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PROLOGO

El presente informe esta dividido secuencialmente en 5 capitulos definidos en los que
se presentan en forma logica y ordenada los pasos para realizar la Implementacién de
una Inyectora Automatica de Carbén en un Homo Eléctrico de 30 Toneladas de

capacidad de Acero Liquido.

En el Capitulo I, hacemos mencion de las necesidades que anteceden la
Implementacién, asi como el objetivo general del informe considerando sus alcances
y limitaciones, teniendo como fundamento la justificacidén cuantitativa y cualitativa

del producto.

En el Capitulo II, presentamos el proceso general de fabricacién del acero en la
Planta asi como también una descripcidén técnica detallada del equipo principal de
dicha planta, el Horno Eléctrico, y finalmente el sistema de Inyeccion de Carbén,
justificando teoricamente los conceptos que involucran los criterios de seleccion e

implementacion.

En el Capitulo III, nos abocamos a la seleccion del tipo de Inyectora considerando

los requisitos técnicos y de seguridad que debe cumplir el equipo, asi como también



en el disefio de tuberias para la inyeccion de carbon y la modificacion del panel

refrigerado.

En el Capitulo IV, describimos la implementacion del Sistema de Inyeccion
Automatico de Carbon, asi como, los procedimientos utilizados para el montaje
considerando la aplicacion del tipo de materiales en todo el proceso y aprovechando

las instalaciones existentes.

En el Capitulo V, presentamos los costos que demanda la Implementacidon asi como

el retorno de la inversion.



CAPITULO 1

INTRODUCCION

1.1 ANTECEDENTES

Desde 1956 SIDERPERU es una empresa dedicada a la fabricacion de productos
de Acero, utilizando dos vias de produccion: Via Alto Horno y Via Horno
Eléctrico. Debido a la crisis del afio 2009 se cerro la linea de Produccion via Alto
Horno, dejando solamente la produccion via Horno Eléctrico.

Hasta el afio 2010 se utilizaban 02 Hornos Eléctricos de 30 Tn de capacidad con
inyeccion manual de Carboén y Oxigeno, siendo éste sistema causante de
frecuentes accidentes y baja eficiencia de inyeccidn, que en consecuencia se

traducia en pérdidas de Produccion.

En el afio 2010, en la Planta de Aceria se implemento un nuevo Horno Eléctrico
en reemplazo de los dos Hornos instalados desde 1956, éste cambio trajo
consigo un considerable aumento en nuestro volumen de produccion asi como

nuevas y modernas tecnologias en la inyeccion automatica de Carbon y Oxigeno.



1.2 OBJETIVO
Implementar una Inyectora Automatica de Carbon de 20 kg/min en el Horno
Eléctrico de 30 Tn de capacidad de acero liquido para aumentar la produccién en

1.5%.

1.3 ALCANCE
Presentar los criterios logicos y procedimientos para la seleccion y diseiio de los
componentes que se utilizaran en la implementacion de una Inyectora de Carbon,
asi como las pruebas de funcionamiento.
Debido a que estamos abocados solamente a la especialidad de Ingenieria
Mecanica, no forman parte del alcance temas relacionados con Procesos
Metalargicos, Sistema Eléctrico, Sistema Electronico, Sistema de Control,

condiciones estructurales de las instalaciones existentes ni equipos auxiliares.

1.4 LIMITACIONES
El presente informe de suficiencia se limita al Horno Eléctrico de la Planta de
Aceria - SIDERPERU, no siendo valido para otro tipo de proceso de fundicion
de chatarra ya que cada parametro es ajustado de acuerdo a la realidad de cada

proceso.

1.5 JUSTIFICACION
En los ultimos 8 afios la produccion de acero en el mundo crecid a una tasa

promedio 5,8% anual, sin embargo, a pesar de la caida por la crisis del 2009, la



produccion de acero se ha recuperado en el 2010 y se augura un crecimiento del
consumo mundial del acero del 6,5% para este afio y del 5,4% para 2013.

Considero necesario resaltar que actualmente en SIDERPERU se producen 200,
000 toneladas de acero solido anual, mediante el proceso de fundicion de la
chatarra en un Horno Eléctrico de 30 tn, lo que relacionado al aumento de la
demanda del acero en el mundo, nos obliga a mejorar nuestro proceso aplicando
las mejoras tecnoldgicas y la Ingenieria para el aumento de la produccion y

disminucion de interrupciones imprevistas.



CAPITULO II
GENERALIDADES SOBRE ELL HORNO ELECTRICO DE

FUNDICION E INYECCION DE CARBON

2.1 PROCESO DE FABRICACION DEL ACERO

EL ACERO

Los metales y las aleaciones empleados en la industria y en la construccion pueden
dividirse en dos grupos principales: Materiales FERROSOS y NO FERROSOS.
Ferroso viene de la palabra Ferrum que los romanos empleaban para el fierro o
hierro. Por lo tanto, los materiales ferrosos son aquellos que contienen hierro como

su ingrediente principal; es decir, las numerosas calidades del hierro y el acero.

Los materiales No Ferrosos no contienen hierro. Estos incluyen el aluminio,
magnesio, zinc, cobre, plomo y otros elementos metalicos. Las aleaciones el laton y
el bronce, son una combinacion de algunos de estos metales No Ferrosos y se les

denomina Aleaciones No Ferrosas.

Unc de los materiales de fabricacion y construccion mas versatil, mas adaptable y
mas ampliamente usado es el ACERO. A un precio relativamente bajo, el acero
combina la resistencia y la posibilidad de ser trabajado, lo que se presta para

fabricaciones mediante muchos métodos. Ademas, sus propiedades pueden ser



manejadas de acuerdo a las necesidades especificas mediante tratamientos con calor,

trabajo mecanico, o mediante aleaciones.

El Acero es basicamente una aleacion o combinacion de hierro y carbono (alrededor
de 0,05% hasta menos de un 2%). Algunas veces otros elementos de aleacion
especificos tales como el Cr (Cromo) o Ni (Niquel) se agregan con propositos

determinados.

Ya que el acero es basicamente hierro altamente refinado (mas de un 98%), su
fabricacion comienza con la reduccidén de hierro (produccion de arrabio) el cual se

convierte mas tarde en acero.

El hierro puro es uno de los elementos del acero, por lo tanto consiste solamente de
un tipo de atomos. No se encuentra libre en la naturaleza ya que quimicamente
reacciona con facilidad con el oxigeno del aire para formar oxido de hierro

herrumbre. El 6xido se encuentra en cantidades significativas en el mineral de hierro,

el cual es una concentracion de 6xido de hierro con impurezas y materiales térreos.

Existen dos tipos fundamentales de aceros: acero al carbono (Z aleantes < 8%) y

acero aleado (X aleantes >8%)

2.1.1 Clasificacion del Acero

2.1.1.1 Acero al Carbono

Mas del 90% de todos los aceros son aceros al carbono. Estos aceros contienen
diversas cantidades de carbono y menos del 1,65% de manganeso, el 0,60% de silicio

y el 0,60% de cobre. Entre los productos fabricados con aceros al carbono figuran



maquinas, carrocerias de automoévil, la mayor parte de las estructuras de construccidon

de acero, cascos de buques, etc.

Por otro lado, dentro de los aceros al carbono, segin su contenido, se pueden
diferenciar los siguientes grupos:

» Aceros de muy bajo % de carbono

Estos aceros son usados para piezas que van a estar sometidas a un conformado en
frio.

Los aceros no calmados se utilizan para embutidos profundos por sus buenas
cualidades de deformacién y terminacion superficial. Los calmados son maés
utilizados cuando van a ser sometido a procesos de forjados o de tratamientos
térmicos.

Son adecuados para soldadura y para soldadura fuerte. Su maquinabilidad se mejora
mediante el estirado en frio. Son susceptibles al crecimiento del grano, y a fragilidad
y rugosidad superficial si después del conformado en frio se los calienta por encima

de 600°C.

* Aceros de bajo % de carbono

Este grupo tiene mayor resistencia y dureza, pero menor capacidad de deformacion.
Son los comunmente llamados aceros de cementacion. Los calmados se utilizan para
forjas.

El comportamiento al temple de estos tipos de aceros depende del % de C y Mn. Asi

los que presentan mayores porcentajes de C tienen mayor templabilidad en el nucleo,



y los de mas alto % de Mn, se endurecen mas principalmente en el nucleo y en la
capa.

Son aptos para soldadura y soldadura fuerte. La maquinabilidad de estos aceros
mejora con el forjado o normalizado, y disminuye con el recocido.

« Aceros de medio % de carbono

Estos aceros son seleccionados en usos donde se necesitan propiedades mecanicas

mas elevadas y frecuentemente llevan tratamiento térmico de endurecimiento.

Se utilizan en amplia variedad de piezas sometidas a cargas dinamicas, como ejes y
arboles de transmision. Los contenidos de C y Mn son variables y dependen de una

serie de factores, como las propiedades mecanicas o la templabilidad que se requiera.

Los de menor % de carbono se utilizan para piezas deformadas en frio, aunque los
estampados se encuentran limitados a plaqueados o doblados suaves, y generalmente
llevan un recocido o normalizado previo. Todos estos aceros se pueden aplicar para
fabricar piezas forjadas y su seleccion depende del tamafio y propiedades mecanicas

después del tratamiento térmico.

Los de mayor % de C, deben ser normalizados después de forjados para mejorar su
maquinabilidad. Son también ampliamente usados para piezas maquinadas, partiendo
de barras laminadas. Dependiendo del nivel de propiedades necesarias, pueden ser o

no tratadas térmicamente.
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Estos tipos de aceros pueden soldarse pero deben tenerse precauciones especiales

para evitar fisuras debido al rapido calentamiento y posterior enfriamiento.

« Aceros de alto % de carbono
Se usan en aplicaciones en las que es necesario incrementar la resistencia al desgaste
y conseguir altos niveles de dureza en el material que no pueden lograrse con aceros

de menor contenido de C.

En general no se utilizan conformados en frio, salvo plaqueados o el enrollado de

resortes.

Practicamente todas las piezas con acero de este tipo son tratadas térmicamente antes
de usar, debiéndose tener especial cuidado en estos procesos para evitar distorsiones
y fisuras

2.1.1.2 Aceros Aleados

Estos aceros contienen un proporcidon determinada de vanadio, molibdeno y otros
elementos, ademas de cantidades mayores de manganeso, silicio y cobre que los

aceros al carbono normales. Estos aceros de aleacion se pueden subclasificar en

e Estructurales: Son aquellos aceros que se emplean para diversas partes de
maquinas, tales como engranajes, ejes y palancas. Ademas se utilizan en las
estructuras de edificios, construccion de chasis de automoviles, puentes,

barcos y semejantes. El contenido de la aleacion varia desde 0,25% a un 6%.
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e Para Herramientas: Aceros de alta calidad que se emplean en herramientas
para cortar y modelar metales y no-metales. Por lo tanto, son materiales
empleados para cortar y construir herramientas tales como taladros,

escariadores, fresas, terrajas y machos de roscar

e Especiales: Los Aceros de Aleacion especiales son los aceros inoxidables y
aquellos con un contenido de cromo generalmente superior al 12%. Estos
aceros de gran dureza y alta resistencia a las altas temperaturas y a la

corrosion, se emplean en turbinas de vapor, engranajes, ejes y rodamientos.

2.1.1.3 Aceros de Baja Aleacion Ultra Resistentes

Esta familia es la mas reciente de las cuatro grandes clases de acero. Los aceros de
baja aleacion son mas baratos que los aceros aleados convencionales ya que
contienen cantidades menores de los costosos elementos de aleacion. Sin embargo,
reciben un tratamiento especial que les da una resistencia mucho mayor que la del
acero al carbono. Por ejemplo, los vagones de mercancias fabricados con aceros de
baja aleacion pueden transportar cargas mas grandes porque sus paredes son mas
delgadas que lo que seria necesario en caso de emplear acero al carbono. Ademas,
como los vagones de acero de baja aleacidén pesan menos, las cargas pueden ser mas
pesadas. En la actualidad se construyen muchos edificios con estructuras de aceros
de baja aleacién. Las vigas pueden ser mas delgadas sin disminuir su resistencia,

logrando un mayor espacio interior en los edificios
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2.1.1.4 Aceros Inoxidables

Contienen cromo, niquel y otros elementos de aleacion, que los mantienen brillantes
y resistentes a la herrumbre y oxidacion a pesar de la accion de la humedad o de
acidos y gases corrosivos. Algunos aceros inoxidables son muy duros; otros son muy
resistentes y mantienen esa resistencia durante largos periodos a temperaturas
extremas. Debido a sus superficies brillantes, en arquitectura se emplean muchas
veces con fines decorativos. El acero inoxidable se utiliza para las tuberias y tanques
de refinerias de petroleo o plantas quimicas, para los fuselajes de los aviones o para
capsulas espaciales. También se usa para fabricar instrumentos y equipos
quirargicos, o para fijar o sustituir huesos rotos, ya que resiste a la accion de los
fluidos corporales. En cocinas y zonas de preparacidon de alimentos los utensilios son
a menudo de acero inoxidable, ya que no oscurece los alimentos y pueden limpiarse

con facilidad.

Se dividen en los siguientes grupos:
* Austeniticos:
Los aceros inoxidables austeniticos no son duros ni templables, ademas de poseer

una alta capacidad de deformarse plasticamente. El mas ampliamente utilizado es el

304.

A esta categoria pertenecen los aceros refractarios (elevada resistencia a altas

temperaturas). Ejemplo, 30330 (35% Ni, 15% Cr).
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« Martensiticos

Contenido de Cromo entre 11 - 18 %.

Estos son templables. Si se persigue conseguir durezas mas elevadas se debe
aumentar el % Cr (formacién de carburos de Cr). Se usan para cuchilleria, dado que

tienen excelente resistencia a la corrosion.

« Ferriticos

Poseen bajo % de C y alto Cr (10 - 27 %) por lo que pueden mantener la estructura

ferritica aan a altas temperaturas.

2.1.2 Proceso de fabricacion del Acero
Se inicia con la industrializacion de la chatarra, luego es cargada al Horno Eléctrico
para realizarla fundicidon y se transforma en acero liquido y finalmente el acero

liquido es transformado en acero soélido en el area de Colada Continua.

Figura 2.1 Macro proceso del Acero
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2.1.2.1 Procesamiento de la chatarra

La chatarra es todo aquel material que ha sido desechado para su uso (metalico,
plastico, vidrio, etc.) y que se volvera a reciclar para la obtencion de un producto
nuevo.

Contaminantes: Cobre (Cu), Fosforo (P), Cromo (Cr), Azufre (S), Niquel (Ni),
Silicio (Si1), Molibdeno (Mo), Arsénico (As), Estaiio (Sn), Plomo (Pb) .

Impurezas: Madera, tierra, plasticos, papel, cartén, neumaticos, espuma, vidrio, lana

de vidrio, cemento, etc.

Influencia de las impurezas en la Chatarra:
Chatarra Limpia —> Consume 380 kWh/t

Tierra - Consume 570 kWh/t

e Consumo de energia adicional para fundir algo que no se incorpora al acero

e Latierra tiene consumo de energia mas alto que el propio acero

e Cuando se tiene tierra en exceso, se necesita colocar cal adicional, para
neutralizar la accion de erosion de la tierra sobre los refractarios del Horno.

e Esta cal tiene un consumo mas elevado que la propia tierra (800 kWh/t)



Tierra Cal Escoria

Figura 2.2 Una tonelada de tierra necesita dos toneladas de cal formando tres
foneladas de escoria

La industrializacion de la chatarra presenta una gran influencia en la productividad
del Horno Eléctrico, por ejemplo:
* Densidades tipicas de chatarras sin industrializar:
— Mixta pesada: 0,3 t/m’
— Mixta liviana: 0,25 t/m’
— Para oxicorte: 0,3 t/m>
Por ejemplo, un horno de 30t y 17 m’ puede recibir cargas de 5 a 6 toneladas
lo que significa realizar 6 cargas o 6 cestas.
El tiempo promedio de la carga de una cesta esta entre 2.0 a 2.5 minutos.
* Cargar 6 cestas requeriran de 12 a 15 minutos de parada de produccion.

A menor nimero de cargas (cestas), menor tiempo de parada de produccion,

lo que indica aumento de la productividad.
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La chatarra es la materia prima procesada en la Cizalla Compactadora
VEZZANI, esta chatarra es suministrada por empresas externas que la

transportan hasta nuestra planta.

El objetivo es aumentar su densidad aparente, eliminar contaminantes, separar
otros tipos de metales diferentes al hierro y darle una medida de tal modo que
pueda mejorar la productividad del Horno Eléctrico.

Actualmente la planta de procesamiento de chatarra produce a un ritmo de 350

Tn/dia.

Figura 2.5 Planta de procesamiento de chatarra. Produccion diaria 350 Toneladas
por dia.
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2.1.2.2 Fundicion en el Horno Eléctrico

Por ser el equipo de anélisis los detalles se presentan en el punto 2.2.

2.1.2.3 Solidificacion del Acero

El acero que viene desde el Horno Eléctrico se encuentra en estado liquido
teniendo que pasar por un sistema de enfriamiento para la solidificacion, este
proceso se lleva a cabo en la Colada Continua, que en nuestra planta, produce dos

formatos de barras cuadradas de 100 x 100 x 6000 mm 0 224 x 224 x 3000 mm.

Figura 2.6 Colada Continua



2.2 EL HORNO ELECTRICO

SIDERPERU cuenta actualmente con un Moderno Horno Eléctrico con un

transformador de 30 MVA .

"5 Captacionde
. humos y gases

Robotpara
tomade
temperaturay
muestra

Vaciadoa la
cuchara

Figura 2.7 Esquema del Horno Eléctrico



2.2.1 Datos Técnicos del Horno Eléctrico

Tagliaferri, EBT (Sangrado Excéntrico |

Tipo de Hormo

Inferior)

Capacidad Nominal

30 Tn. (Acero Liquido) + 8 Tn. (Carga
Caliente)

Diametro

4,200 mm.

Tipo de Carga

Chatarra

Tipo de Sangrado

Excéntrico Inferior (EBT)

Diametro de Electrodo

400 mm.

Potencia del Transformador

30 MVA

Voltaje Primario

13,8 kV — 60 Hz

Normas de Fabricacion

[EC/ISO, UNI-

Tipo de Paneles

Tubulares, refrigerados internamente

Cilindros de Basculamiento

Dos cilindros hidraulicos de doble efecto

Angulo de Sangrado

+15°

Angulo de Desescoreo

-15°

Cilindro hidraulico de boveda

Carrera 378 mm, simple efecto

Cilindro Hidraulico de giro de Béveda

Simple efecto, angulo de 78°

Regulacion de Velocidad de

Hasta 150 mm/s

Electrodos
Maéxima Velocidad de Electrodos 450 mm/s
Velocidad de giro en Sangrado 1,5°s
Velocidad de giro en Retorno 4°/s
. L TDR (Regulacion Digital
Regulacion electronica de Electrodos TAGLIAFERRI)

Sistema de Automatizacion
L

PLC y logica de PC
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2.2.2 Proceso de fundicion de Chatarra en el Horno Eléctrico
2.2.2.1 Carga de Chatarra
La chatarra es adicionada al horno a través de cestas preparadas en el Patio de
Preparacion de Cestas, normalmente, se utilizan 3 o 4 cestas por colada de acero.
La carga de chatarra se debe preparar de forma que permita:
e Minimizar el impacto sobre el revestimiento.
e Optimizar el rellenado del volumen del horno.
e Euvitar cargas altas que impidan el cierre del horno.
e Facilitar la penetracion de los electrodos al inicio de la fusidn, sin que
ocurra la rotura de los mismos.
e Formacion rapida de una piel liquida sobre la solera, protegiéndola
contra la accion directa de los arcos.
e Tiempos de fusibn minimos.
e Ausencia de contacto de los electrodos con cuerpos no conductores que
causan ruptura de los electrodos.

La colada de acero comienza en la preparacidon de la carga, en la cesta.
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Proceso de Carga de Chatarra en el Horno Eléctrico

Figura 2.8 Llenado de chatarra en Cesta

Figura 2.9 Carga de chatarra al Horno Figura 2.10 Regreso de Cesta para
llenado de chatarra

2.2.2.2 Fusion
Después de cargar la primera cesta se inicia la fusidn, se bajan los electrodos

para que toquen levemente la chatarra liviana de la parte superior y abran el
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arco, cuando la chatarra esté suficientemente fundida, se adiciona la segunda
cesta.

Generalmente la fusion es acompafiada de inyeccion de O, para aumentar la
energia calorifica, se forman cantidades importantes de FeO auxiliando el

afino oxidante.

El tiempo de fusién depende de: La potencia del transformador, del tipo de
carga, y de la utilizacion de otras fuentes de calor.

Durante el proceso de fusién se adiciona oxigeno y carbono.

2.2.2.3 Afino Oxidante
Se inicia después de la ultima etapa de fusion.
Tiene una funcion de disminuir el contenido de carbono (descarburacién) y
de fosforo (desfosforacion) del bafio liquido.
Para esto se adiciona oxigeno y carbono a través de lanza manual o por
sistema automatizado.

El oxigeno reacciona con diversos elementos, formando la escoria del horno.

2.2.2.4 Sangrado
Consiste en la evacuacion del acero liquido del horno a través de un agujero
excéntrico ubicado en la parte inferior hacia un recipiente metalico revestido
internamente con refractario llamado Cuchara. Actualmente el tonelaje de

acero sangrado tiene un promedio de 30 Tn.
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2.3 INYECCION DE CARBON AL HORNO ELECTRICO

El Carb6n es transmitido a través de un transporte neumatico hasta el Inyector de
Carbon.

La principal caracteristica del Inyector es su posicion, asi dentro de la zona de
escoria, de modo que el 100% del Carbon se dirija directo a la escoria dentro del
Horno Eléctrico.

La primera consecuencia de ésto es el incremento de la productividad.

Este sistema comprende desde el almacenamiento, transporte e inyeccién de Carbon

dentro del Horno Eléctrico en la etapa de afino para realizar la reduccion del FeO.

2.3. INYECCION DE CARBON AL HORNO ELECTRICO

El Carbon se almacena en una tolva de 1 tonelada de capacidad que esta conectada
mediante dos valvulas en serie, una neumatica y otra manual, con un recipiente
inferior llamado Dispensador, que es de donde conecta la tuberia de carbon y va
hacia la Inyectora. La capacidad del dispensador de carbon es de 800 kg y 2 m®. Ver
disposicion en plano 6P&I-77588. (Ver Anexo adjunto).

El dispensador esta conectado a una linea de aire comprimido que estd comandada
por un sistema de valvulas y electrovalvulas ya existentes que “arrastran” al Carbon

del Dispensador transportandolo hacia la inyectora.

2.3.1 Carbon Suministrado
Es suministrado mediante bolsones de 1,000 kg. (ver caracteristicas técnicas del

carbén en el anexo adjunto).



CAPITULO III
CARACTERISTICAS TECNICAS DEL SISTEMA

AUTOMATICO DE INYECCION DE CARBON

3.1 CONSIDERACIONES DE SELECCION
Se ha seleccionado el tipo de inyectora llamada “KT” debido a que se considera
que abarca tanto los aspectos de seguridad, facil mantenimiento y requerimientos

técnicos que exige nuestro proceso. Es un disefio patentado por su fabricante

TENOVA.

3.1.1 Consideraciones de Seguridad
La hermetizacién del sistema debe ser garantizado en las condiciones de trabajo
actuales, cabe destacar que el carbon es un elemento inflamable y una posible
fuga podria ocasionar dafios serios.
Es necesario considerar que el equipo cuente con un sistema seguro de
refrigeracion, la mezcla de agua con acero liquido ocasiona explosiones e

incendios que en otras unidades ya ha ocasionado fatalidades.



3.1.2 Normas Aplicables

Para el mantenimiento del sistema es necesario que los componentes estén
disefiados bajo un estandar internacional que facilite el reconocimiento de los
repuestos y la facilidad para su adquisicion en el mercado.

La implementacion del equipo debe ser establecido bajo normas estandarizadas
consideradas en el disefio, en lo que sea aplicable: tuberias, codos, bridas,
soldadura, pruebas de hermeticidad y equipos.

Los principales equipos para la implementacion de nuestra inyectora son

tuberias de carbon, tuberias de agua de refrigeracion y mangueras

3.2 CARACTERISTICAS TECNICAS
El Invector KT de Carbén es una herramienta para formacion de escoria
espumosa y control de FeO en el aceo liquido dentro del Horno.

Principales partes de la Inyectora:

Figura 3.1 Inyectora de Carbon.




Figura 3.2 Blogue de Refrigeracion

5.

6.

. Ingreso de Carbdn pulverizado.
. Ingreso de Agua de refrigeracion.
. Ingreso de Aire Comprimido.

. Salida de mezcla Aire — Agua.

Valvula de bola para mantenimiento.

Cuerpo de Cobre.

7. Boquilla.

8. Bloque Refrigerado.

9.

Ingreso Agua de refrigeracion a Bloque

10. Salida Agua de refrigeracion a Bloque
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Cuerpo de Cobre

27

Longitud del Cuerpo Refrigerado

1000 mm

Material del Cuerpo Refrigerado

Cobre

Sistema de Refrigeracion

USCS - Sistema de Refrigeracion Ultraseguro

Diametro Externo

110 mm

Diametro Intermnmo

60 mm

Sistema de Refri

geracion Ultraseguro

Presion de Agua (Entrada)

Minimo 2 Bar

Calidad del Agua

Calidad Normal para el Horno (Ver Anexo
adjunto)

Presion de Aire Comprimido (Entrada)

Minimo 2 Bar

Calidad de Aire Comprimido

Calidad Normal de Aire

Flujo de Agua 2 m’/h
Flujo de Aire Comprimido 50 m’/h
Pres.lon de Flujo de Refrigeracion Atmosférica
(Salida)

e Boquilla
Diadmetro Interno 28 mm

Material

Acero al Manganeso

Tiempo de vida

2000 Coladas

Presion de Aire

Transporte

Comprimido

para

Desde 2. SBar hasta 3.5 Bar

Presién de Aire Comprimido para Purga

Desde 1. 5Bar hasta 2. 5Bar

Flujo de Carbén

Mayor a 50 kg/min




e Manguera de Carbon
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Diametro Nominal

1.1/2”

Diametro Interno

38 mm

Norma DIN 20022 — 2SN
Diametro Externo 62.5 mm
Presion de Trabajo 150 PSI

Material SBR/NR / CUBIERTA: EPDM/NR
Refuerzo 2 Lonas (Tela sintética de alta tensidn)
Longitud 2800 mm

Marca de Referencia SELFLEX/PHOENIX

Tipo SANDBLAST

Codigo SAP 10057113

e Manguera de Ingreso de Agua

El Agua es suministrado de la linea principal, aprovechando las instalaciones

ya existentes.

Diametro Nominal

3/4”

Pared Interior

Ondulada de Acero Inoxidable AISI 321

Pared Exterior

Malla de alambre de Acero Inoxidable AISI 316

Tipo TM7AX

Longitud 1200 mm

Acoplamientos Giratorios NPT, hembra @ 3/4"
Cédigo SAP 10057113

Norma ISO 10380
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e Manguera de Ingreso de Aire Comprimido

El Aire es suministrado de la linea principal, aprovechando las instalaciones

ya existentes.

Diametro Nominal

3/4”

Pared Interior

Ondulada de Acero Inoxidable AISI 321

Pared Exterior

Malla de alambre de Acero Inoxidable AISI 316

Tipo TM7AX

Longitud 1800 mm

Acoplamientos Giratorios NPT, hembra @ 3/4"
Norma ISO 10380

Codigo SAP 10057111

Ver disposicion en plano 6TUB-77579, Pos. 69. (Ver Anexo adjunto)

e Manguera de Mezcla Aire — Agua

Didmetro Nominal

1.1/2”

Pared Interior

Ondulada de Acero Inoxidable AISI 321

Pared Exterior

Malla de alambre de Acero Inoxidable AISI 316

Tipo TM7AX

Longitud 1800 mm

Acoplamientos Giratorios NPT, hembra O 3/4"
Norma ISO 10380

Codigo SAP 10057122

Ver disposicion en plano 6TUB-77579, Pos. 36. (Ver Anexo adjunto)
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Bloque Refrigerado

El bloque de refrigeracion es usado para:
> Instalar y corregir las lanzas e inyectoras KT sobre el Horno EAF
> Proteger las lanzas e inyectoras KT durante la carga de chatarra
El Bloque de Refrigeracion esta conectado a una entrada y una salida de agua
Esta fijada a la caja del hommo con un soporte de acero, que permite la
variaciéon del angulo de la instalacién, por lo que el carbon podria ser

inyectado con diferentes inclinaciones.

Material Cobre
Fabricacion Colado
Peso Aproximado 400 kg
Presion de Agua de Entrada 5 Bar
Flujo de Agua 8 m’/h
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3.3 DISENO DE TUBERIAS PARA INYECCION DE CARBON

Es importante tener en cuenta que el transporte del carbon desdé la tolva de
almacenamiento hasta la propia inyectora es realizado por el movimiento del aire
comprimido a 5 Bar que arrastra al carbon a través de un tendido de tuberias que

conectan a una manguera para el ingreso a la inyectora.

Este carbon impulsado por el aire genera un efecto abrasivo en la tuberia vy
- manguera ocasionando el desgaste de éstos por lo que es importante realizar
medicion de espesores de las tuberias con frecuencias trimestrales para tener un
mejor control del desgaste, ademas de un cambio preventivo de la manguera
después de 4 meses de vida util (por recomendacion del fabricante).

Tuberia:

Para la seleccion de la tuberia se ha considerado las tomas de la tolva de
almacenamiento ya existentes y las conexiones de la Inyectora que son de

diametro 2”.

Por lo tanto:

l Diametro Nominal 27
Norma API 5L
Cédula 160
Espesor de Pared 8.71 mm
Peso Métrico 11.07 kg/m

Ver especificacion Completa en Anexo adjunto
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Codo:

Para la seleccion de los codos se ha tenido que realizar un disefio especial
diferente a los codos convencionales de alta presion, puesto que, en los cambios
de direccion del flujo de carbon son las zonas mas criticas de abrasion y desgaste.

Son llamados “codos tipo tambor”. Ver anexo adjunto.

Bridas:
Las bridas son accesorios de union entre tuberias, codos y mangueras, debido a

que no estan en contacto directo con el carbon pulverizado se ha seleccionado

bridas estandares de 2 ANSI 150.

Figura 3.4 Brida para tuberias de Carbon

3.3.1 Proceso de Soldadura de las Tuberias y Accesorios
Para nuestro caso nuestro metal base es una tuberia de 2” API SL, por lo que se
consider¢ trabajar con las normas de soldadura API 1104, ya que dicha norma

contempla el procedimiento de soldadura de nuestra tuberia.

Cabe resaltar que si bien la norma AP! 1104 no especifica la aplicacion de ésta

soldadura para el transporte de aire mas carbon pulverizado, es necesario
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mencionar que la norma API SL si hace mencién de la aplicacion para un Horno
Eléctrico, ademas de presentar mayor espesor de pared con el objetivo de tener

mas tiempo de vida util en cuanto a presidén, temperatura y abrasion.

Soldadura Manual

Intervienen cinco (5) componentes importantes llamado las SM: Mano de obra,
materiales, maquinas, medio ambiente y medios escritos (procedimientos). La
unidén satisfactoria implica que debe pasar las pruebas mecanicas (tension,

doblez). Las técnicas son los diferentes procesos (SMAW, SAW, GATW, etc.).

En nuestro caso, teniendo en cuenta los equipos propios con los que contamos en
planta se ha utilizado la soldadura SMAW que considera el proceso de soldadura

de todos los componentes pre armados.

El proceso SMAW, consiste en la utilizacion de un electrodo con un determinado
recubrimiento, segun sea las caracteristicas especificas. A través del mismo se
hace circular un determinado tipo de corriente eléctrica, ya sea esta de tipo alterna
o directa. Se establece un corto circuito entre el electrodo y el material base que se
desea soldar o unir, este arco eléctrico puede alcanzar temperaturas del orden de
los 3500 °C, depositandose el nucleo del electrodo fundido al material que se esta
soldando, de paso se genera mediante la combustién del recubrimiento, una
atmosfera que permite la proteccion del proceso, esta proteccién se circunscribe a
evitar la penetracion de humedad y posibles elementos contaminantes. También se

produce una escoria que recubre el cordén de soldadura generado.
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A continuacion se indicara el proceso tipico general de soldadura.
> Traslado de tuberias y accesorios a la zona de soldadura
> Limpieza de las zonas a soldar

> Soldado de tuberias y conexiones

>

Limpieza de escorias de soldadura

3.4 MODFICACION DEL PANEL REFRIGERADO

Nuestro Horno Eléctrico presenta dos partes estructurales importantes: cuba y
carcaza.

La cuba o lower shell es la parte inferior que consta de una chapa metalica en forma
ovoidal de 4.2 metros de didmetro que internamente contiene ladrillos y masa
refractaria, que esta en contacto directo con el acero liquido.

La carcaza o upper shell esta fijada encima de la cuba y consta de paneles hechos de
tuberias de 2” refrigerada internamente por agua a 5.5 Bar. Su funcién principal es

hermetizar el interior del Horno para evitar filtrado de acero liquido.



Figura 3.5 Interior del Horno Eléctrico

Figura 3.6 Paneles Refrigerados zona EBT
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INYECTORA DE CARBON

Figura 3.7 Paneles Refrigerados zona puerta de escoreo

Descripcion técnica del Panel refrigerado

Tuberias
Diametro Nominal 27
Diametro Exterior 73 mm
Diametro Interior 53.96 mm
Espesor de Pared 9.52 mm
Cédula 160
Material St. 358 DIN 17175
Codo 180°
Diametro Nominal 27
Paso (Distancia entre centros) 85 mm
Diametro Exterior 73 mm
Diametro Interior 53.96 mm
Espesor de Pared 9.52 mm
Cédula 160
Material Fe410-1Kw-UNI 5689
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Uniones Simples para entrada y salida de agua

Diametro Nominal 27

Rosca Interior NPT

Norma ANSI 3000
Material ASTM A106-B

Originalmente el panel refrigerado fue disefiado para alojar a una lanza de oxigeno,
sin embargo, debido a la implementacion de la inyectora se realizé la modificacion
para crear un espacio de alojamiento adicional para dicha inyectora.

Proceso de Levantamiento de Plano

Se tomo6 como referencia el plano original 6INV-78596-A, ademas de las medidas
geométricas del bloque refrigerado y la base de la inyectora, puesto que éstas hacen

interferencias con el panel original. El plano modificado fue el CQ129-4059-101.

Proceso de Corte

Esta actividad considera los procesos de trazo, corte y esmerilado de los materiales a

modificar.

El oxicorte es una técnica auxiliar de la soldadura, que se utiliza para la preparacion
de los bordes de las piezas a soldar cuando son de espesor considerable y para

realizar el corte de chapas, tubos, barras de acero, etc.
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El oxicorte consta de dos etapas: en la primera, el acero se calienta a alta temperatura
(850°C — 950°C) con la llama producida por el oxigeno y un gas combustible; en la
segunda, una corriente de oxigeno corta el metal y remueve los 6xidos de hierro

producidos.

En éste proceso se utiliza un gas combustible cualquiera (acetileno, hidrogeno,
propano, hulla, etc.), cuyo efecto es producir una llama para calentar el material,
mientras que como gas comburente siempre ha de utilizarse oxigeno a fin de causar

la oxidacion necesaria para el proceso de corte.

Bien sea una unica cabeza o por separado, todo soplete cortador requiere de dos
conductos por el que circule el gas y otro para el oxigeno. El soplete de oxicorte
calienta al acero con su llama carburante y la apertura de la valvula de oxigeno
provoca una reaccion con el hierro de la zona afectada que lo transforma en 6xido
férrico (Fe20s), que se derrite en forma de chispas al ser su temperatura de fusion
inferior a la del acero.

Este proceso es estandar para todo tipo de corte de acero inclusive para las tuberias

refrigeradas del panel.

Proceso de soldadura de un panel refrigerado
Tomando en cuenta la recomendacion del fabricante la norma utilizada fue la norma

italiana UNI 11001, sin embargo, por facilidad de informacion aplicaremos la norma

AWS 5.1.
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Para la seleccion del material de aporte se tuvieron los siguientes datos de la tuberia:

Metal Base: St. 35.8 DIN 17175

Limite de Fluencia: Minimo 235 MPa

Resistencia a la traccion: Desde 360 — 480 MPa

De acuerdo a la norma AWS 5.1, se procedio a seleccionar bajo el proceso SMAW

el electrodo E-6011 para el pase de raiz y E-7018 para el pase de relleno, el bisel de

acuerdo a:

Figura 3.8 Bisel para tuberias de panel refrigerado (Ver plano CQ127-4059-101)



CAPITULO 1V
IMPLEMENTACION DEL SISTEMA AUTOMATICO DE

INYECCION DE CARBON

Las actividades de implementacién de tuberias, montaje de inyectora y montaje de
panel refrigerado se realizaron en parada programada de planta cuyo tiempo fue de
48 horas, siendo realizadas en su totalidad por el personal de mantenimiento

mecanico.

4.1 DISPOSICION DEL SISTEMA DE ALMACENAMIENTO DE CARBON
Y AIRE COMPRIMIDO

Aunque el presente informe no contempla la implementacién de estos sistemas
(puesto que ya son existentes) se ha considerado importante mencionar su

disposicion en Planta para tener un mejor panorama véase anexo, plano 6P&1-77574-

B.

El sistema esta disefiado para almacenar 10 m3 de carboén en la tolva superior y 2 m3
de carbon en la tolva inferior la cual esta conectada al sistema de aire a 6 Bar
mediante un panel de electrovalvulas neumaticas, el aire ejerce una presion negativa

en la valvula de la linea de carbon que succiona a €ste y lo transporta a la Inyectora.
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Estas instalaciones ya son existentes, puesto que se utilizaban en el sistema anterior
(sistema de inyeccion manual), sin embargo, se han hecho algunos cambios para la
modernizacion de los componentes electronicos como electrovalvulas, sensores de

humedad, presion y flujo, filtros y secadores de aire.

Figura 4.1 Dispensador de Carbon

Figura 4.2 Panel de valvulas neumaticas
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4.2 IMPLEMENTACION DE MATERIALES PARA EL TRANSPORTE DEL
CARBON

Esta enfocado principalmente al tendido de tuberias para la inyeccion de carbéon asi
como sus accesorios descritos en 3.3, es necesario resaltar que se hizo un pre armado
de las tuberias y bridas en el taller de soldadura por lo tanto en campo se realizaron
los trabajos de empalme de las bridas y codos tipo tambor. El montaje se realizo de

acuerdo a plano 6P&I-77574-B (ver adjunto).

Figura 4.3 Disposicion de tuberias de Carbon.
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4.3 IMPLEMENTACION DE PANEL REFRIGERADO

Al igual que la inyectora el panel refrigerado por sus dimensiones y peso (350 kg
aprox.) necesita de un trabajo de izaje y maniobra en campo. El cambio de paneles
refrigerados del Horno es normalmente realizado por personal de mantenimiento

planta.

Es necesario resaltar que las lineas de agua y aire son existentes por lo que se tuvo

que adaptar las mangueras segun la disposicion de las tuberias en el fisico.

4.4 IMPLEMENTACION DE LA INYECTORA DE CARBON
Consiste en realizar trabajos de izaje con grua puente (existente en planta) y
maniobras mecanicas del equipo para ser instalado en el panel refrigerado que fue

modificado.

De acuerdo a lo mencionado en el punto 3.2 (Datos técnicos del bloque refrigerado)
el peso es aproximadamente 400 kg ademéas que el espacio donde se realizara el
montaje es muy reducido, por lo tanto es necesario realizar las maniobras con el
personal debidamente capacitado, EPP’s, radios portatiles para coordinacién con el

gruero.

A continuacion se indica el procedimiento a seguir para el correcto montaje de la

Inyectora:



Actividad

Materiales, equipos y herramientas

1. Bloqueo de Energias.

Candado y etiqueta

2. Colocar eslinga a bloque
refrigerado

Eslinga 4” x 6 mts. de Poliester 5
Tn). Guantes de seguridad NRF —
114.

3. Izarcongraa.

Grua puente 90 Tn. Radio Motorola

PRO 5150 para comunicacion.

4. Trasladar a Horno Eléctrico.

Radio Motorola Modelo PRO 5150.

5. Colocar tecle de 2 Tn. para
maniobras.

Tecle de 2 Tn.

6. Con movimientos de la gria y
maniobras de tecle, introducir bloque
refrigerado a panel.

Radio Motorola PRO 5150. Tecle.
04 técnicos mecanicos.

7. Fijar base, colocar pasador de
posicion.

Pasador de posicion.

8.  Montar manualmente el cuerpo de
cobre (Inyectora).

01 técnico mecanico.

9. Conectar mangueras.

Llave neumatica con encastre de
3/4”.

10. Desbloqueo

Candado, etiqueta.
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Implementos de Seguridad e 1zaje
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Figura 4.4 Candados y etiquetas de

bloqueo

Figura 4.5 Guantes de seguridad NRF

— 114

Figura 4.6 Tecle de 2 Tn

Figura 4.7 Eslinga de poliéster 5 Th
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4.5 PUESTA EN MARCHA
4.5.1 Consideraciones antes de la puesta en marcha
Para la puesta en marcha y demas pruebas varias condiciones de funcionamiento

deben cumplirse para garantizar un desarrollo del proyecto sin dificultades

a) Chatarra:

Durante la duracion de la prueba, la chatarra en una cantidad aceptable, asi como
una adecuada calidad.

Calidad de chatarra, quiere decir, que la chatarra debe ser cargada al Horno

adecuadamente y con una densidad entre 0.8 — 1.2 t/m’.

b) Inyeccién de Carbdn:
La velocidad de flujo requerida de la maquina de carbono a los lugares de lanza
debe estar garantizada para evitar problemas en la creacion de escoria espumosa y

por lo tanto mantener el desgaste del refractario bajo control.

Todos los medios de enfriamiento y purga de la lanza de carbono tienen que estar

disponibles durante toda la prueba.

c¢) Carbon:
Para la inyeccion de carbon los valores establecidos en la especificacion EM-500-
004 Rev.0 (Ver anexo adjunto) deben cumplirse para garantizar un buen efecto

escoria espumosa y una buena proteccion del refractario.
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4.5.2 Prueba en Vacio

Después de la instalacion y antes de iniciar la primera colada se debe inspeccionar
la inyectora de carbon también de en el interior del horno con respecto a la
posicion exacta, el angulo y la distancia al refractario, asi como la distancia a los
electrodos. Si es necesario la posicion debe ajustarse o el refractario debe ser

corregido.

4.5.3 Prueba con Carga

Antes de arrancar el horno por primera vez o después de una larga parada, éste
opera en condiciones en frio. Por lo tanto el sistema no puede ser operado desde el
principio. En primer lugar el Horno tiene que ser operado hasta un cierto nivel de
temperatura, hasta que el sistema pueda ser iniciado para garantizar una auto-

ignicion debido a los gases calientes.

Para el sistema de carbon el flujo de aire de purga debe ser garantizado desde el

principio de la primera colada.

Después de que todos los controles estan verificados la puesta en marcha sera
seguida por aproximadamente dos dias periodo de prueba en la que se probaran

diferentes velocidades de flujo de carbon.



CAPITULO V

COSTOS

El control de los costos se hizo con el programa SAP durante todo el proyecto y se
considero la siguiente estructura:

- Costos de Equipos

- Costos de Materiales

- Costos de Mano de Obra

- Costo Final

Todos los valores a continuacion se presentan en Dolares Americanos.

5.1 COSTOS DE EQUIPOS
Consta de todos los equipos eléctricos, mecanicos, electrénicos y de control que

fueron suministrados por el proveedor de la Inyectora de Carbon.
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Costo Costo Parcial
Descripcion Cantidad Unitario s lojsgrma

(USS$) (US$)
Bloque Refrigerado 1 38,000.00 38,000.00
Cuerpo de Cobre (Inyectora) 2 25,000.00 50,000.00
Secador de aire.+3°C,CNX @¢1.1/2" 1 6,800.00 6,800.00
Bomba Booster 2" AIR CONTROL 1 4,000.00 4,000.00
Tablero Electroneumatico 1 16,000.00 16,000.00
Separador de Agua @1.1/2 purga automatica 1 2,000.00 2,000.00
Costo Total Equipos 116,800.00

5.2 COSTO DE MATERIALES

Considerados los accesorios adicionales de los equipos, normalmente la funcion

de estps materiales es menos compleja que la de un equipo, por ejemplo: tuberias,

paneles refrigerados, termoresistencias, etc.




Costo Costo
Descripcion Unidad | Cantidad | Unitario Parcial
(USY) (USY)
Panel Refrigerado N°9 para Horno UN 1 13,500.00 | 13,500.00
’(I)“_elrgloreswtenma RTD PT 100 OHM UN 5 3,000.00 | 15.000.00
Tuberia 2" SCH160 ACERO API SL M 150 40 6,000.00
Codo 90° Tipo tambor UN 10 480 4,800.00
Soldadura 7018 1/8" Kg 100 35 3,500.00
Adaptador rapido para manguera 2
1/2" HEM NPT INOX A 30 100 3,000.00
Soldadura 6011 1/8" Kg 50 48 2,400.00
Brida ¢2" ANSI 150 UN 24 87.5 2,100.00
Tuberia 1 1/2 PG X 6.00 MT, SCH .
80, AST M 72 27.78 2,600.00
11\)/ISaInguera arenadora 1 1/2 PG 150 UN 10 200 2.000.00
Véalvula de bola 2 " NPT 1000PSI
INOX AISI316 UN 10 200 2,000.00
Empaquetadura g 2" 150# RF UN 20 743 1,486.00
Acoplamiento 1 1/2" NPT 3000 LBS
ACERO ASTM UN 20 72.8 1,456.00
Niple 1 1/2" X 5" DE ACERO 10
KG/CM?2 S UN 100 9.68 968
Manguera metalica flexible 3/4" X
1.80 M UN 10 40 400
l\l\ilémguera metalica flexible 1/2"x1.80 UN 10 40 400
l\l\ﬁsguera metalica flexible 1/4" x 0.5 UN 10 40 400
Manguera metalica flexible g1/2 X UN 10 40 400
0.5m
Costo Total de Materiales 61,810.00




5.3 COSTO DE MANO DE OBRA
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Personal contratado para realizar trabajos de Ingenieria, transporte, servicios

mecanicos, eléctricos y electronicos.

Costo Costo
Descripcion Unidad | Cantidad | Unitario Parcial
(US9) (USY)
Servicio de Ingenieria UN 1 1 25,000
Configuracion electronica en el HMI UN 1 1 18,000
Tendido de Tuberias UN 1 1 12,000
Implementac;o_n de Tablero UN 1 | 11,000
Electroneumatico
Instalacion de Bomba Booster, Secador. UN 1 1 6,000
Costo Total de Mano de Obra 72,000
5.4 COSTO FINAL
Engloba todos los costos del proyecto.
. . . Costo Costo
Descripcion Unidad | Cantidad Unitario Parcial
Costo Total Equipos UN 1 116,800.00
Costo Total de Materiales UN 1 61,810.00
Costo Total de Mano de Obra UN 1 72,000.00
Costo Total del Proyecto 250,610.00

5.5 RETORNO DE LA INVERSION

Consideremos:

e Para la produccion de 27.5t de acero liquido, se requiere una carga de 31t

(carga metalica de chatarra).

eLas 31t de carga metalica, generan 3000 Kg de escoria.

e De los 3000 Kg, 962.10 Kg, son FeO, este representa el 32.07% del volumen

de escoria.
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ela lanza de carbon adicional permitird reducir aun mas el FeO (Oxido
Ferroso) de la escoria de 32.07% a 18.00%, y asi aumentar el rendimiento de

acero por colada.

Recuperacion de Acero FeO + C > Fe + CO
Kg.. CARACTERICAS |%FeO Kg FeO | Kg Fe metalico
Escoria
% FeO Inicial 32.07 962.1 748

3000 % FeO Después de la

! ., 12.1 361 281.00
implementacion

14.07 422.1 467

Del Fe metalico 467.00Kg, se pierde un 2.0% en el proceso de desescoreo
por tanto:

El porcentaje de ganancia efectivo 1.48%, representa la proyeccion en el escenario
probable de la implementacion de la Inyectora de carbon, a continuacion

verificaremos los beneficios cuantificables

Se pierde un 2% en el desescoreo 458.00 | kg
Carga metalica 31.00|t
Acero liquido sangrado 27.50|t
Rendimiento de Acero Liquido sin 38 70| %
Inyectora

Ahora sangrar 27.500t+0.458t con lanza 27.96 |t
Rendimiento de Acero Liquido con 90.18 | %
Inyectora

Porcentaje de ganancia efectivo 1.48| %




Area: ACERIA

_ Jul-10 Proyeccion + 1.5% Rend Solido DESVIO
, erecto | erecto | EFECTO | pesvio
DESCRIPCION UNID. | CANTID./t. | PRECIO | COSTO/t | CANTID./t. | PRECIO | COSTO/t precio | consumo | VOL- TOTAL
UNIT. UNIT. PROD.

COSTO TOTAL us$/t 0.0 . 561.22 0.0 E 374.15 (0.00) 4.15 0.00 4.15
MATERIA PRIMA Kg 0.0 - 355.10 0.0 . 236.73 (0.00) 3.52 0.00 3.52
PATIO METALICOS Ka 0.0 3 15.25 00 - 10.17 0.00 015 0.00 0.15

__CARGA METALICA Kg 1.1562 - 2 27973 | _ 14447 | . 18649 | (0.000 = e 0.00 277

_ FERROALEACIONES Kg 0.0000 : 60.12 0.0000 - 1008 | 000) “ | 2060”1 | 0.0077 . 00
OPERACIONAL 0.00 0.00 206.12 0.00 0.00 13741 0.00 __148 0.56 204
PERSONAL 0.0 e 12.39 0.0 . 8.26 0.00 G000 | 042 0.12
ENERGETICOS . 00 6447 0.0 - 42.98 000 | .-064 | 000 0.64
REFRACTARIOS 0.0 g 12.55 0.0 y 837 0.00 0.12 0.00 0.12
MAT ESPECIFICOS Tl e ) - 66.46 0.0 « 4431 0.00 0.66 0.00 0.66
MANTENIMIENTO 0.0 . 19.35 0.0 - 12.90 0.00 0.06 0.13 0.19

| MANT. - VARIABLE 0.0 2 6.18 0.0 2 412 0.00 0.06 0.00 0.06
MANT. - FIJO 0.0 i 1317 0.0 - 8.78 0.00 0.00 0.13 0.13
OTROS COSTOS e

OPERACIONALES 0.0 : 30.91 0.0 - 0.00 (0.00) 0.31 0.31

PRODUCCION 13,696.59 13,902.55 205.47

Cuadro. Produccion de Acero del Julio 2010 con proyeccion del 1.5% Rendimiento Solido




El desvio total de 205.47t corresponde al 1.5% de 13696.59t de acero solido, con esta

premisa podemos concluir los siguiente:

Beneficio Acero Solido (t) 205.4
Rendimiento en Desbastador (Jul-10) 94.63%
Cantidad Marginal (US$) 194 .4
Rentabilidad (BM) 124
Total Beneficio mes (US$) 24,101.88
Total Beneficio afio (US$) 289,222.59
Total de Inversion (US$) 255,000.00
Retormo de la Inversion Mensual 9.5%
Tiempo de Retorno de la Inversion 11 meses




CONCLUSIONES

1. De acuerdo al analisis de costos el proyecto es factible ya que se recupera la inversion

en menos de un afio.

2. La inyectora de Carbén a pesar que se encuentra dentro del Horno Eléctrico y cerca
del acero liquido tiene una proteccion adicional, que es la escoria que se adhiere a las

paredes del bloque refrigerado y actia como un aislante.

3. Cabe resaltar que se ha eliminado totalmente el riesgo del operador para inyectar
carbén manualmente, ésta era una actividad comunmente realizada con el sistema

manual y producia constantes accidentes en el personal.

4. La produccién aumento, debido a la mejora del rendimiento metalico producto de un
angulo fijo de inyeccion, control automatico que garantiza la cantidad exacta de carbdn
en el momento adecuado maximizando el pase de hierro de la escoria al bafio liquido.

Ver cuadro a continuacion.
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Figura Al. Grd fico Rendimiento Metdlico vs. Produccion - Planta de Aceria SIDERPERU, fecha de andlisis a partir del arranque de

la inyectora automatica de carbon.




RECOMENDACIONES

1. Es necesario capacitar al personal de mantenimiento en las reparaciones de soldadura
de alguin componente, se deben seguir estrictamente los procedimientos de soldadura,
montaje, pruebas e inspecciones ya que alguna filtracion de agua al acero liquido podria

ocasionar una explosion con dafios muy serios.

2. Es necesario inspeccionar semanalmente el carbdon en la tolva y dispensador, verificar

humedad y granulometria.

3. Se recomienda soldar tuberias en Y a las existentes para facilitar la limpieza en caso

de un trabamiento de carbon.

4. Siempre mantener la Inyectora con aire para mantener limpia la boquilla, de lo

contrario la escoria podria obstaculizar el pase de carbon.
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Ed. SPAINFO, S A.

Primera edicion, 1998

Paginas web:

1.

2.

www.serchtemuco.cl/soldaduras/Manual%20de%20Soldadura%200erlicon. pdf
www.1hobe.net/publicaciones/descarga/EPER/Acero _c.PDF

www.gcelsa.com

www.sidelpa.com/especiales .htm

www.bfi.de

www.mundoacero.com/
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Pipe Specification API 5L

API5L NPS 1/8 — 26

Covers WELDED and SEAMLESS pipe suitable for use in conveying gas, water, and oil in both the oil and natural gas industries.

Open-hearth Basic-oxygen
Electric-fumace
May be ordered galvanized.

Grade A, B, A25 X42 through X80

NPS 2 1/2 and smaller — Seamless and welded, % +20 -12.5 +15 —-125
NPS 3 — Seamless and welded, % +18 -125 +15 -125
NPS 4 through 18 — Seamless and welded, % +15 —-125 +15 —-125
NPS 20 and larger — Welded, % +17.5-10.0 +19.5- 8.0
NPS 20 and larger — Seamless, % +15.0-12.5 +17.5-10.0

Cmax % Mnmax % P max% S max %

Seamless or ERW

Grade A 0.25 0.95 0.05 0.06
Grade B 0.30 1.20 0.05 0.06
Continuous-weld - - 0.08 0.06

Lists minimum yield and tensile gtrength for all grads as well as a maximum tensile strength for X80.
Maximum yield-to-tensile ratios outlined for cold-expanded pipe—may be waived when a fracture toughness requirement is specified.
Lists hydrostatic inspection test pressures Test Pressures are held for not less than:
for all sizes and grades covered by the Seamless (all sizes) — 5 seconds
specification. Welded (NPS 18 and smaller) — 5 seconds
(NPS 20 and larger) - 10 seconds
For each length of Standard Weight, Regular Weight, For Special Plain End — Not more than plus 10% minus 5%.
Exftra Strong, and Double Extra Strong — Not more than

plus 10% minus 3.5%. For Carload Lots — Not more than minus 1.75%.

Outside Diameter Sizes Over Under
at any point shall not vary from standard specified more than:
NPS 1 1/2 and smaller 1/64" 1/32"
NPS 2 through 4 1% 1% (Buttweld Only)
NPS 2 through 18 5% 75%
NPS 20 through 26
Non-expanded 1% 1%

Tensile Test
Seamless and Buttwelded — All Sizes — Longitudinal Specimens

Bending Test (Cold) — 2" and smaller Buttweld.
Degree of Bend Diameter of Mandrel

Electric Weld — NPS 6 and smaller — Longitudinal For all APl Uses 90 12 x OD of pipe
NPS 8 and Larger — Transverse
On One Length
NPS From Each Lot of Flattening
Tensile 5 and smaller 40 or less Non-Expanded Electric-Weld for single lengths crop ends from each
6 through 12 200 or less length. For multiple lengths, crop ends from each length, plus 2
14 and larger 100 or less intermediate rings.
2 and smaller (Buttweld) 25 tons or less
Bending 1 1/2 and smaller (Buttweld) 50 tons or less
Minimum
Shortest Shortest Average
Length Length in 95% Length
Threaded & In Entire of Entire of Entire
Coupled Pipe Shipment Shipment Shipment
Single Random 16' 0" 18'0" -
Double Random 22'0" 35'0"

Paint Stenciled or Die Stamped (by agreement).

Manufacturer's name or mark. Spec 5L, size, weight per foot, grade, process of manufacture, type of steel, length (NPS 4
and larger only). Test pressure when higher than labulated(NPS 2 and larger only).

Heat treat symbols, as applicable — HN, HS, HA or HQ.

Supplementary Requirements available when specified. SR5—Charpy impact Testing—Welded Pipe 20" & larger—Grade X52 or higher.
SR6 — Drop Weight Tear Testing—Welded Pipe 20" & larger—Grade X52 or higher.

SR3 - Color Identification.
SR4 — Nondestructive Inspection of Seamiess Pipe. SR8 Fracture Tough ness Testing of Line Pipe.




‘AL MASIER

Tablas y normas de bridas

ANSI 600 LB. - 900 LB.
ANS] 600 LB. -900 LB.

Dimensiones de bridas junta de anillo
Ring Joint Flange Dimensions

< g
E £
K
Bridas junta de anillo. ANSI B16.5 ANSI B16.5 Ring Joint Flanges
© Pulgadas K P GROOVE E
Size Inches

i ANSI inch mm. inch mm. No. inch mm inch mm. inch mm.
12 15 2 50.8 | 1.11/32 34,131 R11 7132 5.6 9/32 | 7144 | 132 0.7
3/4 20 2112 635 |1.1116 42,862 R13 14 . 6.4 11/32 | 8,731 1/32 0.7
1 25 2.3/4 698 2 50,800 R16 1/4 6.4 132 | 8,731 1/32 0.7
1.1/4 32 31/8 794 | 23/8 60,325 R18 14 6.4 1/32 | 8,731 1/32 0.7
1.1/2 04 3916 905 |21116 68,262 R20 114 6.4 11/32 | 8,731 1/32 0.7
2 50 41/4 108.0 | 31/4 82,550 R23 5/16 8.0 15/32 | 11,906 | 1/32 0.7
2112 65 5 127.0 4 101,600 R26 5/16 8.0 15/32 | 11,906 | 1/32 0.7
5 3 80 5.3/4 1460 | 4.7/8 123,825 R31 5/16 8.0 15/32 | 11,906 | 1/32 0.7
3 4 100 6.7/8 | 1746 | 5.7/8 149,225 R37 5/16 8.0 15/32 | 11,906 | 1/32 0.7
3 5 125 8.1/4 | 2096 | 7.1/8 180,975 R41 5/16 8.0 15/32 11,906 | 1/32 0.7
6 150 9.1/2 | 2413 | 8516 211,138 R45 5/16 8.0 15/32 11,906 | 1/32 0.7
8 200 11.7/8 | 3016 | 1058 269,875 R49 5/16 8.0 15/32 11,906 | 1/32 0.7
10 250 14 3556 | 12.3/4 323,850 R53 5/16 8.0 15/32 11,906 | 1/32 0.7
12 300 16.1/4 4128 15 381,000 R57 5/16 8.0 15/32 11,906 | 1/32 0.7
14 350 18 4572 | 16.12 419,100 R61 5116 . 8.0 15/32 11,906 | 1/32 0.7
16 400 20 508.0 | 18.1/2 469,900 R65 5/16 80 | 1532 11,906 | 1/32 0.7
18 450 22.5/8 5477 21 533,400 R69 5/16 8.0 15/32 11,906 | 1/32 0.7
20 500 25 635.0 23 584,200 R73 3/8 9.6 17/32 13,494 | 1116 15
12 15 2.3/8 603 | 1.916 39,688 R12 14 6.4 11/32 8,731 1/32 0.7
3/4 20 25/8 667 | 1.3/4 44,450 R14 114 6.4 11/32 8,731 1/32 0.7
1 25 21316 714 2 50,800 R16 14 6.4 11/32 8,731 1/32 0.7
1.1/4 32 3316 81.0 | 2.3/8 60325 R18 114 6.4 1/32 8731 1/32 0.7
1.1/2 40 358 921 | 21116 68,262 R2Q 114 6.4 1/32 8,731 1/32 0.7
2 50 47/8 1238 | 334 95250 R24 5/16 8.0 15/32 11,906 | 1/32 0.7
2112 65 5.3/8 1365 | 4.1/4 107,950  -R27 5/16 8.0 15/32 11,906 | 1/32 0.7
P 3 80 6.1/8 1556 | 4.7/8 123,825 R31 5/16 8.0 15/32 11,906 | 1/32 0.7
3 4 100 7.4/8 1810 | 57/8 149,225 R37 5/16 8.0 15/32 11,906 | 1/32 0.7
° 5 125 812 2159 | 7.1/8 180,975 R41 5116 8.0 15/32 11,906 | 1/32 0.7
6 150 91/2 2413 | 8516 211,138 R45 5/16 8.0 15/32 11,906 | 1/32 0.7
8 200 12.1/8 308.0 | 10.5/8 269,875 R49 5/16 8.0 15/32 11,906 | 1/32 0.7
10 250 14.1/4 362.0 | 12.3/4 323,850 R53 5116 8.0 15/32 11,906 | 1/32 0.7
12 300 16.1/2 4191 15 381,000 R57 5116 8.0 15/32 11,906 | 1/32 0.7
14 350 18.3/8 466.7 | 16.1/2 419,100 R62 5/16 112 | 21/32 16669 | 1/32 1.5
16 400 20.5/8 5239 | 18.1/2 469,900 R66 7116 127 | 21/32 16669 | 116 1.5
18 450  23.3/8 593.7 21 533,400 R70 12 127 | 25/32 19,844 | 116 1.5
20 500 25 647.7 23 584,200 R74 12 127 | 25/32 19,844 | 116 15

© Copyright 2003-2005 Valmaster C A. a Process Controf Engineering L L.C Division - visitenos &



- ° Tablas y Normas de Bridas ANSI 150LB — 300LB
AL MASIER ot
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JANSI 150 Lb. RF 300 Lb. RF

Bridas ANSI 150 Lb. ANSI 150 Lb. Flange

0 Pulgadas ,; D t C 9 Tomillo Taladro
Size Iches Bolt M Bolt Hole
inch mm. inch mm inch mm. inch mm. Numero [Dia inch mm.
Numbers
12 15 3.1/2 89 7/16 11.2 2.3/8 60.5 1.3/8 35 4 12 5/8 16
3/4 20 3.7/8 98 7/16 11.2 2.3/4 70.0 1.11/16 |43 4 12 5/8 16
1 25 4.1/4 108 7/16 11.2 3.1/8 79.5 2 51 4 1/2 5/8 16
p 1.1/4 32 4.5/8 117 1/2 12.7 3.1/2 89.0 2.1/2 64 4 1/2 5/8 16
1.1/2 40 5 127 9/16 143 3.7/8 98.5 2.7/8 73 4 1/2 5/8 16
i 2 50 6 152 5/8 15.9 4.3/4 120.5 3.5/8 92 4 5/8 3/4 19
2.1/2 65 7 178 11/16 17.5 5.1/2 139.5 |4.1/8 105 4 5/8 3/4 19
3 80 7.1/2 191 3/4 19.1 6 1525 |5 127 4 5/8 3/4 19
4 100 9 229 15/16 23.9 7112 190.5 |[6.2/16 157 8 5/8 3/4 19
5 125 10 254 15/16 239 8.1/2 216.0 |7.5/16 186 8 3/4 7/8 22
16 150 11 279 1 25.4 9.1/2 241.5 8.1/2 216 8 3/4 7/8 22
'8 200 131/2 343 1.1/8 28.6 11.3/4 298.5 [10.5/8 270 8 3/4 7/8 22
10 250 16 406 1.3/16 30.2 14.1/4 362.0 12.3/4 324 12 7/8 1 25
12 300 19 483 1.1/4 31.8 17 432.0 |15 381 12 7/8 1 25
14 350 21 533 1.3/8 35.0 18.3/4 476.0 [16.1/4 413 12 1 1.1/8 29
16 400 23.1/2 597 1.7/16 36.6 21.1/4 539.5 |18.1/2 470 16 1 1.1/8 29
18 450 25 635 1.9/16 39.7 22.3/4 578.0 |21 533 16 1.1/8 |1.1/4 32
20 500 27.1/2 698 1.11/16 |42.9 25 635.0 23 584 20 1.1/8 |1.1/4 32
1Altura del resalte de la cara 1/16™ Height of raised face 1/16' Bridas
1ANSI 300 Lb.ANSI 300 Lb. Flange
D t C 9 Tomillo Taladro
0 Pulgadas Bolt W Bolt Hole
St'ze Iches inch mm. inch mm. inch mm. inch mm. Numero Dia inch mm.
Numbers
1/2 15 3.3/4 95 9/16 143 2.5/8 66.5 1.3/8 35 4 1/2 5/8 16
3/4 20 4.5/8 117 5/8 15.9 3.1/4 82.5 1.11/16 43 4 5/8 3/4 19
1 25 4.7/8 124 11/16 17.5 3.1/2 89 2 51 4 5/8 3/4 19
1.1/4 32 5.1/4 133 3/4 19.1 3.7/8 98.5 2.1/2 64 4 5/8 3/4 19
1.1/2 40 6.1/8 156 13/16 20.7 4.1/2 114.5 2.7/8 73 4 3/4 7/8 22
2 50 6.1/2 165 7/8 223 5 127 3.5/& 92 8 5/8 3/4 19
2.1/2 65 7.1/ 190 1 254 5.7/8 149 4.1/8 105 8 3/4 7/8 22
'3 80 8.1/4 210 1.1/8 28.6 6.5/8 168 5 127 8 3/4 7/8 22
4 100 10 254 1.1/4 31.8 7.7/8 200 6.3/16 157 8 3/4 7/8 22
5 125 1 279 1.3/8 35.0 9.1/4 235 7.5/16 186 8 3/4 7/8 22
6 150 12.1/2 318 1.7/16 36.6 10.5/8 270 8.1/2 216 12 3/4 7/8 22
8 200 15 381 1.5/8 413 13 330 10.5/8 270 12 7/8 1 25
10 250 17.1/2 144 1.7/8 47.7 15.1/4 387.5 12.3/4 324 16 1 1.1/8 29
12 300 20.1/2 521 2 50.8 17.3/4 451 15 381 16 1.1/8 1.1/4 32
14 350 23 584 2.1/8 54.0 20.1/4 514.5 16.1/4 413 20 1.1/8 1.1/4 32
16 400 25.1/2 648 2.1/4 57.2 22.1/2 571.5 18.1/2 470 20 1.1/4 1.3/8 35
18 450 28 711 2.3/8 60.4 24.3/4 628.5 21 533 24 1.1/4 1.3/8 35
20 500 30.1/2 775 2.1/2 63.5 27 686 23 584 24 114 1.3/8 35

Altura del resalte de la cara 1/16™ Height of raised face 1/16'

© Copyright 2003-2006 Valmaster,C.A. a Process Control Engineering L.L.C. Division - visitenos en www.valmaster.corm






















































GE WATER & PROCESS TECHNOLOGIES SIDERPERU voL (m3)
Water & Process Technologies ~ TOWER WATER CYCLING ANALYSIS CHIMBOTE RR 0 (man
CLIENTE: SIDERPERU- GERDAU SERVICE ENGINEER: MARIBEL VERA (VERSION 10m) oT .0 (dog ©)
SHIP TO: 4000072081 ACCOUNT MANAGER: ENRIQUE REATEGUI 40 DEG C HOT SKIN Cooling Description EVAP (m3mr)
CONTRATO N°: 147003368 05-ago F
CIUDAD: CHIMBOTE-PERU
PARAMETROS UNIDADE FREQUENCIA MIN. § MAX | 1enm 1712111 et et | 20m2m1 21211 | 220211 231 | 24211 | 250201 | N OEBAO| % |oeMRo| % | BOMA| % DEsV
pH 3 veces/sem 7 8 7.45 7.5 7.55 7.51 7.5 733 732 7.49 7.59 736 |8 0 0 8 1.0 0 0.0% 0.11
m-alk ppm as CaCO3 |3 veces/sem (1] 250 210.00 210.00 210.00 210.00 210.00 222.00 220.00 |7 0 0 7 1.0 0 0.0% 7.54
Ca ppm as CaCO3 |3 veces/sem 0 1 1 0.5 0.5 2.00 0.5 1.62 2.05 2.43 2.04 16 |8 0 0 8 1.0 0 0.0% 0.73
Mg ppm as CaCO3 |3 veces/sem 0 1 0.00 0.00 0.50 1.00 0.00 0.54 0.55 1.13 0.46 042 |8 0 0 8 1.0 0 0.0% 0.44
Oureza Total ppm as CaCO3 |3 veces/sem 0 2 1 0.5 1 3.00 0.5 2.16 2.6 3.56 2.5 2.02 |8 0 0 8 1.0 0 0.0% 1.14
Sélidos Totales Disueltos ppm TDS 3 veces/sem 0 550 535.60 531.70 534.30 533.40 535.70 | 534.90 | 533.6 | 537.70 | 531.60 | 532.80 |6 0 0 6 1.0 0 0.0% 2.57
ng#gs Conductividad umhos a 25°C |3 veces/sem 0 | 1100 1090 1079 1085 1083.00 1083 1085 1081 1088 1077 1080 |9 0 0 9 1.0 0 0.0% 4.29
Silica Total ppm as Si02 01 vez/sem 0 25 22.80 19.60 2 0 0 2 1.0 0 0.0% 1.60
Cloruros ppm as ¢l 3 veces/sem 1] 100 | 63.90 63.90 63.90 63.90 63.90 63.90 62.48 60.35 |7 0 0 7 1.0 0 0.0% 0.50
Sul fato ppm as SO4 01 vez/sem 0 250 190.00 190.00 190.00 210.00 210.00 4 0 0 4 1.0 0 0.0% 8.66
Hierro Total ppm as Fe 1 veces/sem (1] 0.1 0.02 0.05 0.06 0.06 0.03 4 0 0 4 1.0 0 0.0% 0.02
Sdlidos totales suspendidos ppm TSS 01 vez/sem 1] 5 0.00 3.00 2.00 2 0 0 2 1.0 0 0.0% 1.50
rCobre Total ppm as Cu 01 vez/sem 0 0.05 0.04 0.05 2 0 0 2 1.0 0 0.0% 0.01
LSI, (60 °C) -2.12 -1.61 -1.86 -1.81 -1.25 -1.86 -1.16 -148 |7 0 0 7 1.0 0 0.0% 0.32
PARAMETROS UNIDADE mecercia | MIN EMAX | gspomt [ qenant Foaanamt | enana . | et |o2an2nd | 21m2m1] 220200k 23m2m1 | 2an2i11 | 2821 | N | omao| % |oevro | % | eema |t % DESV.
pH 3 veces/sem 8 9.1 8.88 8.69 8.67 8.71 8.76 8.82 9.00 8.97 8.96 9.04 9.03 8 0 0.0% 8 100.0% 0 0.0% 0.12
m-alk ppm as CaCO3 |3 veces/sem 0 770 500.00 450.00 430.00 440.00 510.00 500.00 593.00 605.00 | 7 0 0.0% 7 100.0% 0 0.0% 51.96
Ca ppm as CaCO3 |3 veces/sem 0 30 40 22 20 20 25 21 25 28 25 24.2 31.6 9 0 0.0% 9 100.0% 0 0.0% 5.86
Mg ppm as CaCO3 |3 veces/sem 0 25 17.00 16.00 13.00 15.00 17.00 11.00 1340 | 12.00 | 13.00 9.80 1000 | 9 0 0.0% 9 1000%| O 0.0% 2.06
Dureza Total ppm as CaCO3 |3 veces/sem 0 50 57 38 33 35 42 32 38.40 40 38 34 41.6 9 0 0.0% 9 100.0% 0 0.0% 6.97
Sdlidos Totales Disueltos ppm TDS 3 veces/sem 0 1600 | 1278.00 1054.00 1036.00 1078.00 1239.00 1281.00 |1430.00] 1423.00 | 1418.00 | 1360.00 | 1443.00 | 9 0 0.0% 9 100.0% 0 0.0% 151.36
Conductividad umhos a 25°C |3 veces/sem 0 |3200| 2512 2095 2060 2138 2438 2519 2793 2781 2769 2663 2817 9 0 0.0% 9 100.0% 0 0.0% | 281.44
CIRCUITO A Silica Total ppm as Si02 01 vez/sem 0 67 28.10 38.00 42.10 3 0 0.0% 3 100.0% 0 0.0% 5.88
Cloruros ppm as cl 1 veces/sem 0 192 1704 142 140 142 156 156 159.04 16543 | 7 0 0.0% 7 100.0% 0 0.0% 10.45
Sulfato ppm as S04 01 vez/sem 0 600 | 680.00 480.00 450.00 800.00 660.00 4 0 0.0% 4 1100.0%| O 0.0% | 144.29
Hierro Total ppm as Fe 1 veces/sem 0 3 147 11 2.1 1.97 1.81 4 0 0.0% 4 100.0% 0 0.0% 0.40
Fosfato Tota ppm as PO4 3 veces/sem 7 14 0.21 4.20 11.50 12.90 10.90 3.40 10.00 10.3 8.70 10.50 11.20 | 8 0 0.0% 8 100.0%| O 0.0% 4.26
|Sdlidos totales suspendidos ppm TSS 01 vez/sem 0 20 7 5 7 7 9.00 13 5 0 0.0% S 100.0% 0 0.0% 1.26
LSI, (60 °C) 1 vez/sem 0 2.36 1.74 1.26 1.18 1.23 143 1.40 1.68 1.86 7 0 0.0% 7 100.0% 0 0.0% 0.21
Cloro Libre ppm 02veces/sem 0.3 0.5 0.02 0 0.12 0.06 0.05 0.02 0.02 0.03
Ciclos de concentracion 3 veces/sem 0 3 2.34 1.92 191 1.97 2.25 233 2,57 2.57 2,55 2.47 2.61 9
Aceites y grasas ppm 1vez/quincenal 0 20
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reword

‘the International Organization for Standardization) is a worldwide federation of national standards bodies
"member bodies). The work of preparing International Standards is normally carried out through ISO
iical committees. Each member body interested in a subject for which a technical committee has been
alished has the right to be represented on that committee. International organizations, governmental and
.Jovernmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

national Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
‘main task of technical committees is to prepare International Standards. Draft International Standards
ited by the technical committees are circulated to the member bodies for voting. Publication as an

‘national Standard requires approval by at least 75 % of the member bodies casting a vote.

ation is drawn to the possibility that some of the elements of this document may be the subject of patent
s. ISO shall not be held responsible for identifying any or all such patent rights.

10380 was prepared by Technical Committee ISO/TC 5, Ferrous metal pipes and metallic fittings,
sommittee SC 11, Flexible metallic hoses and expansion joints.

¢ second edition cancels and replaces the first edition (ISO 10380:1994), which has been technically
sed.

© ISO 2003 — All rights reserved
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Introduction

It was decided to produce an International Standard under the Vienna Agreement on technical cooperation
between ISO and the European Committee for Standardization (CEN) in order to maintain one document. The
opportunity was taken to re-format the document and to add additional information which was not available for
the first edition of ISO 10380.

The major changes to the standard are
introduction of an extra flexibility type;
reduction in the average number of cycles before failure in the cyclic test;
introduction of a cyclic test for hoses in the size range DN 125 to DN 300;
introduction of nickel materials;
increased requirement for information to be supplied by the purchaser;
the temperature derating factors have been modified based on values in ISO 9328-5;
introduction of the requirement for the provision of adequate user instructions;

the addition of equivalent European standards including those for materials and the corresponding
temperature derating factors which are given in Annex A.

This International Standard is a base standard for hose and hose assemblies for general purposes. Other
International Standards for specific applications are in preparation.

® (SO 2003 — All rights reserved v



INTERNATIONAL STANDARD 1ISO 10380:2003(E)

Pipework — Corrugated metal hoses and hose assemblies

1 Scope

This International Standard specifies the requirements for the design, manufacture and testing of corrugated
metal hoses and hose assemblies for general purposes.

[t also specifies sizes from DN 4 to DN 300, pressures from PN 0,5 to PN 250, pressure derating factors for
elevated temperatures, two methods of construction and three types of flexibility of hose assembly.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6208, Nickel and nickel alloy plate, sheet and strip

ISO 7369, PipeworN— Metal hoses and hose assemblies — VVocabulary

ISO 9328-5, Steel plates and strips for pressure purposes — Technical delivery conditions — Part 5:
Austenitic steels

ISOC 8723, Nickel and nicke! alloy bars

ISO 9724, Nickel and nickel alloy wire and drawing stock

ISO 10806, PipeworN— Fittings for corrugated metallic hoses

EN 287-1, Approval testing of welders — Fusion welding — Part 1: Steels

EN 288-1, Specification and qualification of welding procedures for metallic materials — Part 1: General rules
for fusion welding

EN 10028-7, Flat products made of steels for pressure purposes — Part 7: Stainless steels
EN 10088-1, Stainless steels — Part 1: List of stainless steels
EN 13133, Brazing — Brazer approval

EN 13134, Brazing — Procedure approval

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7369 apply.

© iSO 2003 — All rights reserved
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:1formation to be supplied by the purchaser
i4 'The purchaser shall state the following in enquiries and orders:
) gntended application;
) {' ominal size and hose assembly length;
exibility type;
naximum operating pressure;
onstruction method;
naterials of construction;
amperature range,
ype of fitting for hose assembly.
Dependent on application, the purchaser shall provide the following information:
vhether vacuum or any additional testing is required;
service cycle life;
sroduct to be conveyed;
sroduct velocity;
any special information concerning choice of materials;
vhether additional protection is required;
novement and/or vibration;
any additional requirements for cleaning and post-test treatment;
#whether “wpter hpmmer” ¢pn occur,
‘equirements for test certificates;
if a coloured cover or other identification is required;

any special requirements for packaging.

Requirements
Materials

exrials for the manufacture of corrugated metal hose assemblies shall be selected on the basis of their
bility for fabrication, e.g. cold forming, welding, etc., and for the conditions under which they will be used
4.1 and 4.2).

t of suitable materials is given in Table 1.

’native equivalent materials are given in Table A.1.

© 1SO 2003 — Al rights reserved



Table 1 — Materials

ISO 10380:2003(E)

Materials of
construction

Hose

Braid

End fittings @ and ferrules

Stainless steel hose
assemblies

Austenitic stainless steel
in accordance with
ISO 9328-5, tyses

X OCrNi 18 10

X S CrNiTi 18 10

X OCrNiMo 17 1%

X 5 CrNiMo 17 10and
X S CrNiMoTi 17 10

Austenitic stainless steel in
accordance with the
composition given in

ISO st-ﬁl types

X OCrNi 18 10
X 5 CrNi 18 9

X S CrNiTi 18110

X OCrNiMo 17 1b

X 5 CrNiMo 17 10and

X 8 CrNiMoTi 17 10

Austenitic stainless steel in
accordance with the
composition given in

ISO 93(8-5, types

X OCrNi 18 10
X5CrNi189
X SCrNiTi18'10

X OCrNiMo 17 15

X 5 CrNiMo 17 10and
X S CrNiMoTi 17 10

Carbon steel containing a
maximum of 0,05 % sulfur and
0,05 % phosphorus®,

Copper based alloy
deep-drawirg qualitkr

if formedI

Copper-based alloy
hose assemblies

Deep-drawing quality
phosphor bronze
contatning @ minimum of

95 % copper and 1 % tin.

Phosphor bronze containing
a minimum of 95 % copper
and 1 % tin.

Copper-based alloy, if formedI
deep-drawing qualitb.

Nickel alloy hose
assemblies

Nickel alloy strip in
accordance with
ISO SOZ)8| Nos.

Nt 007S
Nt 4400
Nt SS00
Nt SSCo
Nt 8800 and
Nt 88CH

Austenitic stainless steel in
accordance with the
composition given in

1ISO 93@-5| types

X OCrNi 18 10,
X5 CrNi 189

X S CrNiTi 18'10

X OCrNiMo 17 15

X 5 CrNiMo 17 10and

X S CrNiMoTi 17 10

Nickel alloy in accordance
with ISO 9704, Nos.

]
Nt 007S
Nt 4400
Nt SS00
Nt SSC6|
Nt 8800 and
Nt 88Cb

Austenitic stainless steel in
accordance with the
composition given in

1SO 9308-5 types

X OCrNi 18 10
X5 CrNi 18 g
X S CrNiTi 18110

X OCrNiMo 17 1B

X 5 CrNiMo 17 10and
X S CrNiMoTi 17 10

Nickel alloy in accordance with
ISO 9708, Nos.

Nt
Nt
Nt
Nt
Nt
Nt

|
007Ss
4400
SS00
SSO‘:‘Jl
8800 and

8806

a  The material specified for end fittings applies only to the parts which are welded or brazed to the hose.

b

Carbon steel shall not be used for ferrules.
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ose dimensions

3ore

imum bore size of the hose shall be at least 98 % of the nominal size DN given in Table 2

Table 2 — D1 sizes and bend radli

Pliable test Cyclic test
DN Type 1 and 2 Type 3 Type 1 Type 2
Bend radius
mm
4 25 10 100 120
6 25 12 110 140
8 32 16 130 165
10 38 20 1580 190
12 45 25 165 210
15 58 25 195 250
20 70 30 225 285
25 85 45 260 325
32 105 60 300 380
40 130 80 340 430
50 160 100 390 490
65 200 115 460 580
80 240 130 660 800
100 290 160 750 1000
125 350 = 1000 12580
1580 400 — 1250 1650
200 520 — 1600 2 000
250 620 — 2 000 2 500
300 720 o 2 400 3 000
NI TE The dimensions listed in this table may be used for design purposes. Refer to
manufacturer for confirmation.
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5.2.2 Overall length
The overall length of a hose assembly shall be the length as ordered to a tolerance of ’:13 %.

5.3 Design
'5.3.1 Pressure

'6.3.1.1 Hose assemblies shall be designed to be in accordance with one of the following pressures
[PN: 0,5; 2,5; 4; 6; 10; 16; 20; 25; 40; 50; 65; 100; 150; and 250.

18.3.1.2 Pressures, in bars, at 20 °C shall be selected from the values given in 5.3.1.1.
|

“The maximum allowable pressure of the hose assembly shall be the lowest of any component of the
.assembly.

5.3.1.3 The burst pressure of the hose assembly shall not be less than four times the maximum allowable
pressure (see 6.4.2).

5.3.1.4 When tested in accordance with 6.4.3, and with the test pressure released, the permanent
elongation shall not exceed 1 % of the test length.

NOTE The length of a hose assembly will change with pressure. For applications where the length under pressure is
important, it is essential that the manufacturer be consuited.

5.3.1.5 It is essential that the maximum operating pressure, including surge pressure to which the hose
assembly is subjected in service, does not exceed the sp=cified maximum allowable pressure.

5.3.2 Temperature

The maximum allowable pressure of the hose assembly at any temperature is the lowest value of the pressure
at 20 °C of each component multiplied by its appropriate derating factor.

The derating factors for the materials given in Table 1 are given in Table 3. The derating factors for materials
given in Table A.1 are given in Table A.2.

© 1SO 2003 — All rights reserved 5
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Table 3 — Derating factors and limiting temperatures

Temperatures, °C

- 200
F rameters to |20 | 50 | 100 | 160 | 200 | 250 | 300 | 350 | 400 | 450 | 00 | 560 | 600 | 650
- 20
Derating factors
Xoom 1 | 1 |093|081|070] 064060057 054|051 |050]|049]047]| 047 | —
X5 CrNi 1 1 |o093|081|070 054|050 057|054 050|051 ]|050]|049]| 047 | 019
189 [ | 1 ! [ f I I I [ [ | |
X S CrNiTi
810 1 1094 085|075 073|070 087 |085| 083|081 080|089 | 057 |08
i .
' )1(7O1COrN'M° 1 1 |093|083|072|066|062]|059|056]|055]|053|051|05]| 050 —
X5 CiNiMo | 1 |093|083|070|0ss|0s3|0s0|055]|053]|050]|051|050]| 050 |o0cs
17 10 [ | i ! [ ! [ ! [ | | I [
¥i81$;r\gMo 1 | 1 |o094|084|075]|069]|065|062]|060]|058|056]|054|053] 052
gti?lon _ 1 1]098 |09 (089|086 |082(076|073]|070| 041|024 ]| — — —
Copper —|l1lalalalalal=-|=|=|=-|=|=1]=1-=
alloy
i |INt oovs 1 1 t | 099|098 | 085081077073 |070]|0S7|0SS|0OSS| 057 | 039
1W 4400 1 1 | 096|087 |083|080|079|079|079]|078|067| — | — | — | —
1 W 6600 1 1 1 1 1 1 1 1 1 1 1 |o63|o029]| 014 | —
Nt SSC6 1 1 1 1 | 099|097|095|093|090|090 088|087 |08S| 083 |04s
Nt 8800 1 1 1 1 1 1 1 1 | 099|099 |098|097 093 | 08SS | 035
1W 8825 1 1 1 1 1 1 1 1 | o099 098|097 |095]|05 ]| —
e SRR R E R
sepoly
eld Arcwelding Suitable
}
| ther A
‘?r "A”. 5efer to manyfactxrer.
|
E ‘lexibility and pliability
1 deneral
e ypes of hose flexibility are specified.
.2 Type1
2 When tested in accerdance with 8.3, hose assemblies shall have an average life of 10 000 cycles

1 less than 8 000 cycles.

téDN 100 they shall be tested in accordance with 6.3.2 and the bend radius (cyclic test type 1) as in
)Iﬁ., above DN 100 according to 6.3.3 and Table 4.
r When tested in accordance with 6.2, a hose assembly shalt exceed 10 cycles when tested at the

\q adii (pliable) given in Table 2.

© ISO 2003 — Alf nghts reserved
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5.4.3 Type?2

5.4.3.1 When tested in accordance with 6.3 hose assemblies shall have an average life of 10 000 cycles
but not less than 8 000 cycles.

Up to DN 100 they shall be tested in accordance 6.3.2 and the bend radius (cyclic test type 2) as in Table 2,
“above DN 100 according to 6.3.3 and Table 4.

5.4.3.2 When tested in accordance with 6.2 a hose assembly shall exceed 10 cycles when tested at the
‘bend radii (pliable) given in Table 2.

'5.4.4 Type 3 (where only pliability is required and the bend radius is as given in Table 2)

‘When tested in accordance with 6.2 a hose assembly shall exceed 10 cycles when tested at the bend radii
(pliable) given in Table 2.

INOTE 1 Passing a test does not imply that the minimum or average cyclic lifetime can be reached in circumstances
iother than those specified in the test procedure.

NOTE 2 The life expectancy of a hose assembly is affected by bend radius, pressure and temperature.

NOTE 3 The lubrication condition of the braid influences the life expectancy of a hose assembly. A reduction of
lubrication can occur during assembly, cleaning, transportation, storage or in service conditions.

NOTE 4 Where a user requires a higher fatigue life to those given above the manufacturer shall be consulted.

5.5 Hose manufacture
The hose may be made from seamless tube, welded tube or strip. Where welded construction is used the
hose may be butt- or lap- welded, the weld being either axial or spiral along the length of the hose and in
accordance with qualified procedures. Corrugations may be annular or helical.
Two methods of hose construction are possible, X and Y:

f — type X: seamless annular hose and butt-welded annular hose;

:

|- type Y: lap-welded annular hose and helical hose seamless, butt- or lap-welded.
The corrugations shall be of regular form, continuous along the length of the hose, and shall be free from any

defects such as scores, dents, cuts or weld variations that might cause premature failure. Where required, a
hose may be heat-treated after manufacture.

5.6 Hose joining

Where a manufacturer uses hose joints such joints shall be either butt-welded or edge-welded, as shown in
Figure 1 and in accordance with qualified procedures.

a

a) Butt-welded b) Edge-welded

a  Weld here
Figure 1 — Details of butt-welded and edge-welded hose joints

© ISO 2003 — Ali rights reserved 7
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raid

:1 oraided, the hose shall be uniformly covered by wire, either machine woven around the hose or fitted
ail as a stocking.

| General

>y 1g methods employed in hose assemblies shall be qualified. Manual welds shall be in accordance with
2 -1 and EN 288-1, manual brazed joints shall be in accordance with EN 13133 and EN 13134.

1 shall conform to [SO 10806 unless otherwise agreed between the manufacturer and purchaser.

:ié and brazed joints shall be free from globular deposits, discontinuities, porosity and undercutting, and
I e a regular surface.

! Braid

Y For braided hose assemblies to meet the characteristics given in this International Standard, the
'n'ly shall be of such a length that there is at least one complete revolution of braid along the length of

Where operating conditions require a long life expectancy, consideration should be given to braid lubrication.

S
n

’4: Care shall be taken to ensure that all braid wires are securely bonded to end fittings.

» 'Additional protection

be Where required, hose assemblies may be provided with additional external protection to prevent
[friical damage. This shall be provided by either

alf anti-abrasion protective coil of metal or non-metal construction suitable for the operating conditions
evisaged, or

a:;additional outer sleeve resistant to tear, weathering and abrasion.

3, Where additional protection affects the bend radii given in Table 2, the manufacturer shall notify

Jl,l chaser accordingly.

i
i o .

l.‘l Where a protective coating is used on a stainless steel hose, it shall not contain zinc, lead or tin.

3 If the material of a synthetic cover contains corrosive agents as ingredients, such as sulfur or

r 3, care shall be taken to ensure that such agents are not released during the manufacturing process or

'onditions of service.

senerai
:s‘hall be carried out at ambient temperature and the test medium shall be water.

agssts shall consist of those given in 6.2 to 6.4.

i

rl these tests, the hose assemblies shall be tested as specified in Clause 7.

nufacturer shall demonstrate that hose assemblies tested are representative of production.

© ISO 2003 — All rights reserved
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6.2 Pliable test

Two samples of each nominal size of hose assembly shall be subjected to a bend test as shown in Figure 2.
With one hose end rigidly fixed the other shall be moved in a circular arc around a former having a radius
:calculated from the bend radius (pliable test) as given in Table 2, until the hose assembly is in intimate contact
‘with the full length of the arc of the former.

One cycle comprises one bend and return movement to the straight position. The test shall consist of the
:assembly being flexed through the number of cycles specified in 5.4 without pressure. The test frequency
ishall be between 5 cycles/min and 25 cycles/min.

‘After the test, the assembly shall be subjected to the leakage test specified in 7.3. There shall be no visible
leakage or any other mode of failure.

6.3 Cyeclic tests

6.3.1 General

i16.3.1.1 For a given range of corrugated hose assemblies a minimum of 25 samples, but not less than
ithree per DN size, shall be subjected to the tests specified in 6.3.2 or 6.3.3. If a DN size fails the test
requirement (see 5.4), five further samples of the same DN size shall be tested without failure (see 6.3.2 cr
6.3.3).

i6.3.1.2 The test shall be conducted with the hose at the relevant maximum allowable pressure. The bend
“radius at this pressure shall be recorded.

16.3.1.3 No lubricant shall be added before or during the test.
6.3.1.4 Failure is defined as
ia) leakage of the hose and/or

'b) a localized reduction of the hose radius of more than 50 % (as measured in 6.3.1.2) during the test.

16.3.2 U bend test

The test shall be conducted using hose assemblies mounted to form a vertical loop as shown in Figure 3. The

''flexible length of the assembly 7, shall be as given in the equation below.
i

l‘Thé distance between the axes of the end fittings shall be equal to twice the bend radius (cyclic test) given in
‘Table 2.

‘The hose shall be subjected to repeated flexing at a sinusoidal rate of from 5 cycles/min to 30 cycles/min in a
.direction parallel with the axis of the hose through a movement of 2x.

l=4r+x
where
r  is the bend radius (cyclic test);
x  is equal to 4 DN or 125 mm, whichever is greater;

DN is the nominal size.

© ISO 2003 — Al rights reserved 9
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santilever bend test

122 assembly shall be rigidly fixed at point A (see Figure 4), the other end shall be moved by means of a
1 rce applied at point P, located at the end of the flexible length, so that a stroke as given in Table 4 will

wved. The flexible length / shall be six times the nominal size.

1 e shall be subjected to repeated flexing at a sinusoidal rate of from 3 cycles/min to 15 cycles/min in a
i ‘rection to the axis of the hose.

Table 4 — Cantilever bend test

Flexibility
Nominal size Type 1 Type 2
= Stroke
mm
125 65 50
160 70 55
200 80 65
250 90 70
300 100 80

in: 4 the stroke represents approximately the bend radius cyclic test given in Table 2 and it is based on

y terience.

id radius
: cycle

Figure 2 — B3liable test
!

® SO 2003 — Al rights reserved




i One cycle

2r

i
l

ey A___IIL___ -
|

Figure 3 — U bend test

'@ Stroke
b Onecycle
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‘ressure test

General

s :ample assembly shall have a flexible length of not less than 500 mm or 5 x DN, whichever is greater.

2 Burst test

i a straight sample assembly to a hydraulic pressure applied gradually in increments over a minimum
> of 1 min until the assembly fails by visible leakage or rupture of any of the components (see 5.3.1.3).

3 [Elongation test

j .. a straight sample assembly to a hydraulic test pressure of 1,5 times the maximum allowable pressure
1$3.1.4), for not less than 1 min.

roduction tests

seneral

r t:ianufacture, every hose assembly shall be subjected to a pressure proof test and a leakage test.

I’ressure proof test

General

anufacturer may chose between a hydraulic or pneumatic pressure proof test.

2 Hydraulic test
aél otherwise stated by the purchaser the test medium shall be water.

r%’shall be no visible sign of leakage or of any other mode of failure.

ist pressure shall be 1,5 times the pressure given in 5.3.1.1. The test pressure shall be applied and
nfined for a sufficient length of time to permit a visual examination of all surface joints, but in any case for
| s than 1 min for hoses of DN = 50, 2 min for hoses 50 < DN = 100 and 3 min for hoses of DN > 100.

" | Where liquids other than water are used, additional precautions may be necessary.

Attention is drawn to the need to control the chloride content of the water used for hydraulic tests on stainless
A I below 30 mg/.

Pneumatic test
‘a pneumatic pressure test is carried out, the test conditions shall be as given in 7.2.2.

shall be no visible sign of leakage (or detectable with equivalent accuracy where an alternative
= :on method is used).

Pneumatic testing is potentially a much more dangerous operation than hydraulic testing, in that, irrespective of
, 1y failure during test is likely to be of a highty explosive nature.

© ISO 2003 — Al rights reserved
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7.3 Leakage test
1) When tested with air and under water, for a minimum of 2 min,

1) hose assemblies with pressure ratings up to and including 20 bar shall be tested at 10 % of the rated
pressure, and

2) hose assemblies rated above 20 bar shall be tested at 2 bar,

no visible leakage shall occur; or with the customer's agreement,

») When tested with an equivalent method no leakage greater than 103 mbar I/s occurs.

7.4 Cleaning

The hose assemblies shall be cleaned internally and dried before dispatch. All other conditions shall be
greed between the purchaser and manufacturer.

Designation

for a pressure-tight corrugated metal hose assembly in accordance with this International

reference to this International Standard. i.e. ISO 10380;
type of flexibility;

the hose material (for stainless steels or nickel alloys, use only the ISO or NW number as given in
Table 1; for the equivalent materials given in A.2 use the EN or NW number);

d) the nominal size, DN;

2) maximum allowable pressure, PN

EXAMPLE A corrugated metal hose assembly of flexibility type 1, of ISO 9328-5 type X 2 CrNi 18 10 hose material,
of size DN 25 and pressure equal to PN 16 is designated as follows:

Corrugated metal hose assembiy (SO 10380-1 - X 2 CrNi 18 10 - DN 25 - PN 16

9 Marking

Corrugated metal hose assemblies shall carry, as a minimum, the following marking:
:a) name of manufacturer or trademark;

b) year of manufacture;

c) designation in accordance with Clause 8.

10 Instructions

The manufacturer shall make available to the user adequate instructions for the use of the hose assemblies
(handling, installation, putting into service, use and maintenance).

© 1SO 2003 — Al rights reserved 13
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Annex A
(normative)

Equivalent European standards

Title EN Year

Pipework — Flexible metallic hoses — Vocabulary of EN/1SO 7369
general terms

Title EN Year

9 (8-5 Steel plates and strips for pressure purposes — EN 10028-7,
Technical delivery conditions — Part 5: Austenitic steels EN 10088-1

2 iquivalent European material specifications

T ile A.1.

3[fiuropean temperature derating factors
I

T e A2.

© 1SO 2003 — All rights reserved
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Tahle A.1 — Materials
Materials of Hose Braid End fittings @ and ferrules
construction
Stainless steel hose Austenitic stainless steel Austenitic stainless steel Austenitic stainless steel
assemblies conforming to conforming to the conforming to the composition
EN 10028-7, Nos. composition given in given in EN 10088-1, Nos.
1.4308, EN 10088-1, Nos. 1.4306,
1.4541, 1.4306, 1.4301,
1.4404, 1.4301, 1.4541,
1.4401 and 1.4541, 1.4404,
1.4571 1.4404, 1.4401 and
1.4401 and 1.4571
14571 Carbon steel containing a
maximum of 0,05 % sulfur and
0,05 % phosphorus®.
Copper based alloy, if formed,
deep-drawing quality.
Copper-based alloy Deep-drawing quality Phosphor bronze containing | Copper-based alloy, if formed,
hose assemblies phosphor bronze a minimum of 95 % copper deep-drawing quality.
containing a minimum of and 1 % tin.
95 % copper and 1 % tin.
Nickel alloy hose Nickel alloy strip in Austenitic stainless steel in Austenitic stainless steel in
assemblies accordance with accordance with accordance with EN 10088-1,
ISO 6208, Nos. EN 10088-1, Nos. Nos.
NW 0276 1.4306, 1.4306,
NW 4400 1.4301, 1.4301,
NW 6600 1.4541, 1.4541,
NW 6625 1.4404, 1.4404,
NW 8800 and 1.4401 and 1.4401 and
NW 8825 1.4571 1.4571
Nickel alloy in accordance Nickel alloy in accordance with
with 1SO 9724, Nos. 1SO 9723, Nos.
NW 0276 NW 0276
NW 4400 NW 4400
NW 6600 NW 6600
NW 6625, NW 6625,
Nw 8800 and NW 8800 and
NW 8825 NW 8825
a  The material specified for end fittings applies only to the parts which are welded or brazed to the hose.
b Carbon steel shall not be used for ferrules.
15
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Table A.2 — Derating factors and limiting temperatures

Temperatures, °C
- 200
Jarameters to 20 50 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 600 650
-20
Derating factors
1.4306 1 1 089 (072|064 )|058(054 (050|048 | 046 | 0,44 | 0,43 | 0,43 A C
1.4301 1 1 0190 0|73 OISS OISO 0155 0151 0149 0|48 0148 0'48 0|4S A A
1.4541 1 1 0193 0‘83 0‘78 0|74 0‘70 0|SS 0,84 OISO O‘SO 0]59 0158 A A
1.4404 1 1 090 |073|067 | 061|058 053]|051]|050](049 ]| 047 | 047 A -
1.4401 1 1 0191 0[78 0170 0|S5 0|S1 0[57 0155 0|53 0150 0151 0|50 A A
1.4571 1 1 082 (080|076 (072|068 |064)|062]|060](059]0,58]|0,58 A o
Garbon — | 1 |o9s |09 [089|086|082|076|073]|070 041|024 — | — | —
N wial
Copper | _ |yl a|lal|lalal|lal=|=|=|=]|<=|=]|=1]=
alloy
Nt 0C7S 1 1 1 0199 0190 0185 0181 0177 0173 0170 0187 OISS OISS 0‘57 0‘39
1W 4400 1 1 0% | 087|083 )|080)|079|079]|079]|0,79]| 0,78 | 0,67 —_ —_ —
1W 6600 1 1 1 1 1 1 1 1 1 1 1 063 | 0,29 | 0,14 —
Nt SSCb 1 1 1 1 0199 B 0]97 0195 0193 OIQO 0'90 OIBB 0|87 OIBS 0|83 OI4S
Nt 8800 1 1 1 1 1 1 1 1 0199 0199 0198 0197 0l93 OISS 0‘35
1W 8825 1 1 1 1 1 1 1 1 099 (0,98 | 097 (0,95 ]| 0,52 — —
S Suitable ANALl=]—4—-01—-|—-1|—- -
brazing
A rmbly
= hod |Arc welding Suitable

I ther A

“A": 5 efer to manufacturer.
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EN 853 2SN - DIN 20022 2SN - SAE 100 R2 AT § 11}

‘COSTRUZIONE
‘Sottostrato

Gomma sintetica liscia resistente agli oli.
‘Rinforzo

Due trecce in acciaio ad alta resistenza.
.Copertura

Gomma sintetica nera resistente all'abrasio-
‘ne, agli oli, ozono e agli agenti atmosferici.
:Sono disponibili le coperture speciali:

- ABR 2000

- USMSHA/LOBA

- VSA

IAPPLICAZIONI

‘Gamma idonea per conduzione fluidi idraulici quali oli mine-
‘rali, glicoli, lubrificanti minerali, idrocarburi, combustibili, ecc.
IPRESSIONE DI SCOPPIO

(Oltre 4 volte la pressione di esercizio.

‘TEMPERATURE DI ESERCIZIO
/Da-40°C a +100°C.

INORME DI RIFERIMENTO
‘Supera largamente SAE J 517 (100 R2 AT)
[DIN 20022 2 SN
EN 853 2SN
L1180 1436
B

’[

CARATTERISTICHE TECNICHE / SPECIFICATIONS

CONSTRUCTION

Tube

Seamless synthetic rubber oil resistant.
Reinforcement

Two braids of high tensile steel wire.
Cover

Black synthetic rubber resistant to abrasion,
oils, ozone and weathering.

Special cover at disposal:

- ABR 2000

- USMSHA/LOBA

- VSA

APPLICATIONS
Hose range suitable to carry hydraulic fluids such as glycol,
mineral oils, fuels, hydrocarbons, etc.
BURSTING PRESSURE
Exceeds four times working pressure.

WORKING TEMPERATURE
From -40°C (-40°F) up to +100°C (+212°F).

REFERENCE SPECIFICATIONS
Exceeds SAE J 517 (100 R2 AT)

DIN 20022 2SN

EN 853 2SN

1SO 1436

|
Diametro Interno | Diametro Estemo | Pressione Esercizio Raggio curv. Peso
Codici Tubo Dash Inside Diameter | Ousside Diameter | Working Pressure Bend Radius Weight
Hose Part. N° Size |
mm | i J_ mm | in | bar . psi mm in Kg/m Ib/ft

58105000 3 50 316 135 050 415 6000 90 350 030 020
58106000 4 65  1/4 150 063 400 5800 100 400 036 024
58108000 5 80 5M6 167 063 350 5100 115 450 041 027
58109000 6 95  3/8 188 075 330 4800 130 500 052 035
58113000 8 130 12 218 075 275 4000 180  7.00 062 042
58116000 10 160  5/8 248 100 250 3,650 200 800 073 049
58119000 12 190 314 289 125 215 3100 240 950 094 063
58125000 16 25.0 1 37.5 1.50 165 2,400 300 12.00 1.35 0.90
58132000 20 320 114 473 175 125 1,800 420 1650 200 134
58138000 24 38.0 11/2 53.5 2.00 90 1,300 500 19.50 2.30 1.54
58151000 32 51.0 2 66.8 275 80 1150 630 2500 300 201

[ITR EN 853 25N N.W. __ DIN 20022 2SN W.P._.. BAR SAE 100 R2AT |.D. ... TRIMJANNO QUARTER/YEAR ITALY |
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on Tubes

British Steel

Seamless Tubes of Heat-resistant Steels

=
Z

Technical Conditions of Delivery

Nahtlose Rohre aus warmtaesten Stihlan; Technische Lieferbedingungen

-
N
—
~
N

For connection with the International Standard (SO 2804/ issuad by the International Organization for

" Standardization (1SO), sea Explanations.

Sections marked with a dot (#) contain details on agreements which shall, or may be, reached at the time of ordering.

1 Scope

This standard applies to seamless tubes ) including

tubes for headers of heat-rasistant steels according to
Tahle 1 which are used in tha construction of boilers,
pipe-lines, pressure vessels and equipment for service up
to 600 °C and at simultaneous high pressures, whare the
tototal stress and the relevant scaling conditions can raise
or lower the temperature limit.

2 Other relgvant standards and documents

DIN 2391 Part 1 Seamless steel precision tubes, cold
drawn ar cold rolied; dimensions

DIN 2413 Steel pipes; calculation of wall
thickness subjected to internal
pressure

DIN 2448 Seamless steal tubes, dimensions
and weights

DIN 2915 Seamless and welded steel tubes
for water.tube boilers; survey

DIN 2917 (at present circulating as draft)

Seamless steel tubes for superheated
steam mains and headers; dimensions
Material numbers; system of the
principal group 1: steel

DIN 17007 Part 2

DIN 50049 Certificates on material testings

DING60115 Testing of metallic materials;
notched har impact bending test

DIN 50 125 Tasting of metallic materials; tensile
test specimens, directions far their
preparation

DIN 50138 Testing of metallic materials;
flattening test on tubes

DIN 50137 Testing of steel; ring expanding test
on lubes

DIN 50138 Testing of steel; ring tensile test on
tubes

DIN 50140 Testing of metals; tensile test {os
tubes and strips from tubes without
extensometer

DIN 50148 Testing of metallic materials;

tensile test

DIN-Normenheft 3 Code numbers and materiai numbers

Stahl-Eison-
Prifblatt 1805

Stahl-Eisen-
Pridfblatt 1915

Stahl-Eisen-
Priifblart 1918

Stahl-Eisen-
Prifblatt 1919

Stahl-Eisen-
Prifblatt 19256

Handbuch fiir das

Eisenhiittenlabora-

torium 8and 2:
Handbuch fiir das

Eisenhiittenlabora-

totium, Band 5
{Erganzugsband)

of ferrous materials in DIN Standards
and Stahl-Eisen Werkstoffblattern
(Beuth Verlag GmbH, Berlin and
Kéln; Verlag Stahleisen mbH,
Dusseldorf),

Sampling and sample preparation
for the sample analysis of steels
{Vertag Stahleisen mbH. Dasseldorf)

Ultrasonic testing of tubes of heat-
resistant steels for longitudinal
defacts {Verlag Stahleisen mbH,
Dosseldorf)

Ultrasonic testing of tubes of heat-
resistant steels for transverse defects
{Verlag Stahleisen mbH, Diisseldorf)

Ultrasonic testing of tubes of heat-
resistant steels for laminations
(Verlag Stahleisen mbH, Disseldorf)

Eddy current testing of tubes for
leak-tightness
{Vearlag Stahleisen mbH, Diisseldorf)

Analysis of metallic materials,
Disseldorf 1966 {Varlag Stahl-
eisen mbH, Dusseldorf)

A 4.1 - Compilation of recommen-
ded arbitration anaiyses,

8 - Sampling methods

C - Analytical methods, always the
latest edition

{Verlag Stableisen mbH, Disseldort)

1} In the case of tubes for boiler parts which have to
satisty the ““Technische Regefn fir Dampfkessel’ -
TRD (Technical rules for steam boilers) published by
the “Deutscher Dampfkesselausschuss” — DDA
{German Steam Boiler Committee — DDA, these
specifications will have to be additionally ohserved.
If required, the *“Technische Regeln fur Druckbe-
hilter’” — AD-Merkblatter (Technical rules for pressure
vessels) should alsu ke taken into cansideration.

Continued on pages 2 to 20
Explanations on pages 21 to 23

18.2.06.03

Allsinverkauf der Normen durch Reulh Verlag GmbH. Berlin 30 und Koln §

oles

DIN 17175 engl. Preisgr. 12

Vertr.-Nr, 0112



Page 2 DIN 17175

3 Definition

Steel: possessing good mechanical properties even under
long-time stressing at high temperatures, up to 600°C,
shall be regarded as being heat-resistant at high
temperatures, for the purpose of this standard.

4 Classification

The standard covers tubes made from steel grades listed
in Table 1.

® The choice of the particular steel grade is at the
discration of the customer {see Section 6.2}.

5 Daesignation and ordesing

5.1 The code numbers for the grades of steel were
formed in accordance with Sections 2.1.1.1 and 2.1.2.2
of the Explanations to DIN Normenheft 3, and the
material numbers according to DIN 17 007 Part 2.

5.2 The code number or the material number for the
steel grade shall be appended to the symbol for the
product according to the following examplas:

Exampie 1:

Designation of a seamiless steel tube of 38 mm outside
diameter and 2.6 mm wall thickness according to

DIN 2448 of steel St 35.8, material number 1,0305;

Tube DIN 2448 -5t 358--38x 2.6
or Tube DIN 2448 —1.0305 —38 x 2.6

Example 2:

Designation of @ seamless steel tube of 240 mm inside
diameter and 25 mm wall thickness according to

DIN 2917 (at prasent circulating as Jraft) of steel

St 45.8, material number 1.0405:

Tube DIN 2917 —St 46.8 — 240 X 25
or Tube DIN 2917 — 1.0405 — 240 x 25

6.3 @ The arder shall not only specify the designation
according to Section 5.2 but also in every case the
desired tatal length and the desiredacceptance inspection
certificate and for unalloyed steel tubes also the steel
grade. In addition, turther details in compliance with
tha other Seclions matked with a dot (®) can be agreed
at the time of ordering.

6 Requirements

6.1 Manufacturing process

6.1.1 Tubes 10 this standard shall be manufactured by
tiot or cold rolling, hot pressing, hot or cold drawing
(see Section 6.3.1).

® Note: Within the framework of the provisions in
Section §.1.1 the tubemaking process is left entirely 1o
the discretian of the supplier uniess otherwise agreed
at the time of ordering (see e.g. Section 6.10.2.1.2.}

2) On delivery of sequentially cast material, such as is
the normal practice in continuous casting, the term
““cast” shall be replaced by the term ’‘casting unit”’,
The concomitant alterations required in the relevant
particulars of this Standard still have to be worked out.

6.1.2 The steels used for tubes shall be made by the
oxygen blowing process, the open hagarth furnace or the
electric furnace.

All steels shall be killed.

® Note: Within the framework of the Provisions in
Section 6.1.2 the melting process is left entirely to the

discretion of the supplier; on request it must be made
known.

6.2 Quality grades

6.2.1 The tubes can be supplied in two quality grades I
and I, which among others are characterized by different
extent of testing {(¢f. Tabla 3). For tubes of unalloyed
steels both quality grades from Table 3 may apply, though
for alloy steat tubes, only quality Il applies.

The higher requirements made on quality grade 3 tubes
generally call for special measures during melting or
processing (e.g. flame scarfing or peeling) or for a
particularly careful selection of ¢asts.

6.2.2 ® The choice of quality grade is left to the
customer, It depends on the operating loads. This choice
must conform with existing specifications or technical
regulations such as the technical regulations fur boiter
and superheater tubas, stay tubes for ships boilers

(TRD 102) issued by the German Steam Boiler
Committee. The limits of applicability are specified in
Table 4 of this Standard,

6.3 Delivery conditions
6.3.1 The tubesshall be supplied suitably heat treated over
their entire length. The following heat treatment shall be
used, depending on the type of steal:
— normalizing
suberitical annesling
hardening and temparing with continous cooting from
the hardening temperature and subsequent tempering,
hardening and tempering with isothermal
transformation.
The condition for an efficient heat treatment is regarded
as satisfied in the cases of the stesls St 35.8, St 45.8,
17Mn4, 19Mn Sand 15Mo 3, if hat working guarantees
a good and reasonably uniform structure. Under identical
conditions tempering instead of hardening plus tempering
may be adequate fot steels 13 CrMo 44 and 10CrMo 9 10.
Steels 14 MoV 63 and X 20 CrMoV 12 1 must always
be supplicd in the hardened and tempered condition.

6.3.2 e If the whe surtace is intended to be coated
with a corrosion inhibitor providing protection for a
limited period, or if another speciai surface congition is
desired for tubes intended for headers, this shall be
agreed at the time of ordering.

6.4 Chemical composition

The chemical compositian of steels based on ladle
analysis 2) must carrespond 10 T'able 1. Minor deviations
from these values are permissible, provided they do not
impair the mechanical and technotagical properties,
according to the requirements in Tables 5 to 7.

In the case of varification on the finishad tube, deviations
according to Table 2 are permissible compared to the
data in Table 1.



6.5 Mechanical properties

6.5.1 Tha tengsile strength, yield strength, elongation at
fracture and impact strength of the tubes at room
temperature must Satisfy the requirements set down in
Table 5,andthe0.2% proof stress at elevated temperatures
must satisfy the requirements set down in Table 6. These
are valid for the delivery condition and for the raelevant
testing conditions according to Section 8 of this Standard,

6.5.2 The 1% creep limits and creep strengths of the
steels are given in Appendix A to this Standard, The
figures represent the maan values of the scatter band
determined so far. These values will be checked
periodically and possibly revised after further test results
have been made available.

Nete: The publication of the 1% creep timits and the
creep strengths up to the high temperatures quoted in
Appendix A does not mean that the steels are allowed

to be used up to these temperatures. This depends
primarily on the overall working conditions, in particular
on the scaling conditions.

6.6 Technological Properties

The tubes shall conform to the requirements for the ring
test according to Section 8.6.5. Provisional data on the
expansion (change in diameter) in the ring expanding
test is given in Table 7,

No inadmissible defects (e.qg. cracks, scalc, laps and
laminatians) must be visible in the tests.

6.7 Surface condition

The tubes must have a smooth external and internal
surface in keeping with the manufacturing process.

A distinction i$ to be made between hot worked and
cald worked finishes. The tubas shalt be free from
permissible cracks, scales and averlaps. Minute protuber-
ances, deprassions or shallow longitudinal grooves
caused by the manufacturing process are permissible,
provided that the wall thickness remains within the
dimensional tolerances and the serviceability of the tubes
s not adversely affecied. The removal of surface defects
of small depth by mechanical machining {e.g. grinding) is
permissible provided that the minimum wall thickness

is not exceeded.

6.8 Non-destructive testing

The requirements corresponding to the relevant Stahl
Eisen-Prifblatter (Testing Sheets} have to be satisfied
in the non-destructive tests according to Section 8.4.7
and Section 8.6.6.

6.9 Physical proparties

A special Stahl-Eisen-Werkstoffbiatt (Material Data
Sheet) (Publisher: Verein Deutscher Eisenhiittenleute,
Postfach 8209, 4000 Diisseidorf} with data on the
physical properties, is in preparation,

6.90 Dimensions and parmissible deviations

on dimension and form
6.10.1 @ Orders where the dimensions are based on the
outsidc diameter generally comply with DIN 2448 and

DIN 2915; in special cases they can also Le based on
DIN 2391, Part 1.

DIN 17175 Page 3

Note: In cases where dimensions are ordered according
ta DIN 2391 Part 1 it does not follow that the
permissible dimensional deviations in DIN 2391, Part 1
will be directly applicable (see Section 6.10.2.1.2 and
Section 8,10.2.3).

Orders can also be based on the inside diameter. In this

case the dimensions shall conform to DIN 2917 (at
present circulating as draft),

6.10.2 The followingconditions apply to tha parmissible
deviations on dimensian and form of the tubes,

8.10.2.1 @ For orders based on the outside diameter,
the parmissible deviations on tha outside diameter are
subject to the following provisions:

8.10.2.1.1 The following permissible deviations on the
outside diameter apply, axcept fir permissible deviations
on the outside diameter according to Section 6.10.2.1.2:

for outside diamaters =100 mm

for non-profiled 1ibes + 0,75 % (minimum 1 0.5 mm),

for internally and/or externally profiled tubes + 1.0%

{minimum t 0.5 mm),

for outside diameters > 100 mm = 320 mm £ 0,90Y%,

for outside diameters >>320mm £1.0%
® [f narrower diameter deviations have been negaotiatedi
for the tube ends, the following values can be maintained
for the permissible deviations on the outside diameter
over a length of approximately 100 mm by means of
subsequent calibrating of the ends:

for outside diameters = 45 mm = 100 mm + 0.4 mm,

- tor ocutside diameters > 100 inm =200 mm * 0.5 %,

— for outside diameters > 200 mm * 0.6 %.

6.10.2.1.2 & The following permissible deviations on
the autside diamerer apply (0 ardlers for vold worked
tubes:
— for outside diameters =120 mm £ 0.6 %

{minimum % 0.256 mm},

- for outside diameters > 120 mm + 0.75 %.

in special cases narrower permissible deviations on the
outside diameter can be negotiated.

6.10.2.1.3 At points whare the tube surtace has been
repaired by mechanical machining (e.g. grinding), e.g. as
a result of indications received riuring non-destructive
testing, it is permissible 10 exceed the minus deviation
by a small amount over 3 length of not more than 1 m,
oncondition that the permissible minimum wall thickness
is retained.

6.10.2.2 ® For orders based of the inside diamater, the
permissible deviation on the inside diameter is

1%,

Note: For tube ends intended for rolling-in, tighter
deviarions on the inside diameter can be negotiated
between customer and manufacturer.

6.10.2.3 The permissble deviations on the wall thickness
of tubes listed in Table 8 apply for orders based on the
outside diameter, and those in Table 9 fur orders based
on the inside diameter.

® Subject 10 agreement at the time of ordering, cold
worked tubes can he supplied with permissible wafl
thickness deviations accoruling to DIN 2391, Part 1,



Page4 OIN 17175

6.10.24 e The permissible length deviations are listed
in Table 10.

6.10.25 The following applies for the permissible
deviations oh form.

6.10.2.5.1 The ovality of the tubes shall be within the
petmissible deviations on tha nominal diameter; tubes
of rectangular cr/s5 section shall have 90° angles. The
tubes shall be straight to the eye.

® Special requirements on straightness arc subject to
separato agreement.

6.10.2.5.2 Theendsshatl be cutif possible perpendicular
at the axis with a machining tool; they shal! be free from
burrs.

6.10.2.5.3 The inner corner radius of tubes for headers

s .
with rectangular cross-section shall be » > 5 2 8 mm
(s = wall thickness).

6.10.2.5.4 The deflection f of the latera! faces of tubes
for headers with rectangular cross-section over the
external lateral length & shall not exceed the values in
Table 11,

- b
6.11 Weights and permissible weight devistions
6.11.1 The weights per metre of tubing shall, wherever
possible, be taken from the relevant dimensional standard,
with the exception of X 20 CrMoV 12 1 steel tubes.

6.11.2 If the tubes are of non-standard size on the
weights are not given in the dimensional standard,
weights shall be calculated from the nominal dimensions
with a density of 7.85 kg/dm3, with.the exception of
steal X 20 CrMoV 12 1.

6.11.3 The weight of C 20 CrMaV 12 1 steel shall be

calculated from the nominal dimensiens with a density
of 7.76 kg/dm3.

6.11.4 The permissible weight deviations are as follows:
— for the individual tube Ig %,
— for a wagon load of at least 10 tannes £ 7.5%.

7 Heat treatment and subsequent processing

7.7 The reference data on the heat treatment
temperatures are listed tn Table 12.

7.2 The steels can be not formed in the temperature
range hetween approximately 1100°C to 850 °C, where
the temperature may drop to 750 “C during the
processing operation. The regulations for hot forming
apply equally to fitting and straightening operations on
site during which a close watch miust be kept on
termperature.

It would be axpedient to perform forging and upsetting
operations in the upper region of this temperature range
i.e. between 1100 °C to 900 °C. Hot-bending and similar

tube forming processes shall be carried out in the lower-
ragion of this temperature range i.e. between 1000°C to
850 °C, where the temperature may drop to 750°C
during the processing operation,

If the workpiece was heated above the normalizing
temperature but not above 1000 °C before the last hot
forming step or hot forming in a single step, and if the
hot forming operation is completed above 750°C, or,

if the deformation in the last step did not exceed 5%,
above 700°C, no subsequent normalizing will be
required for the steels $1 35.8,5t45.8, 17Mn 4, 19Mn 5,
and 16 Mo 3; the steels 13 CrMo 4 4 and 10 CrMo 9 10
have only to be tempered.

In the case of repeated and/or pralonged hot forming
operations at temperatures between approximately
1000°C to 1100°C the workpiece shall be cooled to
temperatures below 350°C before the last hat forming
step is performed. The temperature of the named steels
must not excead 1000 °C in the subsaquent hot forming
operation, if normalizing or hardening and tempering is
to be dispensed with.

If the temperature of the final forming process lies
above 1000°C the steels 5t 35.8, St 45.8, 17 Mn 4,

19 Mn 5 and 15 Mo 3 shall subsequently be normalized,
and the steels 13 CrMo 4 4 and 10 CrMo 9 10 hardened
and tempered.

The steels 14 MoV 6 3 and X 20 CrMoV 12 1 shall be
hardened and tempared again after hot forming.

7.3 Tubes from steels according to this Standard can be
cald worked e_g. bent, expanded. reduced and rofled-in,
though some allowance will have to be made for the
high yield point and tensile strength of the steels

X 20CrMoV 12 1 and 14 MoV 6 3.

No subsequent heat treatment is required after cold
bending, cold expansian and cold reduction with a
normal amount of ¢old forming 3).

Generally a minimum of 15 minutes annealing at the
temparaturesspecified in Table 13 suffices at higher
amounts of cold forming.

7.4 The steels referred to in this Standard are weldable
(see DIN 8528 Part 1). Table 13 contains references to
welding processes and data on the heat treatment of
tubes after welding.

8 Testing

8.1 Testing of initial material

For tubes of quality grade III {Table 3}, provided they
have been made from pre-rolled round or square steel,
an etch test is to be carried out on adis¢ in order 10
determine whether the crop end has been cut off far
anough. This disc is sliced from the crop end of every
round ar square bar originating for one ingot. At the
choice of the manufacturer an ultrasonic test for piping
can he employed instead.

3) Consult the VGB-Instructions issued by the Association
of operators of {arge Power Stations (Technische
Vereinigung der Grosskraftwerksbetreiber — VBG) on
the manufacturing and supervision of heavy-duty
steam boilers {available from the VGB-Dampftechnik
GmbH, Essen)



8.2 & Acceptance tastings

Tubes to this Standard are only supplied with acceptance
testings 1). The type of acceptance testing certificates
according to DIN 50 049 shall be agreed at the time of
ordering. The acceptance testing ) is subject to the
requirements in Sections 8.3 to 8.8. In addition the
requirements of Sections 8.5 and 8.6 apply also for
subsequent testings in response to complaints.

8.3 Genarat test conditions

8.3.1 All testings including acceptance shall be carried
out in the manufacturers worlks such that the production
flow is not unnecessarily impaded.

8.3.2 The manufacturing works shall take steps to
prevent rejected tubes and those the repair of which is
not permissible from heing despatched to customer.

8.4 Extent of testing {see also Table 3)

8.4.1 The tubes shall be tested in batches. They shalt
be divided into batches of 100 tubes according to the
grades of staal, quality grades and dimensions and in

the case of alloy staels, if possible, according to cast,

For tubes up to an outside diameters = 51 mm the tubes
must come from the same heat-treated batch,

Surplus amounts ot up to 50 tubes shall be distributed
evenly between the individual batches. Number of pieces
and sur plus amounts between 51 and 100 tubes shall be
considered as a complete batch.

8.4.2 @ In the event of subsequent testing of the
chemical composition of the finished tube having been
agreed to at the time of ordering, this will normally
consist of one testing per cast and delivery,

8.4.3 For the tensile test two tubes shall be tested from
each of the first two batches, in accordance with Section
8.4.1, and one tube fram each subsequent batch chosen
by the inspector.

If a delivery consists of a batch containing a maximum
of 10 tubes, only one tube shall be taken.

8.4.4 The absorbed energy shall be tested on the tubes
selected according to Section 8.4.3 provided their
nominal wall thickness has the following values:

for steel 14 MoV 6 3 and X 20CrMoV 12 1 > 10 mm,
for the steel 15 Mo 3 > 20 mm,

for all other steels > 30 mm.

8.4.5 e If the 0.2 %-yiald limit at elevated temperature
i5 to be tested, this must be stated in the order together
with the required test temparature; this extent of
tasting shall be carried out on one specimen par cast
and dimension, unless otherwise agreed.

84.6 The tubes shall be ring-tested {see Table 14).

8.4.8.1 CQuality grade I tubes selected according (o
Section 8.4.3 shall be ring-tested (allowing for the
dimensions quoted in Table 14) using spaecimens taken
from one end.

8.4.6.2 Quality grade III tubes shall he ring-tested on
the rolled lengths allowing for the dimensions quoted
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in Table 14, with an extent of testing applicable all steel
grades except for the steels 14 MoV 8 3 and
X 20CrMoV 12 1.

for tubes with an outside diameter & 51 mm in
Section 8.4.6.2.1
and

for tubes with an outside diameter > 51 mm in
Section 8.4.6.2.2.

The extent of testing according to Section 8.4.6.2.3
applies for tubes of all dimensions of the steel grades
14 MoV 6 3and X 20CrMoV 12 1.

At a subsequent subdivision of tha rolled lengths into
partiengths no further test specimans need to be taken,
provided suitable markings show that the part-lenghts
belong to the tested rolled length. If this cannot be
guaransead, the tastings on the rolled fengths shall be
dropped and in their stead the part-lengths shall be
tested as rolied lengths.

8.46.2.1 20% of the rolled lengths of Grade I1I tubes
=57 mm outside diameter -- excapt tubes of steels

14 MoV 6 3 and X 20 CrMoV 12 1 —shall be tested at
one end., i.e. random-wise such that the 20% of the
tubes requiring testing are chosen arbitrarily from the
total batch. It ring-testing is performad on part lengths,
which are not related to rolled fengths, 20 % of the part
tengths shall be tested random-wise (see above) at one
end. As far as heat-treated tubes are concerned steps
must be taken to ensure that the part lengths come from
batches which had been subjected to the same heat
treatment. As far as tubas with hot-formed ends are
concerned (see Section 6.3.1, paragraph 2) steps must be
taken to ensure that the part lengths belong te hatches
from the same production run, i.e. an identical heating
practice.

8.4.6.2.2 Quality grade 11 tubes >> 51 mm outside
diameter shall be ring-tested at both ends of each rolled
length. Each partlength which is not related to the rolled
length, shall be tested at hoth ends,

Each part length from tubes > 51 mm outside diameter
can also be ring-tested at one end only provided it has
been verified once for the relevant manufacturing process
and manufacturing works that the ring test performed
on one end of a part length furnishes the same
information as the information gained in a test with ring
specimens taken from hoth ends of the original rotled
fength.

8.4.6.23 Each rolled length from quality grade Il1
tubes manufactured from the steels 14 MoV 6 3 and
X 20 CrMoV 12 1 shall be ring-tested at both ends,
independet of the tube diameter. The same applies to
the testing of part lengths.

8.4.7 The manufscturer shail non.destructively test

all quality grade ILT wbes for longitudinal defects.

® A supplementary non-destructive testing for transverse
defects and/or laminations can also be agreed on when
ordering.

8.4.8 The internal and external condition of each tube
must be checked.

8.4.9 The wall thickness, and depending on the order,
either the outside diameter or the inside diameter shall
be checked.
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8.4.10 Al tubes shall ba tested for leak tightness; that
is at the discretion of the manufacturer either by an
hydraulic test ar by a suitable non-destructive testing
{e.g. Eddy current accordingto Stahl-Eisen Testing Sheet
1925).

8.4.11 The manufacturer shall submit all allay steel
tubes to an appropriate material identification testing.

8.5 Sampling

8.5.1 e |t an agreement has been reached in the order
to check the chemical analysis of finished tubes, for wet
analysis the raquired turnings must be taken over the
entire wall thickness of the tube; an appropriate
pracedure shall be adopted for spectro-analysis 4).

8.5.2 Fiat testpiecas in accordance with Section 8.4.3
normally extending over the entire wall thickness and cut
longitudinally from the tubes shall be used for tensile
testing. The testpieces mustnotbe heat-treated nor
straightened over the gauge length. The removal of local
inequalities from the flat testpiecas is parmissible, but
the rolling skin must be allowed to remain as far as it is
passibte on the thinnest sections of the test-piece.

Small diameter tubes can he tested as a whole.

The tensile test on tubes of =200 mm outside diameter
can be done on transverse test specimen, provided this

is compatiblewith the tube dimensions without requiring
straightening. In this case a tube ring shall be cut off and
halved.

8.5.3 A set of three DVM-specimens is taken in a
transverse direction from the tuhes selected according to
Section 8.4.3 for the notch impact/bending test. The
notch impact/bending specimens shall be taken in
longitudinal direction from tubes of < 200 mm outside
diameter.

864 @ Section 8.5.2 applies lagically in cases where
agreement has been reached in the arder on the determi-
nation of the 0.2 %-yield {imit atelevated temperatures;
since, where possible, hot tensile tests are normally
performend on round tast specimens sampling raquires,
if the occasion arises, prior agreemant.

8.5.5 The specimens for the ring tests shail be taken
according to DIN 50 136 (ring flattening test),

DIN 60 137 (ring expanding test) and/or DIN 50 138
{ring tensile test) (see Table 3).

4) The sampling practice conforms, as a rule, to Stahl-
Eisen-Prafbtatt 1806 -- Probenahme und Probenvar-
hereitung fur die Stuckanalyse hei Stahlen - (Sampling
and sample preparation for the sample analysis of
steels) — (Publisher: Verlag Stahleisen mbH, Dissel-
dorf).

Handbhuch fiir das Eisenhuttenlaboratorium {Handbook
for the Ferrous Metallurgy laboratory), Vol. 2: Die
Untersuchung der metallischen Stoffe (The testing

of metallic materials), Diisseldorf; Verlag Stahleisen
mbH, 1966; Vol. 5 (supplement); A4.1-- Aufstellung
empfohlener Schiedsverfahren (Compilation of
reccommended arbitration analyses), B — Probenahme-
verfahren (Sampling methods), C — Analysenverfahren
{Analysis methods), always the latest edition {Verlag
Stanleisen mbH, Diisseldorf).
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B.5.8 All specimens for the tests according to Sections
8.6.2 to 8.6.9 shall be adequately identifiable in order to
show which tubes and specimens go together.

86 Applicable test methods

8.8.1 The chemical camposition shall be tested
according to the methods S} prescribed by the “Chemikes-
ausschuss des Vereins Deutscher Eisenhiittenleute’
{Chemists Committee of the Association of German
Fetrous Metallurgy Engineers).

8.6.2 The tensile test shall be carried out according 10
DIN 50 145 using the short ptroportional sest bar
according to DIN 50 125 or with gpecimens according to
DIN 50140.

8.6.3 The notch impact/bending test shall be carried
out at room temperature in accordance with DIN 50115
using DVM-specimens. The notch shal be cut vertically
to the longitudinal axis.and the surface of the tube.

8.64 The 0.2 %-yield limit at elevated temperature is
determinad in accordance with DIN 60 145,

886.5 The ring tests shal! be carried out in accordance
with the standards covering the annular flattening tests,
ring expanding tests and ring tensile tests listed in
Section B.5.5.

8.6.5.1 The ring expanding tast shall bae carried out
according to DIN 50 137 where tha change in the
diameter of the specimen expandead to fracture shall also
be measured. The evaluation of the deformability of
ring expanding specimens is based on the appeasrance of
the fracture and the fracture surfaces.

8.6.5.2 In the annular flattening tast according 10
DIN 50 136 the specimens ar tube ends shall-be squeezed
until the definite distance H is reached between the
pressure plates. For this distance ff in mm applies,
(1+ch-s
H=——
c +sl/d,

Where s = wall thickness in mm, d, = outside diameter
in mm and ¢ is a constant. For the steel St 35.8 the
c-constant is 0.09, for the steels St 45.8, 17 Mn 4,
19Mn5, 185Mo 3, 13CrMo 44 and 10CrMo 9 10 it is
0.07 and tor the steels 14 MoV 6 3 and X 20CrMoV 12 1
it is 0.05.

o |[f the ratio s/d, is greater than 0.15 the distance
hetween the plates shall be negotiated.

if an annular flattening test is performed according to
Section 8.4.6 the test can be continued to fractura or
until a crack appears, so as to make it possible to assess
the appearance of the fractured surface. The decisive
factor is that the prescribed distance between the plates
is reached without cracking

8.6.6 ® The non-destructive test shall always he carried

out before the ring specimens are cut off.

Non-profiled tubes shall normally be ultrasonically

tested i.6.

a) according to Stahl-Eisen Test Sheet 1915 when
testing tubes of = 10 mm outside diameter, for
longitudinal defacts.

b) according to Stahl-Eisen Test Sheet 1918, after
agreement has been reached, on testing tubes having
an outside diameter > 133 mm, for transverse defects



c) according to Stahl-Eisen Test Sheet 1919, after
agreement has been reached on testing tubes having
an ocutside diameter > 133 mm and a wall thickness
> 8 mm, for laminations.

In cases in which the aforementioned testing methads
are not applicabte (such as when testing profiled tubes
or tubes having outzide diameters < 10 mm for
longitudinal defects), agreement on the relevant testing
method will have to be reached at the time of ordering.

8.8.7 Visual inspection ) with the naked eye raquires
that:

a) the whole external tube surface shall be examined in
suitable lighting for surface defects,

b) the entire inner tube surface shall be examined in
suitable lighting from both tube ends for surface
defects,

The surface finish of the tubes should permit detection
of significant defects. For quality grade 111 tubes this
generally denotes descaled surfaces, unless the chosen
method of production or heat treatment ensures a
suitable surface finish for visual inspection and ultrasonic
mesting.

B.6.8 The dimensions shall be checked with suitable
instruments.

8.6.9 ® Whenchackingleak tightnass, internal hydraulic
testing with water (refer to Section 8.4.10) shall
generally be carried out at a uniform pressure of 80 bar,

Higher test pressures require prior agreement. The test
pressure shail be limised 50 that the yield point at 20°C
will not be reached or exceeded (cf. DIN 2413 June 1972
edition Section 4.6). In the case of thin-walled large
diamater tubes this will already have to he considered at
pressures of 80 bar.

8.7 Re-tastings

8.7.1 It one of the selected tubes fails to pass the tests
according to Sections 8.6.2 (tensile test) and 8.6.3 (notch
impact/banding test) and in the case of quality grade I
tubes according to Section 8.6.5 (ring test) it shall

be rajected, and two further tubes shall be taken from
the batch and the tests repeated. In these new tests each
tube must satisfy the requirements, otherwise the

whole batch must be rejected.,

8.7.2 If one specimen, taken at random, from a rolled
lenght or part length of quality grade III tubes of

=51 mm outside diameter according to Section 8.4.6.2.1
fails in the ring check test, the test shall be repeatad on
the same end of the relevant rolled length or part length.
If this replacement specimen proves unsatisfactory,

the relevant rolled length or part length shall be rejected
and the test repeated at one end of a further 20% of

the rolled lengths or part lengths of the batch. It another
specimen fails again, the test will have to be extended

to all rolted lengths oc part lengths of the batch. Rolled
lengths or part lengths which fail in the ring test shall be
rejected.

1} See page 1
6) A proven, sujtable non-destructive testing process can
also be used instead of the visual inspection mathod.
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1f one ring test speciman from a rolled length or part
length fails in single tests on quality grade I

tubes according to Sections 8.4.6.2.2 and 8.4.6.2.3 the
test shall be repested on the same rolled length or part
{ength. If this specimen also fails, the relevant rolled
length or part length shatl be rejected. On rejection of
one rolled fength it is left to the discretion of the
manufacturer to ring test the corresponding part lengths.

8.7.3 If the unsatisfactory test results were due to
unfavourable heat-treatment, it is at the discretion of

the manufacturer’s works to submit the rejected batch

1o further heat-treatment and re-submit it for acceptancae.
The manufacturer’'s works are entitled to remove the
defects detected in the tests according to Sections 8.4.6
{ring test) B.4.7 (non-destructive test) and 8.4.8 (visual
inspection) by suitable means and to re-submit the tubes
for acceptance.

8.8 Tectcortificates

8.8.1 e The acceptance test 1) shall be certified by an
Acceptance Inspection Certificate A, B, or C, according
to DIN 50049, Section 3 (July 1972 edition).

Note: The certificates shall give the full wording of the
identification marks, according to Section 9.1.

882 e |f certificates require to be issued only for part
of the requirements guaranteed by Acceptance Inspection
Certificates A or C according to DIN 50049, the
manufacturer shall additionally confirm in an Inspection
Certiticate according to DIN 50049 and for quality
grade {Il mubes in an Acceptance Inspection Certificate B
according to DIN 50 049, that the tube material
corresponds in steel grade and steel quality toDiIN 17 175,
that all tubes have passed the leak tightness test and
have an unobstructed bore, that they have been correctly
annealed, or hardened and tempered over their entire
lengths in a manner consistent with the tube naterial,
and that quality grade 1II tubes have been manufacttired
from roughed-down squares or rounds, that an etch test
or ultrasonic test was carried out, that the chemical
composition was determined according to the ladle
analysis and, if agreed at the time of ordering, also the
steelmaking process be quoted. With tubes of quality
grada III the carrying-out of an ultrasonic test has to be
aditionally stated in the Acceptance Inspection
Certificate B8 according to DIN 50049

9 Identification of the tubes

9.1 The finished tubes shall be marked approximately
300 mm from the end.

The identification cansists normally of a stamp mark.
Another identification practice may be adopted for

thin-walled tubes. The following identification marks
shall be applied

on both ends:

material designation (Code No of grade of steet), for
unalloyedsteels the quality grade (unless quality grade 1),

the trade mark stamp and
the inspectors stamp;
on one end:

the cast number ot an identifying mark for the cast,
applicable only for steels 15 Mo 3, 13 CrMo 4 4,
10 CrMo 910, 14 MoV 6 3 and X 20CrMoV 12 1 for
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tubes of = 159 mm outside diameter 7); in addition, the
tube number for quality grade III tubes.

9.2 The stamp mark can be made more conspicuous
according to Section 9.1 e.g. by a coloured line; the lines
of tha colour identification may be used for this.

10 Complaints

10.1 External and internal defects justify complaints, if
they seriously affect the workability and serviceability
of the type of steel and shape of the product.

Further standards

DIN 2401 Part 1
pressure ratings

DIN 8528 Part 1 Weldability; metallic materials, definitions

10.2 The customer shall give the supplier an opportunity
to prove 8] that the complaints were justified, preferably
by submission of samples from the unsatisfactory
matarial deliverad.

7} This limit applies also for tubes arders based on the
inside diameter, provided the nominal outside
diameter 2 159 mm,

B} Seas alzo: Explanations to the “Complaints Clause’ in
Quality Standards for Iron and Steel. DIN-Mitt. 40
(1961), No 2, p. 111/112.

Components uncler internal or external pressure; pressure and temperature data; definitions, nominal



Tabte 1. Summary of heat-resisting steels for seamless tubss, their chemical composition (cast analysis} and colour designation of tubes
Steel grade Chemicat compaosition in weight % - Colour
: . ! . des-
cod . Matarial Cc Si Mn i P 5 Cr Mo Ni v o
& number numbers - max. | max. | _tion )
i i
5t35.8 1.0305 =0.17 0.10100.352) | 0.40t0 0.80 0.040 |0.040 white
St458 . 1.0405 =@¢.21 0.10100.35% | 0.40t0 1.20 0.040 |0.040 yeliow
3 . v | ! red I
17Mn43) 1.04813) | 0.14 10 0.20 020t0040 - 090to 120 0€.040 (0.040; =0.30 ‘and
i . black
yellow
19 Mn 53} 1.04823){ 0.17100.224 030to 060 1.00 10 1.30 |0.040 ;0.040 =0.30 and
brown
I yellow
15Mo 3 ' 15415 0.12t00.204} | 0.10t0 0.35 0.40 to 0,80 |0.035 (0.035 0.25 t0 0.38 z:rdmine
red
f yellow
! 1 and
13CiMo 44 1.733% 0.10t0 0.18%) | 0.101c 0.35 | 0401t00.70 :0.035|0.0351 0.70to 1.10 ! G.451t0 0.65 shadas
, of
; silver
‘ . red
10CrMo0 9 10 | 1.7380 0.08t00.15 =0.50 ' 0401t00.70 :0.035{0.035 200to 250 0.90to1 20 and
: i i green
i i red
: i ‘ : : and
14 MoV 63 1.7715 0.10t0 0.18 0.10t0 035 : 0401 0.70- |0.035 (0.035! 030to 0.60 | 0.50 to 0.70 - 0.22 t0 0.32 | shades
i ' i P of
: . —— — N i | J i silver
X 20CrMoV 12 1 | 1.4922 0.17 10 0.23 =0.50 =1.00 ':0.030 .0.030' 10.00 t6 12.50 | 0.80101.20 | 0.30100.80 | 0.25100.35 . blue
) ® In normal practice both ends are paintec with rings in the colour required. If raquested it can be agreed at the time of Ordermg that the paint marking in the
relevant Cotours should extend over the entire length of the tube,
2} The minimum siicon content is allowed to fall below 0.20 % when the steel is aluminium-kilied, or vacuum-deoxidized.
3} These steels can anly be considered for headers,
4) When the wall thicknesses = 30 mm the carbon content s permitted to be 0.02 % higher.

63bed GrLzL NIO
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Table 2. Pamissible deviations in the chamical composition of ths

sample analysis from the limits guotad in the cast analysis
(see Table 1)

Limits quoted in
cast analysis

Permissible deviation T}
of sample analysis
from the limits

Element according to Table 1 quoted in the cast
analysis according
to Table 1
Weight % Weight %
C =024 20,02
si . = 0,(_!5 + 0,03
>0,35 =0,60 10,04
e 5100 | to04
>1.00=1,30 + 0,05
g =0,040 +0,010
T 2,00 + 0,05 '
Cr 22,00 =2,50 + 0,07
10002 1250 S
h Mo $0.30 +0,03
| z2030=120 } =004
Ni 03008 |  +003 i
v 022 50,35 10,03

1) In a cast the deviation of an element in a sample analysis is
permitted to be helow the minimum value or only above the
maximum value of the range stipulated for the cast analysis,
though not both at the same time.
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Table 3. Scope of tests for seamless tubes in both quality grades and authority for the execution of tha testings

Authority
A for the
No Tests cc. o Quality grade ] Quality grade I execution
Section
of the
testings 1)
1| Tensile test2) B4.3 on two tubes per batch on two tubes per batch S. A
| from the first two batches, | from the first two batches,
on one tube from-each on one tube from each
subsaquent batch subsequent batch
2 | Notch impact/bending B4.4 on tubes according to No 1| on tubes according 10 No 1 S.A.
test 3)
3 | Ringtestd) 8.4.6 on one end of the tubes depending an the diameter S.A.
according to No 1 {see Section 8.4.6} on
20 % of the rolled or part
langths at one and, or on
100 % of the rolled or
part lengths at both ends,
if necessary though also at
one end
see Section 8.4.6.2.2,
4 | Non-destructive test 84.7 all tubes M. W,
5 | Visual inspection of 8.4.8 all tubes all tuhes S. A,
wbe surface
6 | Gauging 849 all tubes all mbes S. A,
7 | Leakage test 8.4.10 all mbes all tubes M. W.
8 | Grade identification test 8411 all alloy tubes M. W,
Special tests4)
No 8, No 10
9 | Control analysis 842 subject to agreement subject to agreement M. W,
10 | Hot tensile test 8.4.5 unless otherwise agreed unless otherwise agreed S.A.
1 specimen per cast and 1 specimen per cast and
size or size or
1 specimen per cast and 1 specimen per cast and
annealing batch annealing batch
{heat-treatment batch) (heat-treatment batch)
1} S. A. - Subject to agreernent; M. W, = Manufacturing Waorks.
2) 1 specimen or 1 set of specimens suffices for batch sizes of up to 10 tubas,
3} The particulars on the size ranges governing the application of these testings in Table 14 shall be complied with.
4) e Special tests shall only ba carried out, after an agreement has been reached between the manufacturer and
customer.
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Table 4. Limits governing the application of quality grades [ and 111

Outside diameter
_ =835 mm >63.6mm
Q“""g" Pemmissible Permissible
grade 1) Temperature 2) working  [Temperature 2) working
pressure 3) pressure 3)
°C bar °C bar
I =450 =80 =450 =32
111 > 450 >80 > 450 >32

1) |f pressure and temperature data do not belong to the same group,
the higher group applies.

2) Temperature of conveyed fluid.

3) See DIN 2401 Part 1.

Table 5, Mechanical proparties of seamless tubes of heat-resiating steelz at room temperature

Steel grade Tensile Yield p.oint 1)'.2) Eu;’::::l?: at impact st'rength
strength for wall thickness in mm (Ly=5-d,) (DVM specimens 3}
Mate. 2 =16 I>N1/i‘i:0 [>40 <60 long. %l'trunsm transzerse
Code number rial
number minimum minimum minimum
St35.8 1.0306 38010480 | 235 25 | 215 26 | 23 34
$t458 1.0405 41010530 255 246 235 21 | 19 27
177Mn4 10481 46010580 270 | 270 260 23 | 21 34
19Mn6 10882 51010610 310 | 310 300 19 | 17 34
1BMo3 15415 45010800  270%) 270 260 22 | 20 34
13CMo44 1733 44010500 | 2909) 290 280 22 | 20 M
JOCMo810 17380 450to 600 | 280 " 280 270 20 18 34
FaMov 63 17715 4600610 | 320 320 310 20 | 18 41
"X 20CrMoV 121 |1.4922 690t0 840 | 490 a0 | a0 17 14 34 5)

1) For tubes of = 30 mm outside diameter and <3 mm wall thickness the minimum values are by 10 N/mm?2 lower.

2) For > 60 mm wall thicknass, the values of tubes from the steeis St 35.8, St 45.8, 17 Mn 4, 19 Mn 5,
16 Mo 3 and 14 MoV 6 3 are subject to agreement; for wall thicknesses >> 60 to = 80 mm a minimum value of
270 N/mm?2 ar 260 N/mm?2 applies for tubes from the steets 13 CrMo 4 4 and 10 CrMo 9 10 and a minimum
value of 480 N/mm?2 for tubes from the steel X 20 CrMoV 12 1,

3) When testing longitudinal specimens (see Section 8.5.3) the minimum impact strength is 14 J higher.
4) A 18 N/mm? higher minimum value applies for = 10 mm wall thicknesses.
5) For hot-extruded tubes the minimum value falls to 27 J,
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Table 6. Minimum 0.2 % yield limit of seamless tubes at elevated tempearatures

0.2 %-yield limit
Steel grade Wall thickness s
s 200 °C | 2560 °C | 300 °C | 350 °C | 400 °C | 450 °C | 500 °C | 550 °C
Matarial mm N/mm2
Code number number o
minimum
<16 185 | 165 | 140 | 120 | 110 | 105 B -
St35.8 1.0305 | 16<s =40 180 180 135 120 110 105 = =
40<s S601) | 175 | 185 | 130 | 115 | 110 | 105 - -
=16 205 | 185 | 160 | 140 | 130 | 125 - -
St45.8 10405 | 16 <s =40 195 | 175 | 155 | 135 | 130 | 125 - -
A0<sSg01) | 190 | 170 | 150 | 135 | 130 | 125 - -
— — e e - e e - e ___{___. e e
=40 235 215 175 155 145 135 = -
17Mn 4 10481 | ocs=e01) | 225 | 205 | 165 150 | 140 | 130 -~ -
1 =40 255 | 235 | 205 | 180 160 | 150 - -
| 19 Mnb 10482 | oo <eov) | 245 | 225 | 195 | 170 | 185 | 145 | - -
'__ [ e et ottt o v— [
<40 2) 226 | 205 | 180 | 170 | 160 | 156 | 150 -
‘15”"’3 16416 | (v cs=en1y) | 210 | 195 | 170 | 160 | 150 | 145 | 140 -
: 5402) 240 | 230 | 215 | 200 | 190 | 180 | 175 -
13CrMo 4 4 17335 | 40 <s S60 230 | 220 | 205 | 1%0 | 180 | 170 | 165
60 <s <80 220 | 210 | 195 | 180 | 170 | 160 | 155 -
——— - coe v B I . ke @
| =40 245 | 240 | 230 | 215 | 205 | 195 | 185 |- -
| 10 CrMo 9 10 17380 | 40 <s =60 235 230 220 205 195 185 175 -
60 <s <80 226 | 220 | 210 | 195 | 185 | 175 | 165 -
N | <40 | 270 | 255 | 230 | 215 | 200 | 185 | 170 | -
14 MoV 63 I8 | o<s=gn1) | 260 | 245 | 220 | 205 | 190 | 175 | 160 -
X 20 CrMoV 12 1 | 1.4922 =80 430 | 415 | 390 | 380 | 360 | 330 | 290 | 250

1) Far wall thicknesses greater than 60 mm the values are subject to agraement.
2) For wall thicknesses =10 mm, 15 N/mm? higher minimum 0,2 % yield limits apply at all temperatures.
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Table 7. Provisional data 1) {change in diamster) in the ring

expanding test.

Steel grade =0.9

Expansion 2} in ring expanding test
{provisional data)
For diameter ratios d,/d,
208 (=207 |06 | =05

<09 | <08 | <07 | <06 | <05
%
mmnimum
unalioyed steels 8 10 12 20 25 30
alloyed steels <] 8 10 15 20 30

fracture and fracture surfaces.

1} These values shall be regarded as initiak. recommendations which
are based on a series of tests and will have to be
re-assessed in the light of future experience.

2) The deformability of ring expanding test specimens will
additionally be assessed in terms of the appearance of the

Tahte B. Parmissibie wall thickness devigtions for orderz based on the outside diameter
Permissible wall thickness deviations
far outside diameters d,
dy %130 mm [ 130 mm < dy =320 mm | 320 mm ¢, T 660 mm
and wall thicknesses 8
=28, 205 <USE4 05, P45, |2005d,| 005d,<s=011d, [>0.11d,|=0.054d,| 0,06d,<s£009d, [>009d,
+15 % +12,5% 19% |V1725% +126 Y, +10yw |* 225 % +15% +12,5%
10 % -10% - -125% - ~12,5% -12,5% -10%
Note: S~ Numinal wall thicknesz according to DIN 2448
Table 9. Permissible wall thickness deviations for orders based on the
hore
Permissible wall thickness deviations
for inside diameter d;
2200 mm to S 720 mm
and wall thicknesses &
%3 0.05 d; 005d; <5 =20.10 d; =010 q;
+ 225 % +15% t12,5%
-125% 125 % -10 %
Tabte 10. Permissitda deviationz on langth
Permissibie
For orders specifying deviations on fength
tin mm
Praduction lengths 1)
Random lengths + 500
Exact lengths
from = 6 m (nominal size) ' ‘8
= . . + 15
from > 6 m = 12 m {nominal sizel 0
from>12m subject to agreement
}) The products are supplied in production lengths which differ
according to diameter, wall thickness and production plant.
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Table 11. Permissible deflection [

bin mm | <100 >100 =200 |> 200 =300 . > 300
[inmm =0,75% =1 =15 =2

‘able 12. Refarance data for hot forminyg, hormalizing and hardening and amparing of high-temperature ssamloss

tuba steels 1)
Steel grade Hardening and tempering
’ Hot forming Normalising Hardening Tempering
Code numb Material temperature 2) temperature
mber number el °C °C °c
St35.8 1.0305 900 10 930 - -
51458 1.0405 870 to 900 | - _
17Mn 4 1.0481 880 to 910 — —
—_— el L.
19Mnb 1.0482 880 to 910 — =
N - between 1100 T T N R
_18Me3 | 15415 | anagsoy | 1000 = = _ !
13CrMo 4 4 Ii 1.7335 = 910 to 940 660 to 730
10 CiVlo 2 104} ! 1.73809) = 900 to 960 700 to 750
14 MoV 6 3 1.7715 - 950 10 980 690 10 730
- | | S - .
X 20 CrMoV 12 1 14922 - J 1020 to 1070 730 to 780

1) The work pieces must attain the specified semperature over the entire cross-section. Provided this has
definitely been done further holding at thase temperatures is unnecessary when normalising and hardening.
The temperatures laid down for tempering shall be held for approximately 30-minutes minimum for the
steels 13 CrMo 4 4 and 10 CrMo 9 10 and for 1 hour minimum for the steels 14 MoV 6 3 and
X 20 CrMoV 12 1, with the annealing time being counted from the moament when the lower limit of the
given temperature range is reached.

2) Cooling in air or controllgt atmosphere. Accelerated cooling e.g. in liquid, can become necessary at greater
wall thicknesses.

3) The temperature can drop to 760 °C during processing.

4} In addition to given quenching and tempering treatment the following sequence of treatment can be
considered for the steel:
900 ¢C to 960 °C/furnace to 700°C = 1 hour 700 °C/air.




Page 16 DIN 17175

Tahle 13, Welding methods and data for the haat-treatment after walding

Annealing temperatures 1)
Steel grade and holding time 2) 3)
Welding methods at the required heat-treatment
i after wetdin
Code number LS ° 9
number C

St35.8 1.0305 520 to 600
St458 1.0405 . 520 to 600
17Mnd 1.0481 520 to 680

R A — All fusion welding methods e i
19MnS ity and flash butt-welding I 520 to 680
15Mo 3 1.5415% 830 to 620
13CeMo 44 1.7336 600 10 700
10 CrMo 9 10 1.7380 650 to 750
14 MoV 6 34) 1.7715 Al fusion welding methods, | _699 to 730
X 20 CrMoV 12 15) 1.4922 except gas fusion welding 720 to 780

1
2

3)
a

If required (see Seetion 7.3) these temparatures apply also to annoaling treatments after cald forming.

The holding time for the specified temperatures depends on the thickness of the workpieces. A minimum
holding time of 15 minutes is recommended for a thickness == 16 mm, a minimum holding time of

30 minutas, far thicknasses > 15 to Z 30 mm and a minimum holding time of 60 minutes for thicknesses
> 30 mm.

At thicknesses > 30 mm a minimum holding time of 90 minutes is required for 10 CrMo 8 10. Furnace
anneals should be performed in the mid-range of the specified temperatures. For local anneals the external
surface shall be at the maximum temperature.

The annealing treatment shall also comply with the instructions of the manufacturer of the filler metals.

Judging from the axperiance gained up to now, repeated annealing treatments shall not exceed a total
holding time of 10 hours, with the subsequant annealing treatments being performed in the lower temperature
range when the material is in the air-hardened condition.

Welding shall be fallowed by caoling below 150 °C (though for thick-walled tubes not telow 100°C).
The fotlowing holding times are racommended:
= 8 mm thickness 30 minutes minimum
> 8 =30 mm thickness 60 minutes minimum.
> 30 =60 mm thickness 120 minutes minimum
> 60 mm thickness 180 minutes mmnimum
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able 14, Size ranges for the application of mechanical and technological methods for testing tubes in both qualities

Tube diameter

Nominal wall thickness of the tubes

mm
external internal <2mm Z2mm =16 mm > 16 mm =30mm [>30mm =40 mm > 40 mm
=213 =16 Tensile test Tensile test
Ring flattening | Ring flattening - = 5
test test
- A | e e i .
>21.3 5146 > 15 Tensile tast Tansile test ITen:aile) test Tensile tast Tensile test
' Ring flattening | Norch Notch Notch Notch

test

> 1463)

impact/bending
test 1)

Ring expanding
test

Tensile test
Notch
impact/bending
test 1)

Ring tensile test

impact/bending
l test 1)

Ring flattening
test

Tensile test
Notch
impact/bending
test 1)

Ring tensile test 2)

impact/bending
test

Ring flattening
test

Tensile test
Notch
impact/bending
test

Ring tensite test 2)

impact/bending
test

Tensile test
Notch
impact/bending
test

1) Only for 7ubas manufactured from steels 14 MoV 6 3 and X 20 CrMoV 12 1 in nominal thicknesses > 10 mm and
faor tubes manufactured from the steel 15 Mo 3 in nominal thicknesses > 20 mm,

2) Tubas = 100 mm inside diameter shall be ring flattening-tested instead of ring tensile-tested.
3) This limit applies also for tubes, orders for which are based an the inside diameter, pravided the naminal outside

diameter > 146 mm.
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Appendix A

The following Table gives tentative figures for the long time high tempaerature strength of the sieels used for seamiess
tubas. The figures listed are mean values for the scatter range representing results so far aveilable. These mean
values will be examinad from time to time and amended where necessary as further results become available. From the
data so far available from long time creep tests it can be assumed that the bo ttom 1im it of this scatter range at
the stated temperatures for the steel grades listed is abaut 20 % lower than the mean value quoted.

Table A. 1.
1 %-time yield limit 1), 2) _ Creep strength 2}, 3)
Steel grade Temperature for for
10 000 h 100 000 h 10000 h 100 Q00 h 200 000 h
Code number °c N/mm? N/mm?2 N/mm?2 N/mm?2 N/mm?2
380 164 118 229 165 145
390 150 3 106 o 21 148 _129
400 136 95 191 132 118
410 124 84 174 118 101
A I - - B -
Stas.8 440 91 57 1 2_7 B 79 67
150 80 49 113 69 57
460 72 42 100 59 48
470 62 356 BG 50) 40
B 480 53 30 5 42 33
380 1956 153 29, 227 206
390 182 137 266 ' 203 181 ]
400 167 118 243 1 179 157
| 410 150 105 221 157 136
420 135 92 ! 200 136 115
430 120 80 \ 180 ' 17 97
:; x": 440 107 _ 161 100 82 |
" 450 93 59 143 85 70
460 83 51 126 73 60
470 71 44 110 63 52
480 63 38 96 55 44
190 .5.5 33 ) 84 47 37
...LL S ... S (ST S NN 41 0 _ |
450 216 167 298 245 228
460 199 146 213 209 189
470 182 126 247 174 153
480 166 | 107 222 143 121
490 149 i o 89 196 117 96
15 Mo 3 500 132 73 171 93 75
510 115 59 147 74 57
6520 99 46 125 59 45
530 84 36 102 47 36
0 Gor | _{8 8 _ | 38 G
550 (59) {24) {64) (31} (25)
) This heing the stress referred to in the original cross-section which leads to a permanent elongation of 1%
after 10 000 or 100000 hours (h}.
2) A bracket denotes that the steel should preferably no longer be used for continuous service at the relevant
lemperature.
3} This being the stress referred to in the original cross-section which results in rupture after 10000, 100 000 or
200000 hours {h).
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1 %-tima vield limit 1), 2)

Creep strength 2}, 3)

Steel grade Temperature for for
10000 h 100 000 h 10000 h 100 000 h 200 D00 h
Code number °c N/mm?2 N/mm?2 N/mm?2 N/mm2 N/mm2
450 245 191 370 285 260
460 228 172 348 251 226
470 210 152 328 220 195
480 193 133 304 190 167
‘“h_490 173' 116 ._22?__-m. _19@ 139
500 157 ag 239 137 116
13CrMo 4 4 510 139 83 209 116 96
520 122 70 179 94 76
530 106 57 154 78 62
540 80 5 a6 129 61 50
550 76 36 109 49 39
560 64 30 a1 40 32
570 b3 _gi“w“m ) 76 33 26““
450 240 166 306 221 20
460 219 155 286 205 186
470 200 145 264 188 169
480 180 130 241 170 152
490 ] 163 116 219 162 136
500 147 103 196 13% 120
10 CrMo 2 10 510 132 90 176 118 105
520 119 78 156 103 91
530 107 68 138 90 79
540 94 58 122_ 78 68
590 83 49 108 68 58
560 73 41 96 58 50
570 €5 35 85 51 43
b80 57 30 75 44 37
590 | 80 | _ % 68 B | %
600 44 | 22 61 34 28
480 243 177 299 218 182
a90 219 ] 186 268 LS 183
500 195 138 241 170 145
510 178 122 219 150 127
520 161 107 198 131 109
14aMaV 63 530 146 94 179 116 91
_519 o ) 133:_ B 81 164 100 76
5560 120 69 148 88 61
560 109 59 134 72 48
570 (98) {48) {121) (59) (37}
580 (88) (37) (108} (46} (28]

For footnates '), 2) and 3) see page 18
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Table A. 1. (continued)

1 %-time yield limit 1), 2) Creep strength 2), 3)
Steel grade Temperature o (ot
10 000 h 100 000 b 10000 h 100 000 h 200000 h
Code nurmber °C N/mm?2 N/mm?2 N/mm? N/mm?2 N/mm2

470 324 260 368 309 2856
480 299 236 345 284 262
490 269 N 2‘I~3 e 319 260 _ 237
600 247 190 294 235 215
510 227 169 274 211 191
520 207 147 253 186 167
530 187 130 232 167 147
540 17_(_]___ A 11_4 213 147 128
550 151 98 192 128 1

X 20 CrMoV 121 560 1356 85 173 112 96
570 118 72 154 96 81
580 103 61 136 82 68
590 90 52 119 70 58
600 75 43 101 59 48
610 64 36 37 50 40
620 53 30 73 42 33
630 44 25 60 34 27
640 38 20 49 _ 28 _ 22 A
650 29 17 40 23 18

tor footnates 1), 2) ang 3) see page 18
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Explanations

This Standard replaces Standards DIN 17 175 Part 1
(January 1959 edition) — Seamless tubes of heat-resisting
steels; technical delivery conditions —, DIN 17 175

Part 2 (January 1959x edition) — Seamless tubes of
heat-resisting stecls; quality specifications for relevant
steels —and BIN 17 176 Part 2 Supplement (June 1869
edition) — Seamless tubes of heat-resisting steels; iong-
term hot strength values -. The publication of this
revised version {necessitating 2 drafts) had been delayed,
because on the one hand the answer to the question
whether or not the lower minimum vield points ar
minimum proof stresses at elevated températures quoted
in international standard

ISO 2604/11

E: Steel products for pressure purposes — Quality
requirements — Part 2: Wrought seamless tubes

D: Stahlerzeugnisse fur Oruckbehalter; Giitevorschriften,
Teib 2: Nahtlose Rohre

compared with DIN 17 175 Part 2 (January 1959x edition)
should be used, proved more complicated than expected
and at the same time it had been intended to wait for
the forthcoming international negotiations, and also the
determination of the lang-term hot strength values, the
dimensional deviations and the scope of ring testing
took up a great deal of time and had to be studied in
special committees.

This Standard differs from SO 2604/11, DIN 17 175
Part 1 and Part 2 (January 1959 edition) and DIN 17 175
Part 2 Supplement (June 1968 edition) in the following
major points:

al Tubes for headers are included in the scope.

b) The range of steels was extended to grades 17 Mn 4
(1.0481), 19 Mn 5 (1.0482), 14 MoV 6 3 {1.7715}
and X 20 CrMoV 12 1 {1.4922). This Standard
therefore includes Territic and martensitic types of
stee) envisaged in 1SO 2604/11 for service at elevated
tcmperature, up togrades TS 2, TS 37 and TS 38B;
see tabular comparison at end of “Exptanations’.
The chemical composition of the steels was in part
narrowed dawn, especially for the elements
phasphorus and sulphur, compared with the January
1959 edition of this Standard and 1SO 2604/t}. The
change in the molybdenuny content of steel

13 CrMo 4 4 {1.7335) {rom 0.40% t0 0.50% into
0.45 % to 0.85% as in 1SO 2604/1t is of particular
interest.

Asin 1SO 2604/11 a table on the permissible deviatiors
allowed for sample analyses was included in this new
edition as opposed to the limits for the ladle analysis.
A change occurred in the quality grades, inasmuch as
only quality grades 1 and Ill were retained. These
quality grades cannot be compared directly with the
testing cateqgories I1 to V of ISO 2604/11, Quality
grades I and 11l resembile testing categaries [Tand V
most closely, though an allowance has to be made
fer the difference in testing scopes.

The requirements of the scope for the ring tests
{which are far more severe than in tSO 2804/11) were
checked and modified in a Working Committee
expressly formed for this purpose. in view of the

100 % non-destructive testing for longitudinal defects,

C

d

-

e

f

—

h

k

=

~—

the scape far the ring tests was restricted for quality
grade II1 tubes,

In response to objections by customers that for them
ring tests were lesg valuable as a means for assessing
the defarmability of the tubes than for detecting
surface defects since neither the rupture elongations
nort the yield point/tensile-ratios furnished adequate
information on tube performance during cold bending,
Table 7 containing provisional data on the minimum
expansion of the tube in tha ring expanding test was
additionally included in the standard at the suggestion
of steelmakers. Since the valyes in Table 7 are in
principie of a tentative nature, all participants are
invited to comment from personal experience on the
validity of these values.

The leaktightness test in the form of an internal
pressure test with water can now be replaced at the
discretion of the manufacturer by a suitable non-
destructive testing method (e.g. Eddy current testing
according to Stahl-Eisen-Prifblatt {Testing Sheet)-10826)

Non-destructive testing for longitudinal detects has
now been extended to all quality grade I tubes of
10 nmin outside diameter and over. Testing tor trans-
verse defects and laminations can additionally be
negotiated for quality grade III tubes having outside
diamaters greater than 133 mm, and outside diameters
greater than 133 mm having wall thicknesses greater
than 8 mm. Testing is generally done ultrasonicaily.

Visual inspection of the tubes can be replaced by a
proven, suitable non-destructive tasting method,

As distinct from 1SO 2604/ this Standard also
contains data on form and dimensional deviations.
Difteririg from the requirements in DIN 17 175 Part 1
(January 1959 edlition), the tolerances currently
quoted tor orders based on the outside diameter are
now sel out either accerding to the ratio of the
nominal wall thickness to the outside diametes or as &
multiple of the nominal wall thickness. The additional,
local 5% allewance on the lowar 1oierance limit of
the nominal wall thickness is no longer valid. Subject
10 agreement on ordering, cold finished tubes can
now bLe supplied with closer tolerances. In compliance
with the request of consumers it is now possible to
order tubes of 200 mm bore and farger hased on the
inside diameter. Corresponding deviations on the
inside diameter and wall thicknesses were fixed tor
this particular requirement.

Thedata on the physical properties have been delctecd,
The Verein Deutscher Eisenhittenleute (Association
of German Ferrous Metallurgy Engineers) is currently
preparing an appropriate Stahl.Eisen-Werkstoffblatt
(Material Data Sheet) containing also data on steels
outwith DIN 17175.

As previously, the vaiues for the impact energy apply
to DVM-specimens. Steelmakers have pointed out
that the notch impact/bending test quoted for
DIN.17 175 steels served solely as a guide to the
satistactory nature of the heat treatment and tor the
presence of adequate cluclility. At the request of the
Technical Testing Authorities and consurners they
were, however, willing to collect the test results from
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ISO.V specimens as regards the applicability of brittie
fracture criteria, in order to enable DIN 17 175 to
change over to this type of specimen when revised
next.

in) The minimum cata for the room temperature yield

n

=

point and the elevated temperature.0.2 % vyield limit
were determined from available sets of data by
means of cumulative frequency curves, A classifi-
cation according to wall thickness differing from

1ISO 2604/11 proved unavoidahle, 50 as to be able to
at least retain or even increase the present values in
the majority of cases. Compared with 150 2604/11
this classification of the wall thicknhesses

generally qives higher values at lower wali thicknesses
and, in part, lower values at greater wall thicknesses.

In order 1o lower the values for the thickness range
greater than 60 mm to 80 mm by 10 N/mm?2
compared with the values in the greater than 40 mm
to 60 mm wall thickness range of steels 13 CrMo 4 4
11.7335) and 10 CrMo 9 10 (1.7380) the steel
manufacturers had insufficient data at present on the
over 60 min to B0 mm thickness range for a significant
evaluation (0 he carried out; extrapotation beyond
the reasonsbly well substantiated range would anly
b possible up to wall thickness of approximately

60 mm, where the wall thickness effect observed at
present in the range of up to 50 mm is still confirmed.
The steetmakers expressed their willingness to collate
tlata for analysing the current requirements at a later
date.

180 2604/11 conlains no requirements for values of
the 1% time yield limit. The requirements in the
current revised standard for steels St. 35.8 {1.0305),
St. 45.8 (1.0405), 15 Mo 3 (1.5415}, 13CiMo 4 4
{1.7335) and 10 CrMo 9 10 (1,7380} contained in the
previous version of DIN 17 175, agree with those in
OIN 17178 Part 2, Supplemant (June 1969 edition).
The values for the newly included steels 17 Mn 4
(1.0481) and 19 Mn 5 (1.0482) obtained from Stahl-
Eisen-Werkstotiblatt 610 — Seamless headers of high
temperalure sleels — have been supptemented by
extrapolated values for 380 °C and 390 °C. The values
for the 1% limit of the other freshiy included steels

14 MoV 6 3 (1.7715) and X 20 CrMoV 12 1 (1.4922)
waere based on the most up to-date evaluations.

o) The values for creep strength merit the following

p

comments:

The requirements for steels St 35,8 {1.0305),

St 45.8 {1.0405), 15 Mo 3 (1.5415) and 13 CrMo 4 4
{1.7335) — though for the two last.-named steels only
the values for 105 and 2,905 h — were taken from
DIN 17 175 Part 2, Supplement {June 1969 edition).
In contrast, the 104 h - creep strength values of steals
15 Mo 3 and 13 CrMo 4 4 as well as the 109 and

105 h — creep strength vatues of the steel 14 MoV 6 3
(1.7715b) agree with those of the corresponding steals
in 1SO 2604/11; the requirements for the 2.10% h -~
creap strength values ot steel 14 MoV 6 3 were based
on the most recent evaluations in the 480°C to

600 °C temperature range, therehy differing from

1SO 2604/11,

The creep strength values of steel 10 Crivio 9 10
{1.7380) agree, in principle, with those of steel TS 34
according to 1SO 2604/11, though minor deviations of
up t0 4 N/mm?<2 maximum have crept in during the
smoothingof the curve as a result of three-dimensional
interpolation (time, temperature, stress) which seem
none-the-less justified in view of the improved
utilizability of the data in the computer.

The 104 h — creep strength values of stesl

X 20CrMoV 12 1 (1.4922} agree in the 500°C to
610°C temperature range with those of steet 1S 40
according to 1SQ 2604/11; in contrast the 105 and
2.105 h — creep strength values in the 470°C to

600 °C temperature ranga agree with the requirements
in Stahl-Eisen Delivery Condition 675-69 — '"Seamlass
tubes of high-temperature steels’” —; the remaining
values were extrapolated on the basis of the latest
evaluations,

The vatues, which are quoted in Documenits

1ISQ/TC 17/SC 10/ETP N 99 and N 148 and envisaged
for the forthcoming revised edition of 1SO 2604/11
for steels TS 5 and TS 8 H, were used for steels

17 Mn 4 (1.0481) and 19 Mn § {1.0482}.

Thin-walled tubes may be marked by methods other
than stamp-marking.



Comparison of ferritic and martensitic steets according to 1502604/11,
anvisaged for use at elovated temperaturas, with equivalent German

stoels
Steels based on
German documents ISO 2604/4
Code number Material
1) number 2) 3)
- - | - | vsz -

" DIN st368 | 10305 | TS5 | e
DIN | std5s8 10405 | TSOH | @
“OIN | 17Mna4 10481 | TS14 | O |
DIN 19Mn 5 10482 | TS18 0

CTDIN 15 Mo 3 15415 | 1526 | o
DIN | 17336 | Ts32 o
" Din 10CMo910 | 17380 | 1834 | @
DIN [ 1amove3 17715 | 1533 | e
| SEL 12CrMo 195 | 17362 | TS 37 O
SEL | X12C€rMo91 17386 | Ts38 | @ |
DIN | X20CmMov 121 | 14922 | Ts40 | X
1) DIN = contained in DIN 17 175; SEL = contained in Stahl-
Eisen List, 6th edition 1977, Dosseldorf, Verlag Stah!-Eisen
mbH.
2) Code No of steels in JSO 2604/1},
3) This column shows the degree of agreement in the chemical
composition of the German steels on the one hand and the
1SO 2604/i1 steels on the ather hand. Notations: X = full
agreement, @ = minor deviations, Q = significant deviations.
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