Moisture Test), as-
sesses this characteristic by determining the covering
moisture after nine hours exposure to 80°F (27°C), 80%
relative humidity air. If, after this exposure, the cov-
ering moisture does not exceed 0.4%, then the optional
supplemental designator, *R”, may be added to the
electrode classification designation, as specified in Ta-
ble 10. See also A9.3 in this Appendix.

PR
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A7.6.5 E7015 Classification

A7.6.5.1 E7015 electrodes are low hydrogen
electrodes to be used with dcep (electrode positive).
The slag is chemically basic.

A7.6.5.2 E7015 electrodes are commonly used
for making small welds on thick base metal, since they
are less susceptible to cracking (see A6.13.4). They
are also used for welding high sulphur and enameling

steels. Welds made with E7015 electrodes on high sul-

phur steels may produce a very tight stag and a very
rough or imeguolar bead appearance in comparison 1o

welds with the same electrodes in steels of normal sul-
phur content.

A7.6.5.3 The arc of E7015 electrodes is mod-
erately penetrating. The slag is heavy, friable, and easy
to remove. The weld face is convex, although a fillet
weld face may be flat.

A7.6.5.4 E7015 electrodes up to and including
the */y, in. (4.0 mm) size are used in all welding po-
sitions. Larger electrodes are used for groove welds in
the fiat welding position and fillet welds in the hori-
zontal and flat welding positions.

AT.6.5.5 Amperages for E7015 electrodes are
higher than those used' with E6010 electrodes of the
same diameter. The shortest possible arc lengih should
be maintained for best resuits with E7015 electrodes.
--This . reduces—the—risk—of—porosity—Thenecessity ~for
preheat.is reduced; therefore, better welding conditions
are provided.

A.7.6.6 E7016 Classification

A7.6.6.1 E7016 electrodes have all the char-
acteristics of E7015 electrodes, plus the ability to op-
erate on ac. The core wire and coverings are very sim-
ilar to those of E7015, except for the use of a
potassium silicate binder or other polassium salts in the
coverings to facilitate their use with ac. Most of the
preceding discussion on E7015 electrodes applies
equally well to the E7016- electrodes. The discussion
in A6.13.4 also applies.

A7.6.6.2 Electrodes designated as E7016-1
have the same usability and weld metal composition as
E7016 electrodes except that the manganese content is
set at the high end of the range. They are intended for
welds requiring a lower transition temperature than is
normally available from E7016 electrodes.

A7.6.7 E7018 Classification

A7.6.7.1 E7018 electrode coverings are similar
to E7015 coverings, except for the addition of a rel-
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atively high percentage of iron powder. The coverings

on these electrodes are slightly thicker than those of
the E7016 electrodes.

A7.6.7.2 E7018 low hydrogen electrodes can be
used with either ac or dcep. They are designed for the
same applications as the E7016 electrodes. As is com-
mon with all low hydrogen clectrodes, a short arc
length should be maintained at all times.

A7.6.7.3 In addition to their use on carbon
steel, the E7018 electrodes are also used for joints in-
volving high-strength, high carbon. or low alloy steels
{see also A6.13). The fillet welds made in the hori-
zontal and flat welding positions have a slightly convex
weld face, with a smooth and finely rippled surface.
The electrodes are characterized by a smooth, quiet
arc, very low spatter, and medium arc penetration.
E7018 electrodes can be used at high travel speeds.

"~ A7.6.7.4 Electrodes designated as E7018-1
have the same usability and weld metal composition as
E7018 electrodes, except that the manganese content
is set al the high end of the range. They are intended
for welds requiring a lower transition temperature than
is normally available from E7018 electrodes.

A7.6.8 E7018M Electrodes

A7.6.8.1 E70I18M electroces are similar to
E7018-1H4R electrodes, except that the_testing for me-
chanical properties and for classification is done on a
groove weld that has a 60 degree included angle and,
for electrodes up to *,; in. (4.0 mm), welded in the
vertical position with upward progression. The impact
test results are evaluated using all five test values and

‘higher--values-are—required at —20°F (—29°C). The

maximum allowable moisture-in-coating values in the
“as-received” or reconditioned state are more restrictive
than that required for E7018R. This classification
closely corresponds to MIL-7018-M in MIL-E-22200/
10 specification, with the exception that the absorbed
moisture limits on the electrode covering and the dif-
fusible hydrogen limits on the weld metal are not as
restrictive as those in MIL-E-22200/10.

A7.6.8.2 E7018M is intended to be used with
dcep lype current in order to produce the optimum me-
chanical properties. However, if the manufacturer de-
sires, the electrode may also be classified as E7018
provided all the requirements of E7018 are met.

A7.68.3 In addition to their use on carbon
steel, the ET018M electrodes are used for joining car-
bon steels to high strength low alloy steels and higher
carbon steels. Fillet welds made in the horizontal and
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flat welding positions have a shghtly convex weld face,
with a smooth and finely rippled surface. The elec-
trodes are characterized by a smooth, quiet arc, very
low spatter, and medium arc penetration.

A7.6.9 E7028 Classification

A7.6.9.1 E7028 electrodes are very much like
E7018 electrodes. However, E7028 electrodes are suit-
able for fillet welds in the horizontal welding position
and groove welds in the flat welding position only,
whereas E7018 electrodes are suitable for all positions.

A7.6.9.2 The ET7028 electrode coverings are
much thicker. They make up approximately 50% of the
weight of the electrodes. The iron content of E7028
electrodes is higher (approximatety S0% of the weight
of the covenings). Consequently, on fillet welds in the
horizontal position and groove welds in the flat welding
position, E7028 electrodes give a higher deposition rate
than the E7018 electrodes for a given size of electrode.

A7.6.10 E7048 Classification. Electrodes of the
E7048 classification have the same usability, compo-
sition, and design characteristics as E7018 electrodes,
except that E7048 electrodes are specifically designed

for exceptionally good vertical welding with downward
progression (sec Table 1).

A7.7 E6019 Classification

A7.7.1 E6019 electrodes. although very similar to -

E6013 and E6020 clectrodes in their coverings, have
distinct differences. E6019 electrodes, with a rather
fluid slag system, provide deeper arc penctration and
produce weld metal that meets a 22% minimum elon-
gation requirement. meels the Grade 1 radiographic
standards, and has an average impact strength of 20 fi-
Ib (271) when tested at O°F (—18°C).

A7.7.2 E6019 electrodes are suitable for multipass
of up to 1 in. (25 mm) thick steel. They are designed
for use with ac, dcen, or dcep. While ¥/ ¢ in. (4.8 mm)
and smaller diameter electrodes can be used for all
welding positions (except vertical welding position with
downward progression), the use of larger diameter elec-
trodes should be limited to the flat or horizontal fillet
welding position. When welding in the vertical welding
position with upward progression, weaving should be
limited to minimize undercut.

A7.8 E6020 Classification

A7.8.1 E6020 electrodes have a high iron oxide
covering. They are characterized by a spray type arc,
produce a smooth and flat, or slightly concave weld
face and have an easily removable slag.

SFA-5.1

A7.8.2 A low viscosity slag limits their usability
to horizontal fillets and flat welding positions. With arc
penetration ranging from medium to deep (depending

upon welding current), E6020 electrodes are best suited
for thicker base metal.

A7.9 E6022 Classification. Electrodes of the E6022
classification are recommended for single pass, high-
speed, high current welding of groove welds in the flat
welding position, lap joints in the honzontal welding
position, and fillet welds on sheet metal. The weld face
tends to be more convex and less uniform, especially
since the welding speeds are higher.

A7.10 E7024 Qlassification

A7.10.1 E7024 electrode coverings contain large
amounts of iron powder in combination with ingredi-
ents similar to those used in E6012 and E6013 elec-
trodes. The coverings on E7024 electrodes are very
thick and usually amount to about 50% of the weight

cf the electrode, resulting in higher deposition effi-
ciency.

A7.10.2 The E7024 electrodes are well suited for
making fillet welds in the fiat or horizontal position.
The weld face is slightly convex to'flat, with a very
smooth surface and an extremely fine npple. These
electrodes are characterized by a smooth, quiet arc,
very low spatter, and low arc penetration. They can be

——used-with-high-travel-speeds—Electrodes-of these-clas-

4]

sifications can be operated on ac, dcep, or dcen.

A7.10.3 Electrodes designated as E7024-1 have
the same general usability characteristics as E7024
electrodes. They are intended for use in sitnations re-
quiring greater ductility and a lower transition-tem-

perature than normally is available from E7024 elec-
trodes.

A7.11 E6027 Classification

A7.11.1 E6027 electrode coverings contain large
amounts of iron powder in combination with ingredi-
ents similar to those found in E6020 electrodes. The
coverings on E6027 electrodes are also very thick and

usually amount to about 50% of the weight of the elec-
trode. ’

A7.11.2 The E6027 electrodes are designed for
fillet or groove welds in the flat position with ac, dcep,
or dcen, and will produce flat or slightly concave weld

face on fillet welds in the horizontal position with
either ac or dcen.

A7.11.3 E6027 electrodes have a spray-type arc.
They will operate at high travel speeds. Arc penetration
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is medium. Spatter loss is very low, E6027 electrodes
produce a heavy slag which is honeycombed on the
underside. The slag is friable and easily removed.

A7.11.4 Welds produced with E6027 electrodes
have a fat to slightly concave weld face with a smooth,
fine, even ripple, and good wetting along the sides of
the joint, The weld metal may be slightly inferior in
radiographic soundness to that from £6020 electrodes.
High amperages can be used, since a considerable por-
tion of the electncal energy passing through the elec-
trode is used to melt the covenng and the iron powder
it contains. These electrodes are well suited for thicker
base metal.

A7.12 E7027 Classification. E7027 efectrodes have
the same usability and design characteristics as E6027
electrodes, except they are intended for use in situa-
tions requiring slightly higher tensile and yield
strengths than are obtained with E6027 electrodes.
They must also meet chemical composition require-
ments (see Table 7). In other respects, all previous dis-

cussions for E6027 electrodes also apply to E7027 elec-
trodes.

A8. Modification of Moisture Test Apparatus

A8.1 Some laboratories have modified test apparatus
for determining the moisture content of electrode cov-
erings. The following are some of the modifications
which have been successfully used:

A8.1.1 This specification recommends that only
nickel boats be used rather than clay boats because
lower blank values can be obtained. Some laboratories
use zirconium silicale combustion tubes in preference
to fused silica or mullite because zirconium silicate will
not devitrify or aliow the escape of combustible gases
at temperatures up to 2500°F (1370°C). Some com-
bustion tubes are reduced at the exit end and a separate
dust trap is used. This dust trap consists of a 200 mm
drying tube filled with glass wool which is inserted
between the Schwartz absorption U-tube and the com-
bustion tube. A suitable 300°F (149°C) heater is mount-
ed around the dust trap to keep the evolved water from
condensing in the trap. The dust trap is filled with glass
wool which can be easily inspected to determine when
the glass wool should be replaced. An extra spray trap
may be installed downstream of the absorption U-tube
1o ensure that the concentrated sulfuric acid in the gas

sealing bottle is not accidently drawn into the absorp-
tion U-tube.

AB.1.2 On the entrance end of the combustion
tube, a pusher rod can be used consisting of a '/, in.
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(3.2 mm) stanless sicel rod mounted in a '/, in. (6.4
mm) copper tee fitting. This is used at the entrance of
the combustion tube and permits gradual intreduction
of the sample into the tube while oxygen is passing
over the sample. In this way, any free moisture will
not be lost. which can happen if the sample is intro-

duced directly into the hot zone before closing the end
of the tube.

A9. Special Tests

A9%.1 It is recognized that supplementary tests may
be necessary to determine the suitability of these weld-
ing electrodes for applications involving properties not
considered in this specification. In such cases, addi-

_ tional tests to determine specific properties, such as
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hardness, corrosion resistance, mechanical properties at
higher or lower service temperatures, wear resistance,
and suitability for welding combinations of different
carbon and low alloy steels, may need to be conducted.

A9.2 Diffusible Hydrogen Test. Hydrogen induced
cracking of weld metal and the heat-affected zone gen-
erally are not problems with carbon steels containing
0.30%, or less, carbon. Nevertheless, the welding elec-
rodes of the specification are sometimes used to join
higher carbon steels or low alloy steels, where hydro-
gen induced cracking may be a serious problem.

The coating moisture test has proven to be a satis-
factory test over many years as a- means of-assessing
the degree of care needed to avoid hydrogen- induced
cracking. This is, however, an indirect test. Moisture
itself does not cause cracking, but the diffusible hy-
drogen that forms from the moisture in the arc can
cause cracking.

Since entry of diffusible hydrogen into the weld pool
can be affected by the form of the moisture in the
coating (for example, chemically bonded versus surface
absorbed), there is a fundamental utility for considering
diffusible hydrogen for low hydrogen electrodes. Ac-
cordingly, the use of optional designators for diffusible
hydrogen is introduced to indicate the maximum av-
erage value obtained under a clearly defined test con-
dition in ANSIAWS A4.3, Standard Methods for De-
termination of the Diffusible Hydrogen Content of
Mariensitic, Bainitic, and Ferritic Weld Metal Pro-
duced by Arc Welding.

The user of this information is cautioned that actual
welding conditions may result in different diffusible
hydrogen values than those indicated by the designator.

The use of a reference atmospheric condition during
welding is necessitated because the arc always is im-
perfectly shielded. Moisture from the air, distinct from
that in the covering, can enter the arc and subsequently
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TABLE A4
DISCONTINUED ELECTRODE CLASSIFICATIONS?
AWS Last A5.1 (ASTM A-233) AWS Last AS.1 (ASTM A.213)
Classification Publication Date Classification Publication Date
E451t 1943 E$020 1945
E4521 1943 E9030 1945
ET010 1945 E10010P 1945
E7011® 1945 Ei0011Y 1945
E7012 1945 E10012 1945
E70200 1945 E{0020 1945
E7030 1945 E10030 1945
E8010b 1945 E4510 1958
E8011® 1945 E4520 1958
E8012 1945 E6014 1958
EB020b 1945 E601S 1958
E8030 1945 E6016 1958
ES010b 1945 E6018 1958
E%011Y 1945 E6024 1958
E9012 1945 E6028 1958
E6030 1958
Notes:

a. See A10Q (in the Appendix) for information on discontinued classifications.

b. These elecirode classifications were transferred from the ASTM A233-45T to the new AWS AS5.5-48T. They were
later discontinued from that specification and replaced with the new “G™ classificalions in order to permit a single
classification system with weld metal chemistry requirements in AWS AS5.5-58T.

the_weld poal, contributing to the resulting. .observed.

“diffusible hydrogen. This effect can be minimized by
maintaining as short an arc length as possible consistent
with a steady arc. Experience has shown that the effect
of arc length is minor at the H16 level, but it is very
significant at the H4 level. An electrode meeting the
H4 requirement under-the-reference atmospheric con-
ditions may not do so under conditions of higher bhu-
midity at the time of welding. This is especially true
if a long arc is maintained.

The reference atmospheric condition during welding
of the test assembly is !0 grains of water vapor per
pound (1.43g/kg) of dry air. This corresponds to 70°F
(21°C) and 10% RH on a standard psychrometric chart
at 2_.’9.92 in. Hg (760 mm) barometric pressure. Actual
conditions, measured using a sling psychrometer, that
equal or exceed this reference condition provide as-
surance that the conditions dunng welding weill not
diminish the final results of the test.

A9.3 Absorbed Moisture Test. The development of
low hydrogen electrode coverings that resist moisture
absorption during exposure to humid air is a recent

—.—improvement in covered- electrode technology. Not ali
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commercial low hydrogen electrodes possess this char-
acteristic. To assess this characteristic, the absorbed
moisture test described in Section 16, Absorbed Mois-
ture Test, was devised. The exposure conditions se-
lected for the test are arbitrary. Other conditions may
yield quite different resuits.

A 1ask group of the AWS AS5SA Subcommittee eval-
vated this test and concluded that it can successfully
differentiate moisture resistant electrodes from those
which are not. The task group also observed consid-
erable variab ility of covering moisture results after ex-
posure of electrodes in cooperative testing among sev-
eral laboratories. The precision of the test is such that,
with moisture resistant electrodes from a single lot, the
participating laboratories could observe exposed cov-
ering moisture values ranging, for example, from

0.15% or less 1o 0.35% or more. The cause of this

variability s uncertain at present, but is considered by
the task group to be related to variations in the ex-
posure conditions. Because of this variability, the task
group concluded that it is not realistic to set a limit
for covering moisture of exposed moisture resistant
electrodes lower than 0.4% at this time.
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A10. Discounted Classifications

A number of electrode classifications have been dis-
continued during the numerous revisions of this spec-
ification, reflecting either changes in commercial prac-
tice, or changes in the scope of filler metals classified
in the specification. These discontinued electrode clas-
sifications are listed in Table A4, along with the year
they were last published in this specification.
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SECTION IX ADDRESSES ONLY

= i tmyrer

(RN Y i § oy

TYPES OF WELDS

1. QRCOVE WELDS
a. U QROOVE
b. 4 GROOVE
c. V GROOVE

d. PARTIAL PENETRATION
e. ETC,

2. FILLET WELDS
3. STUD WELDS

. RCQOT OPENING:
or GAF

2. ROOT FACE:
3. QROOVE FACEL:
4. BEVEL ANGLE:

. GROOVE ANGLE:

. PLATE THICKNESS:

GROOVE WELD

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

Groove face adjacent to the root of the joint.
The surface of a member included in the groove.

The angle formed between the prepared surface of

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

The totat included angle of the groave between parts
to be joined by a groove weld.,

Thickness welded of test plate or production weld-
ment. Usually indicated by “7T7".

[
1
3
]
—



WELDING PROCESSES -
(Specifically addressed
by Section IX)

o PAW

SMAW ESW

SAW EGQW

GMAW EBW

FCAW Stud welding
- GTAW

SPECIAL WELDING

PROCESSES IN SECTION IX
. Corrosion-Resistant Weld Metal Overlay

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

. Hard-Facing Weld Metal Overiay (Wear Resistant)

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

H
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THROAT OF A FILLET WELD:

{by AWS)

THEORETICAL THROAT:
(by ASME)

LEG OF A FILLET WELD:
ROQOT OF WELD:

TOL OF A WELD:

FACE OF WELD:

SIZE OF WELD(S):

FILLET WELD

The shortest distance from the root of the fillet
weld to its face. Design throat = .707 x leg.

The shortest distance from the intersection of the
two adjoining members to the filiet weld face.

The distance from the root of the joint to the toe of the fillet weld.
Deepest point of usefut penetration in a fillet weld.
The junction between the face of a weld and the base metal.

The exposed surface of a weld on the side from which the welding
was aone.

Leq length of the fillet, Usually what is on drawings.

PROCEDURE QUALIFICATION

RECORD (PQR)

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

PQR CONTENTS

Verifies mechanical properties of the weld by destructive test

Is intended to provide proof of weldability

Lists actual variables used in making test sample

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

1.13 T0.-



WELDING PROCEDURE QUALIFICATION
RECORD (WPS)

» Documents written (& qualified) to provide direction for making
production welds to Code requirements {could be more than one
piece of paper)

* Intended to provide direction to those individuals responsible for
complying with the welding requirements.

+ May be used to provide direction to the welder or welding operator.

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

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

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



valllddl ¥y 4102

W o WELD DOCUMENTATION GUIDE

o WPS PQR wWPQ
" WELDING PROCEDURE WELDER
PROCEDURE QUALIFICATION PERFORMANCE
SPECIFICATION RECORD QUALIFICATION
CONCERNS CONCERNS CONCERNS
HOW MECHANICAL 'DEPOSITING
TO WELD PROPERTIES 'SOUND WELD METAL

IS INTENDED TO BE
A GUIDE FOR THE
WELDER

LISTS ACCEPTABLE
RANGES FOR ALL
PARAMETERS

HIGHLY RECOMMENDED
SUPPORTING PQR

OR PQR'S BE

LISTED ON THE WPS

g

MUST BE
SUPPORTED BY
A PQR

MUST PROVIDE DETAILED
DESCRIPTION OF
VARIABLES NECESSARY
TO PRODUCE A SQUND
WELD AS A TRUE GUIDE
FOR THE WELDER AND
AS A GOOD REFERENCE
FOR THE FOREMAN AND
INSPECTOR

IS INTENDED TO
PROVIDE PROOF
OF WELDABILITY

LISTS ACTUAL
VARIABLES USED
IN MAKING TEST
SAMPLE

LISTS TEST
RESULTS

MANDATORY THAT THE
WPS FOLLOWED BE LISTED
ON THE PQR.

QUALIFIES WPS BY
WELDING TEST
COUPONS, TESTING
SPECIMENS AND
RECORDING WELD
DATA AND TEST
RESULTS.

IS INTENDED TO
PROVIDE PROOF OF
WELDERS ABILITY

LISTS ACTUAL
VARIABLES USED

LISTS RANGES OF
VARIABLES COVERED

LISTS TEST
RESULTS

QUALIFIES BY WELDING
TEST COUPONS USING
THE PARAMETERS

OF A WPS, TESTING
SPECIMENS AND
RECORDING WELD
DATA, TEST RESULTS
AND RANGES QUALIFIED

.
I
F

i
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thru 1-3/4” thickness ranges).

- WPE, PQR, WPQ

This paper has been prepared as a guide to explain what WPS’s, PQR’s, and WPQ's are and
how they should be used.

WPS - Welding Procedure Specification
PQR - Procedure Qualification Record
WPQ - Woelder Performance Quaiification

Briefly, a WPS lists the variables, both essential and non-essential, and the acceptable ranges
of these variables when using the WPS. The WPS is intended to provide direction for the
welder. The PQR is intended to provide proof of the weldability of the variables described in
the WP3S. The WPQ lists what was used in qualifying the welder, the range of parameters he is

qualified for and the test results. The WPQ is intended to provide proof of the welder’s ability
to deposit sound weld metal.

WELDING PROCEDURE SPECIFICATION (WPS)

Each manufacturer or contractor shail list the parameters applicable to welding that he per-
forms in construction of weldments built in accordance with the ASME Code. These
parameters shall be listed in a document known as a “Welding Procedure Specification”

(WPS).

The WPS shall list in detail the P numbers to be joined, the filler metals to be used, the range
of preheat and postweld heat treatment, the thickness range, and all other essential and non-
essential variables required in Section IX for each specific process. The WPS is intended to
provide the welder with the direction he needs to weld in accordance with the Code and shall
be available for reference by the welders and the Authorized Inspector (Al). '

All welding variables are listed in Article IV - Welding Data. The variables listed on aWF. ay
be essentlal variablas, those which require requalification when changed, supplemeniary
essential variables, those which require requalification when notch toughness requirements
are a factor, and non-essential variables, those which require a revision to the WPS but do not
require requalification. What may be an essential variable for one process, may be a non-
essentiai variabie for another process or may not be a variable at all for a third process.

The WPS specifications and directions should list the amperage range, electrode diamster
size, preheat and post weld heat treatment for each base material thickness range. They may
aiso list the type of electrode for various base metals within a P group, and the ranges for
voitage, gas flow, wire feed speed, travel speed, slope, polarity, timers, technique, weave-
width dwell, torch angle, root gap, tip to work distance, tip to cup distance, cup size, and any
additional information that will give the welder direction for making a weld using that WPS.,

The WPS is intended to provide information for the welder and anything may be contained as
long as every essential variable has been qualified.

The proof of the weldability of a WPS is performed in accordance with this Code and the test
results are documented on a form called the “Procedure Qualification Record” (PQR). The
supporting PQR number shall be avaiiable for each WPS and should be recorded on the WPS.
You may write several WPS's from the data on a single PQR (e.g., a 1G plate PQR may support
WE’S § in the 2G, 3F, or 5G on plate or pipe - within all other essential variables). You may also
write a _smgle WPS which covers several essential variable changes as long as you h~~
supporting PQR for each essential variable change (e.g., a single WPS may cover a thic S
range from 1/16” thru 1-1/4" if you have PQR support for both the 1/16” thru 3/16” and o, 6"

V-2
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PRCCLZDURE QUALIFICATION RECORD (PQR)

Each manufacturer or contractor shall qualify the WPS by the welding of test coupons. anc
the testing of specimens, as required by this Code, and recording the welding data and test
results in a document known as a “Procedure Qualification Record” (PQR). This form shall
document the essential variables of the specific welding process or processes (as listed in
QW-262 thru QW-281) and the test resuits. These documents shali be certified by the

manufacturer or contractor and shail be available for examination by the Authorized Inspsc-
tion {Al).

It is required that the essential and non-essential variables of a WPS be followed in welding
- the test coupons. The WPS identification (including date and revision number) shall be listed
on the PQR. The PQR form shall list the actual variables used within the limits of a narrow

range, rather than the full range of the variables aliowed. A manufacturer may include ail addi-
tional information he may consiger heipful.

The PQR is intended to prove the weldability of a given set of variables. The onliy variables
that are cnsidered essential in procedure qualification are those which affect the physical or
mechanical properties. For example: soundly deposited weid metal will yield the same
mechanical and physical properties if the test coupon is a plate or a pipe, so plate now
qualifies pipe if ali other variables remain the same. The properties are also the same if the
plate is welded in the flat position or vertical or overhead, so position is no longer a variable
in procedure gualification {(except where notch-toughness requirements are a factor).

WELDER PERFORMANCE QUALIFICATICN (WPQ)

Sach manufacturer or contractor shall quality each welder or welding operatar to be used in -

_};roduction to Code requirements. The performance qualiiication test shall be welded in-ac-
cordance with one of his qualified Welding Procedurs Spscifications (WPS). The weld test
coupon is tested in accordance with the Code and the results are recorded on a_‘Record of

“Welder or Welding Operators GQuaiification Tests.” The welder shall be requalified before
welding on production where an essential variables has been changed, e.g., a changs to a
thickness range or position beyond the welder's quatlification.

The Welder Performance Qualification (WPQ) is intended to prove the welder’s ability to

deposit sound weld metal when welding using a qualified '"WPS. Position, backing and pipe
diameters are essential variables in WPQ.

When welding in production to Code requirements, a weider must follow a qualified WPS, he
must be qualified for the essential variables he is using in the WPS and he must weld within
the ranges specified on the WPS for each variable.

A welder qualified on .a.3/4” thick test coupon is qualified for unlimited thickness, but only to
the extent that a qualified WPS is covered. A welder qualified on an F4 electrode is qualified
for ali lower F numbers, but again only to the extent covered by qualified WPS’s.

/-2



GUIDE
FOR COMPLETING ASME SECTION IX FORMS

The following “'guide’ should be used for filling our forms QW-483 (WPS), QW-483 (PQ™ ~nd
QW-484 (WPQ).

" The form QW-482 “WELDING PROCEDURE SPECIFICATION (WPS)’ was made up to inciude
the required data for the SMAW, SAW, GMAW, and GTAW processes. It is essential that the
requirements of the Code be understood for each process and that all required data be
recorded. The form QW-482 is a good guide to follow, but does not list all required data for
some processes (i.e., PAW, EBW, etc.) It also lists data not required by all processes (i.e., it
lists shielding gas which is not required for SAW).

The data required on a WPS form wili be essential variables, supplementary essential
variables, and non-essential variables. What may be an essential variable for one process may-
be a non-essential variable for another process. A complete understanding of the re-
guirements of the Code is essential to filling out a WPS form.

The following form QW-482 has been numbered, with a brief explanation of what is required in
each space. The form covers the SAW, SMAW, GTAW, and GMAW processes. This recom-
mended form may be expanded to include other processes or the form may be modified so
each process has an individual form. Combination processes or procedures may require an
expanded form to cover the required detailed description.

The ranges of each variable must be listed on the WPS. if severail diameters of efectrodes are
used, the range of amps, volis, etc., must be listed for each size. If conditions change ov-
the material thickness range, then the conditions must be listed for each thickness + 1e.
“This may be listed on a second {(or more) sheet(s} of the WPS.

Typical items which are listed on the second (or more) sheet(s) are: process(es), electrode
diameters, eiectrode type(s), filler diameter(s), filler type(s), current voltage(s), polarity, travel
speed(s), type of gas, gas flow rate, material thickness range, technique(s), weld progression,

tip to work distance, gas shield cup size(s), and other directions for meeting the requirements
of the WPS.

(4)



Al o 1. R e

A document prepared (and qualified) to providfe direcltion fgr mgkiqg
production welcs.

—

(2]

~1

o

10.

FIVE STEPS TO A
QUALIFIED WPS

1. \Write a sample WPS.

2. Weld a test coupon using the WPS.

3. Prepare test specimens.

4, Evaluate test results.

5. Document results on a PQR and certify.

THINGS FOR A MANUFACTURER
TO CONSIDER PRIOR TO WELDING

. Compatability of weld metal and base material.
: Metﬁturgical properties.

. PWHT or other heat treatment.

. Design of joints and loadings.

. Desired mechanical properties.

. Service requirements.

. Welder’s ability.

Equipment available.

. Locztion of welds.

ccomony.

V-4



MANUFACTURER'S RESPONSIBILITIES
FOR RECORDS

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

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

Certify PQR

Certify that he has qualified each WPS

CONTENTS OF WPS
Essential variabies.

Mon-essential variables.

Supplementary essential variables. (When impacts are required).

Other information if desired,



PROCEDURE QUAL:FICATION
RECORD (PCR)

« Modifies or justifies the WPS.

« Support document that documents the results of welding and
testing a couponi. '

CONTENTS OF PQR

* [Essential variahles

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

e QOther informnation if desired.

NOTE: Only actual information shall be documented. If it wasn't
observed it should not be recorded. (i.e. — actual amps, voits,
position, etc.)

FIpcT.
aa 4

: Unqualified WPS
SECOND: The PQR or PQRs

THIRD: The Qualified WPS

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

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

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

3.3



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

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

= AN ESSENTIAL VARIABLE CHANGES OR,

= THERE IS REASON TO QUESTION TO QUESTION
IT'S VALIDITY.

3.4
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E W.P.S DESCRIBES

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

VARIABLES.

. ANYTHING ELSE USEFUL TG THE

WELDER.

AT LISTS THE ACCEPTABLE RANGES

TO0 BE FOLLOWED.

3.11
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QUALIFYING A WPS

WRITE AN UN- ESTABLISH WELD THE MONITOR ALL
QUALIEIED TEST Cou- COUPON ESSENTIALS
WPS AROUND PON SIZE USING UN- VARIABLES
JOB PARAME- QW-461, QUALIFIED AND RECORD
TERS. WATCH 462, 463.  PARAMETERS THE ACTUAL
VARIABLES Qw-210, VALUES ON
Qw-2690, 260. 260, 2640, THE PQR Qw
200.2.
/ AECOMMEND
AL3SO RE-
EVALUATE MAKE RE- - CUT WELD CORDING NON
AESULTE TO QUIRED —_ TEST COU- ESSENTIAL
ARTICLE | TESTS PER PONS INTO VARIABLES
ACCEPTANCE QW -461 SPECIMENS
STANDARDS Qw -482,
QW -160, 180 483, RECORD SUP-
| PLEMENTARY
ESSENTIAL
| VARIABLES IF
APPLICABLE
- | CERTIFY PaR

l

COMPARE UNQUALI-
FIED WPE8 EGBENTIAL

CERTIFICATE HOLDER
APPROVES WPS

USE WwP3 FOR
PRODUCTION

(AND S8UPPLEMENTARY (A) ON WPS ~
ESBENTIAL, {F AP- — oR

PLICABLE} VARIA- {(B] ANOTHER QC-TYPE
BLES WITH RESULTS DOCUMENT

OF PQR TO AS8S8URE
COMPLIANCE TO IX.

V-4
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NAFEOCHANICAL TEQTQ
VI IMININI M [ T | O
FOR A WP.S.

TENSILE TESTS MINIMUM.

BEND TESTS MINIMUM.
SIDE BENDS FOR 3/47

AND GREATER.

FACE & ROOT BeNDS FOR
LESS THAN 3/ 8°.

c. YOUR OPTION FOR ‘3/8" TO
ESS THAN 37 4%

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

AN

cr

3.13
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QW-450 SPECIMERNS

QW51 Groove-Weld Procedure Quallfication Thickness Limits and Test Specimens

. aqw-451.1
TEHSIOH TESTS AND TRAMSVERSE-BEHD TESTS
Range of Thicknesy T Thickness ¢ of Depoilied Weld
of Bave Metal Qualified an Meval Qualilied, In Type and Humbes of Tests Required
{Nowe (111 [Hote (1) (Tension and Guided-Bead Tents)
Tragsness T oof Ten Tension Side Bend Face Bend Root Bend
Coupon Welded, 1n Min, Maa Mar. qQw-150 Qw-160 Qw-160 aw-1Lo
Lesy than by, r 2T HE ] ? 2 F
v
Ve 18 Y. andd Yie 2T H 2 Mote () 2 2
Over ¥, but tess Lhan ¥, Yia T H] 2 Hale (3} 2 2
1% to less than 1Y, Y T 2t when £ < ¥, 2 4
Y, 10 less than 1Y, Yis 27 1T when ot 2 Y, Fy 4
1Y and over Yis 8 {2} 2 when | ¢ ¥, ? 4
1% and over Yis 8 {2 8 i2) when t 2 V¥, 2 4
NOTES:
[1) See QW-40) 12, 3, &, .9, .10) and QW-402.4 for further limits on range of thicknesses qualified. Also see QW-202.2 for aflowabte
engepliony . :

{2) For the welding pracesses of QW-40).7 onty; otherwine per Note (1) or 27, or 21, whichever 14 applicable.
t3) Four de bend 1ests may be substituted for the required lace- and rool-bend Lests, when Lhickness Tls Y, In. and aver,



TYPES OF T

TYPES OF TESTS ARE BASED ON
COUPON THICHINESS

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

» Twice as many specimens are required

« Special exception for pipe 5 OD or less

e el V%% YN . g —
ENOIUN [EO
1. REDUCED SECTION --- PLATE
2. REDUCED SECTION --- PIPE
3. TURNED SPECIMEN
4. FULL SECTION --- PIPE
Jv-yL



b e — = — = ————

Discard this piece

T o e — —— —

Face-bend

Ditcard

e e — — = — —

—

pecimen
—— e — —
—1 itpecimen
T e =
pecimen
e e e e e — = o]
gy g g deg By B o R g fimgt -
specimen

1M piece

AVA

|

QW-463.1(a) PLATES — %4, TO Y. IN.
PROCEDURE QUAUFICATICN

= — - ————_——

e — — — —— —

el g ey ey ora i
RAeducedsecuan
o — - e — ]
=
Side -bend
Ccard

—] this puece

AVA

-

QW-463.1(h) PLATES -~ QVER 34 AND
ALTERNATE 34 TO 3% IN.
PROCEDURE QUALIFICATION

3.

16
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Dhscarg
— 4
o
A/
AF__—
L 15Carg
N/

Lang:tudinal
lace gend
ipecimen

Reguced-tection
tensile specimen

Longutudinal
root-bend
tpecimen

Longiiudinal
face-bend
ipeCimean

Reduced-section
tensile specimen

Longitudinat
rool-bend
toecimen

QW-463.1(c) PLATES -—— LONGITUDINAL
PROCEDURE QUALIFICATION

V14



1986 Edition DATA — GRAPHICS QW-463.1(d), QW— (o)

QW63 Order of Removal (Cont'd)
QO sed” —’1 Reduced-ection
tensile

Face bena
Roat bend

Horizontal plane

{when pipe is welded
*

in horizontal

fixed pasition}
1

Raot bend
Face bend

Reduced-section
tensile

Pipes - 1/16 10 3/4 in, Thickness

QW-463.1(d) PROCEDURE QUALIFICATION

@
80 4 —’] Aeduced-section
S ae? : tenisile
Side bend

Side bend

Harizontal plane

{when pipe 15 weided

- - -
n hanzontal hixed
posittan)
1

Side bend

Side bend

e

l_“_.___/ Reduced-section

tensile

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

V-1
QW-463.1(e) PROCEDURE QUALIFICATION u s



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

QW62 Test Specimens (Cont'd)

Gringd or machine the mirymum [_ \ J
amount needed to obtain plane
paraliel taces over the reduced
secuion W, No more material

than 1s needed tO perform the
test shali be removed.

On ferrous material
these edges may be
thermally cut.

N
\N

Edge of widest
face of weld

Y ) feeofwels i
_ﬁijjT;h_ mm%??:fk"4 e

This section machined
preferably by milling

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

| .
x L \ 7 ] T [Note (1)]

e s
? Reduced sectron 3 . mun. '

[Note {21)

T + - ,
i —

Rad. 1 1n. mun,
Edge of widest tace of weld

1-1/16 4n,

NOTES.
{1} The weid reinforcement shall be ground or machined so that
the weld thickness does not exceed the base metal thickness

T. Machine minimum amount to Obtain approxsmately par-
altle) surfaces,

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

Qw-462.1(c) TENSION — REDUCED SECTION
ALTERNATE FOR PIPE

U-tk

3.19



QW482-QW-462.1(a} SECTION IX — PART QW, WELDING 1986 Edition

QW-462  Test Specimens

The purpose of the QW-462 figures is to give the
manufacturer or contractor guidance in dimensioning
test specimens for tests required for procedure and
performance qualifications. Unless a minimum, maxi-
mum, or tolerance is given in the figures (or as QW-
150, QW-160, or QW-180 requires), the dimensions

are to be considered approximate. All welding pro-
cesses and filler material to be qualified must be
included in the test specimen.

x =coupon thickness including reinforcement
y =specimen thickness

T =coupon thickness cxcluding reinforcement
W —-spccmcn width, ¥, in.

Weid reinforcement shail ba
machined flush with base _\_ _Br —

metal. Machine minimum \ K ) J i
amount to obtain approx, r — - — Dtstornon
paraliel surfaces. \3\/""

Cold straightening
of the test coupon

’ is permitted prior
‘ /4 in to removal of weld
& reinforcement.

10 in. or 83 requtred i

Length sufficrent
to extend 1nto grip
equal 10 two-thirds

f< > grip tength
I : g » e —— J_r e
: : w ‘>_ T;:sehedges”mav ) { s‘_ Edge of widet
4 J thermally cut. { : face of weld
o e = ——
\ |
- }"{ ii4 in. V4 - T— 14 i,
JAY
’:\\ t— Parallet length equals
o\ widest width of weld
EX ;
3\ plus $/2in.
- added lengih.

Thit section machined
preferabiy by mulling

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

N



QW462.1(d), QW-462.1(e)

SECTION IX — PART QW, WELDING

1986 Edition
QW52 Test Specimens (Cont'd)
D= R
I T mﬂ
‘\ We'd
[ e ol Tl - P S |
Standzrd Dimensions, in,
{a} {b) icl dy .
0.505 Specimen 0.3531 Specimen 0.252 Specimen 0.188 specimen
A — Length ol reduced section [Note {1}] [Note (1} {Note {1}] [Note (1]
0 — Diameter 0.500 =0.010 0.350 =0.007 0.250 =0.005 0.188 =0.003
A — Radius of fillet 378, min. 114, min. 3116, min. 118, min
8 — Length of end section 1-3/8, approx. 1-1/8, approx 718, approx. 142, approx.
£ — Diameter of end section 314 112 38 1/4

GENERAL NOTES:

{a) Use maximum diameler specmen {a), (b, {c}, or {d) that can be cut from the section
{b} Weld should be in center of reduced section.

{c) Where onty a single coupon 15 required the center of the specimen should be midway between the surfages
{d] The ends may be of any shape ta fit the holders of the testing machine in such 3 way that the load is applied sxially

NOTE:
{1) Reduced secuon A should not be |ess than width of weld plus 2D.

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

'\\ "*' T \{\\
\ gl \
\ i H NN
RN E 17 AN
i1 1~
: H ¢
1 : Dr‘nm
weld reinforcement shail be H ! H_ Y
machined flush with base metal. | J lD
b ‘ ‘_*1 man
H I J i
S ]
»
_J ! 1 : 2]
D e— W | 2P
20
t\mn
Dmln
Y. t---

= Viaws of testing machine
1

[

- ———

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

v-19
3.21



TENSION TEST
ACCEPTANCE CRITERIA

. MINIMUM 3TRENGTH OF THE BASE MATERIAL.

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

. MINIMUM STRENGTH OF THE WELD METAL IF
THE BASE MATERIAL AND THE FILLER MATERIAL

HAYE DIFFERENT S8TRENAGTHS8 AT DESIGN
TEMPERATURE,

. IF THE BREAK OCCURS !N THE BASE MATERIAL,

ANAY FROM THE HEAT AFFECTED ZONE, THE
CRITERIA MAY BE 5% BELOW THE MiNIMUM
STRENGTH OF THE BASE MATERIAL.

3.22

V-9



Vv-20
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i TN

SPECIMEN A-1

SPECIMEN A-2

SPECIMEN A-3

SPCCIMEN A-4




BEND TESTS

Face
Bend

Transverse Longitudinal
Side Bend Face Bend

GUIDED BEND
ACCEPTANCE CRITERIA

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

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

3.25



1986 Edition

-

DATA — GRAPHICS Qw4622

QW-462  Test Specimens (Cont’d)

w {in)
— {18) For procedure qualitication ot masrials other than P-No. 1 in T in. Y. in. P-No. 23,
QW-422, if the suraces of tha sice bend test specimens are gas cut, FNo. 23, or| A1 Other
removal by machining or grinding of not less than 1/8in. from the | 3/8 to 1-1/2, T P-Na. 35 metals
surface shall be reqguired, inct, /
1/8 3/8
[~ {1b} Such remaval is not required for P-No, 1 marterials, but any
i > 182
resulting roughness shail be dressed by machining or grinding. (Note (111 18 s

———— -—— _ 11T
- {2) For performance qualification of all materials in QW-222, if the x \ Y _TL
surfaces of side bend tests are gas cut, any resulting roughness shall 'r

e dressed by machining or grinding,

1/8 1. min._

1

GENERAL NOTE:

- Wald reinforcament and backing strip or backing ring, if any, may be
‘\C——-*E ‘o I Ay 178 . max. removed flush with the surface of the specimen. Thermal o ",
_______ s e — ‘ir 3 gl .y machining, or grinding may be employed. Cold straighteni -
=TS -IT=-- =< Jﬁ: o mitted prior 10 removal of the reinforcemant.
w
NOTE:
{1) When tpecimen thickness T exceeds 1-1/2 in., use one of the fal-
{owing.
(a) Cut specimen into multiple test specimens y of approximately
equai dimensions {3/4 in. 1o 1-1/2in.). f

y = tested specimen thickness when multiple specimens are
taken from one coupon
{b] The specimen may be bent at full width, See requirements gn
g width vn QW-466.1.

QwW-462.2 SIDE BEND

3.26



3

QW=362.3(a). QW-362.3(b) SECTION 1X — PART QW, WELDING 1986 Edition

QW-462  Test Specimens (Cont’d)

1-1/2 0,

r-————-——-—»5 . mm.—-~—--':

R e /6 1n max. ° 1

1
l Ji : P.N0.23,F-No.23,
v r- T.in. ] orP.Na. 35 All other metals
[-VJ 116 < 1/8 T r
[ U] B T[T (Plate)  (Pipe} 1/8-3/8 178 7
e ———— A ity >3/8 1/8 /8
Face-bend specimen — Plate and Pipe NOTES:

(1) Weld reinforcement and backing strip or backing ring, if any,
shall be removed flush with the surface of the specimen. If a
recassed ring is used, this surface of the specimen may be
machined 10 a depth not exceeding the depth of the recess (o
remove the ring, except that in such cases the thickness of
the finished specimen ghall be that specilied sbove, Do not
flame-cut nonferrous material,

{2} I the pipe being tested is 4 in, nominal diameter or less, the
width of the bend specimen may be 3/4 in. tor pipe diame-
ters 2 in. to end including 4 in. The bend specimen width
may be 3/8 in, for pipe diameters legs than 2 in_ down to and
including 3/8 in. and as an alternative, if the pipe being tested
is equal to or less than 1 in. nominal pipe size {1.315 in.
0. D.}, the width of the bend specimens may be that obtained
by cutting tha pipe into quarter sactions, less an zllowance
for taw cuts or machine curting. These specimens cut into
quarter sections are not required to have one surface ma-
chined fiat as shown in QW.462.3{a). Bend specimens taken

from tubing of comparable sizes may be handled in 8 similar
manner.

Root-band specimens — Plate snd pipe

QW 4623 FACE AND ROOT BENDS — TRANSVERSEM

1-1/2 in,
r———— 6in. min.————j

|
| |

R = 1/8 in. max.

TTooeTLN

— e =
@’I r

' ty J ’
¥, in,
T 2l
All Foca oot
P.No.23,F-No.23) other Bend ond
T.in. of P-No, 35 metals
1116 < 1/8 T T
1/8-3/8 1/8 T
>3/8 1/8 3/8

NOTE:

(1) Weid reinforcements and backing strip or backing ring, f sny,
shall be removed sssentally flush with the undisturbed surface
of the base matenal. f 8 recessed strip is used, this surface of
the specimen may be machined to a depth not sxcesding the
depth of the racess 10 remove the strip, except that in such cases

the thickness of the finished specimen shall be that speciied
above,

Qw-45623(b) FACE AND ROOT BENDS — LONGITUDINAL

3.27



1986 Edition

DATA — GRAPHICS

Tapped hole to suit

1e3ting machine

As required

3/4 in. V

118 [[

1/4 m_—l

3tain

QW-466, QW-166.1

Qw466  Test Jigs
Hardened rolters 1-1/2 in. diam.
may be substituted for jig shoulders.
|-——-As required
'i_' T % M d raz
ain. | i |
T .
+ — 1/2in.
Shoulders hadeored 1 A .
and greased _'1
A4 in. ]
\‘\ .
1 i‘. -_—
wd b
T :
N Y
A 1/8 in

Plunger

)
X
N

= = b =
i bl
( ] ot
¥ AR ‘
2. _— - ¢ o R
| Yoke 7-1/2in.
3-8 in. } gin.
Thickness of
Material Specimen, . A in. 8. in C in, 0. in,
P-No. 23 to P-No. 2X, P-No 2X with F-Na. 23, P-No. 35 18 2-111§ 11132 2-3i8B 1-3116
= 1i8 or less 16-112¢ 8-114r 18-112r + 1116 9.144r + 1432
P-Noa. 11; P-No. 2510 P-No 21 or P-No 22 or P-No. 25 3/8 2-vi2 1-144 3-1:8 1-11116
r =318 or less 6-2/3¢ 3143t 8-243¢t + 118 4-113t + 1116
P-No. 51 38 3 1.112 3-7:8 1-15¢ 16
1= 318 of less a8t 4t 10¢ + 1/8 S5¢ + 1116
P.No. 52, P-No. 61, P.Ng. 62 a8 1-3i4 1-718 4.5/8 2-5116
r= 378 or less 10¢ S¢ 12t + 1B 6t + 1116
All others a8 1-112 34 2.3/8 1.3116
= 3/8 or less ar 2t 6¢ + 118 3t + 1116

GENERAL NOTE: For P-Numbers. see QW-422; for F-Numbers, see QW-432,

QW-466.1 GUIDED-BEND JIG

3.28
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GROOVE WELD TEST COUPON
QUALITIES FOR

All fillet weld

{@) Thicknesses

{b) Sizes

(c) Diameters of pipe

{d) Within essential variables

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

FILLET WELD QUALIFICATIONS

(QW-451.3)
* 1 Tee Fillet Test

¢ 4-5 Macro Etch Tests

FILLET PROCEDURES

Plate — 5 macro etches
Pipe — 4 macro etches

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

\J-26
3.35



1986 Edition DATA — GRAPHICS QW-462.4(2)QW462.4(c)
QW-462  Test Specimens (Count’'d)
r
it
_ _ 2| siza of tillet = thickness r\ 7y
Discard 1 in. i} of T, not greater than
. 4in. 1/8 in. and less T,
_,.'_" SR S Over 1/8 in, Equai to or less than T
o e : but not lesz than 1/8 in,
._:.’ :-:, [0 iy : /
Ciscarg 1 un-:Z e H A /
X .!:-" F et Direction of bending
N YA 3.' I 6‘ r=3M6in. -
6.n. [ A 47 S w0 3/8in. I
. ety
min. A1 Stop and restart
_L /"" ....... ) weid near the
A [ center
T Macro-Test Specimen
}—4——6 n. min,

GENERAL NOTE:

Macro test — The fillet shall show fusion at
the raot of the weld but nat necessarily
beyond the root. The weld metal and heat
affected zona shatl be {ree af cracks.

QW-462.4(a) FILLET WELDS — PROCEDURE

J/

s )

Max. fillarsize= T

. QW-462.4(b) FILLET WELDS — PERFORMANCE

Birection of bend

T = wall thickness

| / 1/4 section bend

pl———————

!

Base metal thickness > T

Start and stop of weld
near center of bend

Max, fillet size = T

A

GENERAL NOTE: Either pipe-to-plate or pipe-to-pipe may be used a3 shown

Wall thickness > T —/\ | I /

QwW-462.4(c) FILLET WELDS IN PIPE — PERFORMANCE

.36



NEVER USE ARTICLE Il
WHEN QUALIFYING WELDERS
OR WELDING OPERATORS

ONLY ARTICLE [l APPLIES

WHO IS A WELDER?

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

PURPOSE OF QUALIFYING
A WELDEK

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

V-2¢



WHO IS A WELDING OPERATOR?

One who operates machine or automatic welding equipment.

PURPOSE OF QUALIFYING A
WELDING OPERATOR

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

RESPONSIBILITIES OF MFQ.
(FOR WELDERS)

¢ Conduct tests to qualify the welders to use one or more of mfq -
welding procedures that will be used on Code work.

° Test weld made under supv. and control of Mfq.



WELDER'S PERFORMANCE
QUALIFICATION ReCORD

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

CONTENTS OF THE
WPQ

All applicable variables used by the welder to make a test coupc

n

Resuits of the tests

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



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

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

WELDER RECORDS
e WPQ
¢ Continuity Log

° [.D. Log

V-3
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<

“N

2.

WELDERS LOG

WELDER A
SMAW Ms/ss 1/:/595 7/1/4'5' “%A;S
GTAW | Ve fes| #/s/os| 1%/sps
SAW S/Y/J"; '%/gf \/'/f?‘
WELDER B

STAW| Vs fos | Vs | sts
aMaw| s | Wjps| /s
WELDER C
GMAW | 6/g/s s
SmAw q/l/fS




CERTIFICATION OF
WELDERS

{(a) Mot specifically required in IX.

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

Continued CERTIFICATION
OF WELDERS

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

* Need not be on Code work.

Continued CERTIFICATION — EXAMPLE 1

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

If no weiding is performed after July 30, when daes this welder’s
SMAW qualification expire? GTAW?

Continued CERTIFICATION — EXAMPLE 2

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

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



WHAT WOULD BE REQUIRED IF A

WELDER'S QUALIFICATIONS EXPIRE?

REQUALIFICATION OF

WELDERS

¢ When time limit expires
* When reason to doubt ability

* When outside limits of qualified ranges

RECERTIFICATION

1. THE WELDER MUST WELD EVERY THREE MONTHS.

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

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



" PREPARATION OF TEST
COUPONS

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

PWHT not required

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

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

May be terminated if test appears to be unsatisfactory.

TYPES OF TESTS

. Mechanical

a. Bends
b. Macro/fracture

. Radiography

a. Only permitted by QW-304 or QW-3Q5
b. 6" radiograph on plate or entire circumference of pipe

MECHANICAL TESTS
FOR WELDERS

Plate groove test:
2 bend tests

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

* Plate fillet test:
2 — macro, | - fracture

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

hoQ



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

QW-463 Order of Remaval (Cont'd)

Discard this piece Discard this piece
F—_ — . .=l '__T::__._ == e - = ] = ==40D
Root-bend pecimen Side-bend specimen
Face-bend woecimen Sidebend tpecimen
Drscard this piece Discard this piece
L
_ﬁ - /\-"\\
Y/ \Y4
L o

Qw-463.2(a) PLATES — L, TO 3% IN. QwW-463.2{b} PLATES — OVER 34 AND
PERFORMANCE QUALIFICATION ALTERNATE 35 TO 34 IN.
PERFORMANCE QUALIFICATION
this
Discard pisce
Longitudinal
| el faCe-hend
1pecimen
Langitudinal
—— root-bend
specimen
this
Discard piece
[ N/ |
R

QW-3463.2(c) PLATES — LONGITUDINAL PERFORMANCE QUALIFICATION

(VAR
4.G-_



QW-463.2(d)-QW-63.2(N

QW-463

45 deg. — 60 deq.

Face bend

Root bend

Harizontal plane
{when pipe it welded
. = -

in 8G or 6G

pasition}

Root bend
Face bend

Pipas — 1/16 Up to 3/4 in. Thickness

A87 QW-463.2(d) PERFORMANCE QUALIFICATION

SECTION iX — PART QW, WELDING 1986 Edition
Order of Removal (Cont'd)
45 deg. — 60 deg. 1
Side bend
Side bend
Ho'rizontat plane
{when pipe is welded
B - -
in 5G aor 6G
- pasition}
Sice bend ‘ Side bend

Pipes — 374 in. eand Owver Thickness and Alternate
From 3/8 in, but Lass Than 3/4 in. Thickness

GENERAL NOTE,

shown 1n QW-4853.2(N n place af (he tace and reol bends.

QW-463.2(e) PERFORMANCE QUALIFICATION A87
Horizontal ruter\mcq
fine for fixed hor:zontal
posman 3 L BO deq.
100 deg, 260 deg.
Pipe in fixed / Pipe in fixed
vertical ponition horizontal position
for {2G) tests for (5G) tests
Side bend
When side-pend tests are Made 10 acCordance with QW-452 1 and QW-452.3, they shall be remaved as
QW-463.2(f) PIPE — 10 IN. ASSEMBLY PERFORMANCE QUALIFICATION
- 3%

4,10~



1986 Editian DATA —GRAPHICS

QW-463 Order of Removal (Cont’d)

221/2 deg..—ah-l—d\

50 deg.

Face bend

L) -
‘A . orizontat reference line for
. fixed horizonual position]
‘ Pipe in fixed vertical I - | ) J -
dan. | 270 deq.

position for 2G-les3
Pipe in fixed horizontal
| position for 5G tests

Root bend

Reoot bend

Face bend

GENERAL NOTE:
when side bend tests are made in accardance wiih QW-452 1 ang QW-452.3,
they shall be removed 3s shown in OQwW-463.2(g) n place of the tace and root bends.

QW-463.2(g) 6 IN. QR 8 [N. ASSEMBLY PERFORMANCE QUALIFICATION

QW-163.2(g)

V-3%



QW-162.3(a), QW~462.3(b) SECTION IX — PART QW, WELDING

1986 Edition

QwW-462 Test Specimens (Cont'd)

1-1/2in.

]—o—-G in, min.———-—-—1

A = 1/8in. max.

: . P-No.23.F-No.23,
1 ' T.in. or P-Na. 3§ All other metals
pyd | L 1 ’
-r- yd 116 < 1/8 r T
T {Plate} (Pipe) 1/8-3/8 1/8 T
[ \ / Jxw >3/8 /8 3/8

NOTES:

(1) Weld reinforcement and backiryg strip or backing ring, if any,
shall be removed flush with the surface af the specimen. |f a
recessed ring is used, thit surface of the specimen may be
machined to a depth not exceeding the depth of the recess to
remove the ring, except that in such cases the thicknessz of
the finished pecimen shail be that specified above. Do not
flame-cut nonferrous material.

(2} If the pipe being tested is 4 in. nominal diameter or le1s, the
width of the bend mecimen may be 3/4 in, tor pipe diame-
ters 2 in. to and including 4 in. The bend ipecimen width
masy be 3/8 in. for pipe diameters less than 2 in, down to and
including 3/8 in. and as an alternative, if the pipe being tested
is equsl ta or less than 1 in. nominal pipe size (1.315 in.
G. 0.}, the width of the bend mecimens may be that abtained
by cutting the pipe inta quarter sections, less an aliowance
for taw cuts or machina curting. Thess specimens cut into
quarter sections ere not required to have one surfsce ma-
chined flat as thown in QW-462.3(a). Bend tpecimens taken

from tubing of comparable sizes may be handled in a similar
manner,

Root-bend specimens — Plate and pipe

AS7 QW-462.3(a) FACE AND ROOT BENDS — TRANSVERSE!?

1-1/2in.

r—— 6in. mm.—w

A=1/8in, max.

1 r
. . |
F] L]
1 L]
' »
i
ty J |
Y.
T L-r .
Al Face Raoot
P-N0.23,F-No.21] other Bend Bang
T, in. ar P-Na, 35 metals
1/16 < 1/8 r r
1/8-3/8 1/8 T
>3/8 1/8 3/8
NOTE,

(V) Weld reinforcaments and backing strip or backing nng. « any,
shall ba removed essanuaily flush with the undisturbed surface
of tha base matenal, If 3 recessad stnp is ysad. this surface of
the spacimen may be machined to a depth not exceeding the
depth of the recess o remave the strip, except that in such cases

the thickness of the finished specimen shail be that specifiea
above

QW-462 3(b) FACE AND ROQT BENDS — LONGITUDINAL® v
-39



1986 Edition DATA — GRAPHICS QW-4622

Qw462 Test Specimens (Cont'd)

w {in)
r~ {1a} For procedure qualification of matenisls ather than P-Na. 1 in Tia. Y. in. P-Na. 23,
QW-422, 1f the surtaces of the side bend test specimens are gas cut, F-Na. 23, or All ather
removal by machining or gringding of not legs than 1/8 in, from the 3/8 10 1-1/2, T P-No. 35 metals
surface shall be required. inct,
1/8 3/8
[ (tb} Such removal is not required for P-No. 1 materials, but any
. ) ! > 1-142 {Note (1)) 1/8 3/8
sulting roughness shall be dretsed by machinng or grinding.
'L ______ T
= {2} For performance qualification of ali materiats in QW422, if the x Y 4 T
surfaces of sicde bend tests are gas cut, any resulting roughness shatl T 1 4
be dressed by machining or grinding. '
e U8 . e, GENERAL NOTE: i
. - - Wald Rinfsrcement end backing strip or-backing ring, if.any, may_be _
'\\,.\..____.__._._ 6 in. mun. —_—Tﬂ Ay ) 1_@ :n‘ max. remaoved fiush with the surface of the specimen, Thermal cutting,
\_{_' '''''' I — 1{ — 4’} T _:‘_E_ machining, ar grinding may be employed. Cald straightenung is per-
L/y,____.._____.$-----—-i ' ST mitted prior 10 removal of the reinforcement, ’
Lo d
I NOTE:
{1} When specimen thickness T exceeds 1-1/2 in, use one ot the fal-
iowing,

{a) Cut specimen into multiple te4t specimens y of approximately
equat dimensions (3/4 in. to 1-1/2in.).
y = tested tpecimen thickness when muitipte specimens are
taken from one coupon
(b] The specimen may be bent st full width, See requirements on
jlg width in QW-466.1,

Qw-462.2 SIDE BEND

V-4¢



MECHANICAL TESTING
ACCEPTANCE CRITERIA

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

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

Fillet Fracture

2. no breaks

b. fracture indicates no incompiete root fusion. no inclusions
and porasity greater then 3/8" for plate, or greater than 10%
of quarter section thickness on pipe.

MACRO-ETCHING

¢ Ferrous and nonfertous etching solutions of QW-470

* Wrtten procedure not required

* Personnel need not have any specified qualifications for perform-

ing the tests.

\ -

4



1986 Edition

DATA — GRAPHICS

Qw462  Test Specimens (Cont'd)

e
)
A7V 7| size of fitier = thickness

of T., not greater than

2 3/4in,

Tf‘-—ﬁ . man, _—a-l Macro-Test Specimaen

GENERAL NOTE:

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

Qw462 4(a) FILLET WELDS — PROCEDURE

Dicection of bend

1

Base metal thickness > T

QW-462.4(a)-QW462.4(¢)

T Tz
1/8in, and fess 1'1
Owver 1/8 in. Equal to or lexs than T1

but not less than 1/8 in.

Direction of bending

r-:msan._..‘ te—
to 3/8 in.
e

Stop and restart
weld near the
center

Max_fillet size = T Macro-Test
Specimen

QW-462.4(b) FILLET WELDS — PERFORMANCE

T = wall thickness

/— 1/4 section bend -

Start and stop of weld
near center of bend

Max. fillet size = T

Wall thickness > T —

GENERAL NOTE: Either pipe-to-plate or pipe-to-0ipe May be used as shown.

A86

4.15

QwW-a62.4(c) FILLET WELDS IN PIPE — PERFORMANCE
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CHOICES FOR TEST COUPON
¢ Paosition
o Backing

* Pipe or plate

COMBINATION PROCESSES

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

¢ More than one welder

RADIOGRAPHIC TESTING
" FOR WELDERS

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

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

RADIOGRAPHY
FOR WELDS BY A WELDER

* Test Coupon — 6" long RT
* Production Weld — 6 long RT

(Qualification on pipe requires RT of entire circumference of the pipe.
Maximum of 4 pipe to accumulate 6 of total weld.)

4.15

V-473



RADIOGRAPHIC TESTING
FOR WELDING OPERATORS

THE REQUIREMENTS FOR RADIOGRAPHING
WELDING OPERATORS 18 FOUND

IN Q.W.- 308, THE REQUIREMENTS ARE

THE SAME AS FOR WELDERS. THIS I8 A
FAIRLY NEW REQUIREMENT AND GQ.M.AW,

8HORT ARC MUST ALWAYS BE QUALIFIED
MECHANICALLY.

RADIOGRAPHY
FOR WELDING OPERATORS

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

(ngliﬁcaﬁon on pipe requires RT of entire circumference of the pipe.
Maximum of 4 pipe to accumulate 6 of total weld)

Vo A4



WELDER RADIOGRAPH ACCEPTANCE CRITERIA
COMPARISON

Section X
(QW-191.2)

Section VIl
Div. 1 (Full RT-UW-51)

(3) Linear indications:

{I) Any crack or zane of incomplete
Fusion or Penetration

(2} Any elogated Slag indusion
greater tian:
* [/8" for t==3/8"
o 1/3tfort >3/8" to 2% incl
® 3/4 for t greater than 24"

{3) Any group of slag inclusions in-
line greater than t in a 12t
length {except when distance
between inclusions is greater
than 6L}

{(a) Linear indications:

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

(2) Any elongated Slag inclusion
greater than:
e /4 for t less than 3/4”
e 1/3tfort = 3/34 to 2% incl,
® 3/4” for t greater than 2%

(3) Any group of slag inclusions in
line_greater than ¢.in .13t langth
{except when distance between
inclusions is greater than EL).

{b} Rounded indications:
(I) Max. dimension 20% t or /8",
whichever is smaller.

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

(3} When T is equal to or greater
than 1/8" use charts in Appendix .
When max. dia. is less than [ /327
it is irrelevant.

(b) Rounded indications:

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

(2) See Appendix 4. When T is less
than 1/8” max. number of indica-
dons is 12 in 6~ length.

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

t = thickness of deposited weld metal,
T = thickness of base matenal.

L = length of longest imperfection in a qroup.

/i

190
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FAILURE OF TEST
COUPONS FOR WELDING OPERATORS

« Same as welders except for production RT.

« Production RT for immediate retest is &' long.

'FAILURE OF TEST
COUPONS FOR WELDERS

¢ Immediate RETEST:
Mechanical — 2 consecutive test coupons

RT test coupon — 2 consecutive test coupons {not 12" in one
' test coupon)

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

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

4.19-~-



WELDERS DO NOT HAVE NON-ESSENTIAL

NOR SUPPLEMENTARY ESSENTIAL VARIABLES

- WELDERS DO NOT NECESSARILY HAVE TO
FOLLOW A WPS WHEN QUALIFYING

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

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

V-41



WELDER QUALIFICATION USING A WPS

Mechanwal
Tests
Generally

1) 2-Side or
2) 1-Face and 1-Root
(See QW-3023 & 457)

Generat for
All Processes

1} May delete PWHT (QW-301)
2) Position {QW-461.9)

3] Backing (QW-303 & 350)
4) Smail dia. Pipe {QW-452.3)

5) Alternate base metals
(QW-323)

~

R.T.

Limited by QW-304

1) 6
2) 6

* coupon
* preduction
3) Entre circ. for Pipe

6) Essential Variables
See QW-302.1 {QW-350) l See QW-302.2
[ .l 1 - |
PASS Fail ] Fail* PASS
l T
QW-160 — 3
QW-180 ] Qw130
Retest
w/TRHG
( immeciate retext l Immediate retest ]
[ |
Twice as Twice as Additiona!
many coupons many coupons 12 of
Production
QW-320 Qw-320) Weld
L 1
REZZRTINCATION Mechanical
or RT

1) 3 mo. musd weld
2} 6 mo. exch process
3) Reason to dount ability

“Uf FAILURE on Production weid. it must be reparred

-4



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

Paragraph Bref of Variables
QW-402 4 - Backing
Joints
QW-403 .16 b Pipe Diameter
Base Metais 18 $ p-Number
11 F-No. 4X limits
g:;': °&e als 15 &  F-Number limils
30 ¢ t Weld deposit
QW-405 1 + Position
Positions 3 $ 11 Vertical welding

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

Paragraph Brief of Variables
Qw-403 .16 ¢ Pipe diameter
Base Metals 18 & P-Number
QW-404 30 ¢ ¢ Weld deposit
Filler Metals
QW =405 2. +  Pogition
Puositions

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

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

Paragraph Brief of Variables

Qw-402 4 - Backing
Jonts
QwW-403 .16 ¢ Pipe diameter
Base Metals 18 & P-Number

11 F-No. 4X limits

16 F-No. ZX limits
g:joh:etals 28 ¢ F-Kumber

.30 ¢ t Weld metal

3z ¢t Limit (S. Cir. Arc))
QW05 1 + Pasition
Pasitians 3 & 1t Vertical welding
QW-408§ 8 = Gas backing
Gas
QW09 2 ) Transter mode
Electncal . ’ .

V- 44
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QwW-452

Performance Qualification Thickness Limits and Test Specimens

Qw-452.1
TRANSVERSE-BEND TESTS

Thickness ¢ of
Deposited Weld Metal
Qualified, In. [Note (2)]

(See QW-310.1)

Type and Number of
Tests Required
(Guided-Bend Tests)
[Notes (3),(4)]

Thickness of Face Bend Root Bend
Type of Test Coupon Side Bend [Note {5]] [Note (5))
Joint Welded, In. [Note (1)) Max, Qw-462.2(a) Qw-4623(a) Qw-462.3(a)
Groove Up to % Incl 2t Note {6) 1 1
Groove Over ¥ but less than %, 2t . Note (7} 1 1
Groove Y, and over Max. to be- 2 .
welded
NOTES:

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

and used Individually in the Thickness column.
{2) Two or more plpe test coupons of different thicknesses may he uzed to determine the deposited weld metal thickness nualiflrd and that

thickness may be applled to production welds to the smallest diameter for which the welder Is quallfied in arcordance with Q'#/-452.3

. (3) Thickness of test coupon of ¥ In. or over shall be used for qualifylng a combinatlon of three ar more welders each of which may use the

UoLIPd 9861

SNEWIDIJS — vlva

oG-N

same or a different welding process.
(4) A total of four specimens Is required to qualify for positions 5G and 6G as prescribed In QW-202.3,

(5) Face- and root-bend tests may be used Lo qualify a combination test of;

{#) one welder using two welding processes; or
(b} two welders using the same or a different welding process,
(&) For a 34 in, thick coupon, two slde-bend tests may be substituted for the required face- and root-bend tests.

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

I'TSr a0 IS0



Qw-4523
GROOVE-WELD DIAMETER UIMITS:.2

Cutside Diameter Minimum OuLs'l‘de Diameter
of Test Coupon, in, Qualified, in.
Less than 1 Size weldeg
1to 27 1
2% and over 2%
NOTES:
(1) Type and number of tests required shall be in accordance with
qQW-452.1.

(2} 27, in. 0.0, is cansidered the equivalent of NPS 215,

]
1" &chl 86y

1 Schi &

2* base metal

I
/

2" base metal

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

WHAT IS THE LARGEST DIAMETER
OF PIPE THE WELDER MAY_BE QUALIFIED on
TO MAKE THIS WELD?

1" dia. Schl. 8O

2" base metal é




Qw-423 Alternate Base Materials for Welder
Qualification

QW-423.1 Base material used for welder qual-
1fication may be substituted for the P-Number materi-

al specified in the WPS in accordance with the
following. '

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

4.25
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EXAMPLE 1

3/8”, £7010

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

EXAMPLE 2

378" E7018

N ————

378" E£7010

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




QW-60-QW-461.1 SECTION IX — PART QW, WELDING 1986 Edition
QW460 GRAPHICS

QW-461 Positions

Tabylation of Posrions of Welds

Disgram Indlination

Rotaton
Position Referance of Axis, deg.

of Face, deq.

Flat A 01w 15 150 to 210

80 to 150
tal B 0101
Hornizon 10 15 { 210 10 280

0 to 80 r\ -
Cverhead C 0 two B0 -—[ 280 1o 360 -~

] s
Vertical o 1510 80 B0 1o 280 | g geg.-
e E 80 to 80 0 to 360

Vertical plans

xis limits for
Aand B
bfP

/
/
\‘YA
°
2
3
\
!
\
\
\
\

GENERAL NOTE:

The horizontal reference plane s taken (o fie aiways bealow the weld
under consideration,

Inclination of axis is measured from the hornizontal reference planz
toward the vertical,

Angle of roustion of face is measured from & line perpendicular to
the axis of the watd and lying in & verticsi plane ¢pntacning this axs
The refarence position (0 deg.) of rotation of the face invanably pomnts
in the direclion opposite 10 that in which the axis angte increases. The
angle of rotation of the lace of weld s messured in a clockwise

direction from this reference position {0 deg.} whea 1ooking at point
L4

Qw-461.1 POSITIONS OF WELDS — GROOVE WELDS

V-54



QW-461.3-QW61.5 SECTION IX — PART QW, WELDING 1986 Edition

QW61  Positions (Cont'd)

= = m =

(a) 1G
(B} 2G
{c} 3G

QW-461.3 GROOVE WELDS IN PLATE — TEST POSITIONS

0 )

{a} 1G Rotated lc} 5G

g

(bi 2G

v
/15 deg ¢t Sdeg.

(d} 6G

Qw-461.4 GROOVE WELDS IN PIPE — TEST POSITIONS

Axis of weld Axis of weld
varucal horizontal

Axis of wald
Throat of weld harizontal
verucal
45 deg.
N |
- .
(al 1F (b} 2F {c} IF {d) AF

QW-461.5 FILLET WELDS IN PLATE — TEST POSITIONS

V-85



1986 Edition DATA — GRAPHICS Qw4616

QW-461 Positions (Cont'd)

/45 deq. I

{a} 1F (Rotated) (e} 2F {c! 2FR (Rotated)

L
Q
(=

% /€8

{d) 4F {e} SF

QW-461.6 FILLET WELDS IN PIPE — TEST PQSITIONS

V- 5k
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REMEMBER

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

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

LIMITS OF POSITIONS

« Qualification on groove welds qualifies for fillet. welds.

« See QW-461.9

« Special orientations not required but permitted (plus or minus |39



1986 Editien DATA — GRAPHICS

Qw519
QW61 Positions {(Coni'd)
QW-461.9
PERFORNMANCE QUALIFICATION — POSITION AND DIAMETER LIMITATIONS
{(Within the Other Limitations of QW-323)
Position and Tyne Wels Qualified [Note (1))
Qualification Test Groove Fillet
Plate and Pipe Pine Plate
Weld Pasition Over 24 in. 0.0, < 24 i 0.D, and Pipe
Plate — Groove 1G F F [Note (23] F
26 F.H FH [Note (207 F.H
3G FV £ [Nete (2)) FHV h
4G F0 Fo[Note (23] F.H,O
3G and 4G F V.0 F [Nete (2)) All
2G, 3G, and 4G All £ [(Nate (22] All
Plate — Fillet 1F e .. F [Note (2))
2F . .. F,H [Note (2)]
aF ... C F,HV {Note (21
4F P .. F,H,O [Note (2)]
3F and 4F e . All [Note (2)]
Pipt — Groove [Note (3)] 1G F F F
2G - F.H F.H F.H
5G FN.0 F\.0, All
6G All All All
2G ad 5G All All All
Pipe = Fillet [Note (3)) 1F e C F
2F T . F.H
2FR Ce .o F.H
4F .- .. F,H.O
5F e .. All
NOTES:
(1} Positions of weiding as shown in QW—461.1 and QW-461.2.
F = Flat
H = Honzontal
V = Vertical
0 = Overhead
(2} Pipe 2%, in, 0.D. and over.
{3) See diameter restrictions in QW-452.3, QW-452.4, and QW-452.6.
V. S%
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A welder is qualified on the following test coupons. What are his
position limits?

1. 6 dia. pipe groove in 6G?

2. Plate groove in 4G position?

1 dia. pipe
Schi. 160

3" thick shell

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

V. S9




CNENSIS

WPS/PQR/’WP@
FORMS

. Q.W.-482 AND 483 AND QW-484

RECOMMENDED FORMS
LOCATED [N A NON—MANDATORY APPENDIX

. SAMPLE IS PRINTED ON THE EXAMPLE
IN THE CODE.

Vi -
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MULTIPLE PQR(S) SUPPORTING ONE WPS

More than one PQR may support a single WPS

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

w/and w/0 PWHT
l

HOTE:‘ Althoﬁgh it may be confusing, it is possible to have only

1 WPS to cover all possible welding circumstances.

ONE PQR MAY SUPPORT SEVERAL WPSs

" For control and clarity to production pcopl( manufacturers may
iimit particular-\VPS usage.

Example: A PQR covers all diameter of electrodes for welding.

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

COMBINATION WELDING
PROCESSES AND PROCEDURES

A change in welding process requiring requalification.

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

Using more than one WPS to complete a weld.

For WPSs with more than one process. 2 weld may be made using

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

V-2
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PART PR
REQUIREMENTS FOR BOILERS
FABRICATED BY RIVETING

Manufacturers using riveted construction shall use
the 1971 Edition of Section 1. Bolers or parts thereot
constructed by using riveted construction reguire the
use of the applicable Manufacturers” Data Report Forms
as included in the 1971 Edition of Secuen L
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PART PB
REQUIREMENTS FOR BOILERS
FABRICATED BY BRAZING

GENERAL

PB-1 GENERAL

PB-1.1 Scope. The rules in Part PB are applicable
10 pressure parts of boilers. including piping constructed
under the provisions of this Section. that are fabricated
by brazing These rules shall be used in conjunction
with the general requirements in Part PG and the
specific requirements in the applicable Parts of ths
Section that pertain to the type of boiler under consider-
ation. The rules in Part PB are not applicable to non-
pressure beaning attachments 10 pressure paris ihai have
essentially no load-carrying function (such as extended
heat transfer surface, insulation support pins, etc.)

PB-1.1.1 Definition of Brazing. A group of weld-
ing processes that produces coalescence of materials
by heating them to the brazing temperature n the
presence of a filler metal having liquidus above 840°F
(450°C) and below the solidus of the base metal The
filler metal is distributed between the closely fitted
faving surfaces of the joint by capillary action.

~ PB-1.1.2 Brazing processes that are permitted for
use under this Part are classified by method of heating
as follows:

{a) torch brazing;

(b) furmace brazing;

(¢) induction brazing;

{d) resistance brazing;

fe) dip brazing — salt and flux bath.

PB-1.2 Elevated Temperature. Maximum design
temperature is dependent on the brazing filler metal
and on the base metals being joined. The maximum
design temperatures for some brazing filler metals are
shown in Table PB-1.

PB-1.3 Service Restrictions. Brazed components
may be used for service up to the temperatures as
shown in Table PB-1 provided acceptable qualification
tests are performed.

i~
2

PB-1.4 Responsibility. Each Manufacturer' (Certifi-
cate of Authorization Holder) is responsible for the

brazing done by his organizaton and shall establish

the procedures and conduct the tests required by Section
IX. and when necessary those requured by this Section
to qualify the brazing procedures used in the construc-
ton of brazed assemblies and the performance tests of
brazers® who apply these procedures. Such brazing will
ordinarily be done by employees of the Manufacturer
who accepts the responsibility for Code construction
of the botler or part being brazed. Alternatively, the
Manufacturer may perform Code brazing using the
services of individual brazers who are not in his employ
provided all the followiny conditions are met.

PB-1.4.1 All Code construction shall be the respon-
sibitity of the Manufacturer

PB-1.4.2 All bruzing shall be performed in accord-
ance with Manufaciurer’s brazing procedure specifica-
tions that have been qualified by the Manufacturer in
accordance with the requiremenis of Section IX and
when necessary. based on design temperature, with the
additional requirements of this Section.

PB-1.4.3 All brazers shall be qualified by the
Manufacturer 1n accordance with the requirements of
Section IX.

PB-1.4.4 The Manufacwrer's quahty control sys-
tem shall include the following as a mumumumn.

PB-1.4.4.1 A requirement for complete and ex-
clusive admimistrative and technical superviston of all
brazers by the Manufacturer.

PB-1.4.4.2 Evidence.of the Manutacturer’s au-
thonty to assign and remove brazers at his discretion
without involvement of any other organization.

"Manufacwrer tncludes contractor, Assembler, and mstaller.

3 .
*Brazer includes brazing operator.

-
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PART PWT
REQUIREMENTS
FOR WATERTUBE BOILERS

GENERAL

PWT-1 GENERAL

The rules in Part PWT are applicable to watertube
botlers and parts thereof and shall be used in conjunction
with the general requirements in Part PG as well ag
with the special requirements in the applicable Parts
of this Section that apply to the method of fabricanon
used. The rules in Part PWT do not apply to external
piping.

MATERIALS

PWT-5 GENERAL

PWT-5.1 Materials used in the construction of pres-
sure parts for wartertube boilers shall conform to one
of the specifications in Section II and shall be lumited
o those for which allowable stress values are given
in Tables 1A and [B of Section II, Part D, for Section
1 construction or as otherwise spectfically permitted in
Part PG and Part PWT.

PWT-5.2 Mud drums of boilers shall be of either
wrought steel or cast steel as designated in SA-216.

DESIGN

PWT-8 GENERAL

The rules in the followmg paragraphs apply specifi-
cally to the design of watertube boilers and parts thereof
and shal! be used in conjunchion with the general
requirements for design in Part PG as well as with
the specific requirements for design in the applicable
Parts of this Section that apply to the method of
fabrication used.

130

PWT-S TUBES AND PIPE

PWT-9.1 Economizer. boiler gencrator, and super-
heater tubes shall comply with the specifications as
listed in PG-9.

PWT-9.2 Seamless steel pipe not exceeding NPS
1% (DN 40) compiving with SA-53 or SA-106 may
be tireaded into the tubeshect, drum, or sieel fiting
of a waterwube boiler. Steel fitungs, of used, must felly
cover the threads.

PWT-93 A twbe in which a fusible plug is to be
installed shall be not less than 0.22 in. (5.6 mm) in
thickness at the plug in order to secure four full threads '
for the plug (See alse A-20.)

PWT-10 TUBE WALL THICKNESS

PWT-10.1 The minimum tube wall thickness at the
maximum allowable working pressure for carbon or
alloy steel tubes or mipples subjected to intermal pressure
for watertube boilers, economizers, and superheaters
shall be determined in accordance with PG-27.2.1.

PWT-10.2 Where the outside diameter of a circular
boiler pressure part exceeds 5 in. (127 mm), the muni-

mum thickness shall be determined by the formula in
PG-27.2.2.

PWT-10.3 For wbes of the materials listed in its
title, Table PWT-10 may be used in lieu of the formula
for determining the munimum wall thickness of tubes
where expanded into drums or headers, provided the

maximum mean wall temperature does not exceed 700°F
(371°C)

PWT-11 TUBE CONNECTIONS

Tubes, pipe. and nipples may be attached to shells,
heads. headers. and finings by one of the following
methods.
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PWT-14

FIG. PWT-12.1 BOX TYPE HEADER JOINT

All other doors, except explosion doors, not used in
the firing of the boiler may be provided with bolls or
fastenings in lieu of self-locking latching devices.

Exploston doors, if used and if located in the setting
walls within 7 ft (2.1 m) of the finng floor or operating
platform, shall be provided with substantial deflectors
to divert the blast.

PWT-15 ACCESS AND FIRING DOORS

The mimimum size of an access or fire door opening.,
in which the minimum fumace dimension is 24 m,
(610 mm). shall be not less than 12 1n. x 16 .
(305 mm x 406 mm} or equivalent area, I'1 in. (280 mm)
to be the least dimension in any case. A crrculas
opening shall be not less than 15 in. (381 mm) in
diameter.

PART PWT — REQUIREMENTS FOR WATERTUBE BOILERS
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PWT-15

FIG. PWT-12.2 METHOD OF FORMING
WATERLEG JOINTS BY WELDING

For furnace dimensions less than 24 m (610 mm).
the opening should be 2. n x 34w (70 mm x
89 mm) or larger where possible. In cases whee the
size o1 shape of the boier prohibits an opeming of that
gize, two openings with 1 mintmum size of 1 in
(25 mm) may be ueed, preferably oppposite each other,

io permut inspection and cleanmg of the furnace. If

the burnar 15 remaovable 50 as to permt nspection and
cleaning through the burner opening. o separale access
opening need not be provided

it
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PART PFT
REQUIREMENTS
FOR FIRETUBE BOILERS

GENERAL

PFT-1 GENERAL

The rules in Part PFT are applicable to firetube
boilers and parts thereof and shall be used in conjunction
with the general requirements in Part PG as well as
with the specific requirements in the applicable Parts of
this Section that apply to the method of {abrication used.

MATERIALS
GENERAL

:

PFT-5

PFT-5.1 Materials used in the construction of pressure
parts for firetube boilers shall conform to one of the
specifications given in Section Il and shall be limited
to those for which allowable stress values are given
in Tables 1A and 1B of Section II. Part D. or as

otherwise specifically permitted in Patt PG and Pant
PFT

PFT-5.2 Waterleg and doorframe rings of vertical
firetube boilers and of locomotive and other type boilers
shall be of wrought iron or steel, or cast steel as
designated in the SA-216. The ogee or other flanged
canstruction may be used as a substitute in any case.

DESIGN

PFT-8 GENERAL

The rules in the following paragraphs appty specifi-
cally to the design of firetube boilers and parts thereof
and shall be used in conjunction with the general
requirements for design in Part PG as well as with
the specific requirements for design in the applicable
Parts of this Section that apply to the method of
fabrication used.

138

PFT-9 THICKNESS REQUIREMENTS

PFT-9.1 Shell and Dome. The thickness after form-
ing shall be as determined in accordance with the jules
m Part PG but shall not be less than the vaiues shown
in the following table

Inside Dnamerer of
Shell o1 Dome. in. tmnn

slimmume Thickness,
moomnn

36 (914) or under VAT RS
Over 36 (914) to 34 {1370 Vi (80
Over 34 {1372) 10 72 (1 829) Y (9.5)
Over 72 {1 829) Sz

PFT-9.2 Tubesheet

PFT-9.2.1 The thickness shall be as determined
mn accordance with Part PG und Part PFT bwt shall
not be less than the values given in the following table.

inside Diameter of Shell,
. {mm)

Muumum Thickness,
m (o)

42 (1 067) or under o 19.3)
Over 42 (i 067) to 54 (1 372) e (L1 D)
Over 54 (1372) w0 72 (1 829) (127
Over 72 (1 829) e (14.3)

PFT-9.2.2 When buttwelded to the shell of a
firetube boiler. a formed tubeshzet with a straight flange
longer than 1% times the tubesheet thickness shall have
a straight flange thickness not less than that specified
it the table in PFT-9.2.1, but in no case tess than 0.75
times the thickness of the shell to which it 15 attached.

PFT-1¢ SHELL JOINTS

Longitudinal and circumferential welded joints of a
shell or drum shall comply with the rules in Part PW.




PART PFH
OPTIONAL REQUIREMENTS FOR
FEEDWATER HEATER
(WHEN LOCATED WITHIN SCOPE OF
SECTION I RULES)

PFH-1

A feedwater heater is a heat exchanger in which
feedwater to be supplied to a boiler is heated by steam
or water extracted from the boiler or the prime mover,
When such a feedwater heater 1s located within the
inmit of Section ! piping. as defined by PG-38.3. 1t
falls within the scope of Section 1 rules. With this
arrangement. the feedwater heater may be constructed
in compliance with Section VIII. Division [. subject
to the following conditions.

PFH-1.1 The feedwater heater shall conform with

Section VII, Division 1 rutes for unfired steam boilers
[UW.2(c)]. )

PFH-1.2 The maximum attowable working pressure
of the primary (feedwater) side of the heater shall be

no? less-than the design pressure requirements of ASME
B3l.1, para. 122.1.3.

PFH-1.3 The design temperaure of the tubes shall
be not less than the salurated steany temperature corres-
ponding to the maximum allowable working pressure
of the shell, If the steam entering the shelt side of the
feedwater heater 15 superheated. the design temperatuie
of the tubes 1 the desuperheaung zoae shall be waot
less than the saturation temperaire corresponding to

v D p ETURY B
MV \:”U‘-‘-dble ohe

............... I oside working pressure plus

35°F (19°C).

PFH-1.4 The feedwater heater shall be stamped with
the ASME Cade U sviubol and be documented with
the ASME U-1 Data Form.

PFH- 1.5 A numeplate per UG-119 shall be furnished
and shall show the additional formauon “and Part
PFH of Secuon [ 7

PFH-1.6 The Master Data Report for the completed
boile: unit fusing Manutaciurers” Data Report Form
P-2, P-3. P3A. or P-3. as applicable) shall indicate
“Feedwater heater constructed to Section VIII. Division
[, as permutted by Part PFHL”

T -




PFT-51.1.2

than 4, the value of A shall be calculated using the
following formula:

For values of A greater than (.10, use a value of 0.10.
Step 2. Using the value of B obtamed in Step 1,
calculate a value of P, using the following formula:

2
Pa] = [‘-167

DIt~ 00833] B

Step 3: Calculate a value of P,5 using the following

formula;
[l
T DN Dl

where Sp is the lesser of 2 times themaximum allowable

P 2

PART PFT — REQUIREMENTS FOR FIRETUBE BOILERS
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PET-51.1.4

stress values at design metal temperature {from Tables
tA and IB of Section I, Part D: o1, 1.8 umes the
yield strength of the material at Design Metal Tempera-
ture from Table Y-l of Section I, Part D.

Step 4: The smaller of the values of P, caiculated
in Step 2. or P,» calculuted 1n Step 3 shail be used
for the maximum allowable external pressure P,. If P,
is smaller than P, select a larger value for r and repeat
the design procedure untit o value for P, is obtained
that is equal to or greater than P.

PFT-51.1.3 The design pressure or maximum al-
lowable working pressure shall aot be less than the
maxtmum expected difference in operatng pressure that
may exist between the outside and the nside of the
furnace or wbe at any time.

PFT-51.1.4 When nccessary. furnmaces shall be
provided with stiffencrs or other additeonal means of
support to prevent overstress or lurge distortions under
the external loadmgs listed in PG-22 other than pressure
and temperawre
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PART PMB
REQUIREMENTS
FOR MINIATURE BOILERS

GENERAL

PMB-1 GENERAL

The rules in Part PMB are applicable to minjature
boilers and parts thereof and shall be used in conjunction
with the general requirements in Part PG as well as
with the special requirements in the applicable Parts of
this Section that apply to the method of fabrication used.

PME-2 SCOPE

This paragraph contains special rules of construction
for mtmature boilers only. The classification miniature
applies to boilers that do not exceed the following
limits:

16 in. (406 mm) inside diameter of sheli

20 sq ft (1.9 m*) heating surface (not applicable to
electric boilers)

5 cu ft (0.14 m’) Qross volume,' exclusive of casing
and sulation

100 psig (690 kPa) maximum allowable working
pressure

Where any of the above limits are exceeded, the
rules for power boilers shall apply. If the boiler meets
the miniature classification, the rules in this paragraph
shall supplement the rules for power boilers and take
precedence over them when there is conflict.

MATLERIALS

PMB-5 GENERAL

PMB-5.1 Materials used in the construction of pres-
sure parts for miniature boilers shall conform to one

"This gross volume is intended to include such gas passages as are
integral wath the assembled pressure pants and a definition 15, the
volume of a rectangular or cylindrieal enclosure into which alt the
pressure parts of the boiler in thewr final assembled positions could

be fined Projecting noszies or fittings need not be considered in
the volume
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of the specifications in Section 1T and shall be limited
1o those for which aitowable stress values are given
in Tables 1A and 1B of Section II. Part D, unless
specifically permitied in the other applicable Parts of
this Section.

PMB-5.2 Steal plates subject to pressure in any part
of a muniature boiler shall be of pressure vessel quality.
The plates for shells or heads shall be not less than
1/4 in. {6 mm) 1n thickness, except that seamless shells
shall be not less than 3/,(, . (4% mm) in thickness.
Heads used as tubesheets, with tubes rolled in, shall
be at least ¥, in. (§ mm) m thickness.

PMB-35.3 Steam boiler paris of not over 600 cu in.
(9.83 m* in volume may be cast from copper alloy
complying with requirements of SB-61 or SB-62 of
wall thickness not less than % in. (6 mm). Such steamn
boiler parts shall be equipped with at least one brass
washout plug of not less than '/3 in. {13 mm) and shall
be tested to a hydrostatic pressure of 600 psi (4 140 kPa).

PMB-5.4 Heads or parts of miniature boilers, when
not exposed to the direct action of the fire, may be
made of cast iron or malleable iron provided it complies
with a specification permitied in this Section.

PMB-5.5 Due to the small size of parts of miniature
boilers, the requirements of Identification, PG-77.1,
need not be met, provided the Manufacturer certifies
on the Data Report accompanying the boiler that the
matertal is in accordance with the requirements of this
Section. Provisions shall be made by the Manufacturer
whereby he shall be able to supply complete information
regarding the material and details of construction of
any boiler built under the provisions of this Code.

DESIGN
PMB-8 GENERAL

The rules in the following paragraphs apply spe-
cifically o the design of miniature boilers and parts
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PART PEB
REQUIREMENTS FOR ELECTRIC
BOILERS

GENERAL

PEB-1 GENERAL

The rules in Part PEB are applicable 10 electric
boilers and parts thereof and shall be used in conjunction
with the general requirements in Part PG as well as
with the special requirements in the applicable Parts of
this Section that apply to the method of fabrication used,

PEB-2 SCOPE

PEB-2.1 This Part contains special rules for construc-
tion of electric boilers both of the electrode and immer-
sion resistance element type. This Part does not include
electric boilers where the heat is applied to the boiler
pressure vessel externally by electric resistance heating
elements, induction coils, or other electrical means.
These types of electric boilers shall be constructed in
accordance with other applicable Parts of this Section.

PEB-2.2 Electric boilers shall be marked with the
“S” or “M” symbol (except when the boiler pressure
vessel is constructed under the provisions of PEB-3)
by the Manufacturer of the boiler pressure vessel. When
the trim, fixtures, and fittings such as valves, threaded
piping, and appurtenances are connected to the electric
boiler by a Manufacturer not authorized to apply the
“S” or “M" stamps, the boiler assembler shall apply
an “E" stamp to the completed assembly. “E” stamp
holders are limited to the use of assembly methods
that do not require welding or brazing.

PEB-2.3 An electrode type boiler is defined as an
electric boiler in which heat is generated by the passage
of an electric current using water as the conductor.

PEB-2.4 An immersion resistance element type boiler
is detined as an electric boiler in which heat is generated
by the passage of an electric current through a resistance
heating element immersed in water.

PEB-3 OPTIONAL REQUIREMENTS FOR

THE BOILER PRESSURE VESSEL

The boler pressure vessel may be constructed .
comphance with the ASME Pressure Vessel Code Sec-
tion VIIL, Division |, rules for wnfired steam boilers
[UW-2(c)] subject 1o the following conditions

PEB-3.1 The Manufuacturer who certifies and stamps
the completed beiter shall specify to the “U" saamp
holder all additonal requirements of Part PEB. which
are not requitements of Section VI Division 1. and
shall ensure thai these requiremenis are satisfied.

PEB-3.2 These addinonal requirements are:

PEB-3.2.1 The materials of construction shall com-
ply with the requrements of PEB-5.1 and PEB-5 3.

PER-3.2.2 Inspection openings shall comply with
the requuements of PEB-10.

PEB-3.3 The boiler pressure vessel shall be stamped
with the ASME Code “U” symbol and be documented
with the ASME U-1 or U-1A Data Report.

PEB-3.4 The master Data Report P-2A for the Elec-
tnc Boiler shall indicate “Baoiler pressure vessel con-
structed to Section VI, Division | as permitted by
Part PEB.”

MATERIALS

PEB-5 GENERAL

PEB-5.1 Materials used in the construction of pres-
sure parts for electric boilers shall conform to one of
the specifications i Section I1 and shall be linuted to
those permitted by PG-6, PG-7, PG-8, und PG-9 for
which allowable stress values are given tn Tables 1A and
1B of Section 11, Part D, unless specifically permitted in
other applicable parts of this Section.

Kt



PEB-19

PART PEB — REQUIREMENTS FOR CLECTRIC BOILERS

PEB-1v MANUFACTURERS' DATA
REPORT FOR FLECTRIC BOILERS

PEB-19.1 This form consists of two parts. Part 1 js
to be completed by the Manufacturer of the boiier
presswre vessel who 15 the holder of the “S™ or “M"
stamp and his inspection agency Part 11 15 10 be
completed by the Manufacturer responsible  {or the
completed etectric boiler who shall pe authorized 1o
use any of the S8 “M.” or "E~ stamps.

PEB-19.2 When the boiler pressure vessel s con-
structed By o U™ stamp holder and cerufied on a U-
I or U-1A Dat Report. Part | shall be completed by
the 8§ "M o ~E" stamp holder 10 the eatent
indicated n Guide A-351.1

167
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APPENDIX Form P-2

FORM P-2 MANUFACTURERS' DATA REPQORT FOR ALL TYPES OF BOILERS
EXCEPT WATERTUBE AND ELECTRIC
As Required by the Provisions of the ASME Code Rules, Section |

1 Manutactured by @
(Name and address of Manulaciurer)
2. Manufactured fot 6]
{Name ana agdress of putchaser}
3. Location of Instaltalon @
{Name and address)
4, Type @ Boller No ® ® @ @ Year Bulll ©®
(HRT, elc.) (Mlr's. Senal No) {CRN) (Drawing No.) {Nall Boarg o)

5, The chemical and physical properties of all parts meet the requirements of matedal speciiications of the AS%E BOILER AND PRESSURE VESSEL
CQODE. The design, construction, and workmanship conform o Seclion | of the ASME Boiler and Pressure Vassel Code ©
Addenda 1o , and Coge Cases {rearn)

(Dare) {Numbers)
Manufacturer's Parllal Dala Repors property idenliied and signed by Comnussioned Inspeciors are attaches for the {cioming ttems of this repor
{Name of pan, item number. mir's name and denlifying stamp)
6. Shells or drums’ @ @ .
no) (mat'l. spec gr.)  [thickness (in)] [eha (1D}] {lengih, iInside) {cha (10)] {length, mside)

7. Joinis' & 03 )

[long {scamless. welded)] [eficiency (as compared 1o seamless)] [on (seamless, weced)} (no of shell courses)

8. Heads

(Malenal Specification No * Tiuckness — Fiat Dushed, Elipsoidal — Razius of Lish)
9 Tubesheel @ Tube Holes
(Mal’l Spec.,.Grade, Thickness) (D)
10. Baller Tubes. No. G
(Mar! Spec, Grade) (Straight or Bent)
Dia Lengtn Gauge
(i varous, give max & min) {or ttuckness)
11 Furmnace No. Size Lenglh, each sechion L] Total (&)
{OD orwW x H}
Type © -
(Plain, Agamson, Ring Rentorced, Corrugated, Combined, or Stayed)
@ : Seams Type @
(Mal'l. Spec., Grade, Thickness) {Seamless, Welcod)
12. Staybolls- No Size @ o &)
{Cra, Mal'l Spec Grade, Size Telllale, het Area)
Puch MawpP D psi
(Hor, and Vert )
13 Stays of braces:
Materiat No ang Max Fig PFT-32 Dist, Tubes MAWP
Location Spec. No Typa Size Piich L/t 10 Shalt nsi

{a) F H. above tubes &) (D) @ Gy @

{b) R H. above tubes

{c} F.H below tubes

{d} RH below tubes

{el Through stays

(ft Doma braces |
14, Olher Parts. 1. @ 2 3

Bnel Descnption — 1€, Dome, Boer Piping, elc
. & © { p ping }

{Mat'l Spec, Grade, Size, Maternal Thickness, MAWP)
This form (E0C0GB) may be abtained lrom the ASME Order Dept., 22 taw Dnve, Box 2300, Fairfietd, NJ Q7007-2300

[ ]
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Form -2 2001 SECTION 1

Form P-2 {Back)

15. Openings: (a) Steam =) (5) Satety Vaive
{No ., Bize. and Type) (No , Size, and Type)
(c) Biowolf (d) Fead
(No , Size, Type, and Localion) (No . Stze, Type, and Localion}
(@) manhoies: No. Size Locailon
{f) Handholes: No, Size Location

16 Fusibte Plug (it used)

{No., Dia, Location, Mir's Stamp)

17 Boller Suppons: No Type Aftachmend
{Saadies, Legs, Lugs) {Boltea or Walded}
18 MAWP @ psl Based On Heallng Surtace & sqn
{Code Par. and/or Formula) (Tolal)
19 Shop Hydrostatc Test psig 20 Mamimum Designed Steaming Capaciy b/hr

21 Remarks

©  CERTIFICATE OF SHOP COMPLIANCE

Wae cartify Ihal tha slalements maae In this data repon are correct and that all detalls of design, matenal, conslruciion, and workmanship of this boiler
contorm to Sectlon | of the ASME BOILER AND PRESSURE VESSEL CODE
Cur Cearificate of Authorizatlon no

1o use the (5) symbol expires @
Date Signed

tiamo

(Authorizead Represeniative) (Manutaciuret)

€ CERTIFICATE OF SHOP INSPECTION

Boiler constructed by ar

|, the undersignea, holding a vaig cOMMIsSion 1ssued by the National Board ol Boiler and Pressure Vessel Inspeclors and/or the siate or province of
and employed by

have Inspecied parts of this boiler referred 1o as cala lkems
and have examined Manufaclurers Partial Data Reports fod llems

& and stale Inat, 1o the best of my knowledge and bellet. the manuiaciurer has
constructed this botler In accordance wilh Sachion | of the ASME BOILER AND PRESSURE YESSEL COCE

o]

By slgning this cenlificaie neilher the inspecior nor MIs amployer Makes any Warranly, expressed or Implied, conceming the bolter describad In this
Manulacturer's Data Report Furthermore, neither the inspector nor his employer shall be able In any manner for any personal injury or property damage
or 8 loss of any kind ansing from of connected with this Inspectiort,

Date Slgned Commissions )

[Nar'l. Board (incl endorsements), Stale, Provnce, and Na.}

{Autnonzed Inspecion

8 CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

Wa cenify Ihat Lhe field assembly construction of all parts of 1his boller conforms with the requirements of SECTION i of Ihe ASME BOILER AND
PRESSURE VESSEL COGE

Our Certificale of Authotizaticn no S 1o use the (A) of (5) ® symbol expires @

Dats Signed Name

{Authonzed Representative) (Assembier}

216
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APPENDIX Frorm P-2

Form P-2 (Back Coﬁt'd)

@ CERTIFICATE OF FIELD ASSEMBLY INSPECTION

I, the undersigned, helding a vatid commission Issued by the National Board of Boller and Pressure Vessel inspectors and/or the stale or province of
and employed by

have compared statements In 1his Manufacturer's Data Report with the descrngad boller and slale 1hat the pans referred 1o as dala ilems [a]

. nol inciuded In the certiiicate of shop inspeclion, have been Inspecled by me and that 1o 1ne best of my knowiedge and bellel the
manufacturer and/or the assembier has consiructed and assembled this botler in accordance with the epplicable sections of tha ASME BOILER AND
PARESSURE VESSEL CODE. The daescribed boller was Inspected and subjecled to & hydrostallc test of

psl.

8y signing this cerlificate neither the inspeclor nof his empioyer makes any warranly, expressed of implied, conceming the boller described In this
Manutacturer's Data Report. furthermore, nelther the Inspector nor his employer shall be liable In any manner for any personat injury of propelty damage
or a loss of any kind ansing from or cennecled with this inspection

Dale Signed

Commissions @
(Authanzed Inspecter) [Nat'l Board §incl snoorsements), State, Province, and No.]
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A-351 2001 SECTION 1

A-351 GUIDE FOR COMPLETING MANUFACTURERS' DATA REPORT, FORM P-2 (See PG-112.2.1)

(O] Name and address of Manufacturer, i.e., maker of all components not covered by Partial Data Repons.

@ Name and address of purchaser and/or owner.

® Name and address of location where boiler is to be installed. If not known, so indicate (e.g., “Not known—built for
stock”).

@ Show type of boiler documented by this Data Report.

® Identification of boiler by applicable numbers If intended for installation 1n Canada, indicate the Canadian Design
Registration Number and drawing number.

® Year in which fabrication was completed in shop.

©) Date {year) of Section | Edition under which boiler was constructed.

Issue date of most recent Addenda to Section | under which boiler was constructed (e.g., “19907). ('

® Te be completed when one or more components comprising the boiler are furnished by others and certified by Partial ~
Data Report{s}, Form P-4,

Show quantity and inside dimensions in inches If more than two shells or drums are used, enter data in Line 14,

@) Show the complete ASME Material Specification No and Grade as listed in the appropriate stress allowance table in
the Appendix of Section | (e.g., “SA-285-B"). Exception A specification number for a material not identical to an ASME
Specification may be shown only if such matenal meets the criteria in the Foreword of this Section. When material 1s
accepted through a Code Case, the applicable Case number shall be shown

@ Indicate type of joint(s).

3 Show joint efficiency for welded joints.

Same as (i) above.

D) Show-number of furnaces in"boiter,

For cylindrical furnaces of the Adamson, ring reinforced, and combined types, show length of each section and total
length, Far other types, show total length only. N,

@) For stayed (firebox) type furnace, also complete Line 12.

If threaded, show diameter at root of thread

Minimum cross-sectional area after deducting for telltale hole.

Maximum allowable working pressure for the stayed area calculated according 1o the rules contamned in Part PFT.

@ Type of stay or brace, e.g., diagonal, girder, through, etc.

@ Deleted.

@ See applicable paragraphs and figures in Part PFT.

List parts not covered elsewhere on the Data Report. If insufficient space, attach a supplementary sheet {Form P-6)

@ Tabulate data for parts listed on Line 14.

Show data for main, auxiliary steam outlets, and feedline connections only. Does not apply to small openings for water
columns, controls, vents, drains, instrumentation, or to openings for connections internal to the boiler such as risers,
downtakes, or downcomers.

@ Maximum aliowable working pressure established in accordance with PG-21.

Show Section | paragraph which applies to the weakest part of the boiler as established by calculation or deformation test

Boiler heating surface caiculated in accordance with PG-70.

@ Hydrostatic pressure applied in accordance with PG-99 and witnessed by the Authonized Inspector.

D) To be completed and signed by an authorized representative of the Manufacturer.

@ Show Manufacturer's ASME Certificate of Autharization number, kind of symbol, and date of expiration of said authori-
zation,

@

This certificate to be completed by the Authorized Inspection Agency representative who performs the in-shop inspection.
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APPENDIX A-351

To determine what goes in the space, you should be guided by the following
National Board Stamped Boilers and Pressure Vessels (see Form P-2 Line 4}
After “and/or State or Province” in the certification blocks—

If the inspector has a valid commission for the state or province where the Manufacturar’'s shop is located, insert
the name of that state or province. If the Manufacturer is located in a non-Code s:ate or province, insert the name of
the state or province where the Inspector took his original examinaton to obtain tus Nzuonal Board Commission,
provided he still has a valid commission for that state or province. Otherwise, if ng valid commussion, show the name
of the state or province where he has a valid commussion authorizing him to mai2 the shop mnspection.

Boilers and Pressure Vessels Not Stamped National Board

Follow the above procedure. However, in this case do not list any National Board Commission number after the
Inspector’s signature at the bottomn of the block.

Indicate in this space the data items covered on Farm P-2 on Lines 6 through 20

indicate by Line numbers those items furmished by other and for which Partiai Data Reports (Form P-4} have been
examined.

The Inspector’s National Board commission number must be shown when the boiler 1s stamped National Board; otherwise
shaw anly his state or province commission number. {See (G4) above )

To be completed when applicable, and signed by an authorized representative of the orgamization responsible for field
assembly of the boiler.

Show assembler's ASME Certificate of Authonzation number, kind of symhol, and cai2 of expiraton of said authorization.

This certificate 1o be completed by the Authorized Inspection Agency representair. who narforms the field assembly
inspection.
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Form P-2A 2001 SECTION 1

FORM P-2A MANUFACTURERS' DATA REPORT FOR ALL TYPES OF ELECTRIC BOILERS
As Required by the Provisions of the ASME Code Rules, Section |

PART | —— To Be Completed by lhe Manufacturer of the Boller Pressure Vessel
1. Manufaciured by ®
{Name and aadress of manufaciurer of boller pressure vassel)

2. Manufactured for

(Name and address of purchaser)
3. Location of Inslatlation

(Name and agdress)

4 Type ® Barler No. ® ®
(resistance element, electrode) (Mir's. Senial No.) (CAN)
voar Buli ®
{Drawing No.) {Na1i1 8rad. No.)

5. The chemical and physical properties of alt parts meet the requirements of Malerial Speclficatlons of the ASME BOILER AND PRESSURE VESSEL
CODE. The gesign, construclion, ang wofkenanship conform to Section 1 of Ihe ASME Boller and Pressure Vessel Code O] .
Addenda to , and Code Cases (year)

(date) {Numbers})
Manufaclurers Partlal Data Reports properly lgenlified and signed by Commissioned inspeciors are atiached for the following Hems of Lhis reportl:

(Name of par, item number, mir's name and identitying stamp)
. Shells of drums., @

G
{no} (maly spec. gr.)  [IRickness (in)) {oa {1D}] {lengin, insice) [dia (1D}] {iength, inside)
7. Joints
{long (seamless, weided)j [eticiency (as compared o seamless)) lgirth {seamless, welded}| {no. of shell courses)
8 Heads
{Mal'l 3pec. No - thickness — [ial, dished, ellipsoigal — radius Of dish)
9. Other Paris 1 i3 2. 3
(Briet description — i.e. doma, bolel piping, etc )
‘. @ @
2
3.
{Mal't, Spe¢, Gr, size, matenal thickness, MAWP)
10. Openings. (a) Sleam (L] (b} Safety Valve
(No, size, and lype) (No., size, anag type)
(¢) Biowolt {d) Feed
{No., size, and type) {No, size, lype and location)
(e) Manholes, No Size Location
{f} Handhoies: No Size Location
(g) Elements/Etecirodes No Size Localion
11, Boder Supports: No. Type
{saddles, legs, Iugs)
Aftachment
(bolted or welded)
12. MAWP @ psl  Based on @
(Code para, and/or formula)
13 Shop Hydrostatic Test @ psig 14 Mawmum Designed Steaming Capatity b/hr
15 Remarks

€ CERTIFICATE OF COMPLIANCE OF BOILER PRESSURE VESSEL
We cerlify the slatemants in Part 1 of this Dala Report 1o be Carrect,

QOur Certdicate cf Aulhonzalion No @ lo use the (S) or (M) 2
Symbol explres @
Dale Signed Name
(Authonzed Representallve) (mir. of boiler prassure vessel)

Trus lorm (EQO120) may be oblalned from the ASME Order Dept, 22 Law Drive, Box 2300, Fairfleld, NJ 07007-2300.




APPENEHN Form P-24

€ CERTIFICATE OF SHOP INSPECTION OF BOILER PRESSURE VESSEL 1
BOILER PAESSURE VESSEL MADE BY al
|, the undersigned, holding a valid commisslon Issued by the National Board of Boller and Pressure Vessel Inspeciors ang/or the Stals or Province
of and employed by

have Inspected pars of this Doller pressure vessel relerred 1o as dala ltems @
and have examined Manufaclurer's Partral Dala Reports for Ilems iz

and state that, to the best of my knowlegge and bele!l, lhe manutacturer has constructed this boller pressure vessel In accordance wilh the applicanle
sections of the ASME BOILER AND PRESSURE VESSEL CODE .
By signing this certificate neither the Inspeclor nor his employer makes any warranty, expressod or implied, concerning 1ho boiler pressure vessel
described In this Manufacturer's Data Report, Furthermaore. neither the Inspector nor is employer shalt e hable in any manner 10r any personal Injury
or property damage or 8 loss of any kind artsing from or connected with this Inspeclion

Date
Commissions @
(Authonzed Inspector) [Nat'l Board {incl endorsements), Slate. Province. and No }
Part i—Te Be Completed by the Manufacturer Responsible for tne Completed Botler
16
Piping [ valves ) ]
Bolted, Threaded, P
Hem Size Sch T Spec. or Welded Size Type Rating No
(a} Sleam Pipe
{b) Feed \Wwater Stop
Fead Waler Check

{c) Blowoft i
17 Salely Valves(s) No Size Set Press Tolal Capaciy 1b/hr
16 neanng Elements Instalied, Quantity ' kW Total
19 Electrogdes Quantily kW Total
20 Hydrostatic Test of Compleled Boer psig

€ CERTIFICATE OF COMPLIANCE OF COMPLETED BOILER ﬁ‘
we certify (hal this commpleted boller conforms wilh the requiremenls of SECTION t of the ASME BOILER AND PRESSURE VESSEL COOE
Our Certificale of Authonzafion No &) 1o use the (S). (M). or (E) @
Symbol explres
Date Signed By
{Authorized Representalive) (Assembler)

CERTIFICATE OF SHOP INSPECTION OF COMPLETED BOILER

BOILER MADE BY al

|, the undersigned, holging a valld commisston issued by the Natonal Board of Boder and Pressure Vessel Inspectors and/or the Stale or Province

of & and empioyed by
of and have inspecied the completed
boiter and have examined Manufacturer's Partia! Data Reporis for @

and state thal, to the best of my knowledge and belief, 1he Manufacturer has censtructed this boller in accordance with the applicable seclions of the
ASME BOWER AND PRESSURE VESSEL CODE

By slgning this certificale neither the inspeclor hor his employer Makes any warranty, expressed or implied, concesming 1he Doller descrnibed 1n This
Manutaciurer's Data Reporl. Funthermore, nelther the Inspecltor nor hus emptoyer shall be Hable in any manner for any personal injury or propery
damage of 8 10ss of any King ansing trom or cennecled with s inspeclion

Dale

Commssions @
[Nari Board fingl endorsements), State, Province, and NO |

(Authorized Inspeclor)




A-351.1

2001 SECTION |

A-351.1 GUIDE FOR COMPLETING MANUFACTURERS' DATA REPORT, FORM P-2A (See PG-112.2.1.1)

©]

® e ©0

®

®6 60e0c¢e

®0 6006 e

®e006 606

®

Name and address of Manufacturer, i.e., maker of all components not covered by Partial Data Reports. When the boiler
pressure vessel is constructed by a "U” symbol holder and certified on a U-1 or U-1A Data Report, indicate on line 1

“Boiler pressure vassel constructed to Section VIiI, Division 1, as permitted by Part PEB,” and attach the U-1 or U-1A
Data Report.

Name and address of purchaser and/or owner (to be completed by the Manufacturer of the completed boiler}.

Name and address of location where boiler is to be installed. If not known, so indicate {e.g., “Not known—built for
stock”) {to be completed by the Manufacturer of the completed boiler).

Show type of electric boiller documented by this Data Report.

Identification of baoiler by applicable numbers. If intended for installauon in Canada, indicate the Canadian Design
Registration Number and drawing number.

The Manufacturer of the boiler pressure vessel shall apply the ASME Code symbol stamp and the National Board
Nurmber when required. It 15 his responsibility to complete Part | of the Data Report, and forward 1t with the vessel to
the company who will apply the trim ("E" symbol holder). The Manufacturer responsible for the trim and completed
boiter shall camplete Part || of the Data Report and if the boiler 1s to be stamped “National Board,” forward the oniginal
Data Report to the Natianal Board for registration,

Year in which fabrication was completed in shop.

Date (year) of Section | Edition under which boiter was constructed.

Issue date of most recent Addenda to Section | under which boiler was constructed {e.g., *1980").

To be completed when one or more components comprnsing the boiler pressure vessel and furnished by others and
certified by Partial Data Report(s), Form P-4.

Show quantity and inside dimensions in inches If more than two shells or drums are used, enter data in Line 9.

Show the complete ASME Material Specification No. and Grade as hsted in the appropniate stress allowance table in
the Appendix of Sectien i {e.g., “SA-285-B"). Exception: A specification number {or a material not identical to an ASME
Specification may be shown only if such material meets the ¢riteria in the Foreword of this Section. When material is
accepted through a Code Case, the applicable Case number shall be shown.

Indicate type of joint{s).

Show joint efficiency for welded joints.

Same as (2) above.

List pans not covered elsewhere on the data report. If insufficient space, attach a supplementary sheet (Form P-6},

Tabulate data for parts listed on Line 9.

Same as (i) above.

Show data for main and auxiliary steam outlets only, Does not apply to small openings for water column, controls,
vents, etc.

Maximum allowable working pressure established in accordance with PG-21 or Section .

Show Section | paragraph which applies to the weakest part of the boiler pressure vessel as established by calculation
or deformation test.

Deleted.
Hydrostatic pressure applied in accordance with PG-99 and witnessed by the Authorized inspector.
To be completed and signed by an authorized representative of the Manufacturer,

Show Manufacturer’'s ASME Certificate of Authorization number, kind of symbal, and date of expiration of said authori-
zation.

This certificate to be completed by the Authorized Inspection Agency representative who performs the in-shop inspection.

~
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APPENDIN A3

To determine what goes in the space, you should be guided by the following
National Board Stamped Boilers and Pressure Vessels {see Form P-2A Line 4)
After “and/or State or Province” in the certification blocks—

If the Inspector has a valid commission for the state or province where the Manufaciurer's shop 1s located, insert
the name of the state or province. If the Manufacturer is located in a non-Codea state or province, insert the name of
the state or province where the Inspector took his original examunation to obtain his National B8oard Commission,
provided he still has a valid commission for that state or province, Otherwise, iIf no valid commission, show the name
of the state or province where he has a valid commission authorizing him to make the shop inspection.

Boilers and Pressure Vessels Not Starmped National Board

Follow the above procedure. However, in this case do not list any Nationa! Board Commission number after the
Inspector’s signature at the bottom of the block.

tndicate 1n this space the data items covered on Form P-2 on Lines 6 through 14

Indicate by Line numbers those itermns furnished by others and for which Partial Data Reports (Form P-4} have been
examined

The Inspector’s National Board commission number must be shown when the boiler 1s stamped “Naticnal Board”;
otherwise show only his state or province commission number (See &) above }

When piping 15 supplied with the bailer for steam, blowoff, and feedwater, complete this saction. When welded piping
15 supplied by another stamp holder, leave blank, and provide separate Form P-4A,

Complete this section when valves are furnished with the boiler.

To be completed and signed by an authonized representative of the organization responsible for assembly of the boiler

Show ASME Certificate of Authorization number, kind of symbol, and date of said authorization When the boiler pressure
vessel s constructed by a “U" symbol holder and certified on a U-1 or U-1A Data Report, the "C7 symboi hoider shalf
complete lines 1 through 4 of Part 1

This certificate to be completed by the Authornized Inspection Agency representative who performs the in-shop inspection
Leave biank where final shop inspection 1s not required as permitied by PEB-18.1

Indicate 1n this space if the welded piping is furished by others and 1s covered on Form P-4A.
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Form P-3

2001 SECTION |

FORM P-3 MANUFACTURERS' DATA REPORT FOR WATERTUBE BOILERS, SUPERHEATERS,
WATERWALLS, AND ECONOMIZERS

As Required by the Provisions of the ASME Code Rules, Section |

MASTER DATA REPORT YES [

{Check one)

NO

O

1. Manufactured by

©

2. Manufactured for

{Nam# and addiess of manuiacturer

3. Location of Insallation

{Name and eddress of purchaser)

4 Unh Identification

{Name and adgjess)
® 10 Nos ® s ® ®
{Compiete boiier, supemaater, {Mirs Sena! No.) [CRN) {Drawang No } [Nat'l, Hoard No ) (Voar Buil]

waterwall, sconomizer, eic.)

congiruction, and wormanshlp eontorm 1o Section | of the ASME Baider and Pressurs Yessel Code

Addenda 10

The chemical and physical properties of all parts meet the requitements of matenal speciications of the ASME BOILER AND PRESSURE VESSEL CODE The design,

, and Cods Cases

{Data)

[Toar)

{Numbers)

Supporhing Manufactures's Data Repons propery identfied and signed by Commussioned Inspectors ate attached for the following ems of this report

{Name of part, tem number, mirs name, and identitying siamp)

n
ais) Drums

Tube Hole Ligament
Shell Plales TJubeshneets Eticrancy, %
Inside
Oiamaiar, Inside Lenglih Mal'l. Spec No, Thichness, Inside Radius, Thicaness Inswxde Radius, Longitu- Cirgum-
Ne In, ft in Grade n n in n dinal {eranilal
! @ O e
2
a
Longitudinal Circum,
Jolnts Jeints Hsads
Hydro-
No. & Ef- No. & EH- Marl'l. Spec No, Radius Manhoies stafic
No. typa* Clengy type clency Grace Thickness, in Type** of Dish No. Sue Test, psl
! © Q @ @ -
2
k]

“indicate H (1) Seamless; {2} Fusion welded

6{b} Bailer Tubss

Diamoter Thickneas

Mali Spec No, Grade

@ ®

@

8{#) Mud Drum @ @ @ @

o

@

**Ind.cate f (1) Flat, () Drshed, (3] Elipsordal, (4) Hemisphencal,

8ic) Headers No. @ @ O or E]
[Box of sinuous o7 tound, Mat'l spec. no., Thickness)
Heads or Ends ® @ @ Hy@ro Test, psi ©
(Shape, Mat'l
spec no: Thicknaess)
d
6{d) Staybolts @

(Mat'l, spec no., Dhamster, Size telltala; Net area)

Pitch in Net Area in2 MAWP pal
{Hor and Vert) {Supponed
by one balt
Heads or Ends @ @ @ Hydro Test, psi @

{For sect. header boilasy. Stals Size, Snape,

7{al Waterwall Headers

Mal'l, spec. no.; Thickness)

{Shape, Mal'l. spec no ; Thickness)

Heads or Ends

7 (b} Walerwall Tubes

Matenal Thickness, Thicknesa, Matarnal Hydto, Duamator, Thickness, Meaienal
No. Size and Shape Spec. No. n. Shage in. Spec No Test, pst " n Spec. No
© @ &) O @ @ @ @ @) & & @

B{a) Economizer Hoaders

&) Econormizet Tubes

This form (ECO068) may be obtained from the ASME Order Dept., 22 Law Dnve, Box 2300, Falrfieln, NJ 07007.2300
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APPENDIX Form P-3

Form P-3 {Back)

9(a} Supereater Hoaders Heacs or Enda 9{b} Superheatal Tubes
Materlal Thickness, Thnlckness, Matenat Hydro. Diamaetar, Thickness, Maderial
No. Size and Shaca Spac. No. in, Shape n, - Spec. No Test, psl. in 0, Spec, No.
(] (B G0 1Ty @] @ 3 @ @ @ ]
10(a) Cthar Paris {1) @ (2) 3 10() Tubes for Ciher Pana
1
2
3
11 Openings {1) Sieam @ @ @ {2} Safery valve @
{No., 8ize, anad type of nozzies o outiels) {No., iz, and type of nozzles Of ouiiels]
{3) Biowotf €3 {4) Feed
~[No., size, and type of nozzles of cuitats) (No-, size, lype, and location of connaclions)
'
Code Pas, ard for Heating
Maximum Allowable Formula on Which Shop Hydro Sudace, 13 Field Hydro,
12 Working Prassure MAWP 15 Based Tesl, psi sq ft Heating suriace 1o Test, psl
be stamped on
a Boiter : /1 anum heads
b Waterwaii This haalng surface
5 not 1¢ be used for
c Economuzer . .
daterruning mini-
d Superheater /2 mum safely vale
° Ciher Parts capacry.

14 Maximum Designed Steaming Capacity
15 Remarks

to/hr

@ CERTIFICATE OF SHOP COMPLIANCE

We cerllly lhat the statements made In this data report are carrec! and that all details of design, malenal, construchion, and workmanshlp of this baller
canioerm 1o Section | of the ASME BOILER AND PRESSURE VESSEL CODE,
Qur Cenincate of Authorization No @ 16 use 1he (S) Z] Symbol expires @
Dale Signed Name
(Autherized Represeniative) {Manufaciurer)

€9 CERTIFICATE OF SHOP INSPECTION
BCILER MADE BY

at .
|, the undersigned, holding a valld commission Issued by the Nalional Board of Borter and Pressure Vessel Inspectors and/or the stale or province of
@ ana employed by
have Iinspecled parts ol thus bolier referred lo as data ltems

and have examined Supporting Manufacturer's Data Reports for items

@ and state thal. o the best of my knowled ge &nd belief, the Manulaclurer has
conslructed this boiler In accordance wiih Section | of the ASME BOILER AND PRESSURE VESSEL CODE
By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the botler descrided (n this
Manufacturers Data Report Furhermore, neiher the Inspeclor nor his employer shali be able in any manner for any personal Injury or property damage
or a loss of any kind arising from or connecteg with this inspeclion

Date Signed Commissions 3
(Authonzed tnspecior) [Nat'l. Board {tn¢l endorserments), State, Province, and No.)

€) CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

we cerllfy that the field assembly of all parts of this boler conforms with he requirements of SECTION | of the ASME BOILER AND PRESSURE VESSEL
CODE.

Our Cerlificate ¢f Authorization No & to use the (A} or (5) 8D Symbol expires @
Date Signed

Name
(Authorized Aepreseniative} {Assembler})




Form P-3 2001 SECTION 1

Form P-3 (Back Cont'd) ' (

& CERTIFICATE OF FIELD ASSEMBLY INSPECTION

|, the undersigned, holding & valid commission issued by the Natlonal Board of Boller and Pressure vessél Inspectors and/or the state of province of
and empioyed Dy

have compared slatemeants in 1his Manufacturer's Data Repor with the described boiler and state that the parts referred Lo as dala tens
. nol included In 1he Cenlificate of Shop Inspection, hava been Inspecled by me and thal 10 the best of my knowiedge
and bellol ihe Manufacturer andg/or Ihe assembler has consifucled &nd assombled this boller in accordance with the applicable sections of the ASME b
BOILER AND PRESSURE YESSEL CODE. The g¢scribed boier was Inspacted and subjecied o 4 hydrostallc test of psk.
By signing this certificata nefther the Inspector nor his employer makes any warranty, expressed of implied, conceming the bolier described in this
Manutaciurer's Daia Report. Furthemnore, nelther the Inspecier nor his employer shali be llable In any manner {or any personal Injury or pfépeﬂy damage
or a loss of any Kind arising from or connected wilh this Inspeciion, (

Date Signed Commissions, @
{Authorized Inapector [Nat'l. Board (ircl endorsements), Stale, Provinca, and Na )

Lo




APPLENDIX A-352

A-352 GUIDE FOR COMPLETING MANUFACTURERS' DATA REPORT, FORM P-3 (See PG-112.2.2)

G OO0

@Eee ©

®

@REE Bt .0GEE

®0 @606

Name and address of Manufacturer, | e., maker of alt components not covered by Supporiing Data Reports
MName and address of purchaser and/or owner

Name and address of location where boiler is to be installed. If not known, so indicate (e.g., "Not known—built for
stock”)

MName the unit documented by this Data Report Note that this report may cover a complete boil2r unit or separate

component items {e.g , superheaters and economizers) fabricaied by a manufacturer other than ihe Manufacturer of
the boiler unit.

Identification of hoiler by applicable numbers, If intended for installation in Canada, indicate the Canadian Design
Registration Number and drawing number.

Year in which fabricaiion was completed in shop.
Date {year) of Section | Edition under which boiler was construcied
issue date of Addenda to Section | under which boiler was constructed (e g , “1990")

To be completed when one or more components comprising the boiier are furnished by others, anc supported by Data
Reports such as Forms P-3, P-4, and P-da, as appropriate

Show the complete ASME Material Specification No. and Grade as fisted in the appropnate stress allowance table in
the Appendix of Section | {e.g., "SA-285-B”). Exception: A specificauon number for a matenal not rnenucal tc an ASME
Specificauon may be shown onfyif such material meets the criteria in the Foreword of this Sectron When matenal is
accepted through a Code Case, the applicable Case number shall be shown.

Nominat thickness of the plate.

Minimum thickness after forming.

Radius on concave side of dish

Shop hydrostalic test, il any, applied to tndiviaual part prior to test apghed 1o the assembled boiter {s2e Lines 12 and 13).
Qutside diameter

Minimum thickness of tubes.

This space for headers nat covered on Lines 7(a) through 10{a} 1t 15 intended primanly for sectional headers on straight
tube watertube boilers.

Indicate shape as flat, dished, ellipsotdal, or hemisphercal.
Use inside dimensions for size. .
Indicate shape as square, round, etc.

Show data for main, auxifiary steam cutlets, and feadline connections only. Does not apply to small openings for water

columns, controls, vents, drains, instrumentation, or 10 openings for connections internal to the boiler such as risers,
downtakes, or downcomers.

Size is nominal pipe size.
Describe type as flanged, welding neck, etc.
To be completed and signed by an authorized representative of the Manufacturer.

Show Manufacturer's ASME Certificate of Authonzation number, kind of symbeol, anu date of expiration of said authori-
zation.

This certificate to be completed by the Authorized Inspection Agency representative who performs the in-shop inspection.
To determine what goes in the space, vou should be guided by the foliowing'

National Board Stamped Boilers and Pressure Vessels (see Form P-3 Line 4}

After “and/or State or Province” in the certification blocks—

If the Inspector has a valid commission for the state or province where the Manufacturer's shop 1s located, insert the
name of that state or province. If the Manufacturer 15 located 1n a non-Code state or province, insert the name of the
state or province where the Inspector took his original examination 10 obtain his National Board Commission, provided
he siill has a valid commission for that state or province. Otherwise, if no valid commission, show the name of the
state or province where he has a valid commission authorizing him to make the shop inspection

Boilers and Pressure Vessels Not Stamped National Board

Follow the above procedure. However, in this case do not hist any National Board Commission number after the
Inspector’s signature at the bottom of the btock,
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2001 SECTION 1

Indicate the Data ltems covered on Form P-3 on Lines 6 through 14, E {
indicate by Line numbers those items furmshed by others for which Supperting Data Reports have been examined.

- Thelnspector's National Board cornmission number must be shown when the hoileris stamped Nanonal Board; otherwise
' show only his state or province commission number. (See &) above.)

To be completed, when applicabte, and signed by an authorized representative of the orgamzatlon responsible for field
assembly of the boiler. .

Show ASME Certificate of Authorization number, kind of symbol, and date of expiration of said authorization.

This certificate to be completed by the Authorized Inspection Agency representative who performs the field assembly o
inspection.

Indicate those items on Line 6 through 14 of Form P-3 inspected in the field that were not inspected in the shop.

9® @® © ©®OO6

List parts not covered elsewhere on the Data Report. If insufficient space, attach a supplementary sheet (Form P-6}.

—
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FACULTAD DE INGENIERIA UNAM
DIVISION DE EDUCACION CONTINUA

"Tres décadas de orgullosa excelencia™ 1971 - 2001

DIPLOMADO EN INGENIERIA DE
CALDERAS Y RECIPIENTES A
PRESION

MODULO IV : MATERIALES, SOLDADURA Y
CALDERAS DE POTENCIA

TEMA:

CUDADO DE CALDERAS E INSTALCIONES TIPICAS

EXPOSITOR: ING. ASCENCION CASTANEDA CANO
SEDE: PALACIO DE MINER{A
MAYOD 2003

Palacio de Mineria, Calle de TacubaNo. 5, Primer piso, Delegacion Cuauhtémoc, CP 06000, Col. Cenfro, México D.F,
APDOQ Postal M-2285 @ Tels: 5521.4021 al 24, 5623.2910 y 5623.2971 @ Fax: 5510.0573



DIPLOMADO EN INGENIERIA DE CALDERAS
Y RECIPIENTES SUJETOS A PRESION

MODULO -
MATERIALES, SOLDADURA Y CALDERAS DE
POTENCIA

TEMA 2: CUIDADO DE CALDERAS.

Contenido: -

a) Procedimiento para la puesta en marcha de calderas.
b) Precauciones durante el proceso de arranque.

c) Indicadores importantes en la operacion de calderas.
d) Recomendaciones para el cuidado de las caideras.

Antes de iniciar el desarrolio del tema, les quiero mostrar a travées de
diapositivas, lo que le sucede a las calderas al no tener cuidado en su
operacion y/o mantenimiento.

Vamos a dar inicio a nuestro tema, considerando que tenemos
instalada una caldera nueva tipo tubos de fuego y que ya fue probada
en fabrica. Ademas que tiene su equipo auxiiiar completo y que
durante su montaje e instalacién, se cumplié con los siguientes
requisitos:

Requisitos legales. Actualmente se tiene la norma oficial mexicana
NOM-122-STPS-1996. Relativa a las condiciones de seguridad e
higiene para el funcionamiento de los recipientes sujetos a presion y -
generadores de vapor ¢ calderas que operen en los centros de
" trabajo. -

Puntos a considerar:

1.- Tener por escrito un manual de seguridad e higiene para la
operaciéon y mantenimiento de la caldera, sus accesorios Yy
dispositivos.

2.- La caldera debe ser instalada en lugares en donde los riesgos
sean minimos.



3.- La caldera se encuentre en piso firme y nivelado capaz de soportar
el peso muerto de ta misma.

4.- E! equipo debe de estar libre de impactos, con suficiente
ventilaciébn. Para una ventilacibn adecuada, el cuarto de calderas
debera estar provisto de areas de escape de aire caliente en la parte
superior del cuarto de calderas, y de areas para ia admision de aire
fresco, necesario para ventilacion del mismo y para la combustién.

5.- Debe contar con iluminacion general y complementaria:

En caldera 60 Luxes como minimo.

En quemador 100 Luxes como minimo.

En cabezal de vapor 60 Luxes como minimo.

Area de mandmetros 100 Luxes como minimo.

6.- Espacio minimo de 1.5 m entre el techo y la parte mas aita de la
caldera.

7 .- Espacio minimo de 1.0 m alrededor de la caldera.

Requisitos técnicos del equipo.

1.- Tener espacio suficiente ya sea por la parte deiantera o trasera,
para pader cambiar los tubos flux.

2.- Es necesario que el cuarto de calderas cuente con un sistema de
drenaje, con registros en: centro de la caldera, en la zona del equipo
suavizador y en las trincheras en caso de que existan.

3.- Para la descarga de las purgas, se recomienda un tanque
separador centrifugo o una fosa de purgas.

4.- Dentro del tablero de la caldera tener una copia del diagrama
eléctrico de la misma.

REVISION DE LA INSTALACION
La Instalacion comprende:
1.- Sistema de alimentacion de agua.

1.1.- Tomade aguaaunapresibnde2a3 Kg/cm? ( ver manémetro )
1.2.- Equipo suavizador de agua ( simple o doble )

1.3.- Tanque de condensados con sus accesorios y altura adecuada,
para producir asi una carga positiva en la succién de la bomba y evitar -
la evaporacion del agua al funcionar esta. Se sugieren las siguientes-
alturas del tanque de condensados con respecto a la linea de centros
de ia bomba, cuando la temperatura del agua exceda a 82°C (180°F).



Temperatura en °C Altura en m.

82 ag93 1.80 o mas
93396 2.40 o mas
86 a 100 3.90 o mas

1.4.- Bomba de alimentacion de agua. La conexion entre el tanque de
condensados y la bomba, debera ser de por o menos el mismo
diametro de succion de la bomba, teniendo un fiitro io mas cercano a
ésta y una valvula tipo compuerta.

1.5.- Tuberia de alimentacion de agua desde la bomba hasta la toma
de la caldera conservando el mismo diametro de descarga de la
bomba; Ademas debe contar con una valvula tipo glocbho lo mas
cercano a la caldera y junto a ésta una o dos valvulas de retencion.

2.- Sistema de alimentacion de combustible.
2.1.- Utilizando combustéleo.

21.1.- Tanque(s) de almacenamiento general. Su instalacion se
rige por la norma oficial mexicana NOM-005-STPS-1993

2.1.2.- Bomba de trasiego. Tuberia aislada con la tuberia que .

conduce el vapor para el precalentador del tanque de combustodieo.
213.- Tanque de dia.

. 2.14- Bomba. de alimentacion de combustible al quemador de la .

caldera, incluye filtro en la succién y vaivulas de control manual.

215~ Precalentador de vapor y eléctrico ( pueden estar .

separados o en una sola pieza ), con accesorios y controles para el
control automatico del vapor y de la temperatura 1a cual se eleva a
93°C, esta temperatura puede variar dependiendo del tipo de

quemador.

2.1.6.- Linea de atomizacion, dependiendo del fabricante de la
caidera, esta puede ser con aire 0 vapor.

21.7- Se utiliza piloto de gas L.P. o natural.

2.2.- Utilizando gas natural. ( Las instalaciones de gas
natural se rigen por la norma oficial mexicana NOM-SECRE-002-
1997 ). _

22.1.- En la caseta que esta dentro de ias instalaciones de la

empresa se regula el gasto y la presion requerida; Se conduce hasta el
cuarto de calderas.



2.2.2.- Dentro del cuarto de calderas, se tiene: Una valvula de
corte manual, un manémetro de rango adecuado y un regulador que
nos baja la presion del gas a la requerida por el quemador.

2.2.3.- Después del regulador esta el tren principal de gas y ei
quemador.

22.4.- Se utiliza piloto de gas natural.

2.3.- Utilizando gas L.P. ( Las instalaciones de gas L.P. se

rigen por el proyecto de norma oficial mexicana NOM-004-SEDG-
1998, D.O. del 20 de enero de 1999.

2.31.- Tanque(s) de almacenamiento.

2.3.2.- Vaporizador(es) con su tanque trampa. (Si son necesarios)
2.3.3.- - Banco de regulacion. Se baja la presion del gas L.P.
normalmente a 1.5 Kg/cm®.

2.34.- Se conduce el gas L.P. a la presion mencionada hasta
dentro del cuarto de calderas.

2.35.- Dentro del cuarto de calderas se tiene un segundo

regulador llamado de 2a. Etapa que baja la presidén del gas L.P. a la
requerida por el qguemador de la caldera.

2.3.6.- Antes del regulador mencionado, se encuentra instalada
una vaivula de corte manual, un filtro y un mandémetro de rango
adecuado. :

2.3.7.- Después dei regulador de 2a. Etapa, se encuentra el tren
principal de gas L.P. y el quemador de la caldera.

2.3.8.- Se utiliza piloto de gas L.P.

2.4.- Utilizando diesel o gaséieo.

2.4.1.- Tanque(s) de almacenamiento general. Su instalacién se
rige por la norma oficial mexicana NOM-005-STPS-1993. '
242.- Bomba de alimentacién de combustible al quemador. Entre

la bomba y el tanque va instalada una valvula de corte manual y un
filtro; A la descarga de la bomba va un manémetro de rango adecuado

y dependiendo del tamafio y tipo de quemador va una vaivula de alwlo '

con linea de retorno de combustible.

2.4.3.- Dependiendo del fabricante y del tamario del quemador Se
puede atomizar mecanicamente, con aire o vapor.
244 .- Dependiendo del tamario del quemador puede llevar piloto

de gas L.P. o de diesel.

Uy



3.- Sistema de salida de gases.

3.1.- Termometro de 100 a 500°C con caratula del diametro
adecuado.

3.2.- Chimenea del mismo diametro al de la caldera y altura
adecuada.

3.3.- Puertos de muestreo de acuerdo al instructivo CCAT-FF-001 de
la SEDESOL.

3.4.- Piataforma ( si es necesario ).

4.- Sistema de purgas.

4.1.- La(s) purga(s) de fondo deben contar con una valvula de cierre
lento tipo “ Y “, y una valvula de cierre rapido seleccionadas a la
presion adecuada. Instaladas en el orden descrito a partir de la salida
de la caldera.

42.- En la purga de la columna de nivel, va una valvula tipo globo
seleccionada a |a presion adecuada.

4.3.- Las descargas de la purga del cristal de nivel y la purga del tren
de controles, se pueden unir y conectarse en la tuberia de descarga de
la columna de nivel.

44- La descarga de la purga de la columna de nivel, se puede unir a ..

la descarga de la(s) purga(s) de fondo. -
4 5.- La descarga de la(s) purga(s) de fondo, va a una fosa o a un
tanque separador centrifugo.

5.- Sistema de energia eléctrica.

5.1.- Para el comecto funcionamiento del equipo eléctrico, es
conveniente que el voltaje se mantenga lo mas constante posible. Esto
es de vital importancia para el circuito de ‘control, el cual no admite
variaciones en + 0 - 10% de los 110 volts nominales.

5.2.- Para el comrecto funcionamiento y proteccion del control
programador, se utiliza un transformador tipo seco de %2 KVA de 220 o
440V a 110 V.

5.3.- Todos los motores deben estar proteg|dos con arrancadores
magneticos. :



6.- Sistema de vapor

6.1.- Inmediatamente después de la salida de vapor de la caldera, va
una vaivula tipo globo seleccionada para la presidn adecuada. Toda
tuberia de vapor debera estar debidamente aisiada y dependiendo de
su longitud tendra juntas de expansion.

6.2.- En sistemas intercomunicados de vapor con igual presion de
trabajo, se deben instalar valvulas de retencion a la salida de cada
caldera y cuando haya diferentes presiones instalarlas en las calderas
de baja presion.

6.3.- Si se utiliza cabezal de vapor, debera de contar con: Valvula de
seguridad, mandmetro de rango adecuado, trampa de vapor con
descarga al tanque de condensados. Ademas estara aislado.

6.4.- La descarga de la(s) valvula(s) de seguridad seran
independientes y deben soportarse en una forma tal que evite
cualquier esfuerzo sobre la(s) valvula(s).

Antes de iniciar el proceso de arranque se recomienda, destapar ia
caldera por ambos lados y realizar una prueba hidrostatica a la presién
de diseno, ademas revisar los refractarios para verificar que no
sufrieron ningun dario durante el transporte y montaje de la misma.

A continuacién, veremos como se realiza una prueba hidrostatica de -
acuerdo a la seccion No. | del codigo ASME.

PROCEDIMIENTO PARA LA PUESTA EN
MARCHA DE CALDERAS Y PRECAUCIONES
DURANTE EL PROCESO DE ARRANQUE

1) Realizar una inspeccién ocular a todo el exterior de la caidera, para
verificar que no haya sufrido algun dano en su cuerpo o en ailguno
de sus controles y accesorios, durante el transporte y montaje.

_ 2) Revisar que haya energia eléctrica en el tablero de control de la -
caldera y en el arrancador de la bomba de agua (voltaje adecuado).

3) Revisar que el acoplamiento entre el motor y la bomba de agua se.
encuentre debidamente alineado.

4) Revisar el sentido de la rotacion del ventilador, bomba de agua y en
su caso de la bomba de combustibie que sea el adecuado.



5) Revisar que el tanque de condensados tenga agua y que este al
nivel adecuado.

6) Revisar que todas las vaivulas de alimentacion de agua estén
abiertas, retirar el manometro en la descarga de la bomba para
verificar que circula el agua y eliminar el aire que habia en la tuberia
tanto de succibn como de descarga. Cuando salga agua sin
burbujas colocar de nuevo el mandémetro.

7) Revisar que la presion de agua a la entrada del equipo suavizador
sea la adecuada ( 2 a 3 Kg/cm? ).

8) Abrir ia valvula de venteo de la caldera.

9) Revisar que las valvulas de purga de fondo, purga de columna de
nivel, purga del cristal de nivel, purga del tren de controles, salida
principal de vapor y purga de superficie ( si cuenta con ella ), estén
cerradas.

10) Retirar la tapa del control principal de nivel, revisar que no este
obstruido el flotador y que las capsulas de mercurio estén en buen
estado y en su lugar.

11) Verificar que los grifos de prueba del control principal de nivel -

estén cerrados.
12) Verificar que las valvulas del cristal de nivel estén abiertas.

13) Revisar que el control de presion limite y el control de presion
modulante estén ajustados a la presion que va trabajar la caldera,
asi como su diferencial.

14) Revisar en la placa de la(s) valvula(s) de seguridad la presion a la
cual esta calibrada. Esta debe ser mayor a la presién de trabajo
pero np mas que la presién de disefio. '

15) Revisar el electrodo de ignicion que no se haya dafado durante el
transporte y montaje de la caldera.

16) Verificar que el voitaje que esta recibiendo el fnotor modutrol sea el
adecuado (24 V).



17) Arrancar la bomba de alimentacion de agua colocando el selector
de tres posiciones, en automatico, verficando el amperaje del
motor.

18) Verificar que la bomba esta inyectando agua dentro de la caldera,
sintiendo el paso en la tuberia de descarga de la misma. También
se puede verificar tocando la descarga de la valvula de venteo o
escuchar el ruido que produce el aire al salir de la caidera.

19) Revisar la tuberia y conexiones del agua de alimentacion para
corregir posibles fugas.

20) Observar en la mirilla de cristal, el nivel del agua dentro de la
caldera y marcar ei nivel cuando se pare la bomba
automaticamente. Este nivel normalmente es de 63 mm medido a
partir de su base. -

21) Purgar la caldera por el fondo, marcar en la mirilla de cristal, el
nivel donde arranca la bomba automaticamente. Aproximadamente
es de 44 mm medido a partir de su base.

22) Colocar el selector de la bomba de agua en la posicidon de
apagado y seguir purgando la caidera por el fondo, marcar en la
mirilla de cristal, el nivel de corte del quemador ( actua una alarma
auditiva ). Aproximadamente es de 38mm medido a partir de su
base.

23) Verificar que el control de baja presion de aire para la combustion
este ajustado a ia presion requerida y que funcione correctamente.

24) De acuerdo al tipo de combustible, revisar que no estén
bloqueados los controles electricos de seguridad con que cuenta la
caldera.

A.- Utilizando gas natural o L.P.
- Control por baja presion de gas.
- Control por alta presién de gas.

B.- Utilizando combustdleo.
- Microswitch de arranque.



- Control por baja presién de aire para atomizacion.
- Control por baja presion de combustible.

- Control por baja temperatura de combustible.

- Control por alta temperatura de combustible.

C.- Utilizando diesel o gasodieo.

- Microswitch de arranque.

- Control por baja presién de aire para atomizacion.
- Control por baja presion de combustible.

25) Abrir todas las valvulas manuales de alimentacién de combustible
desde el tanque de almacenamiento hasta el quemador de |a
caldera.

26) Si se utiliza retorno de combustible, también abrir todas las
valvulas.

27) Abrir la valvula manual que alimenta el gas al piloto, verificar la
presion la cual debe ser de 5 a 10 pulgadas columna de agua. i

28) Cuando se utiliza combustdleo, en algunas calderas el arrangue en
frio se hace con diesel y se atomiza con aire; Ya que se tiene vapor
a3l Kglcmz, se abren todas las valvulas manuales que controlan el
paso de vapor a: tanque de almacenamiento general y tanque de
dia, al llegar a las temperaturas recomendadas { 30° C en el tanque ~
de almacenamiento general y 60° C en el tanque de dia ), se
arranca la bomba de trasiego para circular el combustdleo entre el
tanque general y el de dia.

Se apaga la caldera y se abren las valvulas del combustdleo que
hay entre el tanque de dia y el quemador, se cierran las vaivulas del
diesel.

Se arranca ia bomba de alimentacién de combustible para circular
el combustéleo entre el tanque de dia y el quemador, se abre la
valvula que controla el paso del vapor al precalentador y se
enciende el precalentadar eléctrico para elevar la temperatura del
*combustdleo a 93° C y pueda funcionar el quemador. Algunas
calderas atomizan con vapor en este momento se hace el cambio.

29) En las calderas que utilizan combustibles liquidos y que tienen
linea de retorno, se puede poner a funcionar la bomba de
combustible para revisar y ajustar las presiones requeridas por el
quemnador de la caldera.
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Presion de combustible liquido recomendada en operacion de alta
alimentacion, utilizando atomizacion con aire o vapor:

Presion de abastecimiento: 5.0 Kg/em?

Presion de entrada al quemador: 2.5 a 3.5 Kg/icm?

Presion de retorno: Aprox. 1.0 Kg/cm? de diferencia con respecto a
la presiéon de entrada.

Presién de atomizacién con aire:

Sin flujo de combustible la presion minima es de 0.5 Kg/cm?

Con combustible en fuego bajo sube a 0.80 Kg/cm?

Con combustible en fuego alto no debe sobrepasar los 2.0 Kg/icm?
Presion de atomizaciéon con vapor. Dentro del rango de 0.8 a 1.4
Kglem?®

La presion de combustible liquido utilizando atomizacion mecanica
es de 7 Kg/cm?. :

30) La presion de combustible en calderas que utilizan gas L.P. o
natural, es baja y depende del tamafo del quemador y del lugar
donde este instalado. Se mide en pulgadas columna de agua, en
onzas/ pulg® o en gr./em?

31) Todos los valores de presion y temperatura mencionados en los
puntos anteriores se dan como referencia para poder arrancar la
caldera. Los valores reales nos lo dar3 el anilisis de gases que se
hace a ia caldera en operacion para dejarla dentro de norma.

32) Hasta este punto se tiene la caldera lista para iniciar el proceso de
arranque.

33) Encender la caldera iniciando el ciclo del control de flama
modulante, el cual tiene la siguiente secuencia:

- Se energiza el motor del ventilador y el motor modutrol iniciando
un tiempo de prepurga que tiene una duracion de 70 segundos, en
este lapso 1a compuerta del aire pasa de fuego bajo a fuego alto y
viceversa. -
- A los 70 segundos se energiza el transformador de ignicién y la
valvula solenoide del piloto de gas, estableciéndose el encendido
del piloto. '

- La fotocelda registra la sefial de la flama del piloto. Periodo no
mayor a 10 segundos.
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- Se energiza ia valvula principal de combustible, encendiendo la
caldera.

- Después de un periodo de 15 segundos para verificar la presencia
de la flama principal, se apaga el piloto.

- A los 105 segundos se tiene el fin del ciclo de encendido, el
programador se para. Ei quemador modula hasta que la carga de
demanda es satisfecha, regresando a fuego bajo.

- Para el quemador. Hay un periodo de pospurga cortandose |a
corriente al motor del ventilador a los 120 segundos.

- El sistema queda listo para iniciar otro ciclo.

34) Ya que se tiene la caldera encendida se mantiene en fuego bajo y
se le da un calentamiento inicial lento de la siguiente manera:
Trabaje la caldera por 10 minutos y apagela por § minutos, repita lo
anterior tres veces mas. Después déjela trabajando en fuego bajo
hasta que llegue a una presion de vapor de 3.0 Kg/em?, Durante
este periodo se recomienda apretar nuevamente los registros pas-
mano, el registro pasa-hombre y las tapas de la caidera.
Posteriormente se puede pasar a automatico, verificando que se
apague la caldera a la presién a la cual esta ajustado el control de
presion limite.

35) Se recuerda que cuando empiece a salir vapor por la valvula de
venteo, esta se cierra.

36) Antes de que una caldera nueva sea puesta en servicio, debe
limpiarse cuidadosamente a fin de eliminar la grasa y otras materias
organicas, oxidos, escamas de laminacion, fundentes de soldadura
y cualquier otro matenal inherente a la fabricacidn y al montaje.

El objetivo a lograr durante la limpieza de una caldera nueva es
producir una superficie metalica limpia en todas las partes de la
misma que estan en contacto con el agua y el vapor durante la
operacion. .

Se recomienda que ésta limpieza quimica la realice la compaiiia
que esta a cargo del tratamiento del agua.

37) Después que se realizo e! lavado quimico, se arranca la caldera
hasta que pare por presion. Abra lentamente la valvula principal de
salida de vapor y verifique que la caldera encienda a la presion que
esta ajustado el diferencial del control de presién limite.
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38) Verifique que actuan las protecciones de seguridad de la caldera,
las cuales son:
-Paro por alta presion de vapor.- Esta prueba se realizé en el
punto No. 34
-Paro por bajo nivel de agua.- Estando la caldera en operacion,
apagar la bomba de agua y purgar la caldera por el fondo. Viendo la
miritla de cristal revisar que el quemador se apague en el nivel que
tenemos marcado por corte de bajo nivel.
- Paro por falla de flama.- Teniendo en operacion la caldera, retirar
la fotocelda del quemador y taparla, dependiendo del control de

flama y del tipo de deteccion, la caldera debe apagarse en un

tiempo corto ( seg. ).

39) Por ultimo, verificar o en su caso ajustar que la caldera este bien
carburada desde fuego bajo hasta fuego alto, tomando lecturas de
los gases con equipo autorizado por SEMARNAP. La norma oficial
mexicana que rige es la NOM-085-ECOL-1994 en su tabla No. 5

40j Caidera lista para su operacién normai.

INDICADORES IMPORTANTES EN LA
OPERACION DE CALDERAS

.- CONTROL DE NIVEL.

Se puede decir que éste es uno de los controles mas importantes de
las calderas, el tipo de control mas usual es el de capsulas de
mercurio liquido.

En la parte superior trae una cabeza donde van alojadas dos c3psulas
de mercurio, una es de dos hilos la cual controla la bomba que
alimenta el agua a la caldera; La otra capsula es de tres hilos, es la
que manda cortar el quemador y activa una alarma sonora al mismo
tiempo cuando ocurre un bajo nivel dentro de la caldera.

Como {a falla de éste control es la causa mas frecuente de siniestros
hoy en dia, algunos fabricantes de calderas, ademas del control
principal de nivel le instalan un segundo control del tipo de varillas; Y
hasta un tercer control: el tapdn fusible ( en si éste es un indicador ).
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La practica ha demostrado que estos intentos de doble proteccion no
son la solucion. Si no se purga correctamente la columna de nivel y al
lavarse interiormente la unidad, no se hace con esmero ni se
inspeccionan  cuidadosamente las condiciones reales de
funcionamiento de sus partes, por mas controles que se instalen va a
ocurrir 1a falla.

2.. MANOMETRO PRINCIPAL DE VAPOR.

La caldera debe tener un mandémetro graduado en Kg/cm?, Kpa o bar,
éste mandémetro se calibrara periodicamente, esta instalado en la zona
de vapor y forma parte de lo que se llama tren de controles. Cuidar que
la presién de trabajo se ubique dentro del tercio medio de la caratula y
gue esta sea del tamano adecuado al tamano de la caldera, para
poder leer desde el frente de la caldera la presidn del vapor sin ningun
problema.

Para especificar un manometro se requiere:

- Rango de la presidn

- Diametro de caratula

- Posicidn de ta conexion

- Diametro de la conexidn

- Tipo de fluido que va a manejar

3.- CONTROL DE FLAMA

En la actualidad, el tipo de control y de deteccion de flama se rige por
la norma oficial mexicana NOM-027-SEDG-1996.

Los fabricantes de calderas deben de cumplir con esta norma. Toda la
norma se resume a dos tablas: '

Tabla 1.- Clases de controles de seguridad de flama segun el ciclo de

trabajo.
Tabla 2.- Sistemas de deteccion de flama.

Esta norma tiene algunas fallas, como son:

Acepta calderas que trabajen solo con una flama hasta capacidades

de70c.c.
Acepta calderas que utilicen varilla detectora como medio de deteccidn

hasta capacidades de 473 c.c.

\$
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A continuacion se presenta una tabla de controles de flama de Ia
marca Honeywelt ( mas comun en calderas }, donde se indica dentro
de que clase entran de acuerdo a la norma y de acuerdo a la practica,
hasta que capacidad de caldera se recomiendan. '

NOM-127-SEIX;-1996

SISVEMA DE DELTECCION DE FLAMA

SISTEMA | TTPO COMBUSTIBLE CAPACIDAD MAXTMA MAR
Ms'hr (KealhryC.C)

Al FOTORESISTENCIA TE | THESEL 1675 (J00,000) (47.34) HON
SULFURQO DE CADMIO

BL TUBO  ELECTRONICO AL {IMESEL 8375 {27000.000) (236,70 {HON
VACIO (FOTODIODO)

BG VARILLA DETECTORA DE|GAS 16750 (4°000,000) (473.37) | HON
IONIZACION D FLAMA

CDN FOTORESISTENCIA DE | DIESEL/GAS/COMBUSTOLEO {16750 (4°000,000)(473.37) | HON
SULFUIRO DE PLOMQ SIN .
AUTOVERIFICACION
DINAMICA

DDN FOTGTUBO  SENSIBLE A |{DIESEL/GAS/COMBUSTOLEO | {67504°000,000) (473.37) |HON
RADIACION ULTRAVIOLETA
SIN AUTOVERITICACION
DINAMICA

chD FOTORESISTENCIA DE | DIESEL/GAS/COMBUSTOLEC | SIN LIMITE HON
SULFURO DE PLUMO CON
AUTOVERIFICACION
DINAMICA

DDD FOTOTUBO  SENSIBLE A DICSCL/GAS'COMBUSTOLLCO | SIN LIMITEC [ION
RADIACION TTL.TRAVIOUETA
CON AUTOVERIFICACION
DINAMICA

NOTA: A PARTIR DE INSTALACIONES CUIYA CAPACIDAD DE LIBERACION DE CALOR SOBRE
PASE LOS 157 (37,500 Keal/hr) {(4.44 C.C), INDEPENDIENTEMENTE DEL TIPO DE COMBUSTIBLE
QUE UTILICEN; SE DEBCRA DL UTILIZAR CONTROL DC SEGURIDAD CONTRA TALLA DE
FLLAMA CON DETECCION DE FLAMA POR MEDIOS E1.ECTRONICOS (NO TERMICO)
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CONTROLES DE FLAMA MARCA HONEYWELL MAS COMUNES PARA CALDERAS

Modelo Servicio Respuesia a Base Fotocelda | Amplificador | Pre-purga Post-purga | Combustible | Recomendado
falla de Seg. Seg. para caldera
flama C.C.
C7013A1003 Diesel Hasta 40
RABIOF1346 Una o dos 3.0 segundos | Q270A 1024 | Rectificacion Integrado
{Clase 2 B) flamas
Varilla Gas Hasta 20
/2¢e¢ Delectora
RA890G1260 Una o dos 3.0 segundos | Q270A1024 | CT027A1023 [ntegrado Gas Hasta 40
{Clase 2 A) flamas (Ultravioleta)
C7013A1003 | R7289A1012 Diesel
R4795A1016 Una o dos 0.8 segundos | Q270A1024 | Rectificacién | (Color verde) { 7,10,30,60
{Clase 8 B) flamas 0 Hasta 60
( 1/ e¢€ J C7027A1023 | R7290A1019 90 Gas
* ) (Ultravioleta) | (Color violeia)
R4140L 1147 Modulante 2ad | | Q520A1089  CT015A1076 | R7248A1004 60 15 Liquido
{Clase 14 A} (Levas) segundos (Infrarroja) | {(Color rojo) ’
R4140GIITI Modulante 2a4 Q521A1089 | C7027A1023 | R7249A1003 - 70 25 Gas
{Clase 14 A) (Levas) segundos (Uliravioleta) | (Color violeta)
*(CB-20 B0ccen
(R4140G1023) | . Modulante 224 Q520A1170 { CT015A1118 § R7248A1046 72 16 Todos adelanie
(Clase 14 A) (Levas) segundos (Infrarroja) {Color rojo)
BC7000L 1000 Modulante 2a4 Q520A1089 | De acuerdo a ¢l modulo programado puede utilizar deteccion Todos
(Clase 14 A) (1) | (Electrénico) segundos infrarroja o ultravioleta.
* CB-70 ,
(BC7000L1018) | Modulante 2a4 Q520A1170 { De acuerdo a el modulo programado puede utilizar deteccion Todos
(Clase 14 A) (1)| (Electrénico) segundos infrarroja o ultravioleta.
* Modelo exclusivo calderas marca Cleaver Brooks. GZA

(1) Autoverificacion Dinamica.
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NOM-027-SEDG-1996
SISTEMAS DE DETECCION DE FLAMA

Y -
SISTEMA TIPO MARCA Y MODELO CAPACIDAD MAXIMA COMBUSTIBLE
Mj/hr (Kcal/hr) (c.c.)
FOTORESISTENCIA DE HONEYWELL C554A
AL SULFURO DE CADMIO 1675 (400,000) (47.34) DIESEL
CONTROL DE FLAMAS 1C515
TUBO ELECTRONICO AL HONEYWELL C7013A
VACIO (FOTODIODO)
BL (RECTIFICACION) CONTROL DE FLAMAS 922 8375 (2'000,000) (236.70) DIESEL
VARILLA DETECTORA DE HONEYWELL C7008A
IONIZACION DE FLAMA
BG (RECTIFICACION) CONTROL DE FLAMAS C7008A | 16750 (4°000,000) (473.37) GAS
FOTORESISTENCIA DE
SULFURO DE PLOMO SIN HONEYWELL C7015A
CDN | AUTOVERIFICACION CON AMPLIFICADOR R7248A | 16750 (4'000,000) (473.37) DIESEL/GAS/COMBUSTOLEO
DINAMICA '
FOTOTUBO SENSIBLE A HONEYWELL C7027A
RADIACION ULTRAVIOLETA | CON AMPLIFICADOR R7249A
DDN |SIN AUTOVERIFICACION 16750 (4'000,000) (473.37) DIESEL/GAS/COMBUSTOLEQ
DINAMICA CONTROL DE FLAMAS 1C2200 -
FOTORESISTENCIA DE
SULFURO DE PLOMO CON HONEYWELL C7015A
CDD | AUTOVERIFICACION CON AMPLIFICADOR R7248B SIN LIMITE DIESEL/GAS/COMBUSTOLEQ
DINAMICA
FOTOTUBO SENSIBLE A ,
RADIACION ULTRAVIOLETA |HONEYWELL C7076A
DDD |CON AUTOVERIFICACION CON AMPLIFICADOR R7476A SIN LIMITE DIESEL/GAS/COMBUSTOLEQ
DINAMICA

Nota: a partir de inslalaciones cuya capacidad de liberacién de calor sobrepase los 157 Mihr (37,500 kcal/hr) (4.44 c.c ) , independieniemente del tpo de

combustible que utilicen; se deberd de utilizar control de seguridad contra falla de flama con deteccién de flama por medios electrénicos (no térmico)
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LL=

ILT=
PC=
Pl=
PT=
PP=
TVA=
TPEF=
TDPF=
TDFF=
TBS=
TP=
TPA=
TPB=
TCE=
TRI=

TPPE=
TAPE=

TPP="

NOM-027-SEDG-1996

NOMENCLATURA DE TABLA No. 1

Ignicién intermitente hasta 8.9 c.c. se mantiene
energizado todo el tiempo no lleva piloto y solo se
utiliza para combustible diesel.

Ignicion interrumpida.

Piloto continuo. LT Ty
Piloto intermitente. .. o
Piloto interrumpido. S
Piloto probado. _—
Tiempo de verificacion en arranque.
Tiempo para establecimiento de flama.
Tiempo para deteccion de presencia de flama.

Tiempo para deteccion de faila de flama.

Tiempo para bloqueo de seguridad.

Tiempo de purga.

Tiempo de purga en alta.

Tiempo de purga en baja.

Tiempo para calefaccion de electrodos.

Tiempo restringido de ignicién con bloqueo de seilal
de flama al circuito sensor.

Tiempo para prueba de piloto encendido.

Tiempo para apagado de piloto encendedor de
quemador principal.

Tiempo de pospurga.

TACHD= Tiempo de autoverificacién dindmica.

GZA
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NOM-017-SEDG-199%6
TABLA |.- CLASES DE CONTROLES DE SEGURIDAD DE FLAMA SEGUN EL CICLO DE TRABAJO
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EQUIVALENCIA DE CONTROLES DE FLAMA DE ACUERDO A DISTINTOS FABRICANTES

HONEYWELL FIREVE CONTROL DE FLAMAS
(NACIONAL)

RA890 F TIPO 29RF5 TACI15RL
RAB90 G MODELO 6015 TACI5RL
R4795 A TAC5415BNR
R4140 L TIPO 26R)8
R4140 G MODELO 6018
* CB-20 * CB-1
BC 7000 FLAME-MONITOR

* Modelos exclusivos para calderas marca Cleaver Brooks.



4. TERMOMETRO DE CHIMENEA

Este es un indicador de importancia en la operacion de las calderas,
una alta temperatura puede ser por dos causas:

- Que este hollinada la caldera.

- Que exista fuga de gases por alguna de las mamparas.

La causa mas frecuente, es la primera; Cuando tenga 80° C por arriba
de la temperatura de! vapor, indica que la caldera tiene hollin y/o
incrustacién, se debe proceder a lavado y desholiinado.

Si la presion de trabajo de la caldera es de 7.0 Kg/cm? de tablas de
vapor, la temperatura que cormresponde al vapor para ésta presion es
de 169.5° C, entonces tenemos:

169.5 + 80 =249.5°C

En una caldera de tubos de fuego, la temperatura normal de los gases
en la base de la chimenea es de 200 a 225° C.

Por lo anterior, es muy importante que la caldera este siempre bien
carburada en toda su gama de modulacion.
En base a la capacidad de ia caldera y al tipo de combustible que
utilice su quemador, es la frecuencia con la cual se analizan los gases
producto de la combustién.

El fabricante del quemador indica cual es el % de CO> ( bidxido de
carbono ) mas iddneo para el funcionamiento eficiente del mismo. En
la practica se recomiendan los siguientes valores:

RANGO Gas L.P.oN. Diesel 0G. Combustoéleo
Excelente 10 12.8 13.8

Bueno 9 11.5 - 13

Regular 8.5 10 12

Pobre 8 o menos 9 0 menos 11.5 0o menos

Los resultados de una carburacion, deben tener los valores de los
siguientes parametros:

Bioxido de carbono, oxigeno, exceso de aire, monoxido de carbono
temperatura de los gases y eficiencia del quemador.

A continuacion tenemos las t{ablas 5 y 6 de la norma oficial mexicana
NOM-085-ECOL-1994.
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(A

‘ 1
.\i wn NOM-085-ECOL-1994 (D.O. 2 - DIC - 1994)
’ l, ‘ m TABLA 5
U ~1o. ENERO DE 1998 EN ADELANTE
DENSIDAD| PARTICULAS (PST) BIOXIDO DE OXIDOS DE EXCESO DE
CAPACIDAD TIPO DE DE mglm’ (kgllO“ kcal) AZUFRE NlTROGENO AIRE DE
DEL cOMBUSTIBLE| HUMO M@ ppm V (Kg/10° kcal) ppm V (Kg/10° kcal) COMBUSTION
EQUPODE | EMPLEADO ) @) () % volumen
COMBUSTION N@mero de 3)
M/ manchau [ZMCM | ZC (3) RP lzMCM | ZC(3) RP |ZMCM ZC(4) RP
opacidad .
Combustolco 3 NA | NA | NA | 550 [ 1,100 ] 2200 | NA NA NA
o (2.04) | (4.08) | (8.16)
gasoleo 50
Hasta 5.250 Otros 2 NA | NA | NA | 550 [ 1,000 [ 2200 [ NA NA NA
Jvee. Hquidos (2.04) | (4.08) | (8.16)
Gascosos 0 NA | NA | NA | NA | NA | NA NA NA NA
et NA 75 350 | 450 | 550 { 1,100 | 2,200 [ 190 190 375
De 5.250 a Lfquidos (0.106) | (0.497) | (0.639) | (2.04) | (4.08) { (8.16) | (0.507) | (0.507) | (1.0) 40
43,000 Gaseosos NA NA | NA | NA | NA | NA | NA 190 190 375
1267 €C (0.486) | (0.486) | (0.959)
Liquidos NA 60 300 f 400 | 550 | 1,160 | 2,200 | 110 110 375
De 43,000 a (0.085) ] (0.426) | (0.568) | (2.04) | (4.08) | (8.16) | (0.294) | (0.294) | (1.0) _
110,000 Gascosos NA NA | NA NA | NA | NA | NA 110 110 375 30
3odcec (0.281) | (0.281) | (0.959)
Solidos NA 60 250 | 350 | SSO | 1,100 | 2,200 | 110 110 375
' (0.090) | (0.375) | (0.525) § (2.16) | (4.31) | (8.16) [ (0.309) { (0.309) { (1.052)
Mayor de Liquidos NA 60 250 | 350 [ S50 | 1,100 [ 2,200 | 110 HO 375
110,000 (0.085)} (0.355) | (0.497) | (2.04) | (4.08) | (8.16) | (0.294) | (0.294) | (1.0) 25
: Gascosos NA NA NA NA NA NA NA 110 110 375
(0.281) | (0.281) | (0.959)




TABLA 6

MEDICION Y ANALISIS DE GASES DE COMBUSTION

CAPACIDAD ) ,
DEL EQUIPO |PARAMETRO | FRECUENCIA TIPO DE EVALUACION TIPO DE
DE MINIMA DE COMBUSTIBLE
COMBUSTION MEDICION
MI/h
Densidad de 1l vezcada 3 puntual (3 muestrasy, liqudo y gas
humo meses mancha de hollin
Hasta 5.250 1 vez cada 3 puntual (3 muestras); ver anexo 3 liquido y gas
(147 C.C) C0O-CO.0;.N- meses :
SO, 1 vez cada 3 medicion indirecta a través de certificados de calidad liquido
meses de combustibles que emita el proveedor
Particulas una vez por isocinético (minimo durante 60 minutos); 2 muestras liquide
suspendidas aflo definitivas (2)
totales
De 5.250 NO, una vez por continuo (4); quimiluminiscencia liquido y gas
(147 C.C) afio 0 equivalente
a 43,000 S0, una vez por medicién indirecta a través de cenificados de calidad liquido
(1204 C.C) . afio de combustibles que emita el proveedor v
puntual (3 muestrasy; ver anexo 3 liquido y gas
C0,,C0.04,N» diario 0 equivalente
Particulas una vez por isocinético (minimo durante 60 minutos); 2 muestras liquido
suspendidas afio definitivas
totales :
De 43.000 NO, una vez cada continuo (4); quimiluminiscencia o equivalente liquido y gas
a 110.000 6 meses
(1204 a S0, una vez por medicion indirecta a través de centificados de calidad liquido
3080 C.C) afio de combustibles que emita e! proveedor
C0.,C0.04,N; | unavez por puntual (3 muestras); ver anexo 3 liquido y gas
tarno 0 equivaiente
Particulas 1 vez cada isocinético (mimmo durante 60 minutos); 2 muestras | solido, liquido
suspendidas 6 definitivas
totales meses .
Mayor de NO;, permanente (3) continuo {4); quimiluminiscencia o equivalente sblido. liquido y -
110.000 gas
(3080 C.C) O, permanenie continua; campo magnético 0 equivalente, con liquido y gas
registrador como minimo o equivalente
SO, una vez por medicién indirecta a través de certificados de sélido, liquido
aiio calidad de combustibles que emita el proveedor
NQOTAS: .

(1) Ver6.1.1.4
(2) Ver6.1.1.5 ,
(3) £l monitorec continuo de No, serd permanente en las zonas metropolitanas de las ciudades de México,
Guadalajara y Monterrey; con una duracion de cuando menos 7 dias una vez cada tres meses en las zonas

criticas; y con una duracion de cuando menos 7 dias una vez cada seis meses en el resto del pais.
(4) Ver4.13 .
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ANEXO 3

CONTAMINANTES Y SUS METODOS DE EVALUACION
PARA FUENTES FIJAS Y METODOS EQUIVALENTES

CONTAMINANTE { METODO DE EVALUACION METODO EQUIVALENTE
Densidad de ¢ huella 0 mancha de hollin ----
humo ¢ opacidad
Particulas e isocinético ="
suspendidas
wotales .

Oxidos de e quimiluminiscencia e infrarrojo no dispersivo

nirdégeno
¢ infrarrojo no dispersivo

Oxidos de e celdas electroquimicas*® ----

carbono o _orsat (02,COz2 y CO)

e celdas electroquimicas orsat (02,CO: y CO)

Oxigeno ¢ paramagnéticos e 6xidos de zirconio

: (celdas electroquimicas)
medicién indirecta -a través de|Capacidad Hasta 5,250:
SOq certificados de calidad dejdel equipo de |e via himeda (torino)
combustibles que emita el proveedor |combustibn |e infrarrojo no dispersivo
Mi/h o celdas electroguimicas
Mayores de 5,250:
e via hiimeda
e infrarrojo no dispersivo

Se calcula el valor dado que no se obtiene por medicién directa.
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5.- TRATAMIENTO DEL AGUA Y PURGAS.

El descuido del mantenimiento por el lado del agua trae como
resultado la formacidn de incrustaciones, picaduras, corrosion,
espuma, arrastre de humedad y crestas de nivel de agua.

Es importante un tratamiento de agua con procedimiento adecuado de
purgas para conservar las superficies de calefaccion de la caidera
libres de incrustacion y prolongar la vida util de la misma.

Se recomienda consultar a empresas expertas en tratamiento de agua.
Ellos analizaran el agua y propondran el tratamiento adecuado basado
en el analisis y cantidad de agua cruda que se usara, también diran la
frecuencia de las purgas para reducir la concentracion de sales y lodos
dentro de la caldera.

El tratamiento se divide en:

Externo.- A través del equipo suavizador, 1a dureza a la salida debe
ser = 0 ppm.

El operador dentro de sus actividades toma muestra del agua a la .

salida del equipo suavizador y checa su dureza, si le marca algin
valor, es el momento para regenerar la resina.

Interno.- Dosificacion de productos quimicos, puede ser en el tanque
de condensados o directamente a la caldera. La cantidad y frecuencia
la determina el experto en tratamiento de agua.

PURGAS DE LA CALDERA.- Normalmente se recomienda purgar la

caldera minimo cada tumo ( la frecuencia real la determina el experto -

en tratamiento de agua ).

Purga de fondo.- Se hace de |a siguiente manera:

- Teniendo la caldera con presidén ( normmalmente la presion de trabajo
), se sube el nivel del agua a la mitad de la minilla de cristal con la
bomba en posicion manual.

- Se coloca ia bomba de agua en posicién de automatico.

- Abrir primero la valvula de cierre rapido.

- después se abre la valvula de cierre lento.

- Se espera a que baje el nivel hasta que arranque la bomba de agua

- Se cierya la valvula de cierre lento.

- Se cierra la valvula de cierre rapido.

Las demas purgas tardan aprox. 5 seg.
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6.- CONTROL DE PRESION LiMITE.
Este control es muy importante su funcionamiento correcto, en el
ajustamos la presion de vapor a al cual va a trabajar la caldera. Tiene
dos escalas, la principal es para delimitar la presion de paro del
quemador de la caldera, la otra es la diferencial, se indica ia presion a
la cual enciende de nuevo el qguemador.

7.- BITACORA.
Este documento es muy util ya que en el se lleva el historial de la
caldera en cuanto a su operacion y mantenimiento, desde que se

arranca por primera vez.
En base a ese historial se puede formar un programa de
.mantenimiento preventivo para la caldera.

PARAMETROS PARA ANOTAR EN UNA BITACORA POR TURNO

Fecha.

Hora.

Presién de vapor.

Temperatura de gases productos de la combustion.
Temperatura.del agua de alimentacion.

Temperatura de combustible (solo si se utiliza combustéleo):
- En tanque de almacenamiento general ,

- En tanque de dia.

- A la entrada del guemador A

7. Presion de atomizacion con aire o vapor ( comb. Liquido )

o0 s LN o

8. Presion de combustible ( liquido ):

- A la salida de la bomba de alimentacion

- A la entrada del quemador

- De retomo .
9. Presién de combustible ( gas ): :

- En el tanque de almacenamiento (gas L.P.)

- En alta presion regulada

- En baja presion ‘
10. Purgas: De fondo, columna de nivel, cristal de nivel, tren de

controles y de superficie.



11.Tratamiento interno.

12.Tratamiento externo.

13.Consumo de combustible.

14 Pruebas de paro por: alta presién de vapor, bajo nivel de agua y
falla de flama.

15.Mantenimientos rutinarios.

16.Analisis de gases.

17.Observaciones.

18.Nombre y firma del operador.

RECOMENDACIONES PARA EL CUIDADO DE
LAS CALDERAS

Las calderas de prestigio indudablemente son construidas de acuerdo
con el cédigo ASME o alguna otra norma de fabricacion de reconocida &
competencia. En forma similar, el quemador y controles son de marcas
de prestigio. Consiguientemente la caldera que se tiene es digna de
confianza en cuanto a la seguridad de su operacién.

Sin embargo, la seguridad, confiabilidad y eficiencia de
operacion, solamente pueden conservarse con un programa
basico de mantenimiento.

Se recomienda tener un programa de mantenimiento preventivo de
acuerdo al tipo de caldera, combustible utilizado y régimen de trabajo.
A continuacién se muestra un programa de mantenimiento preventivo

descriptivo, mas no limitativo.



MANTENIMIENTO PREVENTIVO

I.- DIARIO

1. Realizar las purgas de la caldera por lo menos cada ocho horas de
operacion.

2. Checar la dureza del agua después del suavizador para saber
cuando hay que regenerar la resina. Después de un tiempo de

- operacion se tendra medida la frecuencia de ésta actividad.

3. Dosificacion del tratamiento intemno.

4. Si utiliza combustéleo limpiar la boquilla del quemador vy el filtro de
combustible.

5. Llenar la bitacora con los parametros de operacion.

6. Realizar una inspeccion ocular a [a instalacion completa para
descubrir cualquier anomalia.

7. Mantener limpia la caldera, sus accesorios y la casa de maquinas.

Il.- CADA OCHO DiAS

1. Si utiliza diesel o gasoéleo limpiar |2 boquilla del quemador y filtro.

2. Comprobar que no hay fugas de gases ni de aire en las juntas de
ambas tapas y mirilla trasera.

3. Comprobar la tensién de la banda al compresor y/o ventilador en su "
caso. o

4. Si utiliza atomizacion con aire limpiar el filtro del compresor.

5. Limpiar el electrodo de ignicion del piloto de gas.

6. Apretar las conexiones del cable de ignicién.
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7. Si utiliza combustdleo, comprobar que los interruptores
termostaticos del calentador del combustible operen a la
temperatura a que fueron calibrados ai-hacer la puesta en marcha.

8. Inspeccionar los prensa estopas de la bomba de alimentacion de
agua.

9.Comprobar que la trampa del calentador de vapor opera
correctamente (si se usa Combustdleo). La descarga va al drenaje.

10. Asegurese que la fotoceida esté limpia, asi como el conductor en
donde se encuentra colocada.

11. Comprobar el voltaje y amperaje de los motores.

lll.- CADA MES

LA

1. Lavar el filtro que esta en la succion de la bomba de agua.

2. Si utiliza gas L.P. o natural limpiar el filtro de combustible.

3. Comprobar que los niveles de agua son los indicados:

63 mm de nivel maximo.
45 mm arranque de la bomba.
38 mm corte por bajo nivel. -

4. Comprobar el corte_por bajo nivel de agua.- Bajando el interruptor
de la bomba de alimentacién, el agua al evaporarse ira
disminuyendo el nivel, al llegar a 38 mm la caldera debe apagarse.
En el caso de..no apagarse, hay que parar inmediatamente la
caldera e inspeccionar [a capsula de mercurio de tres hilos ( en el
control de nivel ), asi como también asegurarse de un correcto
funcionamiento del flotador estando la columna excenta de lodos o

acumulaciones.
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5. Realizar la prueba por falla de flama.

6. Limpiar ia malla del ventilador del sistema de aire.

7. Verificar el funcionamiento del piloto de gas.

8. Revisar el apriete del mecanismo de modulacion

9. Checar el apriete de las conexiones del tablerc de control.

10. Reengrasar los baleros de la bomba de agua.

11. Tirar ligeramente de la palanca de la(s) valvula(s) de seguridad
oere que escapen y evitar que se peguen en su asiento, ésta
actividad se debe realizar estando la caldera a una presiéon no

menor del 75% de la presion de trabajo.
IV.- CADA TRES MESES

1. Revisar la carburacién del quemador de la caldera tomando lectura
de los gases producto de la combustidn.

2. Revisidn del mecanismo y capsulas de mercurio del control de
nivel.

3. Las valvulas solenoide deben ser examinadas. Observe [a flama
cuando el quemador deba apagar. Si la flama no se apaga

subitamente en el momento preciso, puede significar falla o

desgaste de la vaivula solenoide. Reemplace la valvula para evitar’

serios problemas. -

V.- CADA SEIS MESES

Estando la caldera fria realizar un servicio de limpieza general, el cual

consiste en :

K



Retirar tubo del piloto de gas.
Retirar el quemador.
Destapar la caldera por ambos lados.

Retirar los empaques de ambas tapas y de ias mamparas.

o b L=

Limpiar los fluxes por el lado del hollin con un escobillon, que se

debe de pasar a todo lo targo de los mismos.

6. Limpiar ambos espejos con un cepilio de alambre.

7. Se inspecciona el refractario del hogar, tapa intermedia y tapa
trasera que no tenga grietas o que esté desprendido el material. Si
es necesario se le aplica un resane.

8. Ya que esta limpia por el lado de los gases se procede a hacer el
lavado iado agua. Se tira toda el agua que tenga la caldera.

9. Estando completamente vacia, se retiran los registros de mano y el
registro de hombre.

10. Se retira el tapdn que esta en la entrada de agua a la caldera y los

' que tiene el control de nivel en sus cruces superior e inferior,

ademas se retira la cabeza del control de nivel para descubrir el

flotador.

11. Se retiran los controles de presion y el mandmetro principal de
vapor, dejando al descubierto la tubéria del tren de controles.

12. A la descarga de la bomba de agua se instala una toma para
conectar una manguera y se cierra la llave de alimentacion de agua
a la caldera.

13. Se atranca la bomba de agua, por la manguera saidra un chorro de
agua con cierta presion, se introduce ésta por cada uno de los

registros con objeto de lavar los tubos flux por el lado del agua,

Ll o
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todos los lodos saldran por los registros inferiores y una vez que el
agua sale clara indicara que ha quedado limpia.

14. Con el mismo procedimiento se limpia: el interior del control de
nivel, la toma de alimentaciéon de agua, la tuberia del tren de
controles y las cruces de la columna de nivel.

15. Cambiar el empaque del flotador de la columna de nivel, a los
tornillos se les pone una mezcla de grafito con aceite para que no
se peguen.

16. Cambio del tapdn fusible ( si'la caldera lo tiene ).

17. Colocar los controles de presion y el mandémetro principal en el
tren de controles. |

18. Instalar los tapones macho de las cruces de la columna de nivel y
de ta entrada de alimentacion de agua a la caldera, también se le
pone la mezcla de grafito con aceite.

19. Cambio de la mirilla de nivel con sus empaques.

20. Cambio de empaques a los registros de mano y al registro de
hombre, si son de asbesto se cubren con grafito.

21. Llenar la caldera con agua y realizar prueba hidrostatica a la
presién de operacion para verificar que no haya fuga en los
registros.

22. Tapar la caldera por ambos lados cambiando sus
empaquetaduras, a todos los tornillos se les aplica la mezcla de
grafito con aceite.

23. Colocar el guemador y conectar el piloto de gas.

24. Se tiene la caldera lista para su arranque y revision de la

carburacion.
25. Prueba de la(s) valvula(s) de seguridad automaticamente.
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CALDERAS Y SERVICIOS ESPECIA . ZADOS

VI.- FALLAS MAS COMUNES

EL QUEMADOR NO INICIA SU CICLO DE ENCENDIDO

Verifique que haya energla eléctrica en el tablero de controt de la caldera.

Verifique gue los controles limite se encuentren cerrados. Ejemplo: Control de presién
de vapor, control de nivel de agua, relevadores bimetalicos de los arrancadores,
control de combustiéon sin restablecer o averiado, control contra baja presion de aire
en el quemador, controi de baja presion de gas L.P., control de alta presion de gas
L.P., terminales eléctricas principales flojas.

EL QUEMADOR INICIA SU CICLO PERO NO HAY CHISPA

Electrodo con porcelana fisurada o dafiada.
Electrodo atemrizado, descaiibrado o con carbdn en su punta.
Transformador de ignicién dafiado o con cable de ignicion flojo en sus terminales.

EL QUEMADOR INICIA CICLO HAY CHISPA PERO NO PRENDE

Exceso de aire por compuerta muy abierta.

Falta gas L..P. en el piloto

Presion en el piloto de gas insuficiente

Impurezas en la linea de gas L.P. del piloto

Valvula solenoide del piloto de gas L.P. daftada u obstruida

Regulador del piloto de gas L.P. dafiado o desajustado

Control de presién modulante no manda cemrar la compuerta del aire en el arranque
Compuerta del aire atorada o0 mecanismo del damper desajustado

PRENDE EL PILOTO, PERO SE SEPARA LA FLAMA DE LA BOQUILLA -

Demasiada presion de gas L.P. en la linea del piloto.
Regulador de presion de gas L.P. del piloto dafiado

PILOTO ENCENDIDO, PERO NO PRENDE LA FLAMA PRINCIPAL

Flama del piloto de poca intensidad

Valvula principal de combustible no opera

Filtro de combustible tapado

Faila en el control programador

Detector de flama sucio, defectuoso, obstruido o que no apunte a la flama principal
Falso contacto en el amplificador o que este dafiado

Valvula mariposa 0 moduladora de gas L.P. atorada u obstruida

Contro! de baja presién de aire dafiado

Controles de alta o baja presion de gas L.P. dafiados

EL QUEMADOR SOLO TRABAJA EN FLAMA BAJA

Interruptor selector de flama baja dafiado
Control de presién modulante dafiado
Motor modutrol dafiado

Mecanismo de modulacién trabado

24 DE FEBRERO No. 74 COL. FRANCISCO SARABIA C.P 54475 NICOLAS ROMERO, EDO. DE MEXICO

TEL. Y FAX: 827-10-99



CALDERAS Y SERVICIOS ESPECIALIZADOS

QUEMADOR SE APAGA SIN RAZON APARENTE'

Faita combustible o baja presion de gas L.P.

Detector de flama averiado

Capsula de mercurio en el controi de presidn limite defectuosa

Mecanismo de modulacion trabado

Leva de modulacion con tomillos desajustados 0 sea desajuste en la carburacion

Alta presion de gas L.P.

Faita de aire para la combustion, acta el control del aire, posiblemente rotas las
bandas que mueven ei ventilador.

MOTOR MODULANTE NO OPERA

Selector de modulacién dafiado
Mecanismo de modulacién atorado o dafiado
Transformador de 24 V dafiado
Controt de presion modulante sucio ¢ dafiado

MOTOR MODULANTE NO ABRE O CIERRA DURANTE LA PRE-PURGA

Revisar sujecién de contactos
Potenciémetro invertido o dafiado
Cables invertidos entre motor y control modulante

EXPLOSIONES EN EL HOGAR DE LA CALDERA

Impurezas o faita de presion para el piloto de gas L.P.

Presién de combustible inestable

Impurezas en {a valvula principal de combustible

Compuerta de aire trabada o motor modulante dafiado

Averias en la leva dosificadora de combustible, alterando ia relacién aire-combustible
Manipulacion del control de flama

PRESENCIA DE HUMO BLANCO EN LA CHIMENEA
Falta de combustible o exceso de aire-

PRESENCIA DE HUMO NEGRO EN LA CHIMENEA
Exceso de combustible o falta de aire

FALTA DE AGUA DE ALIMENTACION

Impurezas en el tanque de condensados

Filtro de agua tapado _
Trampas de vapor averiadas, por lo que regresa vapor vivo al tanque de
condensados y eleva demasiado la temperatura del agua, !a bomba trabaja pero no
inyecta el agua. Si la bomba trabaja por tiempos largos en estas condiciones se
daflara. La temperatura normal de operacién es de 60° C.

Altura reducida entre el tanque de condensados y la bomba del agua.

Posibie obstruccién a la entrada del agua en la caldera

Bomba de agua dafada

24 DE FEBRERO No. 74 COL. FRANCISCO SARABIA C.P 54475 NICOLAS ROMERQO, EDO. DE MEXICO
TEL. Y FAX: 827-10-99
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CALDERAS Y SERVICIOS ESPECIA . ZA )OS

ALTA TEMPERATURA DE GASES DE COMBUSTION

Hollinamiento de los tubos flux por mala combustion
Mamparas dafiadas

NO SE RECUPERA EL NIVEL DE AGUA EN LA CALDERA

Filtro de agua sucio

Falta de agua en el tanque de condensados

Control de nivel averiado

Bomba de agua averiada

Falta de energia eléctrica

Demanda subita de vapor sin alimentar agua -

Tuberia de alimentacién de agua incrustada u obstruida.

CALDERA INCRUSTADA

Falla en el tratamiento del agua
Purgas inadecuadas
Falta de purgas

A continuacion se presenta un resumen de la norma para calderas NOM-122-STPS-
1996,

24 DE FEBRERO No. 74 COL. FRANCISCO SARABIA C.P. 54475 NICOLAS ROMERO, EDO. DE MEXICO
TEL. Y FAX: 827-10-99



Resumen de la Norma Oficial Mexicana NOM-122-STPS-1996
Relativa a las condiciones de seguridad e higiene para el
funcionamiento de los recipientes sujetos a presion y generadores
de vapor o calderas que operen en los centros de trabajo.

1. Objetivo
Esta norma Oficial Mexicana establece los requisitos minimos de

seguridad e higiene con que deben contar los recipientes sujetos a
presion v los generadores de vapor o calderas que se instalen en los
centros de trabajo, asi como las caracteristicas de las inspecciones
que se realicen con el fin de vigilar el cumplimiento de esta Norma.

2. Campo de aplicacion.

Esta Norma Oficial Mexicana es de observancia obligatoria en los
centros de trabajo donde se utilicen los recipientes sujetos a presion y
generadores de vapor o calderas a que la misma se refiere.

5. Obligaciones

5.1. Obligaciones del Patron.

5.1.1. Tener autorizados por la Secretaria los equipos y conservar su
vigencia de autorizacion de funcionamiento durante la vida util de los
equipos, asi como el documento seflalado en el numeral 6.1, del
anexo IlI.

5.1.4. Contar con el personal capacitado para la operacion y
mantenimiento de los equipos.

5.1.5. Elaborar y establecer por escrito un manual de seguridad e
higiene para la operacidon y mantenimiento de los equipos, sus
accesorios y dispositivos, conforme al articulo 130 parrafo tercero del
Reglamento Federal de Seguridad, Higiene y Medio Ambiente de
Trabajo.

El manual debe contener: Medidas de seguridad durante el arranque,
operacion, paro, y para el mantenimiento de los equipos, dispositivos,
accesorios y equipos auxiliares, asi como los procedimientos para el
control y manejo en situaciones de emergencia y retormo a
condiciones normales.



5.1.6. Difundir el manual entre los trabajadores encargados de la

operacion, mantenimiento y seguridad.

5.1.7. Marcar o pintar en un lugar visible del equipo, el nimero de
control que la Secretaria le asigné y entregd por escrito al momento
de su autorizaciéon. Queda prohibido alterar, cambiar o desaparecer
dicho numero.

5.1.8. Aislar, proteger e identificar los equipos y tuberias que se
encuentren a temperaturas extremas en las areas de transito de los
trabajadores y en las areas de operacion de los equipos, conforme a
las Normas Oficiales Mexicanas NOM-028-STPS-1993 y NOM-114-
STPS-1993. .

5.1.9. Dar aviso a la Direccion o a la Delegacion
correspondiente cuando se pretenda modificar la instalacion o las
condiciones de operacion de los equipos, de acuerdo al articulo 33
del Reglamento Federal de Seguridad, Higiene y Medio Ambiente de
Trabajo.

5.1.10. Conservar el registro por cada equipo 0 grupos de ellos
interconectados, conforme al articulo 37 del Reglamento Federal de
Seguridad, Higiene y Medio Ambiente de Trabajo, ver anexo IV.
5.1.11. Solicitar la continuidad de la vigencia de la autorizacion de
funcionamiento de los equipos en los términos del punto 6.2 de esta
Norma.

5.1.12.  Solicitar al fabricante del equipo el certificado de
fabricacion, la memoria de calculo y dibujo indicados en el numeral
6.1 del anexo II.

5.1.13. En caso de que el patrén no cuente con la documentacion

anterior, para los efectos de la autorizaciéon debera presentar -

constancia de la memoria de calculo y dibujo del equipo, elaborados
por un ingeniero calificado, con base a los datos técnicos del equipo.
5.2. Obligaciones de los trabajadores.

5.2.1. Participar en los cursos de capacitacion y adiestramiento para
el manejo de los equipos.

5.2.2. Realizar las anotaciones correspondientes que sefiala el punto
5.1.9. consignando y reportando las condiciones de operacion de los
equipos, asi como cualquier alteracion que pueda causar algun
accidente o desperfecto.



5.2.3. Operar los equipos de conformidad con lo establecido en los
manuales de procedimiento de seguridad proporcionados por el
patron.

6.1.3. La autorizacion de funcionamiento a que se refiere el punto 6.1 - -

tendrad una vigencia de 10 afios para equipos nuevos y de 5 afios para
equipos usados.

7. Condiciones de seguridad e higiene.

7.3 La presion de operacion de los equipos no deben exceder a la

presion de calibracion de las valvulas de seguridad seflalada en la
autorizacion de los mismos.

7.4. Los equipos deben instalarse libres de impactos y vibraciones,
con iluminacion y ventilacion permanente, adecuadas a los procesos
que realicen conforme a las NOM-016-STPS-1993, NOM-024-STPS-
1993 y NOM-025-STPS-1993.

7.5. Los pisos y accesos a los equipos deben mantenerse libres de
obstaculos y materiales que entorpezcan el libre acceso, de tal manera
que sea posible realizar fAcilmente maniobras en su cercania. |
7.6. Los accesos a los dispositivos de seguridad y equipos auxiliares
deben mantenerse libres en todo momento.

7.7. Los generadores de vapor o calderas deben ser instalados en
locales o dreas destinadas especificamente para ellos.

7.8. Los generadores de vapor o calderas deben instalarse de tal
manera que cuenten con un espacio minimo de 1.5 m entre el techo
del local y la parte mas alta del equipo, a fin de permitir efectuar
reparaciones, inspecciones, ajustes y pruebas.

7.9. Los generadores de vapor o calderas deben instalarse entre ellos
o entre las divisiones que limitan el local, con un espacio minimo de
un metro a partir del cuerpo de la caldera o del accesorio mas
sobresaliente, de tal manera que permita al personal efectuar la
operacion y las reparaciones sin dificultad.

7.10. Los depdsitos de combustible para el abastecimiento de los
generadores de vapor o calderas deben cumplir las condiciones de
seguridad de acuerdo a las NOM-002-STPS-1993, NOM-005-STPS-
1993 y NOM-022-STPS-1993.

Eil



7.11. El generador de vapor o caldera, independientemente de que
opere en forma manual o automatica, debe estar vigilado
permanentemente durante el tiempo que esté en operacion.

8. De los dispositivos de seguridad en los equipos.

8.1. Los generadores de vapor o calderas deben contar cuando menos
con una valvula de seguridad calculada técnicamente para evitar
riesgos durante la operacién del equipo, cuyas caracteristicas estén de
acuerdo con las condiciones de operacion. :

8.2. Las vaivulas de seguridad de los generadores de vapor o calderas
deben instalarse en la parte superior de los mismos y tener la
capacidad de descarga acorde al flujo de desfogue teorico.

83. La presion de la calibracion de las valvulas de seguridad
utilizadas en ningin caso debe rebasar la presién de trabajo maxima
permisible.

8.4. Los generadores de vapor o calderas deben tener al menos un L

manometro graduado en Kg/cm2: kPa O bar, calibrado
periddicamente, conectado a la camara de vapor de tal manera que no
esté sujeto a vibraciones y ofrezca una vision clara y libre de
obstaculos.

8.5. La presion de operacion debe estar ubicada en el tercio medio de
la escala de la caratula del manometro.
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VERIFICACION DE RECIPIENTES SUJETOS A
PRESION
EXPEDIENTE DE INTEGRIDAD MECANICA

La empresa donde se encuentra instalado el equipo cuenta con un Sistema de
Administracion de la Seguridad

El Sistema de Administracién de la Seguridad esta dirigido a los equipos

El Sistema de Administracion de la Seguridad contiene elementos aplicables a la
integridad mecanica

El Sistema de Administracidon de la Seguridad dirigido a los equipos demuestra cof:
evidencias que cubre los aspectos siguientes:

Mantenimiento

Reparaciones o modificaciones

Revisiones (inspeccion)

Operacion (procedimientos o instructivos)

Planes de emergencia (procedimientos © guias)

Analisis de riesgos (inspeccion)

Documentacion y registros (control de documentos)

El Sistema de Administracion de la Seguridad dirigido a los equipos esta
instrumentado en forma de procedimientos o instructivos escritos

Los procedimientos o instructivos escritos del Sistema de Administracion de la
Seguridad dirigido a los equipos estan aprobados por los responsables técnicos
operativos de los equipos

Los procedimientos o instructivos escritos del Sistema de Administracion de la
Seguridad dirigido a los equipos estan aprobados por el patrén
» Los procedimientos o instructivos escritos del Sistema de Administracion de la
Seguridad dirigido a los equipos contemplan la generacién de evidencias
documentales de las actividades
» El patrdn presenta anexo al Formato N-020, una descripcidon resumida del
Sistema de Administracion de la Seguridad dirigido a los equipos
« La descripcion del Sistema de Administracion de la Seguridad dirigido a los
equipos explica como su implementacion provee un grado de confianza
aceptable para la operacion segura del equipo
» MANTENIMIENTO



Clasificacion (mayor 6 menor, rutina 6 reparaciones, etc.)

Procedimientos aplicables por clasificacién

Programas segun clasificacioén

Capacitacion é Calificacidén del personal implicado en el mantenimiento de acuerdo a
la clasificacion

Registros de actividades

« REVISION EN SERVICIO

Métodos y procedimientos de inspeccidn

Programas

Calificacion minima del personal operador y evaluador
Criterios de aceptacion y rechazo

Registros de actividades

- OPERACION
Procedimientos aplicables
Descripcion de actividades en caso de emergencia (instrucciones o planes de
contingencia aplicables) que incluyan medios disponibles para mitigar los efectos
Pruebas periddicas (a todo el equipo o0 a sus partes)
Calibracion de los instrumentos de medicion
Capacitacion 6 Calificacidn del personal de operacidon
Registros de actividades

+ DOCUMENTACION Y REGISTROS -

Control de actualizaciones de documentos para las actividades de mantenimiento,
operacion y revision

Control de ia generacién sistematica de registros de las actividades de mantenimiento,
operacion y revision

Control de registros (manejo)

El patrén exhibe un expediente de integridad mecanica

El expediente de integridad mecéanica es el resultado de la implementacion del
Sistema de Administracion de la Seguridad

El expediente de integridad mecanica contiene los documentos esenciales que
permiten conocer €l estado de la integridad mecanica y operativa del equipo,
incluyendo sus aparatos auxiliares y dispositivos de seguridad



+ El expediente de integridad mecanica esta actualizado y contiene informacioén
de toda la vida operativa del equipo

« El expediente de integridad mecanica contiene los siguientes documentos:

+  EQUIPO NUEVO O USADO
indice
Formato N-020 (copia del presentado a la STPS) con sello
FABRICACION
Dibujo, plano o documento (libro de proyecto, manual, catalogo) del equipo

Los dibujos o planos de los equipos contienen al menos los siguientes aspectos:
Cortes principales del equipo

Detalles relevantes (Ubicacion de boquillas, por ejemplo)

Acotaciones basicas (espesores, diametros, longitudes, entre otras)

Arreglo basico del sistema de soporte

Los dibujos, planos o documentos deben estar avalados por el fabricante o
constructor del equipo, o por un responsable técnico designado por el patron.

» Siexiste la necesidad de generar dibujos, planos o documentos nuevos por
carecer de los de fabricacion, el responsable técnico que los avale debe serun
profesional con experiencia en el area de disefio, mantenimiento o inspeccion
de los equipos.

+ La informacion presentada debe incluir 1a condicion actual del equipo, y las
modificaciones efectuadas deben estar avaladas como se indica, ya sea en
_ documentos separados o en una revision del dibujo, plano o documento.
Fotografia o calca de placa de datos del equipo adherida o estampada por el
fabricante del equipo

+ Certificado de cumplimiento con norma o codigo de fabricacion

+ Certificado de pruebas hidrostéticas de fabrica

+ La siguiente informacion esta en el certificado de fabricacion o en un
documento respaldado por un ingeniero mediante su nombre |, frmay
anexando copia de su cedula profesional

+ Presiéon y temperatura de disefio y de operacion

» Presion de trabajo maxima permitida

+ Dispositivos de seguridad (presidn de calibracién, area de desfogue y
ubicacion)

« Capacidad volumétrica , para recipientes sujetos a presion y recipientes
criogenicos)



Capacidad generativa, para calderas

Fluidos manejados

Especificaciones de los materiales de las paredes sujetas a presion
{(designacion y esfuerzo a la tension)

Normativa o cédigo de construccion aplicable

Las especificaciones técnicas tienen el respaldo en calculos o tablas de la
normativa o del codigo de construccion aplicable, basados en las condiciones
de disefio o de servicio del equipo.

OPERACION

Descripcion breve de la operacién del equipo
Funcion del equipo

Riesgos inherentes

Medios de control de riesgos 6 la operacidn

DISPOSITIVOS DE SEGURIDAD

Identificacién de los dispositivos de seguridad que protegen al equipo
Documentacion de calibraciones

EQUIPO USADO

REVISION Y MANTENIMIENTO

Programa de revisiones

Resumen cronologico de las revisiones efectuadas de acuerdo al programa
Registros de revisiones

Documentos relacionados con la revision

Resumen de resultados de revisiones en servicio

Registro de revisiones en servicio

Documentacion de las revisiones en servicio

Todos los resultados de ias revisiones estan avalados por escrito y firmados
por el responsable técnico de mantenimiento, operacién o inspeccién segun
aplica.

Programa de mantenimiento

Resumen cronolégico del mantenimiento efectuado de acuerdo al programa
Registros de mantenimiento

Documentos refacionados con el mantenimiento

MODIFICACIONES Y ALTERACIONES

Resumen cronoldgico de modificaciones y alteraciones efectuadas al equipo
Registro de modificaciones y alteraciones

Documentos relacionados con las modificaciones y alteraciones



Resumen cronolégico de modificaciones y alteraciones efectuadas al equipc
que implicaron soldadura en el cuerpo a presion

Registro de modificaciones y alteraciones que implicaron soldadura en el
cuerpo a presion

Documentos relacionados con las modificaciones y alteraciones que implicaron
soldadura en el cuerpo a presion

TRANSITORIOS
Resumen de transitorios relevantes
Resultados del analisis efectuado para determinar sus consecuencias

INFORMACION ADICIONAL
El patron agrega la informacion necesaria para evidenciar el estado del equipo
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LA PAUSA DE SEGURIDAD

. Sé lo que voy a hacer?

¢Conozco el método y/o procedimiento para este trabajo?
;Estoy en condiciones emocionales y fisicas para este trabajo?
¢ Existe algun riesgo que pueda lastimarme?

¢Existen en el area sustancias o equipo ajeno al proceso?
.Conozco que Equipo de Proteccién Personal (EPP) debo usar?
¢Mi EPP esta completo y en buenas condiciones?

;Las herramientas y equipo que voy a usar es el mas adecuado?
¢ Se encuentran en buen estado para este trabajo?

iRequiero que alguién me ayude?

¢Me entregaron el equipo parado, vacio, limpio, despresurizado?
. Requiero bloquear, etiquetar, candadear, etc.?

. Necesito que me asesore mi supervisor durante el trabajo?

. Necesito que me asesore personal de Seguridad Industrial durante el
trabajo?

RECUERDA: Ningun trabajo es tan importante que no puedas tomarte el

tiempo para pensar en como hacerlo en forma segura.



- salud

0 Minimo. Material Normal

1 lLigero. Riesgo leve

2 Moderado. Peligroso -
3 Alto. Extremadamente peligroso

4 Severo. Mortal

ROMBO DE SEGURIDAD

Especiales

OXI Oxidantes
ACID Acidos
ALC Alcalinos
CORR Corrosivos

W— No usar agua

A:

Riesgo de
radiacion

Inflamabilidad

20 ini . No arden, son estabies
-1 ngero Arden arriba de 93,3 °C
" " .2 Moderado: Arden arriba de 37.8 °C
3 Alto Arden arrlba de 23 °C

q Severo Arden deba)o de 23°C -

10
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CUIDADOS DE LA
CALDERA

Ing. Antonio Garcia Moreno



INTRODUCCION

La operacion segura, confiable y eficiente de su
caldera comienza desde la seleccibn de un
sistema bien disefiado que satisfaga todas la
normas correspondientes:

» Capacidad adecuada para el servicio
« Combustible a utilizar

 Fabricacion bajo normas (ASME, NOM, etc)



INTRODUCCION

De la misma forma que cualquier equipo
industrial una caldera requiere un
programa de mantenimiento planificado a
fin de proporcionar una operacion
adecuada y duradera.



INTRODUCCION

Un manual completo debe incluir:

* Descripcion general del equipo vy
principios de operacion

* Informacion sobre el recipiente a presion

» Requerimientos de calidad del agua

* |Instrucciones sobre la limpieza

« Recomendaciones sobre los sistemas de
tratamiento de agua



INTRODUCCION

+ Informacién sobre la inspeccion

* Instrucciones de encendido y operacion
* Procedimientos de ajuste

* Diagnostico de averias

» Detalles de inspeccion y mantenimiento
 Informacion para ordenar refacciones




CUIDADOS DE LA PARTE INTERIOR
DEL RECIPIENTE A PRESION

Un cuidado adecuado del interior del
recipiente de presion le traera las
siguientes ventajas:

» Larga duracion de la caldera
~+ Aumento en el tiempo efectivo de
operacion |

* Mayor eficiencia y por lo tanto menor
consumo de combustible



TRATAMIENTO DE AGUA

Un programa de tratamiento de agua
adecuado y procedimientos de purga
correctos son vitales para mantener las
superficies de calefaccion de su caldera
libres de efectos daninos que puedan
reducir su vida util.



TRATAMIENTO DE AGUA

Un programa de tratamiento de agua bien
orientado debe prevenir la formacion de
incrustaciones, eliminar la corrosion
causada por el oxigeno en el agua cruda y

disminuir el arrastre de humedad causado
POr espumeo.



TRATAMIENTO DE AGUA

El personal encargado del tratamiento de aguas
debera recomendar los procedimientos vy
frecuencia de purgas requeridas a fin de reducir
la concentracion de sélidos en la caldera.

Se debe de llevar un control estricto de :
« Parametros de tratamiento.

 Equipo de ftratamiento, productos quimicos vy
control de registros.

* Inspecciones al interior del equipo y Ila
instalacion.



CORROSION POR OXIGENO

Para verificar la corrosion por oxigeno, drene la
unidad y remueva los registros de mano y de
hombre para una inspeccion visual de toda la
superficie en contacto con el agua. Inspeccione
las  superficies interiores del recipiente
(especialmente de la zona posterior de la
caldera) utilizando una linterna y espejos
buscando que no haya evidencias de burbujas,
“marcas de viruela”, o erosidn en la superficie
del metal.



FORMACION DE
INCRUSTACIONES

Las incrustaciones actuan como aislantes y
pueden originar a su ves esfuerzos
térmicos en la superficie en contacto con
los gases calientes, estos esfuerzos y/o
deformaciones pueden caer en problemas
criticos de fugas y dafios en uniones entre
otros.



INCRUSTACIONES

Una incrustacion de 1.6mm' de espesor
aumenta el consumo de combustible en
un 15%,una incrustacion de 3.2mm
requiere 20% mas de combustible y una
de 6.4mm hasta un 39% mas.

RECUERDE . Las verificaciones periodicas
se requieren aun con un buen programa
de tratamiento de aguas.



INCRUSTACIONES

Durante la inspeccion visual del interior del
recipiente utilice herramienta para obtener
muestras de cualquier incrustacion gue se haya
formado, especialmente en la parte posterior de
la caldera.

Analice- las muestras para determinar su
composicion. Recuerde que el origen de las
incrustaciones generalmente se debe a
presencia de sales de calcio, magnesio y/o
silice.



ACUMULACION DE
SEDIMENTOS

Muchas veces un tratamiento o condiciones

inadecuadas de operacion pueden
provocar una acumulacion excesiva de
sedimentos en el fondo de la caldera.
Durante la operacion estos sedimentos
deben ser controlados a base de un
programa de purgas. Durante Ia
Inspeccion deben ser retirados con un
lavado de agua a alta presion.

A



ARRASTRES DE HUMEDAD

El vapor humedo y el condensado pueden ser

ocasionados por:

Altas concentraciones de solidos por falta de
purgas.

Tratamiento inadecuado de agua de
alimentacion.

Linea de vapor “estrangulada” o de dimension
inadecuada.

Cargas repentinas debidas a aperturés subitas
de valvulas.

Sobrecarga constante (sobredemanda).
Lineas de vapor sin trampas.

V5



ARRASTRES DE HUMEDAD

Los efectos principales de los arrastres de
humedad son:

» Golpe de ariete en las lineas de vapor.
* VVapor de baja temperatura.

* Sobredemanda ocasionada por la baja
cantidad de calor disponible.



EMPAQUES

Siempre que realice una inspeccion debera
considerar suficientes empaques para
registros, estos deben ser cambiados en
su totalidad, siempre que se abra aigun
registro. Es muy importante el sello en el
recipiente, la mas minima fuga causara
gue el metal de la caldera sufra corrosion
y daine los asientos de los registros.

\



PROCEDIMIENTOS DE
CONSERVACION

Cuando una caldera estara fuera de servicio por
un periodo de tiempo menor a los 3 meses es
conveniente para disminuir la corrosion por
oxigeno inundar la caldera:

* Encienda la caldera para que produzca vapor
ventilando desde el punto mas alto para eliminar
la mayor parte de oxigeno retenido.

« Agregue el tratamiento quimico adecuado y/o
recomendado.



PROCEDIMIENTOS DE
CONSERVACI



ON
» Asegurese que no haya posibilidad de que
el agua se congele.

» Cierre todas las valvulas (aisle el equipo)
y desconecte la energia eléctrica.

* Abra la puerta de la caldera del lado de la
chimenea para evitar el flujo de aire
natural y humedo a traves de los tubos.



PROCEDIMIENTOS DE
CONSERVACION

El método “seco” para mantener una caldera fuera
de servicio es:

 Drene la caldera y quite las tapas de todos los
registros.

* Coloque encima de los tubos charolas con
productos que absorvan humedad.

» Cierre las tapas de los registros.

 Abra la puerta de la caldera del lado de la
chimenea para evitar el flujo de aire natural y
humedo a través de los tubos.



CUIDADOS EN EL LADO DE
FUEGO

El problema mas importante en el hogar. y los
tubos de la caldera es la acumulacion de hollin y
otros elementos no combustibles con la
consiguiente reduccion de transferencia de calor
e incremento en el consumo de combustible.

La acumulacion de hollin aumenta la temperatura
en la chimenea de la caldera lo que indica que
hay necesidad de limpieza.



La frecuencia con que se realice esta dependera
de la carga de la caldera, tipo y calidad de
combustible y eficiencia de combustion.

Los productos de combustion requieren atencion
rigurosa. Estos pueden contener Oxidos
sulfurosos o0 nitrosos, los cuales absorven
humedad, formando acidos que corroen las
superficies de la zona de combustion y desalojo
de gases. |



HOGAR, TUBOS Y PLACAS

Cheque cuidadosamente el hogar, los tubos y las
placas para determinar si hay evidencia de
ampollas o “marcas de viruela” que indican
corrosion.

La corrosion puede controlarse:

 Manteniendo una temperatura adecuada en el
agua de alimentacion.

- Ajustando la proporcion aire combustible
(carburacion adecuada).

» Ajustando los controles de operacion para que
el equipo se mantenga encendido la mayor
parte del ciclo.

'Kl



'LIMPIEZA DE TUBOS

lLa evidencia de una acumulacion densa de hollin
en breves periodos de tiempo puede significar
una proporcion inadecuada de aire combustible.

La temperatura de los gases en la chimenea es un
indicador importante para programar una
limpieza o mantenimiento. Como regla general
un aumento de 4° C en la temperatura de la

salida de gases equivale a un 1% de perdida de
eficiencia.



LIMPIEZA DE TUBOS

La evidencia de una acumulacién densa de hollin
en breves periodos de tiempo puede significar
una proporcidon inadecuada de aire combustible.

La temperatura de los gases en la chimenea es un
indicador importante para programar una
limpieza o mantenimiento. Como regla general
un aumento de 4° C en la temperatura de la
salida de gases equivale a un 1% de perdida de
eficiencia.



EMPAQUES

Verifique visualmente los empaques de las
puertas para asegurarse que estan en buenas
condiciones y bien sujetos. Se requiere un sello
efectivo en la zona de combustidbn para evitar
pérdida de eficiencia, quema de los empaques y
deformacion del metal de las puertas. Los
empaques deben ser reemplazados siempre
que se abran las puertas, recuerde que por
disposicion internacional esta prohibido el uso
de empaques de base asbesto.



REFRACTARIO

Cheque el hogar al mismo tiempo que verifica la
parte interior del recipiente.

Abra las puertas dela caldera de manera que el
refractario quede al “descubierto”. Verifique la
presencia de grietas y/o erosidon en la superficie
del material cuando esta sea significativa sera
necesario el reemplazo total del material,
cuando sea posible por el grado de deterioro
menor resane la superficie con un material
refractario aplicado con brocha (lechada).

it
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REFRACTARIOS

El emboquillado del hogar y las mamparas
deflectoras en la zona de combustion
estan regularmente armadas a base de
ladrillos, cuando estos presenten danos o
quebraduras es conveniente su reemplazo
para evitar problemas de combustion.



CUIDADOS DEL QUEMADOR

La mejor forma de determinar si las boquillas o
inyectores de combustible necesitan limpieza,
ajustes en la presion, ajustes en las conexiones,
etc., es manteniendo un registro diario de
presiones, temperaturas y cualquier oftra
informacion de los indicadores.

En una caldera alimentada con combustible
liquido una caida de presion puede indicar un
filtro obstruido, una valvula reguladora
defectuosa, o una fuga de aire en la linea de
succion. |
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CUIDADOS DEL QUEMADOR

En una caldera alimentada con gas, una caida en
la presidn puede significar un problema en la
linea principal de suministro (linea publica) o
funcionamiento defectuoso de reguladores.

Una elevacion de temperatura en la chimenea no
siempre significa una combustidon pobre, o un
hogar o la parte interior del recipiente
defectuosa, en un arranque las variaciones de
temperatura son normales durante el cambio de
carga.

373



Las chimeneas deben estar limpias sin trazas de
humo, una chimenea emitiendo humos indica
una necesidad de ajuste en el quemador, o
problemas de carburacion.

Por otro lado debe verificarse visualmente la
operacion de valvulas manuales y automaticas,
sobre todo durante el paro de la unidad. Si la
flama no se extingue inmediatamente sera
indicio de problemas de sello y requerira
seguramente de cambio de valvulas



CUIDADO DE LOS
CONTROLES

El indicador de nivel y el control de operacion de |a
alimentaciéon de agua debera estar libre de

obstrucciones por lo que es muy importante
purgarlos periodicamente.

Una prueba de operacion programada evita
posibles emergencias.

La revisiOn de interconexiones y el empleo de
crucetas, facilita la inspeccion y limpieza.

Recuerde que un programa de mantenimiento

bien planificado garantiza una operacién segura
y confiable.
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VERIFICACION DEL
RENDIMIENTO

Considere los siguientes parametros para
establecer si esta obteniendo un buen
rendimiento en su equipo:

 Temperatura de gases.
» Analisis de gases de combustion.
* Frecuencia de purgas.

* Temperatura del cuerpo de la caldera.



MANTENIMIENTO
SIMPLIFICADO

Un programa de mantenimiento adecuado
beneficia el rendimiento del equipo, su
vida util, evita paros innecesarios Y
pérdidas econdémicas.

“Mas que mantenerse preocupados por la
operacion del equipo hay que mantenerse
ocupados en procurar su buena
operacion”

27



DIARIO

* Verificar, niveles de agua vy niveles de
combustion.

» Purgar caldera y columnas.

» Registrar las variables de operacion, presion y
temperatura de agua, presion y temperatura de
combustible, temperatura de gases, tratam|ento
de aguas, presién de operacion, etc.

. Efectue el tratamiento de agua de acuerdo a las
recomendaciones.

3§



CADA SEMANA

. Verifigue cierre  de valvulas de
combustible, conexiones en general, luces
lndlcadoras y alarmas, controles limites de
operamon controles de seguridad Yy sus
conexiones, fugas, ruidos anormales,
vibraciones, y cualquier condicion que
manifieste una operacion fuera de lo
establecido. |



CADA ANO

> Programe la inspecciéon y verificacion del
recipiente a presion.

Desmonte, limpie, ajuste y/o reemplace
los controles de seguridad.

Desmonte, limple y verifique la calibracion
de instrumentos y accesorios.

Desmonte las valvulas de seguridad vy
verifique su calibracion.

AL




