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RESUMEN
La empresa donde realizo mi trabajo profesional tiene como actividad la
importacion de rollos de acero laminado bajo especificaciones ASTM, de diferentes
partes del mundo y en la planta nos encargamos de hacerla lisa o plana, cortarla a
1220mm x 2440mm, ponerla a escuadra y entregarla empacada a nuestros clientes
con las que desarrollan su actividad productiva haciendo toda clase de productos en

acero.

En la presente tesis de grado se exponen las acciones de transformacién que se
realizaron en esta empresa a fin de acometer con tres problemas que tenian en
situacion critica los indices empresariales. Estos eran relacionados con: la

capacidad de produccion, la calidad del producto y el indice de maquila.

Se mejoro el coeficiente de maquila en un 52,17%, se incremento la capacidad de
produccion en un 100% y se disminuyo la cantidad de planchas que no cumplié con

especificacion de medidas y cuadratura en un 90%.

Se requirieron adecuar maquinas, adquirir otras y hacer uso de la metodologia de
tiempos y movimientos para cambiar la operacién de la linea, pero el resultado fue
sorprendente y de éxito. Ahora se planea entrar en fase de automatizacion y ventas

al exterior.



INDICE GENERAL

RESUMEN. ......ootitiiiteeeeetet e teee ettt es st et ess st etete s seeaesseastenaneaeseenne e, I
INDICE GENERAL.......coviuitietiteeeeeeeeeeeeee e ee s es st enessaneeannas Il
ABREVIATURAS ..ottt eeeeeeee et e et essnaees et tens st ans s saennnead v
INDICE DE FIGURAS. ..ot VI
INDICE DE TABLAS . .....oiiii e VIl

INTRODUCCION ... e e i e e e e e e e ]

CAPITULO 1
1. EL PROCESOQO DE ALISADO. ... 4
1.1 Lamaquina alisadora y los parametros que gobiernan el

proceso de aliSado.........ccvuiiriiiii i 6
1.2 La norma ASTM A1008/A1008M para bobinas de

acero al carbono laminadas al frio.............cccoiiiiiii e 12
1.3 La norma ASTM A568/A568M aplicada como control de

calidad delas chapas alisadas................ccooiiiiiiiiic i, 14
1.4 El coeficiente de maquila establecido como indice de eficiencia

delalinea de produCCiON...........ccouiiiiiiiiii e 27
15 Descripcién del proceso de alisado de la linea de produccién

BN TEIEIENCIA. .. e 30
CAPITULO 2

2. OPTIMIZACION DE LA LINEA DE PRODUCCION........cciiviiiiiiiianns 39



2.1  Estudio de tiempos y métodos aplicados a la linea

de ProdUCCION. .. ..o 40
2.2 Determinacion de las causas que afectan la calidad

de las chapas alisadas............c.ooviiiiii 42
2.3 Determinacion de los factores que elevan el valor del

coeficiente de maquila...........coooeiiiiii 45
2.4  Planteamiento de los correctivos y mejoras a aplicarse.................. 47
2.5 Seleccion de los equipos que se instalaran para cumplir

con |0S 0DbjetivOS PropuESIOS. ... ..iui i 49
CAPITULO 3
3. EVALUACION DE LOS RESULTADOS........coiiiiiiieieieeeee, 54
3.1 Determinacion del porcentaje de chapas que no cumplen

con la calidad normalizada...............ooiiiii i 57
3.2  Determinacion del nuevo valor de coeficiente de maquila............... 58

3.3  Determinacién del tiempo de reposicion del capital invertido

enlas mejoras aplicadas..........ccooeiiiiiiiiiiii 60
CAPITULO 4
4. CONCLUSIONES Y RECOMENDACIONES. ..o, 62
A1 CONCIUSIONES. ...t e i 62
4.2  ReCOMENUACIONES. . ...t e, 63
APENDICES

BIBLIOGRAFIA



™

ASTM
mm

mm2

ABREVIATURAS

Toneladas métrica

Kilogramos

American Society Testing Materials
Milimetros

Newton

Milimetros cuadrados



Figura 1.1
Figura 1.2
Figura 1.3
Figura 1.4
Figura 1.5
Figura 1.6
Figura 1.7
Figura 1.8
Figura 1.9
Figura 1.10
Figura 1.11
Figura 1.12
Figura 1.13
Figura 1.14
Figura 1.15
Figura 1.16
Figura 1.17
Figura 1.18
Figura 1.19
Figura 1.20
Figura 1.21
Figura 1.22
Figura 1.23
Figura 1.24
Figura 1.25
Figura 1.26

Figura 1.27
Figura 1.28
Figura 1.29
Figura 1.30

10

INDICE DE FIGURAS

Materia prima (bobina).........c.cooviiiiiii,
Esquema sobre el proceso de conversion..................
Producto terminado (chapas alisadas en paquete)......
Elementos que conforman la maquina alizadora.........

Desenrrollador del tipo cono doble

Desenrrollador del tipo mandril expandible.................
Vista a la entrada del planchador......................oo.e.e.
Vista lateral del planchador......................cooonl.
El cortador..... ..o
Mesade salida........c.oooeieiiiiii
Bobina aplastada................ooooiiii
Bobina con forro dafiado.............ccooiiiiiiiiiiii,
Bobina golpeada..............cooiiiiiii
Proteccion de bobina dafada..........................ol
Medicion del espesor de lachapa..................oooeeeee.
Medicion del ancho de lachapa...............cccovveenn.n.
Medicion del largo de lachapa................c.cooooinnl.
Escuadrado.........oeiiiiiii
Medida de diagonal (b) igual a 2.724 mm..................
Medida de diagonal (a) igual a 2.733 mm..................
Chapas con ondulaciones superficiales.....................
Chapas con rebaba en el borde cortado....................
Chapas con bordes ondulados.....................cooeneeel.
Chapa oxidada.............cccoooiiiiiiii e,
Chapa abolladaorota..............ccoooiiiiiiiiiiiin.

Diagrama de flujo del proceso de alisado antes

de las mejoras realizadas..............ccccoceiiiiiiiiian..
Eliminacion del forro protector..............ccooovviiiinnnne.
Pesaje en balanza electronica...................c.oeiienin.
Bobina en fase de montaje en desenrrollador.............
Chapa en fase de planchado..................................



Figura 1.31
Figura 1.32
Figura 2.1
Figura 2.2
Figura 2.3
Figura 2.4
Figura 2.5
Figura 2.6
Figura 2.7
Figura 3.1

Figura 3.2

Figura 3.3
Figura 3.4

11

Trabajadores armando los paquetes de chapas............... 37
Montacargas evacuando los paquetes de chapa................. 38
Los conos del desenrrollador...........c.oovviiiiiiiiii e 43
Prensachapas de la cortadora de flejes..........c.cooeiiiiiiinnn. 44
Guias de entrada de la cortadorade rollos........................... 45
Desenrrollador del tipo mandril expandible........................... 49
Prensachapas. ........cooiiiiiiii 51
Guias de entrada al planchador................c.cooiiiiiiiiiii, 52
Carro apilador y evacuador.........c.oviveieeeiiiei e eaaeeenns 53
Diagrama de flujo del proceso de alisado después de las
MeJoras realizadas. ........couvuiiieiiii 55
Comparacion entre porcentajes de defectos obtenidos
en las chapas durante el proceso productivo........................ 58
Comparacién entre producciones obtenidas......................... 59
Comparacion entre producciones obtenidos......................... 59



12

INDICE DE TABLAS

Tabla 1. Composicion quimica de los aceros calidad

(o0] 4= (ol = LN (1)

Tabla 2. Porcentaje de defectos generados en las chapas
durante el proceso
ProduCtiVO. ... 27
Tabla 3. Valores de producciones, costos generador y
coeficientes de maquila obtenidos durante

L A0 2007 ..

Tabla 4. Estudio de tiempos y métodos aplicado

al proceso de alisado..........ccooviiiiiiiii i

Tabla 5. Estudio de tiempos y métodos aplicado

al proceso de alisado..........cccovviiiiiiiii i

Tabla 6. Porcentajes de defectos generados en las chapas

durante el proceso productivo............ccevviiiiiiiiiiiiinannn.

Tabla 7. Valores de producciones, costos generados y
coeficientes de maquila obtenidos durante el

primer semestre del afio 2008..............cccooeiiiiiiiiiinenn..

Tabla 8. Costo de inversion para optimizar la linea

08 PrOCESO. ... e e



13

INTRODUCCION

Existen dos maneras de tener materia prima en
forma de Ilamina para realizar trabajos
rutinarios de caldereria, la una es importarlas
directamente en forma de paquetes para luego
comercializarlas al precio de referencia del
mercado obteniéndose con esto algin margen
de ganancia y la otra es importar la materia
prima llamada “bobina” y mediante un proceso
de conversion denominado “alisado”
producirlas, para luego comercializarlas al
mismo precio de referencia anterior, siendo
esta forma la que mayor margen de ganancia
se obtiene ya que el costo por tonelada métrica
de la materia prima mas los costos de
conversién llamados “coeficiente de maquila”
de las chapas es menor que el precio por
tonelada métrica de los paquetes de chapas

importadas.

Todas la compafiias dedicadas a la misma

actividad que operan en el Ecuador tienen
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fijado un valor comun estandar de coeficiente
de maquila, para que el proceso de alisado se
considere rentable y es fundamental para
cualquier de estas compafiias mantenerlo o
mejor aun bajarlo, de lo contrario podria
suceder que el proceso se convierta en no
rentable, ya que el precio por tonelada de la
materia prima mas los costos de conversion
serian mayores que de los paquetes

importados.

La presente tesis de grado tiene como objetivo
general, mejorar la eficiencia de la linea de
alisado de chapas de acero al carbono
laminadas en frio para conseguir un coeficiente
de maquila ajustado a los valores esperado por

la Gerencia y que son del orden de $40 TM.

A fin de cumplir con este objetivo se han
planteado varios objetivos especificos que
ayudan a cumplir de varias formas a
transformar las falencias detectadas en la

produccion.
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En primer lugar, esperamos disminuir el
porcentaje de chapas producidas que no
cumplen con el estandar de calidad establecido
por la norma de referencia y de esta manera
aumentar la confianza del consumidor final que
tendra siempre un producto de primera calidad,
como segunda accién se acometera el objetivo
de mejorar la capacidad de produccion de
chapas alisadas para bajar el valor de
coeficiente de maquila consiguiendo que la
linea de proceso se sitie al mismo nivel de

competitividad que las demas empresas afines.

Al comienzo de la modificacion de la linea, el
12 % de chapas producidas mensualmente,
no cumplen con el control de calidad
establecido, ocasionando que los
consumidores finales de estas chapas no las
acepten como de primera calidad, siendo
devueltas o exigiendo que el precio de venta

de las mismas sea reducido a un valor menor
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gue el establecido por el mercado, ya que las
consideran como chapas de segunda calidad,
aprovechandose de esta situacion para afirmar
gue toda la produccion también es de segunda
y asi sacar provecho para obtener un menor
precio de venta. Por otro lado, la cantidad de
las chapas producidas mensualmente no eran
suficientes para obtener un valor de coeficiente
de maquila que este de acuerdo al estandar
establecido, valor necesario para que la linea
de proceso se considere rentable, no pudiendo

competir contra plantas similares.

Finalmente, también se acometié el problema
de las condiciones de trabajo del personal que
labora en esta linea tenia una tarea agotadora
y de poca eficiencia luego de los mejoras y
después de un entrenamiento se convirti6 en

una de las mas eficiente de la compaiiia.



CAPITULO 1

17
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1. EL PROCESO DE
ALISADO

El proceso de alisado es el proceso por el cual se convierte
mediante deformacion plastica una chapa arrollada llamada

"bobina" en otra completamente plana.

La bobina es necesario desenrollarla, enderezarla con una
planitud que permita su utilizacion y cortarla transversalmente
para obtener chapas al largo de 2440 mm que es la medida
comercial establecida. La linea de proceso que realiza esta
operacién se llama "maquina alisadora" y lleva normalmente
incorporado el elemento desenrrollador, el enderezador y la

guillotina transversal.

Las bobinas son importadas de diversas usinas de América,
Europa y Asia solicitadas en ancho de 1220 mm, con calidad del
acero que las conforman de acuerdo a la norma ASTM
A1008/A1008M , los espesores son los utilizados comercialmente
en nuestro medio para estas chapas, es decir 0.50,0.60,0.70,
0.75, 0.80, 0.90, 1.1 mm. Los pesos de estas bobinas fluctian

entre 5.000 y 6.800 Kg.
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FIGURA 1.1 MATERIA PRIMA (BOBINA)

MATERIA PRIMA
PRODUCTO TERM

PRAQUETE DE C}
ALISADAS

BOBINA MAQUINA ALISADORA

FIGURA 1.2 ESQUEMA SOBRE EL

PROCESO DE CONVERSION
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FIGURA 1.3 PRODUCTO TERMINADO
(CHAPAS ALISADAS EN PAQUETE)

1.1 La méaquina alisadoray los parametros que gobiernan el

proceso de alisado.

La maquina alisadora es la linea de proceso donde se alisan las
chapas, esta compuesta por un conjunto de elementos que
realizan durante el proceso de alisado el trabajo de desenrollar
las bobinas, alisar las chapas que se desenrollan, cortar
transversalmente las chapas alisadas, extraer y acumular las

chapas cortadas.
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Los elementos que conforman la maquina alisadora son: el
desenrrollador, el planchador, el cortador y la mesa de

salida.

ELEMENTOS QUE CONFORMAN LA MAQUINA ALISADORA

Entrada de
la chapa
arrollada

DESENRROA PLANCHA- CORTADOR MESA DE
LLADOR DOR SALIDA

FIGURA 1.4 ELEMENTOS QUE CONFORMAN LA
MAQUINA ALIZADORA

Salida de las
chapas
aplanadas

El Desenrrollador.- Llamado también "portabobina", es el
elemento de la maquina alisadora en el cual se montan las
bobinas para que se desenrollen paulatinamente a medida que
ocurre el proceso de alisado, basicamente es un soporte
giratorio para la bobina y a la vez rota conjuntamente con ella
durante el proceso. Existen algunos tipos de desenrrolladores
pero los mas utilizados son los denominados de “Conos dobles”

y de “Mandril expansible”




FIGURA 1.5

DOBLE

DESENRROLLADOR DEL TIPO CONO
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FIGURA 1.6

DESENRROLLADOR DEL TIPO MANDRIL

EXPANDIBLE
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El Planchador.- Es el elemento de la maquina alisadora que
aplana por deformacion plastica las chapas de acero durante el

desenrrollamiento de la bobina.

Este elemento esta compuesto de dos hileras de rodillos
denominado "tren de rodillos planchadores” fabricados en acero
de 80 a 85 N/mm2 de resistencia de diametro 120 mm y de
longitud 2140 mm dispuestos en zigzag, en numero de 8

inferiores y 9 superiores.

La hilera de rodillos inferiores es la que normalmente se acciona
mediante un motor eléctrico, mientras que la hilera de rodillos
superiores es movil en sentido vertical para permitir la regulacion

de la presion de deformacion que se aplicara a la chapa.

A la entrada y salida del planchador se encuentran sendas




24

mesas metélicas destinadas a sostener la chapa a enderezar

FIGURA 1.7 VISTA A LA ENTRADA DEL

PLANCHADOR

El Cortador.- Es el elemento de la maquina alisadora que
produce el corte transversal a la chapa previamente aplanada en
el tren de rodillos alisadores cuando esta ha alcanzado la
longitud comercial establecida, basicamente es una cizalla tipo

guillotina.
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FIGURA 1.9 EL CORTADOR

La Mesa de Salida.- Es el elemento de la maquina alisadora
gue conduce las chapas cortadas desde la salida del cortador

hasta el lugar de apilamiento de la misma.

Esta mesa esta compuesta de una estructura con rodillos
motorizados de ancho y largo adecuado para que las chapas

alisadas puedan ser transportadas sin ningan inconveniente
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FIGURA 1.10 MESA DE SALIDA

Parametros que gobiernan el proceso de alisado.- Los
pardmetros que gobiernan el proceso de alisado son: el espesor
de la chapa de la que esta formada la bobina, el peso de esta y

el largo al que se corta las chapas.

El espesor define la calibracion del tren de rodillos planchadores

y la abertura de separacion de las cuchillas del cortador.

El peso de la bobina y el largo de las chapas cortadas,

determinan el tiempo requerido para procesarla asi como los
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equipos utilizados en el apilado, empaquetamiento y evacuacion

de los paquetes del area de trabajo.

La norma ASTM A1008/A1008M para bobinas de acero al

carbono laminadas al frio

La norma que especifica la calidad del acero del que esta
compuesta la bobina es la norma ASTM A1008/A1008M, esta se
refiere a la especificacion estandar del acero al carbono que
conforma la bobina laminada en frio en los tipos de acero
calidad comercial, acero estructural de alta-resistencia y baja
aleacion, acero de alta-resistencia y baja aleacion con mejoras

para la conformabilidad.

Esta norma clasifica al acero al carbono laminados en frio que

conforma las chapas con las siguientes designaciones:

Comercial Steel (CS Types A, B, and C)

Acero calidad comercial (Tipos A, B,y C)

Drawing Steel (DS Types A and B)

Acero para embuticion moderada (Tipos Ay B)
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Deep Drawing Steel (DDS)

Acero para embuticién profunda

Extra Deep Drawing Steel (EDDS)

Acero para embuticién extra profunda

Structural Steel (SS grades 25, 30, 33 Types 1 and 2, 40

Types 1 and 2, and 80)

Acero calidad estructural (grados 25,30, 33 tipos 1y 2, 40 tipos 1

y 2,y 80)

High-Strength Low-Alloy Steel (HSLAS grades 45, 50, 55, 60,

65 and 70 in classes 1 and 2)

Acero de alta resistencia y baja aleacion (grados 45, 50, 55, 60,

65y 70inclases 1y 2)

High-Strength Low-Alloy Steel with Improved Formability

(HSLAS-F grades 50, 60, 70, and 80)



Acero de alta resistencia y baja aleacion con mejoras para la

conformidad (grados 50, 60, 70, y 80)

Las bobinas que esta compaiiia importa son en acero calidad

comercial CS tipos A, B y C cuyas composiciones quimicas son

las siguientes:

TABLA 1

29

COMPOSICION QUIMICA DE LOS ACEROS CALIDAD
COMERCIAL (CS)

ACEROCS | %C (%Mn| %P [ %S| AL | Si | Co | Ni | Cr [ Mo | V | Ch|Ti | N
Tipo A 010 [0B0 | 003|003 = | == 020 (020|015 | 006|008 0008 0008 -~
TipoB  {002015( 060 | 003 {00 | = | - 020 (020 | 0,15 | 006 |0p0G | 0006 0008 -~
Tipo C 006 | 0B0 | 010|003 [ = | == 020 (020 | 0,15 | 006 {006 | 0006|0008 -~

Para estos tipos de

aceros la norma no especifica el porcentaje

de silicio, aluminio ni nitrégeno.

Las propiedades mecéanicas de los acero CS tipo A, By C son:

Esfuerzo de fluencia 140 a 275 MPa

Elongacion en 50 mm mayor o igual a 30%
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La norma no especifica el esfuerzo de tension para estos
aceros. Esta gama de aceros es ampliamente utilizada en
aplicaciones de plegado y embuticion de los sectores de
industria general, edificacion y automovil, asi como en sectores

relacionados a éstos.

La norma ASTM A568/A568M aplicada como control de calidad de las

chapas alisadas.

La norma ASTM A568/A568M es la norma tomada como
referencia y utilizada para controlar la calidad de las chapas
obtenidas, en cuanto a las tolerancias de las medidas y acabado

se refiere exigido para los estandares comerciales establecidos.

En esta compafiia también se aplican procedimientos propios de
controles en cuanto a la observacion fisica de los productos que
se manejan con el propédsito de evitar que el producto final se
despache con imperfecciones, este control es aplicados desde
gue se recibe la materia prima hasta que el producto terminado
es despachado, queriendo decir con esto que tanto la bobina,
las chapas durante el proceso de alisado y la conformacién de
los paquetes de chapas son inspeccionadas y registradas sus

resultados para futuros analisis de procesos.
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Controles de calidad aplicados a la materia prima.

Siendo las bobinas la materia prima de donde se obtienen las
chapas, es muy importante verificar visualmente y realizar
mediciones especificas a ellas para comprobar que estan aptas
para de estas obtener el correspondiente producto final. Son dos
las actividades de control que se le realizan a las bobinas, una

es la inspeccion visual y la otra son las mediciones tomadas.

Sobre la inspeccién visual podemos decir que al momento de
recepcionar las bobinas recibidas de importacion o compradas
localmente, se realiza una inspeccion para determinar el estado
fisico de las mismas, esta inspeccion corresponde a la blusqueda
de abolladuras, oxidaciones, aplastamiento, y a la comprobacién
de las especificaciones técnicas indicadas en la etiqueta de
identificacion comparadas con la guia de importacioén o la factura

correspondiente.

Si alguna bobina recibida presenta oxidacién o abolladuras se
notifica a la Gerencia para que esta realice los respectivos
reclamos al proveedor de la materia prima, originandose dos
situaciones, una es la devolucién de la misma y la otra es el

consecuente proceso.
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En la etapa de preparacion de la bobina antes del proceso de
alisado, se toman mediciones en cuanto al peso, espesor de la

chapa, y el ancho de estas.

Todos los datos obtenidos de las operaciones de control
descritas anteriormente son registrados en los correspondientes
documentos destinados para estos fines, indicando que las
inspecciones visuales pertenecen al control interno de esta
compafiia y las tolerancias en las mediciones obtenidas son
comparadas con las tolerancias indicadas en la norma de control

establecida.

A continuacién se presentan algunos casos de dafios ocurridos

en las bobinas.
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FIGURA 1.11 BOBINA APLASTADA




34

FIGURA 1.12 BOBINA CON FORRO

DANADO

FIGURA 1.13 BOBINA GOLPEADA
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FIGURA 1.14 PROTECCION DE BOBINA

DANADA

Controles aplicados a las chapas durante el proceso de

alisado.

Son realizados los respectivos controles visuales y mediciones a
las chapas durante el proceso de alisado, esto es con el fin de
evitar que posteriormente se formen los paquetes con chapas

defectuosas.
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La inspeccion visual se utiliza para comprobar que las chapas
durante el proceso de alisado no se obtengan con defectos tales
como, abolladuras, falta de planitud (ondulaciones), bordes
dafados, rebabado en el corte transversal producido por las

cuchillas del cortador

Periédicamente cada cierta cantidad de chapas producidas se
toman mediciones tales como el espesor, el ancho, el largo y el
escuadrado de las chapas, con la finalidad de verificar que el
proceso continlia realizandose de acuerdo a lo planificado, de lo

contrario se efectlian los correctivos adecuados.

Medicion del espesor de la chapa.- La tolerancia en el espesor
segun la norma adoptada como referencia debe ser (+ -) el 10 %
del espesor nominal de la chapa, pero como la bobina es
comprada el espesor viene indicado en la etiqueta de
identificacion, de igual forma el espesor de las chapas es

medido para su comprobacion con lo indicado por el fabricante.



37

FIGURA 1.15 MEDICION DEL ESPESOR DE

LA CHAPA

Medicion del ancho de la chapa.- La tolerancia en la medida
del ancho segun la norma de calidad adoptada como referencia
debe ser (+-) el 1 % del ancho comercial nominal de la chapa,
el mismo que es 1.220 mm es decir cualquier chapa medido su

ancho debe estar entre 1.208 a 1.232 mm.

La chapa indicada en la figura mide 1.222 mm de ancho y segun

la tolerancia tiene el ancho comercialmente establecido.
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FIGURA 1.16 MEDICION DEL ANCHO DE LA

CHAPA

Medicion del largo de la chapa.- La tolerancia en el largo
segun la norma adoptada como referencia puede llegar hasta (+)
15 mm como maximo del largo comercial establecido siendo
este 2.440 mm, por tanto la longitud a la cual se corté la chapa

mostrada en la figura ( 2.443 mm) cumple con la tolerancia.
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FIGURA 1.17 MEDICION DEL LARGO DE LA

CHAPA.

Medicion del escuadrado de la chapa.- La falta de escuadrado
admisible segun la tolerancia indicada en la norma de control
deberd ser menor o igual a 1.6 mm; también se obtiene
midiendo las diagonales donde la diferencia entre ellas debe ser

menor o igual a 2.86 mm.

Largo igual a 2.440 mm

DIAGONAL (A)
Anche igual
a1.220 mm
| |
*'i* 1.6 mm méximo de
DIAGONAL (B) tolerancia admisible en

el escuadrado

Tolerancia = Diagonal A - Diagonal B (< 0 =) a 2,86 mm

ESCUADRADO
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FIGURA 1.18 ESCUADRADO

FIGURA 1.19 MEDIDA DE DIAGONAL (B)

IGUAL A 2.724 MM
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FIGURA 1.20 MEDIDA DE DIAGONAL (A)

IGUAL A 2.733 MM

Si 1.6 mm de escuadrado corresponde a 2.86 mm en la
diferencia entre diagonales (A — B), entonces la chapa mostrada
no cumple con la tolerancia, puesto que al restar 2.733 mm
correspondiente a la diagonal mayor menos 2.724 mm
correspondiente a la diagonal menor el resultado es 9 mm

siendo este valor superior al establecido como control.

Controles aplicados a los paguetes de chapas producidas.
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Este tipo de control es netamente visual y en él se verifica que
los paquetes formados salgan perfectamente embalados,
enzunchados y con la etiqueta de identificaciobn correctamente
explicita, cabe indicar que en esta etapa se verifica por Ultima

vez la cantidad de chapas que contienen el paquete

Defectos en las chapas obtenidas gue originan que estas no

cumplan con la tolerancia indicada en el control de calidad

establecido.

Los defectos en las chapas alisadas originados durante el
proceso de alisado, son las causas para que el 12% de la
produccion mensual no cumplan con los estandares de calidad
establecido, considerandolas por este motivo como de segunda
calidad, siendo estos defectos las ondulaciones superficiales, la
rebaba en el borde cortado, los bordes ondulados o rotos Yy los

bordes descuadrados.

Chapas con ondulaciones superficiales.- Este defecto es
producto de la calibracién incorrecta del tren de rodillos del
planchador, por lo general resulta en la primera chapa obtenida
ya gque es la que se utiliza para comprobar la calibracion antes

realizada.
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FIGURA 1.21 CHAPAS CON

ONDULACIONES SUPERFICIALES

Chapas con rebaba en el borde cortado.- Este defecto se
produce en las primeras chapas procesadas y se debe a la

incorrecta calibracion de las cuchillas del cortador.

FIGURA 1.22 CHAPAS CON REBABA EN EL

BORDE CORTADO
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Chapas con los bordes ondulados y rotos.- Este defecto se
debe al dafio producido por los conos del desenrrollador sobre la

bobina al momento de enhebrarla.

En la operacion de enhebrado el desenrrollador de esta maquina
que es del tipo cono doble, dafia el interior de la bobina
provocando que las dUltimas vueltas que se desenrollan se
dafien, obteniéndose como resultado chapas alisadas con los

filos totalmente ondulados y en algunos casos rotos.

FIGURA 1.23 CHAPAS CON BORDES

ONDULADOS

Chapas con descuadre.- Este defecto se produce cuando la
chapa se desalinea de la posicion correcta que debe mantener
cuando esta pasa por el planchador. Otra causa de descuadre

pero en menos grado es cuando la chapa se desplaza
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ligeramente al momento del corte empujada por las cuchillas del

cortador.

Chapas oxidadas y abolladas.- Estos defectos ocurren cuando

la materia prima presenta oxidaciones o golpes.

Las producciones obtenidas de estas bobinas son consideradas
como chatarra o de segunda calidad dependiendo del estado de
deterioro del producto obtenido y no son registradas dentro del

total producido en ese mes.

FIGURA 1.24 CHAPA OXIDADA
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FIGURA 1.25 CHAPA ABOLLADA O ROTA

Los valores porcentuales de cada tipo de defectos que
conforman el 12% antes mencionado en el afio 2007 se indican

en el siguiente cuadro:

TABLA 2

PORCENTAJE DE DEFECTOS GENERADOS EN LAS
CHAPAS DURANTE EL PROCESO PRODUCTIVO

Ao 2007

Promedio
TIPOS DE DEFECTOS ene ] feb ‘ mar ‘ abr [ may ‘ jun [ jul ‘ ago [ sep ‘ oct l nov dic aio
PORCENTAJE

Chapas descuadradas 6.0 7.0 6.0 5.0 6.0 5.0 6.0 5.0 6.0 5.0 7.0 6.0 5.8
Chapas con ondulaciones 0,5 0.4 05 05 05 05 05 0.8 08 038 1,0 1,0 07
Chapas con bordes con rebaba 1,0 0,0 0.0 0,0 05 05 0,0 0.0 0,0 0.0 05 05 0.3
Chapas con bordes rotos 5,0 50 5,0 50 55 55 55 6,0 6,0 6,0 6,0 6,0 5,5
PORCENTAJES TOTALES 125 | 124 | 115 | 105 | 125 | 115 | 120 | 118 | 128 | 118 | 145 | 135 | 123
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Por lo tanto disminuir el valor de estos porcentajes era uno de
los mayores problemas a resolver. Es muy importante priorizar
los alcances de realizar un buen control de calidad ya que si por
algun error alguna chapa con defecto es considerada como de
primera calidad, al momento de comercializarla el consumidor
final la detectara, y podria rechazar todo el lote fabricado o lo
gue es peor se aprovecharia de la situacién para pedir que el

precio de venta de todo el lote sea rebajado.

Conseguir que el consumidor final mantenga la confianza que el
producto entregado es de primera calidad, también era otro

problema que debia ser resuelto.

El coeficiente de maquila establecido como indice de

eficiencia de la linea de produccidn

El coeficiente de maquila establecido como indice de eficiencia
de la linea de alisado, es el valor correspondiente al coeficiente
costo / beneficio, donde el costo es medido en doélares y
corresponde a los recursos gastados para transformar la bobina
en chapas alisadas, y el beneficios corresponde a la produccion
misma de las chapas medido en toneladas métricas, tanto los
valores de costo como beneficio son datos registrados

mensualmente.
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El valor mensual de referencia correspondiente al coeficiente de
maquila establecido por la Gerencia de esta compafiia para que
su linea de proceso se considere rentable es 40 doélares la
tonelada métrica, esta cifra establecida es un valor comudn para
todas las demas lineas de produccion de las compafiias
dedicadas a la misma actividad productiva que operan en el
Pais. Los componentes del costo son definidos por la
administracion de esta compafiia como "Gastos directos" y

corresponde a los siguientes rubros:

Servicio prestado tercerizados
Gastos comisioén tercerizados
Gastos comision servicios

Seguro maquinaria

Seguro accidentes personales
Seguro incendio

Seguro lucro cesante por maquinaria
Arriendo maquinaria

Honorarios profesionales

Suministros y repuestos

Los datos registrados durante el afio 2007, referente a los costos

generados para convertir bobinas en chapas alisadas, asi como
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los de las producciones obtenidas y los valores de coeficiente de

maquila causados, se indican en la tabla siguiente:

TABLA 3

VALORES DE PRODUCCIONES, COSTOS
GENERADOS Y COEFICIENTES DE

MAQUILA OBTENIDOS DURANTE EL ANO

Promedio

2007

LVIUVT
ene feb mar abr may jun jul ago sep oct nov dic ano
Producciones { TM) 112 116 100 112 115 112 118 115 110 112 112 114 112
Costos ($) 4.800 | 4,800 | 4.850 | 4.800 | 4.500 | 4.500 | 4,800 | 4.800 | 4,500 | 4.500 | 4.800 | 4.800 4,704
Coeficiente de maquila ($/TM) | 42,86 | 41.38 | 48,50 | 42,86 | 39,13 | 40,18 | 40,68 | 41,74 | 4091 | 40,18 | 4286 | 42,11 41,88

Segun los datos estadisticos el valor promedio para el
coeficiente de maquila registrado en el afio 2007 fue 41.88

ddélares la tonelada métrica, siendo este valor mayor que el

establecido por la administracion de la compania.

Por diversos factores comerciales esta linea de transformacion
operd en estas condiciones hasta Diciembre del mismo afio, y a
partir de Enero del afio en curso se aplicaron los correctivos y

mejoras propuestas.
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Analizando los altos valores registrados de coeficiente de
magquila tenemaos que son el resultado de las bajas producciones
obtenidas en esta linea de proceso, por lo tanto aumentar la
produccion de chapas para hacer a esta linea competitiva y

eficiente era otro problema que se debia solucionar.

Descripcion del proceso de alisado de la linea de producciéon en
referencia.

Los eventos sucesivos que conformaban el proceso de alisado

antes de las mejoras aplicadas detallan todas las operaciones

gue se ejecutaban para convertir una bobina en paquetes de

chapas alisadas, estos eventos eran los siguientes:

Recepcion de la orden de trabajo.

Solicitud de la bobina en la bodega de materia prima.
Preparacion de la bobina.

Calibracién del tren planchador.

Calibracion de las cuchillas del cortador.

Enhebrada de la bobina.

Planchado de las chapas.

Reajustes por desalineamiento de la chapa.
Apilamiento de las chapas.

Conformacién de los paquetes de las chapas
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Evacuacion de los paquetes de chapas
En el diagrama de flujo mostrado a continuacion se

describe con mas detalle los eventos referidos

anteriormente:

INICTIO
v

Recepcion de la orden
de fabricacion
Solicitud de la

bobina en bodega MNP

.

Preparacion de la

bobina

v

Calibracion del tren

planchador

:

Calibracion de las

cuchillas del cortador

!

Enhebrada de la

bobina

Planchado de las

chapas

Reajustes por desali-
neamiento de la chapa

Apilamiento de

chapas

!

Conformacion de los

paquetes de chapas

Evacuacion de los

paquetes de chapas

!

(e )
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FIGURA 1.26 DIAGRAMA DE FLUJO DEL
PROCESO DE ALISADO ANTES DE LAS
MEJORAS REALIZADAS

Recepcion de la orden de fabricacion.- Es el momento en que
el operador de la maquina alisadora recibe de manos del
supervisor de Planta la orden de trabajo, en esta orden se
detalla las caracteristicas de la bobina a procesarse y lo que se

requiere obtener de ella.

Solicitud de la bobina en la bodega de materia prima.- En
este evento, el operador de la maquina alisadora solicita al
bodeguero de materia prima y a la vez operador del equipo de

carga y transporte de bobinas denominado "Puente gria de 27
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T" que extraiga de la zona de materia prima la bobina requerida

y la ubique en la zona de preparacion de la misma.

Preparacion de la bobina.- La bobina ubicada en la zona de
preparacion se le extrae la envoltura de proteccion que la cubre,
se la pesa en una balanza electrénica y se anota en la orden de
trabajo todos los datos indicados en la etiqueta de importacion y

el peso registrado.

FIGURA 1.27 ELIMINACION DEL FORRO

PROTECTOR
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FIGURA 1.28 PESAJE EN BALANZA

ELECTRONICA

Calibracién del tren de rodillos superiores del planchador.-
Terminada la preparacion de la bobina, el operador de la
maquina alisadora, calibra el tren de rodillos superiores del
planchador de acuerdo al espesor de la chapa que se alisara
con el propdsito de ajustar la presion necesaria para gue las

chapas obtenidas estén completamente planas.

Calibraciéon de la abertura entre cuchillas del cortador.-
Después de calibrar el planchador, el operador continta con la
calibraciéon de las cuchillas del cortador de acuerdo también al

espesor de chapa a cortar, para obtener chapas perfectamente
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cortadas y sin rebabas, por criterio técnico la luz que se da a las

cuchillas es del 10% del espesor de chapa.

Enhebrada de la bobina.- Enhebrar la bobina abarca algunos
pasos; montar la bobina en el desenrrollador de la méaquina,
tomar el inicio o punta de la chapa de la bobina e introducirla
entre los rodillos del planchador, inmediatamente se da marcha
a la maquina en modo paso a paso para que la chapa avance
lentamente por todos los rodillos desde la entrada hasta la salida
del planchador hasta llegar al cortador, aqui se corta el
comienzo de la chapa para eliminar esta parte que generalmente
sufre dafio debido al manipuleo de la bobina y dar el escuadrado

inicial.

FIGURA 1.29 BOBINA EN FASE DE
MONTAJE EN DESENRROLLADOR
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Planchado de las chapas.- Se acciona la maquina en modo
normal y se inicia el proceso de planchado, cuando la chapa
alisada antes de ser cortada alcanza el largo establecido,
acciona un limitador de carrera tipo bandera produciéndose que
el motor del planchador se detenga y se produzca al mismo
tiempo el corte transversal respectivo, después del corte, la
cuchilla superior del cortador regresa a la posicion superior
original activando el motor de la mesa de salida que da
movimiento a los rodillos transportadores de esta provocandose
el arrastre de la chapa cortada desde la salida del cortador hasta
el lugar de apilamiento que esta en el piso al final de la mesa de

salida.

FIGURA 1.30 CHAPA EN FASE DE PLANCHADO
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Reajustes por desalineamiento de la chapa.- Periddicamente es
detenido el proceso para comprobar que la calidad de las
chapas alisadas estén de acuerdo a los controles de calidad
establecidos, si las chapas obtenidas no cumplen con los

estandares, se realizan los correctivos pertinentes.

El procedimiento para corregir el descuadre de las chapas es
levantar el tren planchador y alinear la posicion de la chapa con
respecto a la posicion de la bobina montada en el desenrrollador
y a la vez con respecto a la perpendicularidad de la cuchilla del
cortador, una vez hecho esto se baja el tren planchador y se
continua con el proceso de alisado hasta que la bobina se haya

desenrrollado completamente.

El planchador de esta maquina al no tener un dispositivo que
guiara la chapa a la entrada del tren aplanador provoca un
desalineamiento de la chapa que conforma la bobina montada
en el desenrrollador con respecto al tren de rodillos alisadores,
obteniéndose como resultado en las chapas un descuadre
severo, que a su vez originaba la paralizacién del proceso por
lapsos considerables de tiempo hasta que se hacian las

respectivas correcciones.
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Empaguetamiento de las chapas.- Las chapas apiladas al final
de la mesa de salida, son transferidas manualmente una a una a
un soporte de empaquetamiento llamado "pallet". Los pallet
utilizados para formar y contener los paquetes de chapas son de
madera tienen una resistencia de carga aproximada de 2.500
Kg., por lo tanto la cantidad de chapas apiladas y empaquetas

en cada uno esta en funcién a su capacidad.

Este tipo de operacion originaba el agotamiento fisico del
personal de esta maquina durante la jornada de trabajo

causando malestar e incomodidad.

Una de las misiones de la compafia es mantener a su personal
en un ambiente sano y productivo, por lo tanto la situacion
descrita anteriormente era todo lo contrario, convirtiéndose en

otro problema mas que se debia resolver.
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FIGURA 1.31 TRABAJADORES ARMANDO LOS PAQUETES
DE CHAPAS

Evacuacién de los paquetes de chapas.- La evacuacion de los

paquetes de chapas desde el lugar de apilamiento al final de la

mesa de salida hasta la zona de producto terminado, es
realizada por medio de un equipo de carga denominado
"montacargas” cuya capacidad es de 5.000 Kg. Hecha esta
evacuacion se coloca otro pallet para ser llenado con mas
chapas, repitiéndose este trabajo hasta empaquetar y evacuar

hasta la dltima chapa apilada

FIGURA 1.32 MONTACARGAS EVACUANDO LOS
PAQUETES DE CHAPA
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CAPITULO 2

OPTIMIZACION DE LA LINEA DE PRODUCCION

Para optimizar la linea de produccién se estudiaron y analizaron
todas las operaciones directas e indirectas que se realizaban en
el trabajo de convertir la bobina en chapas alisadas, asi como el
funcionamiento de cada elemento de la maquina alisadora

durante el proceso de conversion.

Todo lo antes descrito fue con la finalidad de obtener un mejor
enfoque de lo que sucedia fisicamente y el tiempo empleado en
cada operacion del proceso para luego realizar los correctivos

pertinentes.
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Con los resultados obtenidos del estudio y de las observaciones
se pudo determinar los motivos por los cuales la calidad de las
chapas alisadas no cumplian con las estandares adoptados y
ademas los factores que incidian directa e indirectamente en la
produccion de las chapas, siendo esta producciéon el motivo
principal para que el coeficiente de maquila sea mayor que el

establecido.

Estudio de tiempos y métodos aplicados a la linea de produccion

El estudio de tiempos y métodos fue la herramienta principal
para visualizar de mejor manera todas las actividades que
ocurrian durante el proceso de alisado asi como los tiempos
empleados para su ejecucion en cada una de ellas que por lo
general el resultado final es un valor promedio de los valores

obtenidos en un periodo de tiempo.

El estudio de tiempos y métodos aplicado a la linea de
produccion en referencia se realizé en dos periodos diferentes,

el primero antes de las mejoras realizadas durante los 21 dias
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laborables del mes de noviembre del afio 2007 y el segundo
después de las mejoras, siendo este periodo los 19 dias

laborables de Febrero del 2008.

El primer periodo se lo realiz6 con el objeto de determinar las
falencias antes descritas en la linea de proceso y el segundo
para comprobar los resultados obtenidos por las mejoras

implantadas.
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ESTUDIO DE TIEMPOS Y METODOS APLICADO AL PROCESO DE ALISADO
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Dias de Noviembre 2007 TIEMPQ
Operaciones realizadas para alisar bobinas 1023|4567 /8/[9[10/11[12]13/14 /15(16|17[18(19]20|21 | proM. MES
cuyos pesos fluctuan alrededor de 5,200 kg MINUTOS
Reepiién de I arden de trabajo ala(afafnfalalajalajalalalnl2[afals[3]a]s] 4
Elhﬂﬂdlhilﬂlﬂmlﬂhﬁnﬁllilﬂﬂﬂm 0 119 (12901091 011 [ 90 |90 |12 (93|13 (48| & |10 9 | & [0 |11 [10]10 1
Preparacion de by bobiiin 1 |20 | 15 [ 12 [ 13 [ 13 ] 04 | 98 | 0 | 04 [ 13 [ 14 [ 15 [ 14 |95 |04 |05 [958 [95 15[ 14| 14
Culibracion del tren de rodillos superioves del plancliado 618 (s[slolalalala(a s alalnlafafa[3[3]3 4
Calibtacion de |a abertara enive cuchillas del covtador | 9 (90 (90 (9010 & & |G [ [a 8|8 |8 & & |8 (8|5 |0|8|¢ g
Euhebrada de 1a bobing 16 | 17 | 17 [ 17 [ 17 [ 16 | 16 | 16 | 98 | 16 [ 15 [ 16 [ 14 [ 15 |16 |96 |15 (15 [15 (15[ 16| 16
Plandlindo de las ¢hapas G0 |60 [ 61 [ 50 |51 [ 82 190 |90 [$0 (&1 |61 (50 91 |90 |90 [90 (91 [61 (%0 (%0 51 90
Reanstes por descuadres de las chapas 1414 [ 18 |13 [ 14 [ 18 | 18 | 95 [ 18 [ 15 [ 15 | 15 [ 14 [ 14 | 18 [ 6 |16 (15 (95 |16 (18] 15
Arwado ¥ ensiné o del primer paquete de (hapas 102 100 | 103|101 86 | 97 1102 102 101|100 100| 100|101 | 109 102 | 101 | 901 | 901 [ 100( 100 (100 101
Evacaacion del primer paquete de chapas T 77|86 |6 [ (a8 (6 /6 [8 |6 /T (6 [7[6[8[6|7] 6
v ¥ ensunclindo del segundo paguete de chapis | 9 | 49 [100) 99 | 99 1100100 100 102|101 | 101|102 | 102 101 162 | 102 | 102 |02 102|101 | 00| 101
Evacaacion del segundo paquete de chapas g7 (r|7|8|8|6[6 |68 s a|6|8 |6 [6[6|a|s[8/6] 6
TOTAL MINUTOS 374(381| 385|376/ 376/ 370/375 374|376 (377 | 374/378( 379 376/378 374 378|378 376 373374 376

NOTA: El total dé minutos registrado &s &l tiempo consumido para procesar una bobina
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2.2 Determinacién de las causas que afectan la calidad de las

chapas alisadas

Del resultado obtenido por la aplicacion del estudio de tiempos y
métodos en el afio 2007, ademas de la observacion fisica del
funcionamiento de los elementos que conforman la maquina
alisadora, se determiné que las causas que afectan la calidad de
las chapas alisadas, las mismas que originan la obtencién del
12% de la produccién obtenida mensualmente de chapas que no

cumplen con el control de calidad establecido, son:

e La utilizacion del desenrrollador inapropiado

e La falta de un elemento en el cortador que sujete la chapa al momento
del corte y

e La falta de un elemento en el planchador que guia a la chapa cuando

esta entra al tren aplanador.

Desenrrollador inapropiado.- Observando directamente la
operacién que efectia el desenrrollador durante el proceso de
alisado y en los defectos producidos en las chapas obtenidas, se
determind que los conos de este no son los indicados para servir
como elemento de soportes a las bobinas en proceso ya que

estas son de material fino susceptible a dafiarse. Por lo tanto
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una de las causas que afecta la calidad en las chapas obtenidas

es el desenrrollador utilizado por la maquina alisadora.

FIGURA 2.1 LOS CONOS DEL

DESENRROLLADOR

Falta de un elemento fijador de chapa en el cortador.-
Basados en la observacion directa durante el funcionamiento del
cortador y en los defectos producidos en las chapas cuando esta
pasa por esta etapa, se determin6 que el cortador de esta linea
necesita un elemento que afirme la chapa al momento del corte
puesto que esta se desplaza cuando es cortada, ocasionando

los consecuentes descuadres, otras maquina similar tienen
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incorporado un elemento denominado “Prensachapas”, cuya
funcién es fijar la chapa al momento del corte, por lo tanto otra
de las causa que afecta la calidad de las chapas obtenidas es la

falta de un prensachapas.

FIGURA 2.2 PRENSACHAPAS DE LA CORTADORA DE

FLEJES

Guias para las chapas a la entrada del planchador.-
Utilizando la observaciéon directa en el desempefio del
planchador y en los defectos obtenidos en las chapas al

momento del planchado, se determind que este elemento
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necesitaba un dispositivo que guie la chapa a la entrada del tren
aplanador para que no se desalinee de su posicidon correcta
provocando los consecuentes descuadres mencionados Yy
ademas la paralizacion del proceso para realizar las
correcciones respectivas, por lo tanto otra causa que afecta la
calidad de las chapas producidas es la falta de guias para la

chapa a la entrada en el planchador.

FIGURA 2.3 GUIAS DE ENTRADA DE LA CORTADORA DE
ROLLOS

2.3 Determinacion de los factores que elevan el valor del

coeficiente de maquila.
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El componente principal que afecta el valor del coeficiente de
maquila es la produccién, por lo tanto utilizando el estudio de
métodos y tiempos como herramienta principal y la observacion
fisica, determinamos que el factor principal que afecta la
produccion elevando el valor del coeficiente de maquila es el
tiempo en que no se produce, a este se lo llama “tiempo
muerto”, se generan tiempos muertos cuando se debe alinear la
chapa debido a su desalineamiento durante el proceso, también
al ocurrido para formar los paquetes de chapas, y ademas al que
se puede disminuir cuando se procede a ejecutar la fase de
solicitud y preparacién de la bobina por parte del operador de la

maquina.

Tiempos muertos por reajuste de la chapa debido al
desalineamiento.- Por medio del estudio de métodos y tiempos
aplicado a la linea de proceso se determiné que el tiempo
utilizado en corregir las desalineaciones de la chapa durante el
proceso provocando la paralizacion de este, es uno de los

factores que elevan el valor del coeficiente da maquila.

Tiempos muertos por la conformacién de los paguetes de
chapas.- Con los resultados del estudio de tiempos y métodos

en cuanto al tiempo utilizado para armar los paquetes de chapas
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se determina que las chapas apiladas al final de la mesa de
salida impiden el proceso de otra bobina ya que el area de
apilamiento se encuentra ocupada y el tiempo empleado para
conformar los paquetes y continuar con el proceso es otro factor

gue eleva el valor del coeficiente de maquila.

Tiempos muertos por solicitud y preparaciéon de bobina.-
Revisando los datos obtenidos en el estudio de tiempos y
métodos sobre los tiempos empleados para solicitar y preparar
la bobina por parte del operador es notorio que este tipo de
operacion podria realizarla otra persona y asi de esta manera se
trabajaria paralelamente las etapas de calibraciones acortando
en algunos minutos todo el proceso, consideramos que este
tiempo mal empleado es otro factor que eleva el valor del

coeficiente de maquila.

Planteamiento de los correctivos y mejoras a aplicarse

Determinadas las causas que afectan la calidad de las chapas
alisadas, y los factores que influyen para que la produccién de
las mismas no aumente, se plantearon los siguientes

correctivos:
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Cambio del desenrrollador utilizado.- Puesto que una de las
causas de obtencién del porcentaje de defectos era el dafio de
las ultima chapas de la bobinas en proceso debido a los conos
del desenrrollador utilizado, se planteé la instalacién de otro que

no produjera el dafio que se queria eliminar.

Instalacion de un elemento de fijacion en el cortador.- Para
evitar que las chapas al momento del corte en el cortado se
muevan provocando el consecuente descuadre como parte de
la reduccién del porcentaje de chapas obtenidas con defecto, se
planted la construccion e instalacion de un elemento de fijacion

gue las inmovilice evitando el defecto antes mencionado.

Instalaciéon de un elemento que guie la chapa a la entrada
del planchador.- Para eliminar las paralizaciones repetitivas del
proceso por los constantes desalineamiento de la chapa y evitar
los consecuentes descuadres como parte de la reduccion del
porcentaje de chapas obtenidas con defectos, se planted la
construccion e instalacion de un elemento que guie a esta a la

entrada del planchado.

Reducir tiempos en actividades previo al enhebrado de la

bobina.- Para evitar la pérdida de tiempo debido a que el
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operador tenia que realizar las actividades de solicitud de la
bobina en la bodega de materia prima, de preparacion de la
bobina, de la calibracion el tren planchador y la calibracion de
las cuchillas del cortador antes de enhebrar la bobina, se plante6
la necesidad de delegar a otra persona la realizacion de alguna
actividad de estas, para que al mismo tiempo se pudiera

trabajar paralelamente en las actividades antes descritas.

Especificamente se designo al ayudante de la maquina para que

realizara las actividades de solicitud y preparacién de la bobina.

Reducir el tiempo empleado para apilar, empaquetar y
evacuar los paquetes de chapas.- Debido a que, el excesivo
tiempo empleado en apilar, empaquetar y evacuar los paquetes
de chapas era uno de los factores de que la produccién no
aumente, y a la vez estas operaciones causaban el agotamiento
fisico de los trabajadores que laboran en esta linea, se planted
modificar la manera de realizar las operaciones antes
mencionadas por otras mas rapidas y efectivas que acorten el
tiempo de proceso y de esta manera utilizar este tiempo para
procesar mas bobinas y a la vez con menos esfuerzo por parte

del personal.
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2.5 Seleccién de los equipos que se instalaran para cumplir con

los objetivos propuestos

Desenrrollador del tipo mandril expansible.- El primer equipo
seleccionado para optimizar la linea de proceso fue un
desenrrollador del tipo mandril expansible, el cual reemplazé al
gque era utilizado hasta ese momento. Este desenrrollador era
utilizado en la linea de alisado de chapas de acero laminados en
caliente, y lo que se hizo fue intercambiar desenrrolladores para

ambas lineas.

El principio de funcionamiento es hidraulico, es decir que las
ufias del mandril se expanden o se contraen debido al
desplazamiento interno de eslabones accionados por un eje
unido a un pistén hidraulico, sin deteriorar la parte interior de la

bobina y causar los defectos en las Ultimas chapas alisadas.
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FIGURA 2.4 DESENRROLLADOR DEL TIPO MANDRIL
EXPANDIBLE

Prensachapas del cortador.- Este prensachapas fue construido
en un taller mecanico segun los requerimientos especificados
teniendo presente las caracteristicas fisicas y de operacion del
cortador, su forma basica es, cuatro dispositivos de sujecién
montados sobre un bastidor el cual se adosoé a la parte mévil del

cortador.

Cada dispositivo de sujecion esta conformado por un disco

pisador, un eje columna, un resorte y una guia de deslizamiento.

El principio de funcionamiento correspondiente es el de ejercer
presién sobre la chapa por parte de los discos pisadores
utilizando la energia potencial elastica de los resortes, esto
ocurre cuando se inicia el corte de la chapa, donde la parte movil
en sentido vertical del cortador denominado "cortina" baja la
cuchilla apernada a ella, efectuando un corte similar al de una
guillotina, pero antes que la cuchilla toque la chapa, los discos
pisadores del prensachapas que también son desplazados en el

mismo sentido, sujetan la chapa para que de esta manera no se
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mueva de su posicibn y no se produzca el consecuente
descuadre, después del corte la cortina vuelve a su posicién
superior liberando la chapa de la presion de los discos

pisadores.

El tiempo de instalacion y prueba de este prensachapas fue de

un dia.
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FIGURA 2.5 PRENSACHAPAS

Guias de entrada al planchador.- Las guias de entrada

utilizadas fueron fabricadas en un taller mecéanico de acuerdo a
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las caracteristicas, requerimientos y disposicion fisica en el

planchador.

Estan conformadas por un bastidor acanalado transversalmente
donde se alojan dos dados deslizantes uno en cada extremo del
bastidor, los dados son regulado en su desplazamiento por ejes
roscados con su respectivas manivelas, montado en cada dado
se sitha una guia que tiene la forma de una barra acanalada
cuyas medidas son 80 mm de ancho por 500 mm de largo y 30
mm de espesor y el canal de 30 mm de profundidad, 10 mm de
ancho y a todo lo largo de la barra; dos polines locos a la
entrada de las guias y una bancada que soporta a todo los

demas elementos.

El principio de funcionamiento se base en la regulacion de la
abertura existente entre las guias acanaladas por medio de los
ejes roscados para de esta manera guiar la chapa que pasa por
el planchador y se mantenga alineada en esa posicién hasta que

termine todo el proceso evitando asi el descuadre de la misma.
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El tiempo de instalacién, calibracion y prueba fue de dos dias.

FIGURA 2.6 GUIAS DE ENTRADA AL PLANCHADOR

Carro para apilar las chapas y evacuar los paquetes de estas.-
Se fabricaron 2 carros con las medidas y capacidades
adecuadas para soportar un paquete de chapas de
aproximadamente 2.500 Kg. de peso utilizandose perfiles
estructurales para la fabricacién de los marcos o plataformas de
los carros y se instalaron en cada uno con cuatro ruedas tipo
garruchas adecuadamente seleccionadas, tanto los marcos
como las garruchas fueron solicitadas de acuerdo a los
requerimientos especificados y construidas en un taller

mecanico local.
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Debido a la utilizaciéon de estos carros fue modificada la manera
de proceder en cuanto al apilamiento, empaquetamiento y

evacuacion de los paquetes de chapas.

FIGURA 2.7 CARRO APILADOR Y

EVACUADOR
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Como consecuencia de las aplicaciones de los correctivos y las
mejoras descritas en el capitulo 2 se han obtenido los
resultados perseguidos en cuanto a la manera de proceder en
la ejecucion de las diferentes etapas en el proceso de alisado y
el tiempo empleado para realizarlas, asi como los valores
obtenidos para el porcentaje de chapas con defectos que
provocan que estas no cumplan con el control de calidad
establecido y ademas para la produccion de chapas alisadas y

Su consecuente coeficiente de maquila.

Del estudio de tiempos y métodos realizado en Febrero del
2008 se obtiene como resultado que el tiempo empleado para
procesar una bobina es 167 minutos, que al compararlo con los
datos del estudio realizado en Noviembre del 2007 se determina
gue este tiempo se ha reducido en un 55.58 %, siguiendo el

presente diagrama de flujo.

l: Inifio )

Eecepcién de la

orden de fabricacidn

! l

Solicitud de la matenia Calibracién del tren
prima aplanador
Preparacién de la Calibracidén de las
bobina cuchillaz del cortador
' v
Enhebrada de la
bobina

-




FIGURA 3.1 DIAGRAMA DE FLUJO DEL PROCESO DE
ALISADO DESPUES DE LAS MEJORAS REALIZADAS
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TABLA 5

ESTUDIO DE TIEMPOS Y METODOS APLICADO AL PROCESO DE ALISADO

82

Dias de Fabrero 2008 TEMPO
Operaciones realizadas para alisar bobinas 102345678 |9[10]11(12(13|14/15/16/17|18|19| PrOM. MES
cuyos pesos fluctuan alrededor de 5.200 kg MINUTOS
[Recepcian de la orden de frabajo IS | 3|43 |34 |34 | & |3|a|[F|a|d|d|3|d|d] 4
Cilibracion del tren ie rodillos superfores delphinchade | 5 [ 5 [ 5 [ 8 (5 [8 (3|3 (4 [3[a 3 afal8/2]al2]2] 4
Callbractin de la abertura enre cnchillns delcortador | & (1090 /10 (108 |8 |9 (9 [8 (8|8l /s |o s a8 /w0 9
faliciud ¥ preparacin de la bobina W[ 11 (121611 )16 )14 |16 [ 10 [12 [12 |13 |16 |15 |14 | 16| 15| 14 [ 15 14
Enhiebrad de Ja bobla 16 1 [0 [ [ar |06 |06 16 (16 [16 (1616 [1a[ 5 16 5 505 18
Platichade de las chaas { parte piimera) A6 | 8 [ A2 [ 44 | 43 [ 48 [ 44 [ 45 | A4 |44 [ 45 (46 |46 |48 |44 M4 45|44 8] 45
[Enstuickado del primer paquete de chapas 12| 19 (10 [ 10 [ 90 |10 (40 [ M {92 |0 [0 {08 [0l 1
IMover cauro com primmer paquete a la gonade evaruacion | 6 [ 5 [ 5 |5 (6|6 5|65 |6 |s|s|s|a/5/a|5]5]¢8 3
IPschado de lus chapas ( parte seguinli) Ml el aa]m]os a8 86 6 @ utfaalua] 45
[Ensumichiado del segundo paquete de chapas 1010 (10 [ 10 [0 |00 [ [ M [og )220l 0/t0/w0[n] 1
IMover carro con segmlo paquete alazonade evaoaciin | 5 [ 6 [ 4 |6 [5 |6 |4 |6 |a|s|as|alala]s]a]a]s 3
TOTAL MINUTOS 171|169(162/171|166(169| 163|168 |165| 168|164/ 170|168 168|166 /165|184 162 167| 167

NOTA: E total de minutos registrado es el Hempo consumido para procesar una bobina




83



84

3.1 Determinacion del porcentaje de chapas que no cumplen

con la calidad normalizada

Los datos registrados mensualmente durante el primer semestre
del afio en curso al respecto de los defectos encontrados en las
chapas producidas mostrados como porcentaje, nos indican que
el valor total fue alrededor del 1.2 %, siendo estos los indicados

en la siguiente tabla:

TABLA 6

PORCENTAJES DE DEFECTOS GENERADOS EN LAS
CHAPAS DURANTE EL PROCESO PRODUCTIVO

Ao 2008 Promedio
TIPOS DE DEFECTOS ene | feb | mar | abr | may | jun |semestre
PORCENTAJE

Chapas descuadradas 1.0 0.1 0.1 0.1 0.1 0.1 0.3
Chapas con ondulaciones 05 05 0.6 0.6 0.6 0.6 0.6
Chapas con bordes con rebaba 0.0 0.4 0.4 0.4 0.4 05 0.4
Chapas con bordes rotos 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PORCENTAJES TOTALES 15 1.0 1.1 1.1 1.1 1.2 1.2

Comparando los resultado obtenidos en el

primer semestre del afio 2008 con los del afio
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2007 tenemos que el porcentaje de chapas
con defectos consideradas como de segunda

calidad disminuy6 en un 90 %.

—
=

|
>

——— — —afio 2007

)

co

—_— —aiio 2008

Porcenteje de defectos
totales (%

(e I |6 IR "N @) ]

ene feb mar abr may jun

Primer semestre de cada afio

FIGURA 3.2 COMPARACION ENTRE PORCENTAJES DE
DEFECTOS OBTENIDOS EN LAS CHAPAS DURANTE EL
PROCESO PRODUCTIVO

3.2 Determinacién del nuevo valor de coeficiente de maquila

En la siguiente tabla se indican los valores de Producciones de

chapas obtenidas y sus consecuentes coeficientes de maquila.

TABLA 7
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VALORES DE PRODUCCIONES, COSTOS GENERADOS Y
COEFICIENTES DE MAQUILA OBTENIDOS DURANTE EL
PRIMER SEMESTRE DEL ANO 2008

Promedio
ene feb mar abr may jun semestre
Producciones (TM) 242 | 240 | 240 | 240 | 245 241
Costos ($) 4,800 | 4,800 | 4,850 | 4,850 | 4.850 | 4,850  4.833
Coeficiente de maquila ($/TM) 19.83 | 10.92 | 20.21 | 20.21 | 20.21 | 19.80 | 20.03
Los datos registrados mensualmente durante el primer semestre
del afio en curso nos indican que la produccién de chapas
alisadas aument6 a 240 toneladas métricas aproximadamente
gue comparadas con las del aflo 2007 tubo un incremento del
100 %
300
= %0 ___ afio 2008
Ll
o 200
[ 1]
[ ==
o 150
(8]
100 —_— e
S afio 2007
o 50
o- 0
ene feb mar abr may jun
Primer semestre de cada afio
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FIGURA 3.3 COMPARACION ENTRE PRODUCCIONES

OBTENIDAS
© 60
> 50
[ \/\
E — 40 ——aiio 2007
- =
w30
D
E =
@ — 20 1 —afio 2008
2
% 10
o
© 9 : . .

ene feb mar abr may jun
Primer semestre de cada ano

FIGURA 3.4 COMPARACION ENTRE PRODUCCIONES

OBTENIDOS

Como consecuencia en el incremento de la produccién de
chapas, el valor para el coeficiente de maquila durante el primer
semestre del afio 2008 disminuyé a 20 ddlares la tonelada
métrica que comparado con el obtenido en el primer semestre

del afio 2007 este valor disminuyo en un 52.17 %
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3.3 Determinacion del tiempo de reposicion del capital invertido

en las mejoras aplicadas

El valor invertido en optimizar esta linea de proceso fue de
acuerdo a la fabricacion e instalacion de los elementos
seleccionados, como lo fueron el prensachapas, las guias de
entrada, los carros evacuadotes, el cambio del desenrrolador y

ademas de los dos estudios de tiempos y métodos realizados.

Este valor fue de $ 15.000, el mismo que esta detallado de
acuerdo a los rubros pagados mostrados en la tabla a

continuacion:

TABLA 8

COSTO DE INVERSION PARA OPTIMIZAR LA LINEA DE

PROCESO
RUBRO VALOR §
Estudios de tiempos y metodos 8.000
Construccion de las guias de entradas para el planchador 3.700
Construccion del prensachapas para el cortador 1.200
Cambio del desenrrollador 1.300
Construccion de dos carros evacuadores 800
TOTAL INVERTIDO 15.000
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El tiempo de reposicion del capital invertido se calculo

empleando las siguientes consideraciones.

La produccion de chapas alisadas aument6 de 120 a 240 TM
manteniendo los costos iguales, entones cada mes que se
produzca 240 TM se esta ahorrando $4.800 que corresponderia

a la produccion obtenida de 120 TM.

Por lo tanto los $ 15.000 invertidos para los $ 4.800 mensuales
ahorrados da como resultado 3.13 meses, que seria el tiempo
en el cual se repuso el capital invertido en la optimizacion de la

linea estudiada.
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A continuacibn se presentan las  conclusiones 'y
recomendaciones producto de las acciones tomadas para

optimizar la linea de proceso de alisado:

4.1 Conclusiones

e Antes de las mejoras realizadas el valor promedio mensual del coeficiente
de maquila de la linea era $ 42 / TM después de las mejoras es $ 20 /

TM, es decir el coeficiente de maquila disminuy6 en un 52.17 %

e La produccion promedio mensual de chapas alisadas era 120 TM después
de las mejoras es 240 TM. es decir aument6 la produccién de chapas en un
100%

e El promedio mensual del porcentaje de chapas producidas que no cumplian
con el control de calidad establecido era el 12% y después de las mejoras
es el 1.2 %, es decir disminuyd el porcentaje de chapas con defecto en un

90 %.

e Los cambios realizados en las operaciones de empaquetado de chapas,
por medio de operaciones mecanizadas y condiciones de trabajo

apropiadas y entrenamiento, el personal mejord su desempefio.

e También se consiguieron otras mejoras Yy son las siguientes:



93

e Mejoramiento de la competitividad y algo muy importante, confiabilidad

de los clientes en la calidad de nuestros productos

4.2 Recomendaciones

Durante el lapso de estudio para mejorar esta linea y sus
respectivos cambios en los procedimientos asi como en la
instalacion de nuevos maquinas complementarias, surgieron
nuevas ideas para seguir optimizando la linea y de esta manera
obtener mejores resultados en cuanto a aumentar y mejorar:

produccion, calidad, y costos,.

Se recomienda automatizar la linea que de acuerdo a datos
estimados referentes a la eliminacién de tiempos muertos se
podria obtener un 25% mas de produccién, como consecuencia
el coeficiente de maquila bajaria a $ 16 / TM y de esta manera
se obtendria mayores margenes de ganancias en la

comercializacion de estas chapas.

Ademas, posteriormente a la automatizacion se pensara en la

adquisicion o fabricaciébn de un empaquetador, por medio de
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esta accion se podra reducir el coeficiente de maquila hasta $
14.66 / TM y se podria pensar en exportar este producto a otros

paises con menor ventajas competitivas
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which the liquid is exposed to a vacuum as part of a special

4. Classification
41 Cold-rolled steel sheet is available in the following designations:
4.1.1 Commercial Steel (CS Types A. B, and ),
41.2 Drawing Steel (DS Types A and B),

(=S Type B and DS Type B describe the most commen product previously included. respectively. in Specifications A 306/A 366M and
AGZ0A 6Z0M.

213 Deep Drawing dweel (DDA,
214 Extra Deep Drawing Steel (EDDS),
+1.5 Simetnead Steel {SS grades 2571707, 30[205], 3312307 Types 1 and 2, 40[275] Types 1 2nd 2. S0[340], 80[410]. 70[480).

practice and includes microalloyving elements such as columbium, vanadium, zirconium, cte. The steel shall be treated to achieve
nchision control.

+.2 When required for HSLAS and HSLAS-F steels, limitations on the use of one or more of the microatloy elements shall be
speuified on the order.
| 4.3 Cold-roiied steet stieet is supplicd for cititer cxposcd or wnexposcd applications. Within the fatter catcgory, cold-rotled shect
8 specified either “temper rolled” or “annealed last.” For details on processing, attributes and limitations, and inspection standards,
Her 1o Specification A S68 A SG8M.

> Ordering Information

5.1 Itis the purchaser's responsibility to specify in the purchase order all ordering information necessary to describe the required
Material. Examples of such information include, but are not limited to, the following:
:1;; J:\."STM spcc‘rﬁn?ﬁcm rnnri'tr.m :m.ﬁ year of issue, _ _ -
-2 Name of material and designation (cold-rolled steel sheet) (include grade, type, and class, as appropriate, for CS, DS,

DDS. EDDS, S5, 11SLAS. or HSLAS-F) (sce 4.1);

_
TOfrClerencea ANTM suandards, v isk e ATV WEDSITE, WWW.ASUTLOrg, OF COMACT ANTM U ustomer Serviee auserviceld asun.org. Yor Anmial Book of ASTM Standards

Volunye gy, - ; &
W alormation, refer 1o tie standard’s Document Summary page on the ASTM website,
Vithdrawg,

o

e

o
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| When a type ls not specitied for €S of DS, Type B will be » .

2 When d L"i‘»‘;h'_‘*' not specified for HSLAS, Class 1 will hé l‘u::in'llh ]:J:d ‘(T?C ph
 When 2 Ype 1 oA spreicd for SS33230) ad S5 SNEd [(see 4.1)
Classification (either exposed, unexpo
Finish {sec 2.1%

Oiled or not oiled. as required (see 9.2)
Dimensions (thickness. thickness toler
1 As agreed upon between the purchas
cable thickness tolerance table show

ol 1o ZISY. Type 1 with e furmished (s 4.1,
sed. temper rolled, or annealed last) (sce 4.3);

oy
oy b4 b T

.

[T

ince table (sec 5.1.6.1), width. and whether cut leneths or coils):
AR cr and Ll}c producer. material ordered to this specification will he supplicd to meet
ihe appl i Specification A 368/A 568M:

ot 2—Not all producers are capable nl“mcclmg all the limit
‘!.lwnid contact the producer rezarding possible limitations prior

Ca
—_
=

-

ations ot the thickness tolerance tables in Specification A S68/A S68M. The PRSI
to placing an order,

1.7 Con size (must nciude inside diameter, omside
1.8 Copper bearing steel (if required);

1.9 Quantily;

damaer, and maximmum weight);

Hhotn th

:10 Application (part identification and description);

51.11 Special requirements (if required). and

5.1.12 A report of heat analysis will be supplicd. if requested, for CS. DS. DDS, and EDDS. For materials with required
mechanical properties. SS. HSLAS. and HSLAS-F, a report is required of heat analysis and mechanical properties as determined
v the tcasion test.

nOA

Wz 3—A typical ordering deseription is as follows: ASTM A 1008-XX. cold rolled steel sheet. CS Tvpe A, exposed, matte finish. ailed, 0.033 by
i, Ty et 3D 24 m, B0 A% et weighn 45 U os. dnckness witrimes Tioe 13 of Speancimon A S085A T0aM. 1 i o, for pam Te. 300,
Door Pancl.

or:

ASTM A 1008M-XX. cold-rolled steel sheet. S§ grade 275, unexposed, matte finish. oiled. 0.88 mm by 760 mm by 2440 mm. thickness tolcrance Table
A1.15 of Specification A 568/A 568M, 10 000 kg. for shelf bracket. : i

6. General Requirements for Delivery

6.1 Material furnished under this specification shall conform to the applicable requirements of the current edition of
Specification A 368/A S68M unless otherwise provided herein.
7. Chemical Coempasition

7.1 The heat analysis of the steel shall conform to the chemical composition requirements of the appropriate designation shown
in Table 1 for CS, DS, PDS, aad EDDS and in Table 2 for SS, HSLAS, and HSLAS-F.

7.2 Each of the elements listed in Table 1 and Table 2 shall be included in the report of the heat analysis. When the amount of

copper. nickel. chromium. or molybdenum is less than 0.02 %. report the analysis as <0.02 % or the actual determined value. When

TABLE 1 Chemical Compaosition®
Far Cold Rolled Steel Sheet Designations CS, DS, DDS, and EDDS

Composnron, 7 Heat Anatysrs
(Element Maximum Unless Olherwise Shown

Designation o Mn P s Al Si Cu® Ni® cra.¢ Mo? v Cb Ti N
CS Type ADEFG 0.10 0.60 0.030 0.035 ¥ s 0.20" 0.20 0.15 0.06 0008 0008 0.008°
CS Type BP 00210 0.60 0.030 0.035 o @ e 0.20" 0.20 0.15 0.06 0.008 0.008 0.008
0.15
CS Type coers 008 0.60 0.10 0.035 . L. 0.207" 0.20 0.15 0.06 0.008 0.c08 0.008"
S Type ASY 0.0 0.50 0020 0030 O0O0imin ... 0.20 0.20 0.15 006 0008 0008 0.008'
0S Type g 00210 0.50 0.020 6030 0.02min ... 0.20 0.20 0.15 0.06 0008 0008 0.008'
R U.UE
09”6 .06 050 6.0%8 0025 001min ... 0.20 0.20 0.15 0.06 0008 0008 0.008'
Ly 00z 040 0020 0026 00imin ... 010 010 015 003 0008 010 015

Ay -
o here an elipsis (. ) appears in the Latle, there is no requirsment, bul the analysis result shall be reported. . .
) "he sum of copper, nickel, chromium, and molybdenum shall not exceed 0.50 % on heat analysis. When one or more of these elements is specified by the purchaser,
h&qsfm does not apply, in which cass only the individual limils on the remaining elementis shail ap;_:l_v, . o
th ;'r"m'”'“ s permitied. at the producer’s option, to 0.25 % maximum when the carbon content is less than or equal to 0.05 %. In such case the limit on the sum of
€ lour elements in Foot
<] note B does not apply. ) N .
& MMen an aluminum deoxidized steel is required for the application, it is permissible to order Commercial Steel (CS) to a minimum of 0.01 % total aluminum.
r fpeo{/ l'ype & 10 avoid caron fevels befow 0.0Z 7. o
o ® PEMissible (o furnish as a vacuum degassed or chemically stabilized sleel, or bolh: al the producer’s op.uc.)n. -
- wor‘mrton levels less than or squal 10 0.02 %, it is permissible lo use columbium or titanium, or both, as stabilizing elements at the producer’s option. In such cases,
HiNh, fchre ‘nrrin 5m':dlm‘rr‘omm:-‘n:'\‘n‘:mi).‘lia—hm‘an.and‘z’rr:‘iurfﬁmmzﬁmn:ﬁm‘hhtﬁ.‘m“fam . o - '
e N Copper steel is specified, the copper limil is a minimum requirement. When copper sieel is nol speci iad. .lhe copper limil is a maximum requirement.
, Sxcept lor EDDs, litanium is permitied, al producer’s oplion, lo 0.025 % provided the ralio of % litanium lo % nitrogen does not exceed 3.4.
o TS bls o luraish DS Type A as 3 vacwum degassed sia, Gl the (roRCEers opion.

Lt
S| ; :
hall be fumisheg as a vacuum degassed and stabilized steel.
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TAB

LE 2
For Cold Rolled st ¢hemical Compositian*

°C 2Toel Sheet Designations S5, HSLAS, and HSLAS-F
/ Mn o f;ﬁma' Siameni ¥asimum uniess ohermes steen
; C ' Al Si Cul® e oo o y ,b» B 1
020 060 0035 ”
0 gﬂ 060 0035 3‘3; “E . 0.20 929 0.15 oEs 0008 5;:;,:
' e 0+ 920 030 g15 06 o00cs  05%
0 .60 ' c - 15 : .0G8
(e cm onm S:Ess .-+ 020 g9 0.15 056 0008 9008
i L3 o 5 e G.20 7.5 = s Sio5E s oz
iR N W . o o wm e el ek s
L 33 S OB e 020 0z 215 006 G0z 0252
ER T < 9.y 2 * o L B R i
55': 275 Sg:c’ T(;E;:J T ce L] U .35 GH Bik GrA
520 07 0035  oos e .. 020 020 0.15 006 0O0CE 0078
ok paE  Gm o BT uee 0.20 0.20 0.15 006 0002 0.502
(SR, AT vesy - o G 25 G.26 513 505 P P
R 358 T LA T o i nm e AR )
015 165 004 0.04 5 T _
Z €5 - 0.20 9.15 026  0S1min 05
- I oo .20 .15 006  GOlmin O
328 e ~ S Sz 242 s nAmin OF :
i i o W . 920 0.15 556 0olmin 5555 min
aiz 185 Gm  om s 62D 215 508  Goimin 055 min
S e U T : Z.20 z.18 c5E Sotrin SOSRea
ats 1 a6 DAl . .. 0z0 015 006  001mn 00CSmin £
22 ges os Gm .o 020 945 006 CClmin 0OCSmm =
.15 185 D04 5.24 i 223 B P Aotmin 0055 @ £
oI B ocs - 020 T 008 00imin SSCSmin <
e e ae .24 020 015 006  00imin  COSEmin z
4sLAS-F )
srate S0} SO0 . )
ot 3[;1 8212501 015 185 0020 0025 ... . A5 i . 506 o -
4 amer2 2n ellipsis (.. ) app2ars in the tatle, there is no requirement but, the analysis shall b2 regoried.
i nickel, chromium, and molybdenum shail not 2xceed 0.50 %

‘Ifhen ene of more of these zlemen's are specified by lhe purchaser, he sur doss
= ko s on s rarrznte unsoecifiad slemanis an 200y
2 ¢im=n opper 6 speciied, the copper imit is 2 minimum requirement. ‘When copper steel is not spedified, the copper imit is a maximum requirsment
L= 4SLAS sieals, it is permnissitie to add columtium and vanadium singty o in combination,
#7he purthaser fias he opion of 128tRCing the niliogen content, B shoitd be nated that, degending on the micoslloying scheme for examgle, us2 of Vanadium) of
T2 ooduter, nirogen may b2 a deliberals additon. Consideration should b2 made for the use of nirogen binging zlements (or =xample. Yanadium, Titanium ).

sizels shall zlso conizin one of mors of the following elements: Vanadium, Titanium, and Columbium. Gther alloying elemenis are penmissible, but are not

¢ amount of vanadium. columbium. or titanium is less than 0.008 %. report the analysis as <0.008 % or the actual determined

«

Sicet steci grades defined by tais specification arc suitablc for weiding if appropriate welding conditions are sciccted. For
wenain welding processes. if more restrictive composition limits are desirable, they shall be specified at the time of inquiry and

ceafirmed at the time of ordering,

s

8. Mechanical Properties

8.1 CS. DS. DDS, and EDDS: ‘ .

%11 Typical nonmandatory mechanical properties for CS, DS, DDS and_EDDS are sl_lown in Table{g.h o

512 Tie nmatarial sial oo vaprdche vi e went, ol Toom temproratine, moany drccion rowgh 1507 Rat om iscli wathoul
tratking on the outside of the bent portion (sce Section 14 of Test Methods and Definitions A 379).

1.3 Shect of these designations except for EDDS are subject to aging dependent upon processing factors such as the method
of ansealing (continuous annealing or box annealing), and chemical composition. For additional information on aging, see
"?tf’fﬂdlx X1 of Specification A 568 A S68M. ) )

%14 EDDS stecl is stabilized to be nonaging and so is not subject to stretcher strains and fluting. Other steels are processed
Le.bi f00aging; please consult your supplier.

:-z S5, HSLAS and HSLAS-F: _

x%l The available strength grades for SS. HSLAS and HSLAS-F are shown in Table 4.

222 Tension Tests

%223 Requirements— Material as represented by the test specimen shall conform to the mechanical property requirements
e 1R Z : pad 1le

P?Lihtd 'n Table 4. These requirements do not apply to the uncropped ends of unprou?z..s_ed coils. ) . o
ﬁfﬂ"‘i < Nuntber of Feste— Two tension tests shail be made from cach heat or from cacit 56 tons (45 GG kgl. When thc amount
. qmshed material from a heat is less than 50 tons [45 000 kg]. one test shall be made. When malerml rollc_d from heat difters
0 a- mm) or more in thickness. one t2nsion test shall be made from the thickest and thinnest material regardless of 1ha
We =2 OF more in pickngss, ongé 1< =t s

"B represenieq.

B o)

\"gvzl

—

e
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T,
ABLE 2 Typical Rangas of Mechanical Propartias”

(Nonmandatory)ﬂ

/“D”',.s',g—mf,m Yield Sirongihe

i E
Elongation in 2 in, (50 1., Jahss® e ialue
— ” G RAG
s = targ
as A B ﬂ:fi a5 55 (140 1o 277 = r
o A3ntE w1370 o o i
17 10 23 = g 1917 7t
15 1o 25 =38 14m 14 323 ,::;.:.4‘3
' y 4 i B = 45 1721 %523 w0 3.27
s Amtsbene il o anine afs ey Wyatun e o <teat > : e o] B
H”, salues tend to decrease as (he sheey thickness decreagas. TaThl Lrench ande in s ans, G alomnaion degs et 2ed 10072
tprattly | mechanical property values presented here ar : i )
The ypical Tniaaieii = M e 1 H - : 5 ) . kil aemal Fi it
! hi,'i' ':i!:;.n 7iota of BRU IIRIIE AR 10 ke ougacy OO They are provided 1 3s313l 1he purchaser in sp2ciying a suiatiz sizad 0 3 3
Lo d T o e slongation are measured in the longitydinal dion.. -
old Sirength and 2 . Studinal direction in ae. B AR i
:,;:,araa‘-' plasuc siran calio ir value) as determinad by Test Melhod £ 517 PSRlanes it st Hethods.A 370.
o 7h; sirain hardening exconent (n-value) as delermingd by Test Mathed = 5..15
2 Jo typrcal properies have been 2siabhished, e
For Cold Reflod gy o258 Pionarss Passirasmania’
o 0 - :
ed Steel Sheet Designations SS, HSLAS, and HSLAS-F
Degignaion Yield Swength, min Tencile Stranath min Elengstion in 2 in. or
Vi T EC rrm, min. %
(5 (P2 bsi [14Pa]
Srade 25 (170] 5 [170] 42 [250] s
Grade 35 [205] ) =2 {235) M 1o 24
G T R AR ¢ & o 12 773 22
and 2 ~ -
frade 4C [275] Types 1 40 [275] g2 1265] za
a2
Grade 53 [340] 50 {249 65 [410] 12
Grade 60 [410] £0 {4103 75 [420] 12
Sradz 72 [4£0) 70 [420] 25 [540] &
Grads £ (5531 g6~ 550; 2z {555 c
HSLAS:
@02 33T TS i 52 @ =y zz
43 [310] 55 {3e0] 22
2 [240] 65 430 20
57 (3457 &7 57 b=z,
55 {3e5] 7 [4eg] 18
=5 [322] 85 H52) 13
= B 3% YeRsy 33
60 [+413] 7C {4ec] 15
&5 [450] eo 15
= FiSo3 7= 4=
£ s 7z 13
702 [420] o5 14
75 {420] 20 14
50 [240] 60 [410) 22
o} [410] 7 [420} 18
7o (4207 2 [550; 16
20 {550 50 15221 14

0

£ A pr e aan
F LR IS3NE e by

I . . . ~ i | - m i ot i S Ll o] il bl —h ipprvsime emliama e -~
e prosucar is limited 1o the end of the ool Mechanins! FOpETiEs twoumnoil the ool shall camply o FHTTLET GB5IUEE Trecitad,

N Thoihe
“n us “Ukhard product, he /igld sirengih approaches the tensile strength and since there is no halt in the 3292 or drop in the beam. the yisld point shall be taken
& he fied siress 31 05 9, extension under Inad.

> -_lv:aro

=03 r2quirement for elonaztion in 2 in, for SS Grade 80

8.2.2.3 Tension rest specimens shall be taken at a point immediately adjacent to the material 10 be qualified.

82.24 Tension test specimens shall be taken from the full thickness of the sheet.

5225 Tension test specimens shall be taken Irom a location approximately haifway between te center of the sheet and the
g of the material a rolled.

497

T | | | L sraltal 20 sl o P e
q == Iemsion iest samiples shal} be igken with the fengiiwise axis of e iesi specimen parallel o the fotmg direciton
Sngitudipal lest).

[ -

e Test At ] Yield ztrano
meth i
:‘i‘)d Unless otherwise specified.

=2 Bendng Propartiss:

—— . A
B " Y i

gy

oyt .

e s i ot
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+11 The snggested minimum inside radi for

: el i : T sre detar] s
B SON A SOSM (Section 6). Whepe .w'd bending are listed in Appendix X1 and is discussed in more deta
- ecification BN AN ) ) ,,L“' A tighter beny rading iy required. where curved or offset bends are mvolved. o
e aurmz o1 dTrEImE ate aliso o SI™MGTTTIem, e Frotmeey )

ahcTC hill -‘s‘TlT]"ﬁ 'Uc CUﬂ?m'ﬁcd,
) yinish and Appcarance

o I b )

sface Finish

| Unless otherwise specified. the sheet shafy have a m
addiemal miTraem, e e IR TN

ol
. alte Anish, When required. specify the appropriate sirface texiie and
, p amt Comdatiem™ ey aH ieaom A Shn A Soni
i, T o oo e sepye TN seeton vh Bpeeiiicaum A Sn A SPnii.
m«; o additional information see “Finish and Conditio \ 5680
B

: n" section of Specification A 568°A SHRM.

Qo el . s
921 Unless otherwise specified. the sheet shall be oileq,
02 When reauired. specify the sheet to be furnished not viled (diry)

10, Retests and Resamples

10,1 Rerests—Iithe "C‘*,“lg on ‘[‘” orizinal lension test specimen arc within 2 ksi [14 MPa] of the required tensile strength. within =~4
-7 AdPal of the requir e fd ] ithr S— ; . ; . WS
{ ksi [T MPa] of the r ”C. I\ ; d[-m[{ﬂ- or wilhin two bereentage points of (e required elongation. a relest shall be permitted =
for which one test specimen sclected at random shal] be (ested. If'the results of this retest specimen satisfy the specificd mechanieal
P ioait Pl R e v et ol POV » - - L Cnee s - . i

1“""”"“:‘=m amd an vured ..,-\qu‘u‘.\hnt?‘l}n wl-: e, appnriable Sprevilivation age sadied, e maleiial shabh e atvepied. Reiva ae
permitted in accordance with Specification A 36y A 368M.
N
) Ra

10.2 Resamples - Resamples are permitted § accordance with § scification A S63'A SASN[

11. Certification

11.1 A report of heat analysis shall be supplicd, if requested, for (S, DS, DDS, and EDDS steels. For material with required
mechanical properties. SS, IISLAS, and 1ISLAS-F

+areport is required of heat analysis and mechanical properties as determined

i lie iSns i ieS .
11.2 The report shall include the purchase order number, the ASTM
I &

designation number and year date. product designation.
arclase, as applicable, the heat number. and ag reguired. !

> At apaltvere i -, fis g g 1 i tarl - tha
{ ) Sreauired. neal analvsis and mechanicn! propertiss as indicated by the

[

crade, (YD
ension test.

[1.3 Asignature is not required on the fest report. However. the document s
reporl. Notwithstanding the absence of a signatwre, (he organizalion submit
report.

1A A Matenal Test Repont, Cortitieats of Imspeciivn, ot simatar

hall clearly identify the orzanization submitting the
ng the report is responsible for the content of the

dercument prinked from wr weed 1n Ciceiromie fvrm e an
clectronic data interchange (EDI) transmission shall be regarded ay having the same validity as a counterpart printed in the

sier's facility. The content of the EDI rransminted docunient must meet the requirements of the invoked ASTM standard(x) and
conform Lo any existing EDI agreement between the purchaser and the supplier. Notwithstanding the absence of a signature. the
orzanization submitting the EDI transmission i responsible for the content of the report.

[ s :l:.

]

12. Praduct Marking
121 In addition to the requirements of Specitication A 568/A 568M. cach lift or coil shall be marked with the designation

shown on the order (CS (Type AL B, or C), DS (Type A or B), DDS, EDDS, SS. HSLAS, or HSLAS-F). The designation shall be
legibly stenciled on the top of cach [it or shown on a tag attached o cach coil or shipping unit

13 Kevwords

13.1 carbon steel sheel; cold-rolled steel sheel; steel sheel; commercial steel; drawing steel; deep drawing steel: extra deep
drawing sicer: high-strengin low-alfoy steel; high-strength low-alloy steel with improved tormability: stuctural steol

B
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APPENDIXES

n'\'ﬂmn:mrl:mrry infarmation)

NLoBENDING PROPEDFIEY

N2 RELATED IS0 STANDARDS

TABLE X1.i Suygealed itienien inaide Radius far Coid Sending
Notr §-(pn Lauals o yading cuvalent 1o the steel thickness
T a— e TURENTCAS Y enbin) prn

bends in actual shop practice
Norr 3—Malterial which does not rerform satistactorilv, when fabri-

cated in aceordance with (he requirements, may he subject o rejection
pending negotiation with the stee| supplier,

S Nt e e g maemnan s S

L

D inin, s, Wttt il P ehoiiis W
Cold Bending
‘Sl_r;l_‘l-[;:al Sleel 25170 “h
30 [205] 1¢
33 [230) 1% t
40 [275) 2t
nu 1240 21
60 (410) 3t
70 [4£0] 4t
&G (554] not appficzitng
High-Strength Low-Alloy Sleel Class 1 Cl):?ﬂﬁ 2
. AEA, LVAR] Y
50[240] 21! 1%t
55380) 2t 2t
55415} 240 2
65[450] a3t zqﬁ» t j
70[480] 3%t 3t
High-Strength Low-Allay Steel ) ,
i Improved Formability 50[240]
e 60[410) 1% ¢
7of1ea] 21t
80[550) 2t
[ i i is ASTM stand: ‘he relationship between the
) isted bel nay be reviewed for comparison with this ASTM .~.Lam{ard. 1 Elilio p‘ s s
Sy A fitcd. bl el clive standards should be consulted for actual requirements. Those whe
slandards may only be approximale; therelore, the respeclive standa s 5 . |
hese fucit specifications address their needs, ;
USC tnese documcries s determie winclr specifications address tn[; e
I50) 3574 Cold-Reduced Carbon Steel Sheel of C.nmmq-mn[ and Drawing Qus
15004997 Cold-Prduced Sieel Sheet of Structural Quality .
150 |  Cold-Reduced Steel Sheet of 11 g i “ormabilit
150 13857 Cold-Reduced Steel Sheet of Higher Strength with Improved Formability |
|
]
X3 HARDNESS PROPERTIES
]

i

\

BIBLIOTECA *GON/AT 1 7Ry 00 G
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TABLE X3.1 Typical Hardness Vajues

Ny — ‘dness
;\J-\;r ’! Tjhc hardness values shawn are at the time of
W T 2—Test for hardness shall he conducted in aceny
requirement

S oF Test Methods | x.
Neir 3 e mardngess valier e Rnclowe)) 1
converted lrom fhe APpropriate Rockwel| se

: ales,

. Novp: _4-——T'hc pical hardness values ap)

et thickness SRndAS Gy fnereqe he
=TS NN nTrease 4z the

deereases.

Neap S—Tlardness testing 15 commonly used o
WY el vapngg designatin

WA nneantad arpel
ment done by Many users 15 feengnized to be only
relatve tomuability ang therefore cannot l;yc \
feqliteemem,

o Ty
SO0 sapat

B seale ag mens

shipment,
‘dance with the

assess the relative
Ty 5 e

an approximation of the
1sed as a specification

Designation Hardness-
Rockweall B Seale
ES lype A 70 or less
CS Typa B 70 or less
CS Tyra o 70 o tass
DS Type A B0 or less
DS Type B 50 or less
20s S5 erless
EDDS 45 or less

SUMMARY OF CHA NGES

Commitiee AUT has identified the Tocation of selected changes to this standard since

the last issue. A 1008/A 1008M — 04, that

I (13 _The word “carbon™ was added 1o 1.1,

act the use of this standard.

‘Approved A

| Committee AT has identified the location of selected changes to this standard since

may impact the use of this standard, {Approved Feb.

Sections 4.1.5 and 4.2.
Section 3.1.11.

Revised

{7} Revised

(h Deleted ST, Supplementary Requirements.

4 Revised Table 2 and Table 4.

) Revised Appendix X1,

(5)  Added Test Methods E 18 to Referenced Documents.

() Added Appendix X3,

ril [,

2004.

the last issue. A 1008'A 1008M — 03, that
1. 2004.)

- . - N y 1
Committee AQ1 has identified the location of selected changes to this standard sinee the last issue, A 1008 A 1008M — 02 ',

that

may impact the

(1)
2

Revisions were made to Tables 1 and 2.

Revisions were made t

thewr own responsibiiity

This stang,
if not

and sho

arg
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y Designation: A 568/A 568M — g3

h-St . )
Rolied and Cold-Rolled, Geng rength, Low-Alloy, Hot

lu‘!ﬁ"‘“
W
Standard Specification for
Steel, Sheet, Carbon, and ;i
This ~tandard is issucd under the fixed designation A SORA 568N
of vagl adepnion or. i the case of revision, the Vear o
A saperseript eosilon {e) indicates an aditorial change since the |
Trus amtarad At Been GEPRNd for nxe hy
~ N *
1. Scope

L1 This ch?ﬁm[i{)il covers the gencral requirements for
«ecl sheet in coils and c-.—zl lengths. It applies to the fol!awing
~cifications that describe carbon steet and high-sm-agm
io“’-ﬂno-‘f steel (HSL.:\) t:_imsshcd as hot-relled sheet and
cold-rolled sheet: Specifications A 414/A 414M_ A 424 A 606,
A659°A639M. AT, A LOGBIA 1008M, and A 101/
A 101EM.

" 12 This specification is not applicable to hot-rolled heavy-
thickness catben sheet cotls (ASTM Specification A 635/
A 633M).

1.3 Incase of any conflict in requirements, the requirements
of the individual maierial specification shall prevail over those
of this general specification.

1.4 For the purposes of determining conformance with this
md the appropriate product specification referenced im 11,
values shail be rounded to the searest unit in the right hand
place of figures uscd in expressing the limiting values in
accordance with the rounding method of Practice £ 29,

1.3 Anpex Al lists permussible variations in dimensions and
mass {see Note 1) in S [metric] umits. The values listed are not
exact conversions of the values listed in the inch-pound tables,
but instead are rounded or rationalized values. Conformance to
Annex Al is mandatory when the "M specification is used.

Nott | —The term weight is used when inch-pound units are the
sandard However, under Si the preferred term s mass.

1.6 The values stated in either inch-pound units or S| units
e tobe regarded as standard. Within the text, the S1 units are
shown in brackets. The values stied in cach sysiem are not
el equivalents; therefore, each svstem must be used inde-
pendently of the other. Combining values from the two systems
2y result in nonconformance with the specification.
\—\__

§ ms;;c;m;:;n N Uﬂdc‘r the juzisdiction of ASTM C“"‘“,‘T‘““f;_"““ on Steel,
ADL o clated Alloys and 15 the direct responsibiity of Subcommittes

- the mumber
Flast revision, A A

ral Requirements for’

mmediately lollowing the destmation indicales the year

bet i parcntheses indicates the yeur of fast reapproval
ast revision or reapproval.

azemies of the Deparmmens of Defere,

1.7 This specification and the applicable material specifica-
tions are expressed in both inch-pound units and SI =
However, unless the order specifics the applicabic "M™ speci-
fication designation (Si units), the material shall be furnished
to inch-pound ugits.

2. Referenced Documents

2.1 ASTM Standards:

A 370 Test Methods and Definitions for Mechanical Testing
of Sieel Products?

A4T4/A 414M Specification for Steel, Sheet. Carbon. tor
Pressure Vessels?

A 424 Specification for Steel, Sheet. for Porcelain Enamel-
ing”

A 606 Specification for Sicel, Sheet and Stop. High-
Strength. Low-Alloy. Hot-Rolled and Cold-Rolled. with
Improved Atmospheric Corosion Resistance?

A 635'A 635M Specification for Steel, Sheet and Suap,
Heavy-Thickness Coils, Carbon, Commercial Steel, Draw-
ing Steel, Structural, High-Strength Low-Alloy, and High-
Stength Low-Alloy with Improved Formability. Hot-
Rolled. General Requirements for”

A 639/A 639M Specification for Commercial Steel (CS),
Sheet and Strip, Carbon {0.16 Maximum to 0.23 Maxi-
mum Percent). Hot-Rolled?

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

A 751 Test Mecthods, Practices. and Terminology for
Chemical Analysis of Steel Products®

A 794 Specilication for Commercial Steel (CS}. Sheet,
Carben (0.16 % Maximum to 0.23 % Maximum). Cold-
Rolled®

A 1008/A 1008M Specification tor Steel, Sheel. Cold-
Rolled. Carbon. Structural, High-Strength Low-Alloy and
High-Strength Low-Alloy with Improved Formability?

C O Steed Sheet and Stop
v, i clition approve Apal 10, 2003, Published May 2003. Orginaily ? Amnual Book of ASTM Standards, Vol 01.03.
I Lot previons tuson appeovad in 2002 s A So8 - 12 Y drmeazl Book of ASTM Stomdards, \oi 01 05,
S *A Summary of Chaages section appears al the end of this standard.
Sy TASTY - A J

TR, 100 B2 Mamor Drve, PO Box €700, s Socsronocien, PA 19428-2059, Unted States.

1

e e
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101!M Specitication for Steel, Sheey and Strip

1A . ;
Al led. Carbon. Stuctural. High-Sirengy), Low-Alloy

Hoi-Rol

and High-Strength Low-Alloy with Improved Formabilipy? .

p Il specification for Wire-Cloth Sieves for Tesile, P
.P‘,SL‘S ) = - ‘
£29 practice for Using Significant Digits in Tesy .
)f")clcrminc Conformance with Specifications®
£ 59 Practice tor Sampling Steel and Iron for Determination
';:’Chcmical Compesition”
L
£ 290 Test Method for Bend Testing of Material for Duc-
phiy© )
v Militery Standards
MIL-STD-129 Marking for Shipment and Storage
MIL-STD-163  Steei Mill Products Preparation for Ship-
ment and Storage
73 Federal Standavds:”
Fed. Std. No. 123 Marking for Shipments (Civil Agencics)
Fed. Std. No. 183 Coniinuous Identification Marking of fron
and Steet Products

3. Terminology

3.0 Definitions of Terms Specific o This Standard:

311 Steel Types:

3.1.2 carbon steel—-the designation for steel when no mini-
mum content 1s specitied or required for aluminum, chromium,
cobalt, columbium, molybdenum, nickel, titanium, tungsten,
vanadium, Zirconium. or any clement added to obtain a desired
alloying etfect; when the specified minimum for copper does
not exceed 0.40 %6; or when the maximum content specified for
any of the following clements doces not exceed the percentages
noted: manganese 1.63. silicon (.60, or copper 0.60.

3421 DiscussionIn all carbon steels small quantities of
cenzin residual elements unavoidably retained from raw ma-
tenals are sometimes found which are not specifted or required.
such as copper, nickel. molybdenum. chromium, etc. These
clements are considered as incidental and arc not normaily
determined or reported.

313

: high-strength. low-alloy steel- a specific group of
steg

¢S n which higher strength, and in some cases additional
feSisiance to atmospheric corrosion or mproved formabitity,

e obtained by moderate ammounts of one or more alloying
elements.

304 Product Iypes:
. )[J "’O""”-"'_fn’d sheet— manufactured by hot rolling slabs in
;nwn.hf‘”"us mii} 1o the required thickness and can be supplied
1 CI‘)!]A or cut lCngth as SP(‘L‘iﬁfd_
Mw;“)_IHOHOUcd carbon and high-strength low-alloy (HSLA)
sheet g commonly classitied by size as follows:

_\\\—__

T i o
leccmqﬂw

o
% Anmyy Book
1;

of AST\ ﬁ}umiﬁd'.‘. \ol 1492

< SC€ 1996 Anniwdd Book of ASTN Stundurdy, Vol 03.05.

ulabie -"!“!}AT.\-I Standurds, Vol D3 1)

Robbyg Ave 0 Stodand zsnon Documents Urder Desk, Bldg. 4 Secuon D, 700
Philaduiphia, A 19111-5093, A NPODS

L]

Cotts and Cist Lengihs

Width, in, Thickness., m.
120 48, nd 0.031 to 0230, exdd
Over 48 0.031 to 0.130, 2xcl
Cofs and Cut Lengths
Yéidth, mm Thickness, mram
Grver 300 10 1200, ing 0.8 to 6.0, excl
Over 1200 0.3 to 4.5, excl

316 cold-rolled sheer - manulactured from hot-relled des-
caled coils by cold reducing 1o the desired thickness. generally
foltowed by annealing to recrystallize the grain structure. [F the
sheet is not annealed after cold reduction it is known as full
hard with a hardness of 84 HRB minimum and can be used for
certain applications where ductility and flatess are oot re-
quured.

{a) Cold-rolled carbon sheet is commonly classificd by size
as follows:

Width, in. Thickness, in.
Through 124 Through 0.082
Over 12% throuch 23 15/16 Through 0.142
Over 23 15116 Through 0.142
yicth, mm Thickness, mm

To 300, inct Through 2.0

Qver 3003 Through 4.0

* Cold-colled sheet coils and cut lengths, siit from wicer cods with cut edge {oniy)
and m thicknesses through 0.082 m. {2.0 mmj carbon 0.25 % maximum by cast
analysis,

#Whnen no special edge or finish (other than matte, commercial bright, or luster
Gnish) or single strand toling of widths, or both under 24 . {63C mmj is not
specified or required.

(h) Cold-rolled high-streneth fow-alloy sheet is commonly
classified by size as follows:

Width, in. Thickness, in.
Through 124 0.013 threugh 0.082
Over 12% 0.020 and over
‘Width, mm Thickness, men
To 300, ind™ 0.510 2.0, inc!
Quer 3063 45 and Over

‘Cdd«dﬂedsheetmitsanduﬂlengms.siﬂfmmwidefccﬂsmmcutedge{omy)
and in hicknesses 0.019 in. [0.5 mm] through 0.82 in. [2.0 mm) carbon 0.25 %
maxamum by cast analysis.

¥ When no special edge o finish (other than matte, commercial bright, or luster
ﬁnﬁ\)ursktgfestral‘ufraﬂingufwidma'bomtmarzlt in. [800 mmj is not
specified or required.

3.1.6.1 Discussion — Steel products are available in various
thickness, width, and length combinations depending upon
equipment and processing capabilities of various manutactur-
ers and processors. Historic limitations of 2 product based upon
dimensions (thickness, width, and length) do nol take into
account current production and processing capabilities. To
qualify any product for 2 particular product specification
requires all appropriate and necessary tests be performed and
that the results meet the limits prescribed in that product
spectfication. If the necessary tests required by a product
specification cannot be conducted, the product cannot be
qualified to that specification. This general requirements speci-
fication contains permitted vanations for the tommeonly avajl-
able sizes. Permitted vanations for other sizes are subject to
agreement between the customer and the manufaciurer or
processor. whichever is applicable.

3.1.7 refests. n—an additional test, or lests, made from the
origmal material when the original test did not meet the

Gl
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e acceplance critena rcgmmd by a product specifi-
agP 1+ and the failure was mechanical in natures ag described in
Fanots

oction 11 =

bo:ll! e resample, n—an addittonal test, or tests, made
_1..;;I on the original sample did not meet the appropriate

o 163 - S ; =

the criteria required by the product specification b

ws
~ceptance €HE ) R '
ac Thle requiriag that the material in question have =
3 - . 2
- opriate amount discarded prior to securing the new sample
apprort
ar Sﬂmp]Cb.

4 yiaterials and Manufactore

11 Unless otherwise specified, hot-rolled material shall be

: 'ph“d hot-rolled. not annealed, not pickled.
MT; Coil breaks. stretcher strains, and fluting can occur
auﬁf:: the user’s processing of hot-rotled or hot-rofled pickied
hect. When any of these features are defrimental to the
. plication. the manufacturer shall be notified at time of
;F;jcﬁng in order to properly process the sheet.

13 Cold-rolled carbon steel sheet is avatlable as discussed
in 102, 10.3, and in Table 1.

1.4 Unless specified as a full-hard product, cold-rolled sheet
is annealed after being coid reduced to thickness. The an-
nealed, cold-rofled sheet can be used as annealed last (dead
woft) for uncxposed end-use applications. When cold-rolied
sheet is used for unexposed applicatons and coil breaks are a
nazard in unceiling, it may be necessary to further process the
material. In this case the manufacturer should be consulted.
After anpezling. cold-rolled sheet 1s generully given a light
skin pass 1o impart shape or may be given a heavier skin pass
or temper pass to prevent the phenomenon known as stretcher
srning or fluting. when formed. Temper passing also pro-
vides a required surface texture.

43 Temper Rolling-

4.3.1 Unless otherwise spectfied, cold-relled sheet for ex-
posed applications shall be temper rolled and is usually

when

specificd and furnished in the strain free condition as shipped.
See Appendix X1, Effect of Aging of Cold-Rolled Carbon Steel
Shect on Drawing and Forming.

452 Cold-rolled sheet tor unexposed applications may be
specified and fumished “annealed last” or “temper m”e.d'
“Anncaled last™ is normally produced without temper 'roll_lng
but may be lightly temper rolled during oiling or rewinding.
Unexposed temper-rolled material may be specified SLrﬂ_m’lfe‘-’
or nonfluting. Where specific hardness range or limit or a
specified surface texture is required. the application is consid-
ered as exposed.

NoTE 2—Skio-passed sheet is subjcel to an aging phenomenon (sec
Appendix X1). Unless special killed {ponaging) steel is specified. it is 0
the user’s interest to fabricate the sheet as soon as possible. for optimum
performance.

5. Chemical Composition

5.1 Limits:

5.1.1 The chemical composition shall be in accordance with
the applicable product specification. However, if other compo-
sitions are required for carbon steel, they shall be prepared in
accordance with Appeadix X2.

5.1.2 Where the material is used for fabrication by welding.
care must be exercised in selection of chemical composition or
mechanical properties to assure compatibility with the welding
process and its effect on altering the properties,

52 Cast or Heat Analysis:

5.2.1 An analysis of each cast or heat of steel shall be made
by the manufacturer to determine the percentage of elements
specified or restricted by the applicable specification.

5.22 When requested, cast or heat analysis for elements
listed or required shall be reported to the purchaser or to his
representative.

3.3 Product. Check. or Verification Analysis:

TABLE 1 Cold-Roiled Sheet Steel Class Comparison

Exposed Unexposed
Magor mperfechons
Cois Purchaser accepts within the manufacturer's published Purchaser accepts within the manufacturer's published
standards {poScy) standards {poBcy)
Cut tengins Ml rejections repetitive inperfections. May comtain Purchaser accepts all minoe mmperfections
random Enperfections which the purchaser accepts within
i the manufachser’s pubkshed standards (pooy) ) ) )
Cots Purchaser accepts within the manufacturer’s pubfished Purchaser accepts all minor mmperfections
e stanvdards (podcy) )
o Matte Uniess otherwise specified Purchaser accepts afl finsshes
oks Liay be specfied May nof be speafied
M-mmb{gm
Wlerance
Standard Wal be met Wil be met
Restncted May be spechied May not be specified
FiZness wierance-
Standard WAk be met Wi be met (temper rolfed) Not guaran
within twice standard (annealed last)
Rm‘ced&}.zm . May nat be specified
May be spectied
e Purchaser accepts within the manufacturer’s pubished Purchaser accepts all
standards (poicy) .
— Purchaser accepts within the manufacturer’'s published Pm'd'!asaraccep’tsmmmmenmufacmre(sp‘mw
O standards (pobicy) standards (policy)
MSpection May be specified May not be specified
Stecal tesiing May be specfied May not be specified

("]
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= Non-kitted stecls such as capped or rimmed stcels are

: cfhnomgicall}- sutted to product analysis duc 10 (4
’ e

"”nunimﬂl aces in Table 2 do not app!
- rc. the 1olerances - poly. Product analysis is

prapriate on these ypes o sieel only when misapplication is
el 0 ¢ for copper when copper steel is specified.

532 For stects other than non‘scsl!ed {capped or timmed)
oduct analysis may bc‘ made by_lnf: purchaser. The chcmicai
P alysis shall not vary from the limits specified by more than
e amounts {0 Table 2. The several determinations of any
_jement in a cast shall not vary both above and below the
cpecified rangc. )

54 Sampling for Product Analysis:

54 To indicatc adequately the representative compesition
by product analysis. 11 15 general praciice 1o select
represent the steel. as fawrly as possible, from a
ber of picces as follows: 3 pieces for lots up 1o
es for lots over 15 tons. (See Practice

of a cast

samples 10
minimgm nuin
15 tons ILﬂC] and 6 picc
E39) . ;
542 When the steel is subject 1o lension lest requirements,
product analysis may be taken either by u’n‘ii'mg

samples for _
oh the used tension test specimens themselves. or

egtirely throug
a5 covered 1n 5.4.3:

5.43 When the steel is not subject to tension test require-
ments. the samples for analysis must be taken by milling or
drilting entirely through the sheet in a suflicient number of
places so that the samples are represemative of the enure sheet
or strip. The sampling may be (acilitated by folding the sheet
both ways, so that several samples may be taken at one drilling.
Sieel subjected 1o certain heating operations by the purchaser
may not give chemical analvsis results that properly represent
is original composition. Therefore uscrs must analyze chips

TABLE 2 Tolerances for Product Analysis

11 character of their chemical composition and (h
ere- .

Tolerance
Eemen Lirret, or Maxymum of Under Over
Specified Element, % Mirwmam Maximum
Limi Limdt
Cartan w0015 nd 0.02 0.03
over 0.15 to 040 nd 0.03 .04
over (.40 to 0.80 ind a.03 0.05
over 0.80 0.03 0.06
Manganese to 0 60 nd 0.03 0.03
ovex 0.60 to 1,15 ndd 0.04 0.04
over 1.15 10 165 0.05 0.05
Prosphonss 51t 165 nd - a0t
St A 0.01
S 10 0.30 ind 0.02 0.03
Bt aver 0.30 to 0.60 nd g.ocg fl.t?f
Nckal o 1.00 incl ;B 0.03
Crvormaun, 10 0.90 ind 2 0.04
W‘““ 10 0.20 mdl e 3 0.01
h“"““ca. t0 0.10 ind 0.01° o,
x © 0.10 ind 0.01% 0.01
. (Noteum)
m © 0.15 indd 8.014 001
Nirogen to 9.10 mncd 0.03¢ e
to 0.030 ind _____@9-;_________‘”00’—-—
‘W’here . - been
Gefinegt an ofipes () appenrs in the tbie, the requirements have 1ot
ma .
¢ Mremum s 0.005%.
WMWso,Diﬁ_mmwa_mwim

the ;
WW““WSUmemWS
The range 15 0 (2%, e under tolerance is 0.07%.

‘fzr‘!;fn““t!f:g the steel in the condition in which it is reccived
cel manufaciurer.

3.5 S(mcimen Preparation—Drillings or chips must be
taken withowt the application of water, oil, or other lubricaat,
and must be free of scale. grease. dirt. or other foreign
substances. They must not be overheated during cutting to the
extent of causing decarburization. Chips must be well mixed
and those too coarse to pass a No. 10 sieve or too fine 1o remain
on a No. 30 sieve are not suitable for proper analysis. Sieve
size numbers are in accordance with Specification E 11.

5.6 Test Methods—In case a referee analysis is required and
agreed upon to resolve a dispute concering the resulls of a
Cnemn?al analysis, the procedure of performing the referee
analysis must be in accordance with the latest issue of Test
Methods. Practices and Terminology A 751, uniess otherwise
agreed upon between the manufacturer and the purchaser.

6. Mecchanical Propertics

6-_1 The mechanical property reguirements, number of
specimens, and test locations and specimen oricntation shall be
in accordance with the applicable product specification.

6.2 Unless otherwise specified in the applicable product
specification, test specimens must be prepared in accordance
with Test Methods and Definitions A 370.

6.3 Mechanical tests shall be conducted in accordance with
Test Methods and Definitions A 370.

6.4 Bend tests where required shall be conducted in com-
pliance with Test Methed E 290.

6.5 To determine conformance with the product specifica-
tion. a calculated value should be rounded to the nearest 1 ksi
tensite strength and yield point of yield strength, and to the
nearest unit in the right haad place of figures used in expressing
the limiting value for other values in accordance with the
rounding off method given in Practice E 29.

6.6 Structural sheet steels are commonly fabricated by cold
bending. There are many interrelated factors that affect the
ability of a given steel i0 cold form over a given radius under
shop conditions. These lactors include thickoess, strength
level, degree of restraint, relationship to rolling direction,
chemistry and microstructure. Each of the appropriate product
specifications lists in the appendix the suggested minimum
inside radius for cold bending. These radii should be used as
minima for 90° bends. They presuppose “hard way” bending
(bend axis parallel to rolling direction) and n:aso.nably gﬂofj
shop forming practices, Where possible, the use of larger radii
of “easy way bends are recommended for improved perfor-
mance.

6.7 Fabricators should be aware that cmck:, may if]iu'alc
upon bending 2 cheared or burned edge. This 1s not considered
to be a fault of the steel but is rather a function of the induced

cold-work or heat-aflected zone.

eral Requirements for Delivery

7.1 The products covered by this specification are produced
to inch-pound or melric decimal thickness only and the

appﬂ'OPIiaif thickness tolerances 2

7. Gen
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| may be produced as ingotcast or strand-cast

=71 Sice

fows: & ST g g R
when Jifferent grades of st nd-cast steel are sequentially cast
jentification and separation ol the transition material is1'
equiree

2 mmcnsiﬂﬂf-. Tolerances, and Allowanees

o1 Dimensions. “‘k_‘fm_’cc“f :m(? allowances applicable 1o
roducts covered by Uns specification are contained jn Tables
25 [Annex Al Tqb!cs _.1}1‘1.-.'\1.2()], The appropriate toler-
ance tables shalt b‘ identified n cach individual specification
. g2 Flaness Tolerances: =

g2 standard Natness tolerances are contained in Table 15
and Table 19 for hot-rotled sheet and Table 25 for cold-rojled
aheel : .
g22 Two alternative methods for flatness determination are
he use of l-units :mpI p’e‘rccm steepness. These methods are
cxplained n :'\ppcnd_:x L?-

¢22.1 The use of l-unmits or percent steepness as a flatness
standard is subject to negotiation between the purchaser and

{he producer.
222 Measurement techniques for l-units and percent
Secpness and rejection limits are subject o negotiation be-

sween the purchaser and the producer.

9. Finish and Condition

9] Hot-rolled sheet has a surface with an oxide or scale
resulting from the hot-rolling operation. The oxide or scale can
he removed by pickling or blast cleaning when required for
press-work operations or welding. Hot-rolled and hot-rolied
descaled sheet is not generally used for exposed parts where
surface is of pnme importance.

91,1 Hot-rolled sheet can be supplied with mull edges or cut
edges as specified. Mill edges are the natural edges resulting
from the hot-rolling operation. They do not conform to any
particular contour. They may also contain some cdge imper-
fections, the more common types of which are cracked edges,
thin edges {feather), and damaged edges due to handling or
processing and which should not extend in beyond the ordered
width. These edge conditions are detrimental where joining of
e mill edges by welding is practiced. When the purchaser
intends to shear or to blank, 2 sufficient widih allowance should
b made when purchasing 10 ensure obtaming the desired
contour and size of the pattern sheel. The manufacturer may be

:ggf;:";d for g\lidancc.. Cut edges arc the normal edges which
RP;cct tom the shearing. slitting, or trimming of mill-edge
_ L1 The ends of plain hot-rolied mill- edge coils arc
wregular in shape and are referred to as uncropped ends. Where
Sﬂch_ ends are not acceptable, the purchaser’s order should s0
SFCCIﬁ.'. Processed coils such as pickled or blast cleaned are
supplied with squarc-cut cnds.

9.2 Cold-rolled carbon sheet (exposed) is intended for those
applications where surface appearance is of primary impo:-
tance. This class will meet requircments for controlled surface
texture, surface quality. and flatness. It is normally processed
by the manufacturer to be free of stretcher strain and fluting.
Slfbscqucnt user roller leveling immediately beforc fabrication
will minimize strain resulting from aging.

9.2.1 Cold-rolled carbon sheet, when ordered for exposed
applications, can be supplied in the following finishes:

9.2.1.1 Matte finish is a dull finish, without luster, produced
by rolling on rolls that have been roughened by mechamical or
f:hcm:cal means to various degrees of surface texture depend-
g upon application. With some surface preparation matte
finish is suiable for decorative painting. It is not generally
reconumended for bright plating.

9:2. 1.2 Commercial bright finish is a relatively bright finish
having a surface texture intermediate between that of matte and
lus.icr finish. With some surface preparation coramercial bright
fimish is suitable for decorative painting or certain plating
applications. If sheet is deformed in fabrication the surface
may roughen to some degree and arcas so affected will require
surface preparation to restore surface texture to that of the
undeformed areas.

9.2.1.3 Luster finish is a smooth bright finish produced by
rolling on ground rolls and is suitable for decorative painung or
plating with additional special surface preparation by the user.
The luster may not be retained afler fabrication; therefore, the
formed parts will require surface preparation to make them
suitable for bright plating.

9.3 Cold-rolled carbon sheet, when intended for unexposed
applications, is not subject to limitations on degree and
frequency of surface imperfections. and restrictions on lexture
and mechanival properties are not applicable. When ordered as
“anncaled last,” the product will have coil breaks and a
tendency toward fluting and stretcher straintng. Unexposed

TABLE 3 List of Tables for Dimensions, Tolerances, and Allowances

Carbon™ and Hgh-Strength Low-Alloy Steel
ons Table No.
CordRoliad Sheet
Hot Rofied Sheet _
inch-Pound S| Units lnq‘-Pow:d S1 Units
o A1.9, A1.19
Camber toleran 12, 24 9, A1,
; CEs 12 A1.9 : <y
Diameter toterancas of sheared circles A1B 1 .
=S * i s A1.20
rLe% i A1.12, A113 2 ,
STances 15, 16 A
Okt erances ' ALT 21,22 1.16, A1AT
Square tolerances ' A1.10 13 A110
cted Souareness tolerances I ' AL
Nickness 14 AL 14
; 1.A12 A13.A14  17.18.13.20 A1.14, A1.15
i pabT A 3,23 A16,A118
mmmdmmﬁe g A1.;
——rances of midl edge 8 M ;
cast or 3“3“55*

y
:ﬁhmmmmmﬂzﬁ%wm.



4y A 568/ 568M — 03

: }—¥-in. (Cut Edge) and Ywin. (Mill Edge) Minimum Edge
- Distance (Coils and Cut Lengths Including Ptidded) ) "

; dth not Jess than %4 : This table
Nore 1 w to the uncropped s of mull edge coils. - o 2 cut edge and not less than % i. from 3 ml e
F‘T :n" < The speviliad (ickness cinge captions also apply when sheet i specified 1o a nominal thickness, and the tolerances are divided equally. over
o &
aod \m“"“ \freromelens used for measurement ol'{hjcknm shall be constructed

Noit the spindle shall be flat, and the tp of e aml shall be far of

with anvils and spindles having minimum diameters of 0.188 m. [4.80
he 1P ol = i
ol The h pointed tps are ot switable for tuckness

rounded with a munimum radrus of curvature of 0.10 m. [2.55 mm).

. measurements.
!hmﬂndiﬂ‘\ wil .
= = Tolerances Over, in, No Towra nce Und
fath, o Specified Minimy Im Thickness. in.

e 0.031 % 0.051 Over 0.051 w0 0.057 (a7 =

Spe ind . } inc) o7, BT 0-0_57 ©0067Y, Overgo7i 0009, — - |
: : = excl

""’ﬁ!—;ﬂ gg:g g-g:g 0.012 0.012 0014 0014

" 20 10 40 wct 0010 0012 0.012 0014 0.014 0016

0‘: e : 0012 0.012 0.014 0.015 0.018

ﬂﬂﬁmwm T 0.014 0014 0.014 0.016 5

0‘ = = .2 0.01: 0.018 0.016 s

fc::: I e 0.015 001s :

mere an eHipss ( . ) appears m the table, the requiremey fits have nol been defined.
ﬁa;\hi not availathe in this siTe range.

. i lerances for Hot-Rollad Sheat (¢ i i L
5 Restricted Thickness To > (Carbon Steel}—4.in, (Cut Edge) and 1-in. (Mill Edge) Minimum Edge
TABLE Distance (Coils and Cut Lengths, Including Pickled) 4 (il Sy

Muckpess 15 measured at asy point across the width pot kess than §

Nort | ‘iin-&omanuedgcmdnmlmman1m&0mamiua1ge.m;stame

jocs ot apply fo the uncrepped ends of mill cdge coils.
“\n ? - The speafied tuckness range captions also apply when shest is specified
an under.

Nort 31— Micrometers used for measurement of thickness shall be construcied with anvils and spindics having minimum diamctors of 0188 ia {4.80
wa) The np of the spundie shall be flar. and the tp of the anvil shall be §ag

’ i or rounded with a minimum radius of curvapire of 0.10 1 [2.55 mm].
Micometers with powted fips are not suitable for thickness measurements,

Nom —Ths table wis constructal by muitiplymg the vales in the stamdard table by 0.75 and rounding to 3 decimal places using standard ASTM

2 2 nommal thickaess, and the tolerances are divided cgually, aver

N‘.\k‘ll\.‘f-
Thickness Tolerances Over, 1., No Tolerance Under
: i Specified Minimim Thckness, in
0.031 to 0.051, Over 0.051 (0 0.057,  Ower 0.057 to 0.071, Over 0.071 10 0.098,  Over 0.098 1o 0130, 0.180 10 0.230,
et nd nd nd exd exd

1210 20 nd 0.008 0.008 0.009 0.00% 0010 0.010
Over 20 10 40, indd 0.008 0.008 0.009 0.010 0.010 0.012
O 40 10 48, indd 0.008 0.009 ©.009 0.010 0.012 0.014
Over 48 10 60, mvd N 0.009 0.010 0.010 0.012 a
Over 60 1o 72, g 0.009 0.010 0.012 ag012 &
Over 72 e U s 0.010 0.012 0.012 a

“Wheo an eligss () Fpews N he Lle, the requrements have nat been Gefined.

“Product not avauabla in thes size range.
cold-rolled sheet may contain more surface impertections than 9.7 Sheet steel in coils or cut lengths may contain surface
exposed cold-rolled sheet because steel applications, process- imperfecuons that can be removed with a reasonable amount of
g procedures, and ihspection standards are less stringent. metal finishing by the purchaser.

94 Cold-rolled high-strengih low-alloy sheet is supplied
vath 4 Malte hmsh, unless otherwise specified. 18. Workmanship

95 The cold-rolled

products covered by this specification

i ) shall have a workmanlike appearance and
¥ fumished with ¢y cdges and square cut ends, unless 101 Cutjeogths © appe

15¢ specified shall not bave imperfections of a nature or degree for the
96 (3;1,;,g o product, the grade, class, and the quality ordered that will be
it : trim fabrication of the finished part
DO:E Piais hot-rolled sheet 1s customanly furnished not de cnla! to the G o ] )
olled. Oy}, . i - 102 Coils may contain some abnormal imperfections that
96 1y > SUbe specificd. when required. 00 of the coil el mad = ¢ : ¢
2 Hot-rp)jed pickled or descaled sheet is customarily render a portion of the coil unusable since the lmspection o

iisheg oled. If the product is not 1o be oiled, it must be so  <oils does not aiford _"h_e pllfnduccr d_“: Same opportumity to
q’z“;ﬁt‘d Since the cleaned surface js - remove partions containing imperfections as in the case with
: n‘ Cold-rojleq products covered by this specification can cut lengths. )
ushed oyfegd or not viled as specified. 10.3 Surface Conditions:
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ss Tolerances for Hot-Rolted Sheet h-§ ae
Jard Thickness . (Hig trength, Low-All eel)— d Ve-in. (Mill Edge)
oy § Stan Minimum Edge Distance (Coils and Cue Lengths, |I"I(:|(l,lyd|?1‘g '-"}Ckl:(-il;l (Cut Edge) and Ye-in. (

Lness 18 measurad al anv pemt across the width go less thap

e S from

8¢ %G v I dpe. This table
e 1 the uncrapped ciuds of null wige conls cut edie amd not fess than Vo . from o mill cdg
0 |

3 ﬂﬁ‘h . Shoess range captions alse apnly W q R il ;
T The grevitial the AP when sheet iy specitied o a nominal thickness, amd the tolerances are divaled equally. over

PNRTHIE

ad v Mrerometers used for measurement of thickness shall e constinicted w
¢ T Mn

wh anvils and sprndles having minmum dimeters of 0188 . [4 80

| . = Nat, and the ; s " .
ot ap o (e spinddle shall be dthe up ot the anw shall be Ny o ounded with a nuniowim rdins of curvature of 0 10 0 1255 mm)

am} THE pomntad Gps are ol stablke for teckness me

asuvtients
et with = ¢
. hchness IN“';-’"“‘!N. Over. in, No Taloranon Undor
— 7 - e Spacified Minimuem Thickness, in o
4 Wi = A @ : T — e = —- - =
AN Q31 o 0051, Owar 9 05¢ Qe ) .
o ned to 0 059, incd o0 'm%m‘g e oo Dver 0082 1o s ikt ol
" 0000ind 0,082 ing 0098, incl 0,180, oxcl 0 230, necl
— 110 a012 o T e, T T
T th, 0 ont dinvs 0,012 0.012 0012 0014 0014
ww o 0010 : 0014 . 1018
ey 1310 200 0012 0012 s 0.01¢ 0014 0016 aa16
0w 3 nd i i o N 0014 0014 0016 0018
e 30t 40, Bm; 0014 =1 a.014 0018 0016 0.018
m: 40 t0 48, nd L G614 0.014 0.014 0016 0.020 0020
o 10 60 il " A 0.014 0.014 G016 0.020 "
e 0 10 72, 100 A 4 G 0016 0018 0.022 o
e T2 10 800 [ 4 " 0.015 0018 0.024 “
e 50 — ' » 0.020 0.024 "

Tymere a0 600 () PRSI0 e able, the requirements hawe not been 3
# proguct POt available in s STe range. dofine

TABLE 7 Restricted Thickness Tolerances for Hot-Rolled Sheet (High-Strength, Low-Alloy

e 4 Steel}—3%-in. (Cirt Edge) and 1-in. (Mill
Edge) Minimum Edge Distance (Coils and Cut Lengths,

Including Pickled)
st 1—Thickness s measured at any powt across the width not less th
) k;w apply 1o the uacropped ends of mill adge corls.
L e -
"h\m 2 The specified thickoess tolerance mnge capuons also apply w
aaustly, vt and under v
Nox 3—Micrometers used for measurement of thickness shall be constructed with
g} The wp of the spundle shall be fut, and the bp of the unvil shall be Mt or row
\icumeters With powted ups are ot swbie for thickness meassrements.
‘ Nore 4—Thus table was constructed by muluplying the values in the stund

an % n. from a cut edge and not tess than 1w, from a ol edge. This table
hen sheet is spevitied 10 a nominal thickness, and the tolerances arce divided

anvils and spindles having minimum diameters of 0188 in. [-4.80
wad with a minimum radivs of cunature of 0.10 m. [2.55 mm].

ard table by 0.75 and rounding to 3 places using standard ASTM practice.
Thickness Tolerances A Over, in., No Tobevance Under

Specified Miwnum Thickness, in.

Soecied Wdth. 1. ™3 131 to 0,051, Over 0.051 1o Over 0.059 to Over 0.070 Over 0.082 Over 0.008 0.180 1o
g 0.0953, ind 0.070, inct © 0.082, to 0.098, to 0.180, 0.230, exdl
ing inal axd
210 15, 0c 0.008 0.009 0.009 0.009 0009 0.010 0.010
Over 15 10 20, incl 0.008 0.009 0.010 0.010 0.010 0.012 0.012
Dvr 2010 32, med 0.009 0009 0.010 0.010 0.010 0.012 0014
Ower 32 10 40, it 0.009 0.009 010 0.01¢ 0.012 0.012 0.014
Dver 4010 48, incd 0.009 0010 0.010 0.010 0.012 0.015 0.015
Owe 48 10 60, e A 0.010 0010 0010 0.012 Qs "
Over 60 10 72, g A - 0.012 0.012 0.014 0.016 o
Over 1210 80, vy - o - 0.012 0.014 a8 »
Over 80 » e S e 0.015 0.018 8

:”“‘*‘M{ 1 appears n the Lible, the equinements have not baan defined.
Product ot available m this s range,

031 Exposed cold-rolled sheet is intended for applica- imperfections that can be removed with a reasonable amount of
oms where surface appearance s of prmary importance, that metal finishing by the purchaser. These impertections shall be
© Aposed applications. Unexposed or annealed cold-rolled  acceptable to the purchaser within the manufacturer's pub-
et 13 mtended for applicabons where surface appearance is  lished standards.

MILT[ I?inﬂ}&ry importance, that 15, unexposed applications. 10.3.3 For cails for exposed applications, 1 1s not possible
clnd, 32 Cut lengths for exposed applications shall not in- o remove the surtace imperfections listed in 10.3.2. Coils will
c

ul;dividual sheets ha
6, loose slivers, and
liupcrfccliun.«;. Cut lengths

ving major surface imperfections  contain such imperfections which shall be acceptable Lo the
pipe) and repetitive minor surface  purchaser within the manufacturer's published standards, Coils
may contain random minor surface  contain more surface imperfections than cut lengths because
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gth Tolerances * of Hot-Rolled Mill Edge Sheet
ABLE S '-:m and Nigh-Strength Low-Alloy Steel)
A s and Cut Lengths, Including Pickleq)
lL \ hS &
/,,-‘/r_ Cantxn

—_—
Tolemnces Ovey

Specrfed Width,
spocied With. n. No Tolerance
) Under
v 18 0d ';:‘
e (4 1T A
i ‘f :\ 19 ind Fin
O o 2 ndd %
oy 21 0 24 el Wi
ey M o 05w g
‘::‘ a8 o X nd "¥ia
:\!'! D N0 e LN
ow s —H——\.ﬁ_‘_‘____

—_— Hgh-Stength Low Aoy
12 w 14 ndd e
Over 14 10 17 0 e
Ovex 1T R 19 incd hal)
Over 1910 21 ndd ks
Over 2110 24 incd Wy
Over 24 10 25 ¥y
vy Bl 28 nd 'S4
Over 23 %0 35 nd s
Over 35 o 80wl 144
Over 30 o 60 e 14
Owy &0 to 65 incl 1%
Over 65 0 70 incd 1%
Ower TD to 80 inci 1Th

Owx 80 2
ATha above odemnces do N appdy 1o the unaopped ends of mall adge coils
Tha 4

CARRI

TABLE 3 Width Tolerances of Hot-Rolled Cut Edge Sheet and
Cold-Rolled Sheet (Carbon and High-Strength Low-Alloy Steel)
(Not Resguared, Coils and Cut Lengths, Including Pickled)

Tolerances Over
Speafed Width,

Secliod Width, i in. No Tolerace

Unwder

Ovr 12 10 30 incd H

O X0 to 48 ind Ya

Over &8 10 80 incd A

Over 80t 80 incd e

Qwr 80 Ta

% producer does not have
PeUons containigy
fengths

the same opportunity to sort
& such imperfections as is possible with cut

1034 Cut lengths for unexposed appheations shall not
lude individa sheets hawvac
Such a5 boles, |
S leqgthg

12 major surface imperiections
Oese shivers, and pipe. In addition, unexpaosed
> . b" expected o contain more minor imperfec-
Mh::tr:; tl:llb -S&:mll.:hc:s. sticker breaks, ‘L-dg'c b,ﬂ,_»_fu'
00 thay X reaks, mli. m:.r.rk;:, and other surface imperfec-
the “Posed. These imperfections shall be acceptable to
1035 ¢ ‘“.UiOt‘n limitation.
bl tg e O coils for unex
Wil Tmove the
0l syrfyee
K Minge

posed applications. it is not pos-
surface imperfections listed in 10.3 4. Coils
: © imperfections that are nomally oot repair-
mperfecong shall be acceptable to the purchaser

TABLE 10 Length Tolerances of Hot-Rolled Sheet (Carbon and
High-Strength Low-Alloy Steel)
(Cut Lengths Not Resquared, Including Pickled)

Tolerances Over

S Specified

Specified Length, in. Longth, in No
Tolerance Undler

Totsing "

Over 15 to 30 gy Ya

Over 30 10 60 ine) %

Over 60 to 120 ingl v

Over 120 to 156 inet 1

Over 156 to 197 incl 1Va

Qver 192 to 240 inot 1

Over 240 A

TABLE 11 Diameter Tolerances of Circles Sheared from H_ot~
Rolled (Including Pickled) and Cold-Rolled Sheet (Over 12 in.
Width) (Carbon and High-Strength Low-Alloy Steel)

Tolerances Over Speafied
Damater, . (No Toler-

ces Under
Specified Thickness A in. = .

Under Over 30 Over 48
30 to 48
ind
0.044 to 0.057 ind Yie 3 ¥ha
Over 0.057 1o 0.098 ind Yz Yaz Yo
Over 0.058 % Yis 7

*0.071 in. minimum thickness for hot-rofled high-strength low-alloy steel sheet.

TABLE 12 Camber Tolerances™ for Hot-Rolled (Including
Pickled) and Cold-Rolled Sheet (Over 12 in. Width) (Carbon and
High-Strength Low-Alloy Steel)

{Cut Lengths, not Resguared)

Note 1—Camber is the greatest deviation of a side edge from a straight
hinte, the measurement bemg taken on the concave side with a strmghtedge.

Cut Length, ft Camber Tg:hez-
ances, in.
To 4 inc! 79
Over 4 10 6 indd s
Over 6 o0 § ind Vi
Over 8 to 10 inct e
Over 10 10 12 incl BT
Over 12 to 14 inc! re
Over 14 10 16 indl £
Qver (6 to 18 Y
Over 18 10 20 ind Th
Over 20 o 30 incd 1%
Over 30 10 40 ncd 1¥4

"Tbecau\buctohmmtoranhi-;lm.mmymﬂ.

within the manulacturer’s published standards, Unexposed
coils contain more surface impertections than cxposed coils.

11. Retests and Resampling

I1.1 Retests:

LLLT Unless otherwise prohibited by the product specifi-
cation, retests are permitted under the following circumstances:

TLLLT Ifany test specimen shows defective machining or
develops flaws, 1t must be discarded and another Specimen
substituted.

TLE L2 Af the percent clongation of any (est specimen is
less than that specified and any part of the [racture is more than
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out-of-Square Toterances of Hot-Rolled Cut-Edge
ABLE 13 ¢ ) and Cold-Rolled Sheet (Over 12 i Width)
r]pduding “pon and High-Strength, Low-Aloy Steal)
(ca (Cut Lengths Not Resguared)

e reatest deviation of an end edge from a strasght e a1
\M_A‘m,yeﬁgdeﬂ,mcﬁﬁgmcwm. Itis alsoObtamedby G
:\f‘m@e!ﬂa ; dedhmmmmdm@
e half of that difference. The lolerance for all thicknesses pnd 4y
:Mmﬁ‘:éhdmm«!mmﬂ"m,

PP A *"'-——-.___-_

Ll
wet

¢ 14 Restricted Sguareness Tolerances of Hot-Rolled
TABLE ' ckled) and Cold-Rolied Sheet (Over 12 in. Width)
l'm"”d'n%;rbon and High-Strength, Low-Alicy Steei)
( {Cut Lengths)

ammm&d.&:&mdﬂ:&r\dh&@mm“,&
wen 2k BP0 spectfied. The mdividual tolerance for over-width, over.
p;,'\meﬁ' of out-al-square should nol exceed ¥is i up to and muﬁ‘ng
eﬂﬁ‘“”ﬁﬁlwmaw maluding 120 m. in length. For ot lengths wider
e&"; e applicadle tolerance is ' in.
o =

-4BLE 15 Flatness Tolerances™” of Temper Roiied or Pickjed
H;A.:M Sheet Cut Lengths® (Carbon and High-Strength, Loe.

Alloy Steel)
Flatness Toler-
ances,©in,

peciied MmTEET Soecthed Width, Specified Yield

Thgmess. . Strength, min, ksi
Unider 45 1o 509 F
45

0 0057 ind over 12 io 36 nd Yz EA
. over 36 o 80 ot ¥ 1%
over 60 1 -

1567 0.180 exd over 12 © 50 incd % ¥
over 50 to 72 ind Y 114
over 72 1 1%

{18030 0230 exd over 12 10 48 ind ¥ A

*hmmmmmwam&mmﬁbyme COESLAMRS wiren
e latlemng operations are performed.
Fmammnmhm&fmsmwwemmw
25 been robed out and adequately flallened with all cod set removed.
:Hm‘mm&nrnam&zmtaﬁatm.
:’Twmb%mspecﬁecmmmyﬂdmrmgrﬁinaxmssdsoky
FE SO=C 0 negotiaton.

FLOTY meimom thickness of HSLA.

"“‘Lm mm] from the center of the gage length of a 2-in. {50
™8] specimen or is outside the middle half of the gage length
Ya g [200 mm] specimen, as indicated by scribe scratches
E‘?T‘ﬂ °f‘ the specimen before testng, a retest is allowed.
:v»:i-i]n.b If a bend speaimen fails. due to conditions of
E“'V S“’K{ft‘scverc than required by the specification, a retest
Pmitied cither on 4 duplicate specimen or on a remaining

F"j‘}*‘f of the failed specimen.
= Resampling:

- °f;re5amcis Otherwise prohibited by the product specifi-
2t 304 pling is permitted under the following circum-
21 Using the tollowing practices:

b7 g M"th.s of l%](: an original leasile specimen are

Sampiig ” MF‘B) of the required tensile properties.

e gy, -, - Porlted. The new sample shall be taken from

eet e Spel: qu‘t“uo“-_ L0the results of the this new specimmen

ed requirements. the Jot will be accepted.

TABLE 16 Flatness Tolerances” of Non-Processed Hot Rolled
Sheet Cut Lengths® (Carbon and High-Strength, Low-Alloy Steef)

Flathess Toler-
ances, in.

Specified Minimum Specified Width, Specified Yield

Thickness, in. in. Strength, min, ksi
Under 45 to 5095
45
0.031 100,057 inct over 12 to 35 indl 1 2%
over 36 to 60 inct 2V 3
aver 80 3 L
over D.057 10 0.180 exq over 12 1o 60 ind 1% 2V
aver & tn 72 incd 2% 3%
over 72 3 44
Q.180 0 0.230 pyg over 12 to 48 incd 1% 2%
" The above tabie afso applies 1o fengths citt from coils by the consumer when
ing cperations are perfarmed.

; imﬁ‘m"W‘“Slz“"“e‘ﬂproduc:insoﬂEorrr:isinmz:pprr;pria'teuntesst!‘seoc:ﬂ
has been roeg ot and acequately faltened with 211 coil se! removed.

11.2.1.2 If the results of the original tensile specimen are
more than 2 ksi (14 MPa) from the required tensile properties,
resampling is permitiad providing material produced between
the location of the original test and the location of the new
sample is discarded from the Jot to be qualified. Such discarded
matenial shall not be qualified 1o meet the specification by the
new sample. Resampling any lot more than twice shall not be
permitted. If the material js resampled, two tests will be
required. The first test shall be adjacent to the beginaing of the
malerial to be qualified and the second at another location
within the lot be qualified. If the results of both resampling test
specimens mect the specified requirements, the fot will be
accepted. A total of two resampling efforts will be permitted.

12. Inspection

12.1 When purchaser’s order stipulates that inspection and
tests (except product analyses) for acceptance on the steel be
made prior to shipment from the mill, the manufecturer shall
afford the purchaser’s spector all reasonable facilities to
salisfy him that the steel is being produced and furnished in
accordance with the specification. Mill inspection by the
purchaser shall not interfere unnecessarily with the manufac-
turer’s operation.

13. Rejection and Rehearing

[3.1 Unless otherwise specified, any rejection shall be
reported to the manufacturer within a reasonable time after
receipt of material by the purchaser.

13.2 Material that is reported to be defective subsequent to
the acceptance at the purchaser’s works shall be set aside,
adequately protected, and correctly identified. The manufac-
turer shall be notified as soon as possible so that an investiga-
ton may be initiated.

133 Samples that are representative of the rejected material
shall be made available to the manufacturer. In the event that
the manufacturer s dissatisfied with the rejection, he may
request a rcheanng.
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dard Thickness Tolerances for Cold-Rojleqd Sheet (Carbon - : :
R b g ] ot b 0?::: ggﬁ.ﬁm}lmﬁuw Staely*—s-in, Minimum Edge

Thrckness s measured af any pmz‘\l across the width not fess than 34
NG iz gpct'lﬁ':‘[ thickness range captions also apply when sheef s specifi

eLE !

. from a side edge.

o ed 10 3 nominal thickness, and the tolerances are dr/ided equally, over

i U -

and Py ierometers umil l(;: :f:]-‘?:m’:ﬁ":h':f;hlerﬂl‘;«\“ shall be constructed with anvils and spindles having minimum diameters of 1,133 in. [+.30
i’ up of the spindal sha i P ol the amal shall be 4 Ut rounded with 2 minimum radigs of curvature of 0.10 1. [2.55 mm].

mm)- ors with pointcd ops are not suttable for thickness measurements.

jeromet . = 0. UVEr, in
M — Thickness Tcierancesl, Over. in., No Toterance Under
o Svecfied Mininmur, Thickness, in,

. : 001410 0.019,  Gver s _
gpectied Wi TO:;S: 4 0 o e : og.g 1:— Z o Over 0,038 10 0.057, Over 005715 0.071, Over 007110 0.058,  Gwer 0.05% ©

. inci i ; 1,142, ot
0.002 0.004 5.006 o ncd et 1. Z‘n
77 5. ncl 0,007 0.004 C.008 -008 0.010 0010 8.0i¢
N 15 10 72, e a o 0.008 2015 2019 2912
e - - o= 0.008 0019 2012 0.014

‘ ————

1 . for | Z ' 'Ow-aﬁoy_
MrarnUm Trecxness, 0.021 . 101’ ragh-sirength :
. here 3N eliipsss (. . .) appears n the tabie. the requrements have not bean defined.
AV

. : for Cold-Rolled Sheet (C ; ngth, : Steely*—1-in. Mini
1§ Restricted Thickness Tdms f {Carbon and High-Stre , Low-All —1-in. Minimum Edge
TABLE Bistance (Coils and Cut Lengths Over 12 in. in Width) ) >

Nore | —Thickacss 1s measured at any point across the width not less than | in. from a side cdge
Ne :

e 1—The specitied thickness range captions also apply when sheat g spectfied 10 2 noimina) thickness, and the wirrances are divided squaily. over
der. 5
miuﬁ 3—Micrometers used for measurement of thickness shall be constructed with
‘j The tip of the spindal shall be flat, and the tip of the anvil shal{ be flat or
;Tg;,mc:crs with pointed tips are nor suitable for thickness measurements.
Nore 4—This 12ble was constrected by multiplyiag the vatues in the standard mble by 0.50 and

aavils and spindics having minimum diameters of 1188 . {4.20
rounded with & minimum radius of curvamire of 8.10 i [2.55 mm].

rounding to 3 places using standard ASTYM pracrice.
Thickness Tolerances, Over .. No Tolerance Under

Speciied Wicth, . To 0014, 0014100015, Over 0019% 10 Ower 0.039 15 0.057, Over 0.057 to 0.671, Grver 0.071 1 0.088. Gwer 0.098 to 0.142,
exd el 3.033, incd mnd ind nd el

20 15, nd 6.001 0.602 0.003 0.004 0.005 0.005 0.005

Over 1540 72, ind 0.061 0.202 0.003 5.004 9.005 0.005 0.008

Over 72 fol® 2 4.603 0.004 0.005 0.005 0.007

#Minimuym Thickness, 0.021 in. for high-strength, low-afloy.
Bmmmdﬁmsf..,)wsm&em,mrwhavemm - :

TABLE 13 Standard Thickness Tolerances for Cold-Rolied Sheet {Carbon and High-Strength, Low-Afloy Steely*—% in. Minimum Edge
Distance (Coils and Cut Lengths 2 to 12 in_ in Width)
Nore I—Thickness ts measured at any point across the width not less than ¥ in. from a side edge.

Notz 2—The specified thickness range captions also apply when sheet is specified 10 a nommal thickness, and the wlerances are divided equally, over
and under.

N
ma]. The tp of the spindal shalt be Hat, and the tp of the amil shall be flar or rounded with 2 minimuzm radius of curvarure of 0.10 . [2 55 mm].
Micrometers with pointed tips are not suitable for thickness measurements.

Thickness Tolerances Over, in.. No Tolerance Under

Svecked Yag in Specified Mmimum Thickness, i
T To D.014, 0.014 10 0.019, Over 0.019% to 0.039, Over 0.039 to 0.057, Over 0.057 1o 0.082,
T exd mcl nd md indd
. 0.002 0.004 0.006 0.008 0.010

14 Test Reports ang Certification sence of a signature, the organization submitting the document
!hc‘“ W"hcu est reports are required by the purchase order or 15 responsible for the content of th.e documn.:ut. N
p Maleria] shecification, the supplier shall report the results of 14.4 When test reports are required, copies of the onginal
4 "“Guired b!j' the material specification and the order. material manufacturer’s test report shall be included with oy
» Supp“;‘:h(;tj:mﬁu_ljon is required by the purchase order,  subsequent test TepaiL. ) . )
%"ﬂnur {lum:sh 4 certification that Lhc matenal has ' 114.5 A Material :Tfsl Report, Ce\t;lllf_ica‘llc 0 !QSPGCHO‘L or
Meats o :u“'“-d_and tested tn accordance with the requtre- similar doct_lmcni Pﬂ_ﬂ“?j {rom or used in ¢ “UP“-_'C form from
143 4 Materia) specification. an electronic dam mlen:hange. (.ED[) ransmission s_halI be
long_ 3y Signature is poy required on test reports or certifica-  regarded as having the same validity as a counterpart printed in

“%Unu: ‘;h:r the document shall clearly tdenufy the orga-  the certifier’s [acility. The content of the EDI transmiuted
Uomitting (e document. Nutwithstanding the ab-  document must meet the requiremeats of the invoked ASTM
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E20 Restricted Thickness Tolerances for Cold-Rolled sh —

ABL : Ca i
T Distance (Goils and Cug o 2°" 21 High-Strength, Low-Alloy Steel)*—%- in. Minimum Edge

K wsured a Lengths 2to 12 in.in width)
Thockness s measurcd al any powt across the wideh o
J Cless than 14 jn. £
"2 in. from

Nort I o - . £
! ~ specibied thickness range capt - as :
wan 2 The spee £e captions also apply when sheet is specified 1o 3 Hem‘\'ldi L:i&;(
tnai thickness, and the tolerances are divided equally. over
. i < 38

and U s {icromelers uscd for measurement of thickness sh c
‘. ‘ 1 1C "N B e 1, “ s ‘l’ bC T
g 3 . onstructed with apy
, hY n

| The up of the spindal shall be fat, and the up of the anvil shall be §}
:}ﬂ‘-,umf“‘” with pomted Ups are not swliable for thickness measurements,
ic I
! e » was constructed by ‘alues i
This table was constructes by multiplviag the values in the standard tahle by 0.50 and roundineg to 3 pl !
v . ing to 3 places using standard ASTM practice.

Nom 4
T 3
vcknass Tolerances Over, in, No Tolerance Undar
Speafied Mininwm Thickness, in.

S ils and spindles having minimum diamercrs of 0188 in. [4.50
rounded with a minimum radius of curvatre of 0.30 in. {2.55 mm].

; th. in.
gpacified Wid To 0.014, 0.014 10 0019, Over 05157
B ot inci V0050, O 00N H 00, Ovwr 0057 0002,
——d .3 0.002 incl ind
701 0.683 0.004 0.055

A phmmam THCkess, 0.021 in. for high-strength, low-ailtoy

24 Length Tolerances of ColdRolled Sheet {Carbon and
TABLE High-Strength, Low-Alloy Steel) TABLE 24 Camber Tolerances of Cold-Rofled Sheet in Coils
Cut Lengths Over 12 in. m Width, Not Resquared) _(Carbon and High-Strength, Low-Alloy Steel)*
{Cu ' (Coils 1o 12 in. in Width 0.014 in. to 0.082 in. in Thickness)
:’oim‘ggﬁes Over i NU;E t— Camber is the greatest deviation of a side edge from a straght
Spec Length, ine, the measurement being taken on the ¢ ‘¢ side wi strai o
fod Length, it , : 2 oncave side with a straightedge.
Spocs n. No Tolerances NoTe 2—This wble applics to widths produced by slitting from wider
Uncer sheet.
Qver 12 10 30, ind I
Over 30 10 60, incd . Width. Jn. Camber Tolerance
10 9, 0l ) ;
%gwm.m ¥ To 12, inct Vain. in any 8 &
Over 120 to 156, Indd 1 40.020 in. minimum thickness for high-strength low-afioy.
Over 156 to 192, inc! i
2 10 240 indd 1%
d . e TABLE 25 Flatness Tolerances of Cold-Rolled Sheet (Carbon
= and High-Strength, Low-Alloy Steel)

(Cut Lengths Over 12 in. in Width)

Nore (—This table does not apply when product 1s ordered full hard.

to a hardness rmnge, or “annealed last” (dead soft).
Nore 2 This tahle also applies to lengths cwt trom coils by the
consumer when adequaic flaitening measures are performed.

TABLE 22 Length Tolerances of Cold-Rolled Sheet {Carbon and
High-Strength, Low-Alloy Steel)
{Cut Length Sheets, to 12 in. in Width and 0.014 in. to 0.082 in. n
Thickness, Not Resquared)

Nomr | —This bl applies to widths produced by slitting from wider Flatness Tolerance. A in,

shoct.
pecified Specified Yield
S_ : Specified Width, in. Poi . Ksi
: Thickness, in. nt. min,
Spacsied | Tokerances Over Specied =
o Length, in. No Tolerance Under Under 45 45 to 50°% ind.
2410 60, incd - - v To 0.044, ind to 36 indl ¥ ¥
Over 60 1o 120, indd % over 36 to 60 incl ¥ 1%
Over 120 10 240, ma 1 over 60 % ﬂ:ﬁ
Over 0.044 to 36 mdl Ya ¥
over 36 fo 60 incl 3% Ya
over 60 to 72 wnd k] 1%
TABLE 23 Wdth Tolerances for Cold-Rolled Sheet (Carbon and b 4 1%
High-Strength, Low-Alloy Steel)”  Masimam deviation fom a horzontal fiat surface.
(Cots and Cut Lengths to 12 in. Width, Not Resquared, and 0.014 m. a7, ces for high-strength, jow-atloy steel with specified mirmum yiedd posnt
to 0.082 in. in Thuckness) in excess of 50 ksi are subjed to negolalion.
Stectieg Wadth, i Wadth Tabe_mmg
Plus and Minus, n. ) ) o
T0 6, ey 0012 computer o computer exchanpe ol business information in an agreed upon
Over 615 : : it
O g 9, ng 0.016 standard fornat such as ANSI ASC X12
012 o 0.032
15. Product Marking

um requirement, the material shal_l be

e manufacturer’s name, ASTM designa-
: i *« order number, and material identifi-

agreement be- o weight, pmch:!ser s o :

tanding the  grjon legibly stenciled on top of each lift or shown on a tzg

EDI b coil or shipping uait o
"y aﬂ?;l%redw";::‘;p:ciﬁed in the c:num:l or order, and for direct

procurement by o direct shipment to the government, marking

‘0.
0 0. mesmum thuckness for hegh-srength low-aBoy. o
15.1 As a mmm

dentified by having th
sla“d:!.rd(s) iden Y

ey and conform to any existing EDI

he purchaser and the supplier. Notwiths
mf&:;f 3 signature, the organization submiting
00 1s responsible for the content of the report

Nome 3o ;
*~The industry defimuon as mvoked bere i EDI is e
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( in addition to requirements specified in (he
rder. shall be 1 accordance with MIL-STD-129
reacics and in accordance with Fed. Std. Na. 123

for shipmen
contract OF €
for military ;
op civil agencies. identi

for ¢1¥ Bar coding is acceptable as a suppicmcnlary identifi-
|:~; method. Bar coding should be consistent  wigy the
I\“,gmali\’c Industry Action Group (ATAG) standard prepared

o the primary metals subcommitice of the AIAG bar code
vt
ject team-

cati

pro)
2 packing and Package .‘i:!l‘kl.l‘!f.:
'”,1 Unless atherwise specified. the sheet shall be pack-
d'aﬂd loaded in accordance with Practices A 700.
a:—i‘ﬁ 2 When spevilied in the contract or order, and for direct

rocurement by or direct shipmeat 0 the government, when
p )

Level A is specified, prescrvation, packaging, and packing shall

be in accordance with the Level A requirements of MIL-STD-
163,

16.3 When coils are ordered. it is customary to specify a
minimum or range of inside diameter, maximum outside
diameter, and » maximum coil weight, if required. The ability
of manufacturers to meel the maximum coil weights depends
upon individual mill equipment. When required, minimum coil
weights are subject to aegotiation.

17. Keywords

17.1 alloy steel sheet: carbon steel sheet; cold rolled steel
sheet; general delivery requirements: high strength low alloy
steel; hot rolled sieel sheet: steel sheet

ANNEX

(Mandatory Information)

Al. PERMISSIBLE VARIATIONS IN DIMENSIONS AND MASS IN SI UNITS

ALl Listed in Tables AL.1-A1.20 are permissible vana-
tions in dimeasions and mass expressed in the International

TABLE A1.1 Standard Thickness Tolerances [Metric] for Hot-Rolled
Miminum Edge Distance (Coils and

Nore |—Thickness is imexsured ar any point across the width sot less than 10 mm from a cut edee and S

table does not apply to the ancropped ends of mill edge coils.

System of Units (SI} terminology.

Sheet (Carbon Steel}—10-mm (Cut Edge) and 20-mm {Mill Edge)

Cut Lengths, Including Pickted)

cdee. This

Nore Z—The specified thickness range caputoas also apply whan shest is specified 10 2 aominal thickness, and the tolernees are divided equaliy. over

and under.

mm|. The tp of the spindle shall be tiat and the up of the anvil shall be flat or rounded with

Micometers with pointed tips are not switable for thickness measwements.

ThkﬁmessTdammer.mNanaﬂmLhwder

Specthed Wacth, mm Speafied Minmum Thickness, mm
Through 2.0 Over 2.0 10 2.5, ind Over 250 4.5, exd 4.5 6.0, excl

Over 300 to 600, ind 0.30 0.30 0.35 0.40

Over 600 10 1200, ind 0.3¢ 35 0.40 0.45

Over 1200 10 1500, indl 035 0.35 0.40 A

Over 4500 1 1800, nd 0.35 040 0.40 A

Over 1800 0.35 0.40 0.40 A

* Procuct nex avadbie this sze mnge.

BISLIOTECA *GOY..2. 3 7
F. 1, m,
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12 Restricted Thickness Toleramces ety 1 foe Hot.
Ac;' (Carbon Steel}—15-mm (Cut Edped zand 25 ol

TAB

Sh i its and Ca Kacking
Roffed > Edge Distance (Coils a Lemguthc ne
Edgo) Minimu Pickled)

Thickness is measured at any pour aoms; 1o width nov Yege

Nort | from a cut edge and not less than 2% mre e L i} =de-
than 13 :mfj‘ "‘ pot apply to the uncropped ends 15 i 20ge coils
TRl O epccificd HEIEKITESS FaTEE Captoras wine Ty When s

Nm.‘:fi::d (o a nominal tickness and the tolermn= x=  gryded cquali.
::\‘\cr :nd under o s -

qort. 3 Micrometers used for measures . meosrness shall he
.i,.ncmlk‘lf\' with anvids and spindles having mmsmnr mmameers of & 1ER
cons

450 mm}. The tip of the spincdie shall be Sx ams o - =0 of the wnal
m-f” hc flat or rounded with a mimmum radrs o Swwanre of 009 3p
[ijgj mm]. Micrometers with pointed Ups arc a0 sumnme- jor thicimess

meASurcmeats.
Norr 4 —This table was constructed by munerme ne valyes m e
}

uandantd table by (.75 and rounding 1o 2 deam b TSI standaed
G tamy oo
ASTM practice.

Thickness Tolerances Over =or. % TIoferance Unoer

Spechied Minimon Thesre==-_ ypm
specified Width, mm
Through 20 Over 200 Dmew ==, 3 4539

25, ind L exs
Over 300 to 600 0.22 022 o= 633
Over 600 to 1200, inc 0.22 0.26 I G.3e
Over 1200 10 1500, 626 026 ol g a
ind
Over 1500 w0 1800, 0.26 0.30 v a
nd
Over 1800 0.26 020 o A

“Pmduct not avaitable in this size range.

TABLE A3 Standard Tmickness Tolerances [Metric] for Hot-
Rolled Sheet (Hi , Low-Alloy Steef)}—10-mm (Cut
Edge) and 20-mm (Mt Ezge) Minimum Edge Distancs {Coils and
Cut Lemezens, Including Pickled)

NoTE | —Thickness mssured at any posnt across the width not less
!Jl-‘m 10 i from 4 =de= nd nof less theen 20 tm from a mall edye,
This tahle docs ot AP s uncropped cads of mill edge cols.
~ Notk 2 The specrhi=g TWEIENSES range capmaons also apply when sheet
s specified to a nomina, Upersss, and the wherances are divided equally,
over and under.

New 3 —Mictomass se—  for ncastrerent of thickness shall be
constructed with anvils iz smmdles having —ammum diameters of 0. %8
. [4.50 mm}. The tp o 2= zmadic shall be 2z and the up of the anat
shall be Nat or rounded iR e mimimum radies of curvature of 010 in.

[2.55 mm). Microma=s, wr= mommied tps ars not sunable for thickness
measurements.

Incicme=s; Tolerances Cwer, mm, No Toterance Under
Specified Mina—wm Thickness, mm

Specified Width, mm

TFou= 20 Over20w Ower 25w 4510640,

2.5 nd 4.5, excl excel
Over 300 to 600, indl 1= 035 0.40 0.40
Over 600 to 1200, ind bidie 3 0.40 .45 g.50
Over 1200 to 1500, D= 0.40 0.50 A
lnct
Over 1500 1 1800, D&t 045 0.55 »
inct
Over 1200 1 2000, Daz 0.45 0.60 o
inc
Over 2000 2 ® 0.50 0.60 A

* Product nat availabie m the === range.

H\Where an eﬂipés(...:mhmewie.mrequ#mmmstEwnotbem
defined.

LU
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4 Restricted Thickness Tolerances of Hot-Rolled
TABLE.M' srength, Low-Alloy Stezl)t—1 5-mm (qm Edge) and
spoet (Hid 1| Edge) Minimum Edge D!stnnce {Coils and Cut
g M0 engths, Including Pickled)

eknese s measured at any point across the wilth not less
'I!m-l.l‘rl -cnl cdge and notless han 25 mm from a i cdge.
s mim rmm'; apply t the uneropped ands of mill edge coits,
Ths ﬂ*"f ‘“F:ﬁ:rwm thickness mnge captions also apply when shect
!"-ul 8 .nnmm.ﬂ hickness, and the tolerances are divided cqually,
A 3 16
“{cr‘,‘,mmcn‘ used {or measurement of thickness shall be
,Mn; : anvits and spindles having minimum diameters of [URE.E
jicted “ﬂ:n;t nip of the spindie shall be flat and the 1p of the anvil
.iw rosmdad with a mmmim fabus of curvanare of 0,10 n.
reters with portad tps are not suitable for thickness

over ""“1 o
N Y

‘.MC
(480 mm

l

<all e fat

2 g3 mlll! MIL‘“’"

n‘ﬂlﬂlf{‘]ﬂ(’ﬂ{s.

This table was constructed by muluplyving the values 0 the

o i : . :
Nont by 0.75 and rounding to 2 decimal places using standard

qandard iable
‘.\STH practet

Thickness Tolevances Over, mm, No Tolerancs Under
Specified Minimum Thickness,

Specified WAdth. mm

Through ~ Over2010 Over25t0 4510
20 250d 4S5 exd 50 ex
o L ind 022 026 0.30 G.30
“ﬁfﬁfﬁgxx nd 026 6.30 0.34 0.38
O{: 120010 1500, ind  0.26 0.30 0.38 A
e 150010 803, vt 0.30 0.3¢ D41 .
e 1800802000, it 0.30 0.34 045 A
B 0.33 045 a

Over 2000

4 proauct not avastable in this size rangs.
meanelipas(,..)appeasmﬁwambse_vnmquhmmmnmbm
defined.

TABLE A15 Width Tolerances™ of Not-Rolled Mill Edge Sheet
(Carbon and High-Strength Low-Alloy Steel)
(Coils and Cut Lengths, Including Pickled)

Specified Width, mm Width Tolerance, Over Cniy, mm

Ovee Through Cacbon HSLA
0 600 16 16
_90{:‘ 1200 26 28
120 1500 32 38
:;&9 1800 a5 45
. 48 50
m?ﬁmm&’wm’m the uncropped ends of mill edge coits

TABLE
A6 Width Tolerances of Hot-Rofled
olied Sheet (Carbon
(Not Resquared Coirs

Sectiey
%\Wﬁ‘;ﬂ“_‘_‘ Wicth Tolerance, Over Only, mm

T Mo
600

Cut Edge Sheet and
and High-Strength Low-Alloy Steef)
and Cut Lengths, Induding Pickied)

By 3
i 1200 5
19y 1500 &
e 1800 ;

; 10

14

TABLE A1.7 Length Tolerances of Hot-Rofled Sheet (Carbon and
High-Strength Low-Alloy Steel)
(Cut Lengths Not Resquared, Including Pickled)
— utlengths

Specified Length, mm
B s ol o ik S
Over

Length Tolerance, Dver

Ondy, mwmy
— Through Y
-

360 600 6

600 900 8

%30 1500 12
1500 3000 20
30400 4000 25
:gg 5000 35
5 6000 10
8000 43

TABLE A1.8 Diameter Tolerances of Circles from Hot-Roiled
{Including Pickled) and Cold-Rolled Sheet {Over 300 mm Width)
(Carbon and High-Streagth Low-Alloy Steel)

Specified Thickness® mm Tolevances Over Specified Diameter, mm (No

Tolerances Under)
Cve Through Diameters, mm
Through 600 Over 600 to Over 1200
1200, ndl
32,5 1.5 1.5 3.0 50
1.5 2.5 25 4.0 55
25 30 50 8.5

* 1.8 mm minimum thickness for hot-ralled high-strength tow-afloy stee! sheet.

TABLE A1.9 Camber Tolerances” for Hot-Rolled {Including
Pickied) and Cold-Rolled Sheet (Over 300 mm Width) {Carbon

and High-Strength Low-Alloy Steel)
{Cut Lengihs, Not Resquared)

Nute 1-- Camber is the greatest deviation of a side edge from a
straight bme, the measurernent being taken on the concave side with a
straightedge.

Cut Length. mm Camber Tolerances®, mm

Over Through

4 5 1200 4
1200 1800 5
1800 2400 6
2400 3000 8
3000 3700 10
3700 4300 i3
4300 4900 16
4900 5500 19
5500 8000 22
6000 [000 32
00 12 200 38

‘T?wmberldwamhcodsh?ﬁ.ﬂwninmyﬁﬂmnm



4y A s68/A 568M 03

TABLE A1.10 Out-of-Square Tole
{Including Pickled) and Cold-Rolled Sheet (Over 300 mm Width)
{Carbon and High-Strength Low-Alloy Steel)

(Cut Lengths Not Resquared)

rances of Hot-Rolled Cut-Edge

Out-of-square is the greates! deviation of an
ngh\;ngie\oas‘wﬂemd\mrd-dngmcmner. Urs afso oblamed by measuring
the difference between the diagonats of the cut length. The outof-square

mﬁmmmehdidm&ﬂmﬂheidmmoefmaa‘ﬁdumandaﬂ
sizes s 1.0 mm/t100 mm of width or fraction thereof.

and edge from a straight line at

TABLE A1.11 Restricted Squareness Tolerances of Hot-Rolled
{including Pickied) and Cold-Rolted Sheat {Over 300 mm Width)
(Carbon and High-Strength Low-Ajloy Steel)

(Cut Lengths)

When cut lengths are specified resquared, the widih and the length are not less
than the dimensions specified. The individua! teerance for aver-wadth, over-
length, camber, or sA-of-square should not exceed 1.6 mm up o and including
1200 mm n width and up to and including 3000 mm in length. For cut lengths
wader of onger, the applicabie tolerance s 3.2 mm.

TABLE A1.12 Fiatness Tolerances” of Temper Rolied or ws‘:"‘;ﬁoﬂed Sheet Cut Lengths” {Carbon and High-Strength Low-Alloy
ae

) . Flainess Tolerance®, mm Specified Yield
Specified Thickness, mm Strength, min, MPa®

) L der 310 10 to 345
Specfied Wigth, mm Liped MP3a Yield
Pomt, min,
MPa
= 5 to 530, ind 15 ®
: aver 900 o 1500, inct 20 3
oreer 1500 25 56
) 45 1o 1500, i = o
1.5 oves 350G to 1800, nd L 30
over 1800 25 -
- 5.0 exch % 1200, vl B <

A“EmmbbeaisoappﬁesmtengthsmfmKkﬁsby&wmmﬂmadeqmlehlaﬁngopemﬂxﬁmp&ﬁxmed_

3 i i { iled out and vately fiattened with all coil set removed.
© Appiication of this table to produdt in coll form Is not appropriate unless the coét has been ro adeq
© Maximom desation fom a honzonal surface.

© Tolerances for high-strength, low-atloy steels with specified mimmum yield strength in excess of 345 MPa are subject to negotiation.

il e
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443 Flamess
s, e Famess Toierance®, mm Specified Yiald
ot ThicknesS [ Strength, min, MPa®
- e Through Scecfed Width, mm Under 310 310 to 345
— MPa Yield
Poin?, min,
B MPa
e s 1.5 809, ingl 45 60
‘: e I w1509, ing 59 “@0
xer 1500 75
15 T 1500, gy 2 =
P o= TSNE o 1800, incl 50 [s7s)
S¥=T 1800 75 120
5.0 exdd x 7200, inc! 45 60
45 WmmmmjsbmmmmbﬁammmﬂuEmm.

s 220 it
‘mmtﬁumemwammaﬂwmswmwmmamm,w@ammmyﬂauenedwmmﬂsetmmd,
T aton from a horzontal s

erpaomm ¢ strength, jow-akoy SIEelS Wwal SHaTEES) meemum weesd SIreagth in excess of 345 MP3 ae =Znect 1o negotiation.
i
o o

tandard Thickness Tolerarres Mwerric] hr_ Cold-Rolled Sheat {Carbon and High-Strength, Low-Alloy Steel *—10-mm
HBLEALI S Minesura Zdge Distance & J

Thickness is measurad al any potnt x=wws 2= wdth 3¢ k== than 10 mpy from 2 side cdg=.

o l widths up 10 2nd inchiding 300 = w ths IE&:‘: Ty @ =ndihs produced by sliiting fromm wider sheet.
N = The specified tickness range capoes aise appiy when e 15 specified 1o 2 nominal thickness. and the tolerances are divided equally, over
Nz A )

i N‘Ji'_ Microeters used for measurenrent al oSS mﬂ be Cm?sm.xc!r:d with znvils and spindies 2aving minimum diameters of 0188 in. [4.80
\:mm up of the spindic shall be flat and == 1ns anvil s22fl e flat or rounded with 3 mmnrEEn radius of curvature of .10 . [2.55 mm).
:(Jz;ximdm with posnied ups are not swiable for McEmes: measiromenn

Spocted Widih, mn Tnickness Tolerances Over, man. No Tolerance Under
Speciied bramum Trcrress,
e Through TmroucT D4 Over 2410 1.0, 10 Over 101012 o= Over 1.2 10 2.5, incl Over 2510 4.0, ind
5 1590 o .15 620 625 0.30%
ook 2000 = 0.15 020 0.30 0.35
0 ..c o £.39 0.39 035 040

41 %-mm mewnum hsckmess for high-strength low-sioy
gt appkcabie 1o widths under 300 mm. .
Where an elipsss (. . )Wasnfﬁﬁkhmmmmw

TABLE A1.15 Restricted Thickness Toleramces = Toid-Rofied Shest {Carbon and High-Strengeh, Low-Alloy Steel) —25-mm Minimum
Edge Distance

bn I —Thickness 15 measured a1 any poux acmss o width sx ke than 25 mm from a side edee.

Mon 2 —Widths up 10 wnd mcmdmg 300 o=z = om woic 3pph o wdths produced by situng from wder sheet.

Wi 3—The speaitied thrckness rnge Gptoms sise apoty whan shesr 1 specitied to 2 naminal thickness. and the telerunces are divided equally, over
o inder

R 4 Mrcrometers used for DEasmeme o moewese shall be comstructed with anvils and spindics Eaving minimum diameters of 6,188 in. [4.80
@ The up of the spindle shall be flar, and e @ @ anvil s ne far or rounded with a minimem radius of curvature of 0.10 in. [2.55 mm].
. V“thomtnlupsmmmmbkﬁmmmx

ﬁ;";s Thus able was construcied by multpbeame ne values w e siandard table by 0.50 and roendsng 1o 2 decunal places using standard ASTN|

~——Speafiet et Te=—mess Talerances Over, mm. No Tolerance Under
b - B Specified Minimum Thiomess, mm
TE— Thoug Throer 22 Over 24 = 10, mct Over 10w 12 nd Over 12025 int  Cwer 25 4.0 ind
50 1800 T o= aoE a.10 0.12 0.15%
b 200:3 = e Q.10 0.15 0.18
- = o= 0.15 0.15 .20
% ey
lh::melo _M‘mh?v\mi:——:-
ey o, o ‘;‘dmswner.mm

16
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th Tolerances of Cold-Rolled Sheet (Carbon
: AL16 l;,d High-Strength Low-Alloy Steel)
a

L in Width, Not Resquared
o Over 300 mm quared)
{(. 4 Lef’gv‘s
Folerance Oves Specified
) h, mm >
Sr,gaﬁt:i L’"L'-qj__,___A Length (No Tolerance
P Through Under), mm
;;' — 1500 6
/ 3000 20
W 5000 35
0 45
al
00

i1 Lengt Tolerances of Cold-Rolled Sheet (Carbon
HBLE AE and High-Strength Low-Alloy Steel)
eets, 10 300 mm in Width and 0.35 10 2.0 mm in

Sh
{out engt 2T ckness. Not Resquared)
| This table applics © widths produced by shiting from wider
e 1-ThE
et
2 Length, mm Toterances Over Specified
specified Lend Lancth MNo Tolerance Un-
- Through der), mm
o 1500 15
0 3000 20
500 6000 25
kel

T
ABLE A1.1aarv:$ Fmerrances for Cobd-Rolfed Shast (Carbon
. Low-AZoy Steal)!
(Colls and Cut Lengts &= B0t smm in Viich, Not Resduared, and 0.35
©IZ5immin Thackress)

N ] . o - 3
OTE | —This table ampi= 10 widths prociuced by slitting from wider

sheet

Specfer Fat  rren Whdth Tolerance, Guer
Over Throuch and Under, mm
1353 160 03
" 200 0.4
200 300 0.8

A0.50 mm thickness {o mar—szrangth low-sicy

TABLE A1.19 Camber =oeerances of Coki-Rolled Sheet in Coils
{Carbon and High-Srresamn Low-Alloy Steel 0.35° to 2.0 mm in
Thickness)
' Note 1—Camber is the =m====s: deviavon of a side edge from a straight
[lcxdnc, the measurements beme- wmien on the comcave side with a straight-
e
Note 2—This table appiz=s 1 widths prodinced by slitting from wider

¥hHcth, mm Tamber Joerances
Through 309, mo 5.8 mm in any Z004 mm

A 0.50 mm minimum thesress= 00 high-strencas low-aioy.

BIBLIOTECA “GONZALO ZEVALLOS G.
n. C. ¥,
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TABLE A1.20 Flatness Tolerances

and High—Strungth L

(Cul Lengths Over 3

Note 1—
t0 a hardacss mnge or “anpealed
Nomr 2--This table alsa
consumier when adequate fia
Note 3—Application of

with all cotl set pempved.

of Cold-Rolled Sheet (Carbo
n
ow-Alloy Steel)

00 mm in Width)
This table docs not apply w

hen product is ordered ful] hard,

fast”™ (deat soft).

applies to Jengths cut from corls by the
uc_nmg measures are performed. ‘

this table o product in coil form is not
has been rolled out and adequately flanencd

b u‘ =
waxjmess, Specified Widih, mm Flatness Tolesance, ran Spea-
o fied Yield Point, fren, MPa
Over Through Under 310 10 345
310 MPa MPa®
Through 1.0 . 900 10 20
15;’3"3 1500 15 30
Over 1.9 5, 999 zg :g
00 1800 10 50
120‘) 1809 15 30
00 20 40

A Maxitem deviation from a horizonial ftat surfaca.
S Toierances for high-strength, law-ali

hﬂmﬁﬁsmaaemh

0 steel with specified minimum yield point

APPENDIXES

{Nonmandatory information)

X1. AGING EFFECTS ON FORMABILITY OF COLD-ROLLED CARBON-STEEL SHEET PRODUCTS

\1.1 Cold-relled carbon-steel sheet products exhibit maxi-
num formability in the annealed last, or dead-sofl. condition.
However, many sheet products are not suitable for exposed
applications in the dead-soft condition because Luder’s Lines
{sometimes referred to as™ stretcher strains™ or “fluting™) may
develop during subsequent forming. This problem is avoided in
most cases by temper rolling the sheet afier annealing. Afier
temper roliing, however, some sheet products are susceptible to
aging. Aging refers 1o a gradual increase m yield strength and
conesponding decrease in ductility dunng storage afier temper
noliing. Aging always has a negative effect on formability and,
when aging leads to the redevelopment ol an upper yield point,
can sesult in renewed susceptibility to Auting,

X12 Aging can occur when intersttial sohute aloms,
@bon or mitrogen, are present in the steel. Solute carbon or
togen aloms are those not chemically combined with other
gvﬂ:muim the sieel (as carbides or nitrides, for example).
e loC‘ these }‘alf}l)ﬂ or nitrogen .chrsuual solute atoms
¢ 0 arystalline imperfections within the steel and, in so
) gve nse 1o aging. The extent to which aging occurs
*peads on the interstitial solute level and the combination of
M“T:trc and time to which the steel is exposed afler temper
larger strengc,_:m' higher interstitial solute levels result in

““M8W increases during storage; the rate of aging

e ﬁn: \z'::;';‘_“"fdb‘ing lemperature. As dc:—scribcd as fouox_vs,
depeng oy he g‘:”] solute level and aging characteristics
iic sheey. c LmA;al composition of the stcel as well as
Processing methods used by the steel producer.

X13 Low-Carben Steels—In conventional aluminum-killed
low-carbon steeis, the level of interstitial solute is affected
mainly through the formation of aluminum nitride and iron
carbides within the steel during processing, which is influenced
by the manner in which annealing is performed.

X13.1 Many sheet products are annealed in batches of
farge, tightly wound cotls. During heating, any solute nitrogen
present jo ihe full-bard sheet combines with aluminum to form
aluminum nitride. Subsequent cooling is very slow and allows
essentially all of the carbon to precipitate as iron carbide. Final
interstitial solute levels are very low and, as a result, batch-
annealcd low-carbon steels have excellent resistance to aging.

X13.1.1 Deep drawing steel (DDS) sheet typically is batch-
anpealed and has excellent aging resistence. With temper
rolling, DDS sheet is suitable for use in many exposed
applications with severe forming requirements.

X132 Cold-rolled low-carbon steels are sometimes pro-
cessed in a continuous annealing line, in which the full-hard
sheet is uncoiled, passed through an annealing furnace, and
then rewound in a continuous manger. Heating and cooling
rates are much higher than those found in batch annealing. The
faster cooling, in particular, results in higher levels of intersti-
tial solute in the product as compared with batch anocaling.
The manner in which the sheet is cooled can be controlled to
minimize the solute carbon level, and temper rolling is effec-
tive for reducing fluting tendencies. However, continuous-
annealed low-carbon steels are more prone to subsequent aging
than baich-annealed steels.
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carbon commercial steel (CS) and drawing
Lows available as either batch- or continuous-
depending on the facilities of a given

N

| { ~1S. - . :

N-.\ ) Pmm‘tmmii"‘ aging cffects fonunuous-annealed
-~ ‘ -

[ 1

-l m I S «
o™ To t stock by fabricating the oldest material
mdi"‘ cotation 0! \ V

ants endedd.

N A

P recon™ "
gt - 1. Froe Steels—Interstitial-free  steels have
5 .fe-f,\‘nm;miat solutes and. a5 a result, are nonaging.
—eqtiath vi“‘;‘ vacuum degassing during refining of the
“"“_«»m@ m\( well as additions of clf‘me_nls that form very
et stect. & and nitrides. such as titzaivm or columbinm
gl © "d‘ic steps ensure that total interstitial levels are
™ eumh 13‘;}‘”( the interstitials arc all chemically combined
o lows flﬂm in the torm of alloy carbides or nitrides.
; @ahzfv stecls are nonaging regardiess of whether
;nscﬁ?"::}}ft‘nﬂd“ctw in a continuous or batch manner.
ganealific =

- 2;“ a0 e
i

X141 Extra-decp drawing stcel (EDDS) murst be vacuam
fiegmd and stabilized. Ths nonaging, interstitial-free product
1S suitable for exposed applications with the most severe
forming requirements.

XL1.5 Bake-Hardenahie Steels-—Bake-hardenable steeis are
a special product class wish controlled imterstitial solute levels
and aging behavior. These steels are processed to have mod-
crale aging resistance. to permit forming while the steel is in its
most ductile condition. Aging occurs largely during 2 subse-
Quent thermal treatment (for example, paint-curing). which

results in desirable hardening of the final part for better
durability.

1.5.1 Contimuous-zmealed low-carbon sicels can e<hibit
significant bake-hardening. as well as certain vacuum-degassed
and batch-annealed steels

X2. STANDARD CHEMICAL RANGES AND LIMITS

Standard chemical ranges and limits are prescribed

‘\-.l el I !:h!{;‘ \.‘__[ a“d Eﬂbll‘ ‘{.__._.
siecS - g
u‘ﬁ Cﬁf“l.‘n ~
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TABLE X2.1 Standard Steals— ¢
2rbon Sheet Steal Com
positions

Chemica .

T oM max P mex 3 e
0.02 ma 035 max —_— T
035 may 2030 5%
0025 05 035 max 2% s
0.06 max 935 max 90 i
00208 033 max n.020 it
0.08 max 0,45 max 500 f
0.029.10 ot 8.030 e
2,90 max 950 max 0.030 gl
015 max 850 max 0920 s
253013 9,60 e 0.039 0025
a 19__6 15 1.30-050 Ql330 f) 55
212013 a8 0030 0035
012018 g iy 0050 595
* - 0.60-0.29 0.030 0 535
e 230080 0.030 0.5
o 0.80-0.90 0.030 0.035
am-oa 070100 5530
0.17-0.23 030069 e 0.035
0.17-023 060590 by 0.035
0.17-023 0.70-1 6% 8.035
70-1.00 0.030 0.035
0.19-0.25 230069 0.030 9035
0.22-0.28 0.30-0.60 0.030 9.035
022-0.28 0.60-0.39 5.030 am3s
027-0.34 0.60-0.50 D.020 0.035
023536 0.70-1.00 0630 0535
0.31-0.38 -
0.60-0.90 0.030 0.035
031-033 0.70-1.00 0.030 0.035
0.34-0.42 0.60-0.90 0.030 0.035
2.35-0.44 0.70-1.60 $.030 0.835
0.35-0.44 0.50-0.90 0.030 0.635
033047 0.60-0.90 6030 ‘3: xs
0.33-047 0.70-1.00 0.030 0.035
0.42-050 2.60-02¢0 0.030 2.035
0.42-0.50 0.70-1.00 0.030 0.035
245053 0.50-2.90 0.030 2.035
0.47-0.55 0.60-0.50 0.030 0.935
P 0.52-2.60 2.50-2.3G 0.230 0.035
1050 0.55-0.55 0.60-0.950 0.030 o.035
s 05%-0.70 G.50-0.50 0,030 ¢35
1055 0.58-0.70 0.60-0.90 0.030 0.035
1070 0.65-0.75 0.60-0.96 603 2.035
1074 0.59-0.80 0.50-0.30 0.030 0.035
1078 0.72-0.86 0.30-0.60 0.038 2.035
1080 0.74-0.38 0.60-0.90 0.030 0.035
1084 0.80-0.94 0.60-0.30 0.03¢ 2035
1085 0.30-0.34 0.70-1.00 0.030 2.035
1086 0.80-0.94 0.30-0.50 0.030 0.035
1090 0.24-038 0.69-0.50 0.030 0.035
1095 0.90-1.04 0.30-0.50 0.030 a.035
1524 0.18-0.25 1.30-1.85 0.030 2.035
1527 0.22-023 1.20-1.55 0.030 0.035
153 030038 1.20-1.35 0.030 8.035
1541 0.36-0.45 1.30-1.65 0.030 0.035
1542 0.43-0.52 1.05-1.40 0.030 0.035
1552 0.46-0.55 1.20-1.55 0.030 0.035

Wt siin is renuired, e folowing ranges and limits are commonty Usd.

To 1015, exd
1015 1 5025, md
Crver 1025

20

0.10 max
0.10 max, 0.10-0.25, or 0.15-0.30
0.10-0.25 or 0.15-0.30
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TARLE X2.2 Standard Chemioal Ranpos and Limis

e Ahow i he vcotin hoaded " Range™ apply whan (e Apecifiod minismum Vinit for manganese doss not oxceed |00 %
I aartie b arene Tt exveest L0 abt 00 g Carhon ungoy shown (1o Wiy
e

\
awt nM““m“‘

o B ,E?ff"‘“_ Htwels Oy, Cast o Heat Analyais
Lot Marimnn Sy et T - Ranga Lowest
e Elonvait, % max
I Y s e —
ANV LS 008 oon
o (o0 Over 01 o0 008
(wt\-‘ e 0010 QA ol oo
A over OO o OO Il 0.00
OVRE DBt O 0 et 01
aves 000 1o 138 iyt 0.4
W 0 AR et 020 040
f— Over 008010 th el 0.30
Mt O LT K LB et 014 -
10 008 It 0.03 0.0
o over (008 Ky O 0V bew) H0h =
el 10 008 el 0,03 0.035
p—- over 0.0 o O 1 el 008
s aver 018 1o 029 nel 007
ever 0 20y 0 et 0.10 0.10
0 0 1% el (l.(l!_l '
At ovar O 15 10 0 A0 ina 0.5
: over 030 10 0 80 el 0.30
Whens copped s rquired 0 20
Coppet TN T8 COnMviy apocified
I m"_“;__,m“..wﬁ‘h; &n L.w Al d Bvwts for phosphones and sulboc
— vl spes
(ot K¥
weoa CCONIN L CRVALLOY G
WLIOTECA “GOGZALL 71
RLIC o
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RO FDURE FO

W
of the many exira precaulions exercised in
gpite wing pUrpoOscs. certain manufacturing
untered. all beyond the manufacturer's
hich may contribute to breakage in
considercd as part of the normal hazard

\"Al ‘thl for dm
ing e CTICO)
ki s Y be € “
ﬂ.‘lh 'H: Cm”rnl.

va

s must be ;

‘-‘b*‘-ﬂ‘mﬂ and ‘¢ usc. The manufacturer will undertake 10
a -hasct . .

I'_ the uﬂ'h the purchaser s concurrence a breakage allow-
o h wil

-;lﬁhh5

ed leve

. preakage. for the purpose of this proposal. is defined
3= 7 +ie parts. broken dunng drawing and classed as
. uﬂf""am;howing jaminations. resulting from pipe. may be
rep- ovided they arc scpamlcl)":dcrl_lrﬁcd_ Broken parts
n’“mdcdbzrgah'ang are not covered 1n this procedure,
that €30 7
2 This procedure is imendgd to e§mblis:h a breakage
X3 without the need for remnspection of each broken
n"ou?ﬂ““ will apply to overall breakage on a given part (as
_qmnpmi-} by the method outlined below) in excess of 1 % up
caleulate quding & %. Inberent variaiions in steel and normal
10 ff-::!z:n zhe-smmpi“g operation preciude 100 % satisfac-
s performance. Therefore, it is accepl:?d that practical
:?'cctiou is attained when 99 % of the stampings are produced

(hout breakage. When the overall breakase is in excess of
w1 s

20, it IS considered to be the result of abnormal stamping
:or_;druﬁﬁs and this method does not apply.

R DETERMINING BREAKAGE ALLOWANCE {5y
ONLY) o

/// 4

g A f
PN )
E.v s

SAAPPLICABLE T CARBO™MN STERIL SHEFT

X34 When ihere are twe
mended procedure for d
dentificd part is based
of at least 75
dies. during a
total produc
minimirm is

? of more supphiers. the recom-
etermining a breakage allowance for an
- on the average percentage of breakaze

» of the blanks run on that part. om one et of
t least one momth (3000 piece minimum). The
on of all suppliers used to ohtan this 7575
0 be included in the calculanon starting with the

best pcr'zormancc. The average breakage thus determined shall
be considered the allowance for the part.
X3.4.1 Example:
Verdor Pars Produced Parts Scrap s So=

A 32455 530 1.54
3 7855 573 208
c 57 120 1477 220
D %5 200 1343 245
E 49 500 1125 275
F 250 5 75
11 225 392 tot= 5220 total 2.32 avg

X342 Seventy-five percent of 225 392 equals to 169 044;
therefore, it 15 necessary o include the total production of
vendorsA,B!C.andD{A+B+C+D=totaJ produciion of
183 642 parts) since the total of A. B, and C is oaly 127 L£2.
which is less than 75 % of the total. Toial production of 133
642 parts (A + B + C + D) with 4035 parts being rejected.
results in a percentage allowance of 220 %. On this basis.
vendors D, E, and T exceed the ailowance.

4. PROCEDURES FOR DETERMINING THE EXTENT OF PLASTIC DEFORMATION ENCOUNTERED IN FORMING OR
: DRAWING

%41 Introduction

¥4.1.1 The preferred method for determining plastic strain
is the circle grid and forming limit curve. The scribed square
and change in thickness methods may aiso be used to evaiuate
deformation during the forming of a flat sheet into the desired
shape.

X4.2 Circle Grid Method

X421 The test system employs photographic or electro-
chemically etched circle patterns on the surface of a sheet
el blank of known “gquality” and a forming limit curve for
4 evaluation of strains developed by forming in press
Yperations. I is useful in the laboratory and in the press room.
'&%ﬂlﬂﬂ from the various steels that are commercially avail-
zf can be dum? effectively by employing this technique. In

Tion, corrective action in die or part design to improve

% € 18 indicated.
d“’djlid Tzse forming limit curve in Fig. X4.1 has been
socizing om :;mu_al measurcments of the major (e) and
ion ype Slm““o_’ e ;) strains found in critical areas of produc-
QUrve are nglpmg?. Strain combinations that locate below this
For analyi + while ihOf{: that fail above the curve are critical.

18 of metal strain on production stampings, one must

t

recognize that day-to-day vanations of material, lubrication.
and die settings will affect the strain level. To ensure trouble-
free press performance 2 zone below the formmg bmmt curve
bounded by the dashed and solid lines is designated as the
“safety band.” Therefore, strain combinations falling below the
dashed lines should not exceed the forming lhimit curve
normal production operations. The left of zero portion of the
curve defines the limiting biaxial tension-compression strain
combination while the night side defines the forming hmit
curve. Because the productioa stampings used to develop for
forming limit curve represented all qualiies of low-carbon
light-gage sheet steel, this single forming limit curve can be
used successfully for these products.

X423 The circle grid method can also be used for other
low-carbon sheet categories if the following adjustments o the
forming limil curve are made:

X42.3.1 Material Thickness—As the metal thickness m-
creases the forming limit curve shifts upwards in a parallel
manner, 0.2 % (2,) strain for each 0.025-mm increase in metal
thickness above 0.75 mm.

X423.2 Material Properties—When material properties
are considerably different from that of conventional low-
carbon sheet steel (for example, higher strength-low ducthty).
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MINOR STRAIN, Percant (e,
FiG. X4.4 Forming Limit Curve

the forming limit curve is lower. The magnitude of the
gowngrade displacement is specific to cach matenal; therefore,
current matenial information should be coasulted to determine
placement of the forming limit curve.

¥43 Procedure

X4.3.1 Obtain a sheet sample of “knowa quality,” the sheet
quality being established by either supplier designation, con-
sumer purchase order, or mosi preferred tensile data obtamed
from a companion sheet sample.

X4.3.2 Obtain or prepare a negative on stencil with selected
circles in a uniform patiern. The circles may be 2.5 10 25.0 mm
in diameter; the most convenient diameter 15 5.0 mm because
itis easy 10 read and the gage spacing is short enough to show
the maximurm strain in a specific location on the part.

X433 The sheet metal blanks should be cleaned te remove
excess oil and dirt; however, some precoated sheets can be
¢iched without removing the coating. The arca(s) o be ctched
should be determined from observation of panels previously
form“dl_gtncra}!y. the area that has a split problem is selected
f}";‘ghng Normally, the convex side of the radius is gridded.
Since :;E';bllmf: i :wadable, the entire .bl:mk may be etched.

: le information can be obtained about the move-
::t:ln(;‘( mt?tifi 10 stamping a part u.hcu sirauns can bc c-\mjuai:‘zd
mmp[c‘“:;) aifpf:ar to be nong‘n“cal areas. Addmon:flly. lo!'

Pt Shapes 1t may be desirable to etch both surfaces of
dete 0 hal the sirains that occur in reverse draws can be

lermined.

td
(%]

X4.3.4 The sheet metal blanks may be etched by a photo-
graphic or electrochemical method. In the former method of
photosensitive solution, for example, 50 % Kodak Phoio Resist
(KPR} emuision and 50 % KPR-thinner, is sprayed onio the
sheet. The emulsion is dried by baking the sheet at 65°C for 13
min or by just standing it for several hours at room temperature
iz a dark room. The latter should be emploved in materials that
age and, hence, become stronger when baked at 63°C. The
negalive is placed on the emulsion, held intimately in contact
with the sheet, and exposed 1o a strong ultraviclet light source
for | o 1%~ min. The sheet is developed for 30 1o 45 s in KPR
developer, rinsed with water, and sprayed with alcohol to set
the resist [t 1s again nnsed with water and then sprayed with
KPR black dye to reveal the etched circles.

X4.3.5 In the clectrochemical mecthod, the ewch pad is
saturated with an appropsiate electolyte. Various elecirolytes
are available from suppliers of the etching equipment. Some
clectrolytes are more effective than others for etching certain
surfaces, such as terne plate and other metaihe coated stecls. A
rust-inhibiting solution is preferred for steel sheets.

X436 A ground clamp for the transformer of suitable
amperage (10 1o 50 A is usually used) is fastened to the blank
and the second lead is attached 1o the eich pad. Although the
current may be turned on at this time, caution should be taken
not to lay the pad on the sheet blank as it will arc. It 1s
advisable w reirain from touching the metal of the etch pad and
the grounded sheet blank.
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is placed with the plastic coating agains(
he arva o be etched. Wetting the stencil
W of electrolyte will assist in smootlicg:
more uniform eteh, The eteh pad

7 The stenct!
g3t
4 andact mn 5

. >
e * “muumllm am*
a

annd maves a

G a7 es and 2 ) X g
“n e wrink o o the stenct) and the current wened on, if it
| METe IS . ¥

¢ o Lasiiie ply suitable pressure (o the pad. Oaly the

WV
‘ Jready "n'é:{-)_\-s:ny to produce a clear eiched pattern
.4 The ewching time will vary with the amperage
. m,»: |’h" POWCT SOUCE and the stencil area, as well as
) rvI" contact with the stencil. Rocker-type cteh pads
4 arcd ?,m, and require less amperage than flat-surfaced
e arent Causes stencil damage.
- ¢ The ctching solution activaies »lhu sutface of the
‘\'4‘;‘8 ndy CAlsc rusting unless it is iohibited. After the
etal ﬂ"d‘; has been ctehed, the blank should be wiped or
d(;::,d. and neutralized. S
g The ectched h!:mk- 1S now rc&d}: for forming. The
and press conditions should simulate production
If a sequence of operations is used in forming a part.
ble to etch safficient blanks so that each operation

p™ L ume D

Jo fro

jve £ e cl
;.(L-csbl\t. L

Fnd_g E

dg‘\jf’:
ﬁmk‘d;
X_L_\.
]uhﬂ'canls
Sitmliﬂns-
i desird
i,lﬂl: pe stud ied.
yid Measurement of Strain After Forming
| Aiter forming. the circles are generally distorted into
dlpiical shapes (Fig. X4_.2). Tl;csg cll_:pscs have major and
uinor slsain 3Xes. The major strati (,e,} s alwzys defined o be
e dizection in which the greatest posttive strain has occurred
without regard 1O original blank cdges or the sheet rolling
The minor strain €e,} s defined 1o be 907 o the major

X4+

direction.
strain direction.

¥44.2 There are several methods for determining the major
4nd minor strains of the formed pasel. Typical tools are a pair
of dividers and a scale ruled in 0.5 mm. For sharp radi, a thin
plastic scale that can {ollow the contour of the stamping can be
used 1o determine the dimensions ol the ellipses. (Scales are
available to read the percent strain directly.)

X45 Evaluation of Strain Messurearents

X451 The ¢ strain 1s always positive while the e, strain
fiay be zero, positive, or negative, as indicated on the forming
limit curve chan (Fig, X4.1). The maximum e, and associated
¢y vlues measured in critical arcas on e formed part are
plotied on the graph paper containing the forming hmit curve
by locating the point of intersecuans ol the e, ¢, strains.

MAJOR
STHAIN
€1

-1-1

T
ENSION - ComprE Ss10m

Eig TENSION - TENSION
- X4.2 Major and Minor Strain Axes

) X{,S.Z ‘If_(his point is on or below the “safety band™ of the
l)ﬂr'rmng‘ fimit curve, the strain should not cause breakage
l(lmls. turther below the curve indicate that a less ductle
material of a Jower grade may be applicd. Points above the
“sulety band” show that fabrication has induced strams that
could result in breakage. Therefore, in evaluation on stampings
exhibiting these strains, efforts should be made to provide an
€y, ¢ steain combination that would lic on or below the “safery
band” of the forming limit curve. A different e,, & strain
combination can be obtained through changes of one or more
ol the forming vanables such as die conditions, lubricants,
bl:?nk size, thickness, or material grade. It should be noted at
this time that these conclusions are derived from a reference
base being the steel “quality”™ used to fabricate the grid
stamping.

X453 When attempting o change the relationship of e,
and e, steains, it should be aoted that on the forming Limit curve
the most severe condition for a given e, strain is at 0% e
strain. This means the metal works best when it is allowed 1o
deform in two dimensions, e, aad e, rather than being
restricted in one dimension. A change in e, to decrease the
severily can be made by changing one of the previously
mentioned forming variables of the die design, tor example,
improving lubrication on the tension-tension side will increase
¢ and decrease the severity.

X4.54 Inaddition 1o the forming limit curve. the e,e, strain
mcasurements may be used to cvaluate the matenial require-
ments on the basis ol strain gradients, as illustrated wn Fig.
X4.3, or by plotting contours of equivalent strain fevels on the
surface of the formed part. Even when the level of strain is
relatively low, parts in which the e, strain is changing rapidly
cither in magnitude or direction over a short span on the
surface may require more ductile grades of sheet metal, change
i lubrication, or change i pan design.

X4.6 Example of Major and Minor Strain Distribution

X4.6.1 A formed panel (Fig. X4.4) with @ cross section as
shown in Fig. X4.3 is used to illusuate major and minor st

GRAPH OF MAJOR STRAINS AND CRITICAL MAJOR STRAINS

- 70? & MAJOR STRAIN
= B0 ¢ X CRITICAL MAJOR STRAIN — PROBABLE
s BAEAKAGE
s AREA
&
z
<
[. 4
I
=
o
[e}
e
3 i o
h P
Ly ,S/
[
(170
Ly
7 #

() @ ETC APPROXIMATE LOCATION
OF LTCHEL CIHCLES

CROSS SECTION OF ETCHED PANEL
F1G. X4.3 Graph of Major Strains and Critical Major Strains and
Cross Section of Etched Panel
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abinations. A plot 0\.‘ihe Tajcr_ bi_f:'ii‘n d.isui‘tzuliun s‘houl‘d be
ot anding the ellipse with the !.ug_e:;i major strain {circle
made Y . suri;g both the major and minor strains 1 the row
7]»111[? [T]ianmnim’- in the direction of the major sirain. The
of Fllljpblc,b(pgg_ X;‘S) are the measured major strains for each
wlvld .DTLC Xs are the critical major strains as determined from
C”alp;(:minn limit curve at the comesponding minor sirain
?‘],:Lersectioyar of the measured nunor stram and the severity
:U(\'L’)- . e . P 5

¥4.6.2 Usually a single row oi cllipses will sutlice to
jetermine the most severe staain distribution. The resulting
qrain distribution plot (Fig. X4.3) illustrates both seventy of
e strain compared to the cnucal strain hmis and the
concentration of strain in the stamping. Steep strain gradients
should be avoided because they are inherent 1o fracture sites.

X4.7 Example for Reducing Splitting Teadency

X471 In an area such as that represented in Fig, X4.3, the
splitting tendency can be reduced as {ollows:

X4.7.11 Il the radius of the part 1n the region of curele 1 is
inereased, some strain can be mnduced 10 take place in this arca
which will allow the major strain in circle 7 to be reduced
sulliciently 16 bring the struin combination below the eritical
It This course of action requires no hinding nor reshaping

ol ‘!'U punch, ouly gonding e the radius.
X471

s The total average major strain required to make
1 or;

Homas only 175 5 yet o S O-nun cuele the stran

[
U

1S as AI||_1;|| as 40%. The stramn distribution curve puts forth
graphically the need to distibute the sirain over the lengn of
the e by some means as desernibed ahove

X4.7.1.3 Change

AL i lubrication can also improve the stran
distribution of a st

i amping. It the strain over the punch =
critical, the amount of steetch (strain) required (o make the
shape can be reduced hy allowing metal to flow in over the
punch by decressing the friction through the use of a maore
ctlective lubricant in the hold-down era.

X4.7.1.4 If the part is critical. a change in matenal may
hylp. That 15, a material having a betier uniform clongation will
d!S(ﬁbll(ﬁ the strain more uniformly or a material having a
I_nghcr “r value will make it possible o “draw” in more metal
from the hold-down area so that less streich is necessary o
form the part.

X4.8 Scribed Square Method

X4.8.1 The basic technique is to draw a panel from a blank
that has been scribed both longitudinally and transversely with
a series of paraticl lines spaced at 25.0-mm intervals. The lines
on the panel are measured after drawing and the stretch or draw
calculated as the percent increase in area of a 25.0-mm square.
This s 4 faudy simple procedure for panels having generous
radii and fairly even stretch or draw. Many major panels fall in
this category. and in these instances it is quite easy to pick out
the squure area exhibiting the greatest increase.

X4.8.2 If the square or line to be measured is oo longer a flat
surface, place a narrow strip of masking (or other suitable tape)
on the formed surface and imark the points which are t be
measured. Remove the tape. place on a plane surface. and
determine the distance berween the points with a steel scale.

X483 There will be cases of minor increase in area with
major elongation in the one direction. In these instances, the
percent elongation should be recorded.

X4.9 Thickness Method

X4.9.1 There are instances when the maximum stretch is
continued 10 an arca simatler than 645 mm” of the shape of the
square has been distorted trreguiarly. making measurements
difficult and calewlavon maccurate. Wheun either ot these
conditions exists, an clectronic thickness gage may be used at
the arca in question or this arca may be sectioned and the
decrease in metal thickness measured with a ball-point mi-
crometer. The increase in umit arca can be caleulated by
dividing the original thickness by the final thickness

X492 Exanple

Assunting the blank thickness to be 0.80 i and the final
thickness 1o be 0.60 mm, the increase i unit area would be a
‘[() RO 0 600 RO X 100 IS Maoanciease



4ih A 568/A 568M - 03

NS ALTERNATIVE METHODS FOR EXPRESSING FIATNESS

jon and Definitions

uct : :

« d Ldition 19 (he conventional expression of flat-
) [181s . 2 ¥ >
& | In a um deviation trom a horizontal flat surface™,
. the rrm";i " atness paramclers have been developed and

f.i“.?‘ .o_nl. ;‘mcwﬁﬂ-“g sheet with longiudinal waves or

?‘-in o for € e seepness index and flatness index (or*

a7 ¢ @ - 1 2y

;xi""“ crt{c illustrated using the example in Fig. X5.1.

), that ar¢ H dex  Fig. X3.1(a) shows a representa-

Ut [N ,‘;Pn“.\‘ I” = - -

Hsl 2 Jtl armple cxhibiting edge waves of height, A, and

g shec .« index value for this sample 15 de
pon @ | 1. The steepness index value sample is defined
-ﬂfc"\ . B as’

sieepness index = H/L
the Siccp!l&.‘:"s value is expressed as a percentage:

o 0, sleepldss = S = (HAL) X 100
J-Units ~Making a series _cf lengthwise cuts to the
L FiE x35.1( o) relaxes elastc stresses present in the
gmplc 18 i:‘lb 1o narros strips of differiag lengths, as shown
mdm  Using the length of onc of these strips as a
). the T-unit value (/) for an individual sirip is

defined as: )

J= (AL, g X 1P

pft
513

shest 255
a XD

1 Fig
~fereact (L

where:

\J s the ditference berween the lengih of a given suip and

e reference stop-

(a)
—Q/ALA
Z I
E a4

==, =

[/————-Lmr

i
FiG, (b)

X5.4 :
= S“;Wesem_au@ of Sheet Sample With Edge Waves ( a)
E;Of_ﬂlﬁ_enng Length That Result from Making
Studinal Cuts Along the Sample {53

26

X.).IA [j'ur the special case of waves/buckles that are
pcr!gclly stnusoidal in character, the following relationship
apphies:

3

}(—g”‘/ 10’

or:
= 24.785%

Table X5.1 provides I-unit values based on the sinusoidal
approximation or wave heights up to Yo-in. {increments of Uiz
in.} and intervals between 10 and 40 in. (increments of | in.).
Mathematical relationships between the threc representations
of flatness described here are given in Table X3.2; these
relationships can be used to convert between [-unit, %5 steep-
ness, and wave height values (sce examples in Table X3.2).

X5.2 Flatness Evaluation Example and Determination
of I-Unit or % Stcepness Value

X5.2.1 While the strip is on an inspection tzble, find the
locations oa the strip tiat are sot lying flat on the whle. If no
flatness deviaton can be found. that portion of the coil
(head/middle/tail) can be described as Aat (that is. zero [-unit or
zero %% steepness).

X522 It the coif is not totally flat, the height of the
deviation must be determined and recorded. If the coil has edge
Waves, @ siep gauge (incremented in intervals of Yie or Y52 1al)
can be inserted under a wave (o determine the height. [ the coil
exhibits flatness deviation in the center of the strip, a light-
weight straight edge can be placed on the bighest portion of the
buckle aad on the highest portion of the next repeating buckle.
The height can then be determined by inserting a step gauge
bevween e sraight edge and the stap.

X323 Along with the height. the wave penod of wave
interval must aiso be deternined. The wave inferval can be
obtained by using a standard tape measure or straight edge to
measure the distance between the highest point of one fatness
deviation to the highest poiat of the next repeating flatness
deviation.

X524 After determining height and wave interval, either
the [-unit or % steepness value can be obtamed. To determine
the T-uni Natness, locate the appropriate height and wave
interval in Table X351 and read the Pumt value at the
interseetion of the two measurements. To determine %o steep-
ness. divide the height by the wave interval and muluply the
result by XL
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TABLE X5.1 {-Unit Conversion Chart
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TABLE X5.2 Flatness Conversion Factorg”

Nare T "L the wave miterval an delined Fig X5 1 ()

I Unit Haight % Elengs.
o e

T R— S
VAR VAT

I Unit (1) ' 1

Helght (H) _

(peak 1o Pha# VI HE
ol i YO i
peziak) o ) 1072 1 —
% Stecp &
- ' (LS
ness (5) 25 (% 57 3 &’j 1

A Eramgaes —{ 1) Assune % steepness s gen ao 1.5 and e comenpondmg
l-urut vokie i desieed. From Tablo X5.2, | = 2.5(x5)"~ 2.5((3 14K1.5)1 % = 655
(2) Aswamv an bawil valos of 2% o green and 1he conmressnadrg %, WP ALY i
desired. From Table X5.2, 6 = 2a(l < 107" )22 2/3.04 (26 « 10°")= 1.0

SUMMARY OF CHANGES

Commitice A0 has identified the location ol sclected clanges (o this standard since the last issue
y {)2) that may nnpact the use of this standard,

(A S68/A 568M

iSf , Maie 3.5.5.

vision Wis made to Su_hu.n -3 ) ]
(l; /'\h‘:-‘l’é':mwing Tables were revised: Tables 4,5,06,7. 15,
{= ]

;a,nd ”)

ASTM Intesnational lakas no posdion cespechog the vahdity of any patent riphts asserted in conaection with any item merlioned
in ths standard. Users of this standard are expeessly advised thal determmation of the vataty of any such patent nghts, and the risk
of infringement of such oghis, are eatuely e own sesponsilitiy:

This standard is subject [ cevision at any tene by the resporsible technical cormmiltee and must be reviewed avery five yeurs and
i not revised, either reappioved or withdrawn. Your cormments are nvited either for revision of ihis standard or lor additional standards
and should be addressed o AS T lntematons Headgudters. Yaur conmnents will receive catelul consaerabion ol i meeting of e
responsiblu lechnical commillow, which yod may altead. If you leel thal your commuents have nol recoived a Lar herating you should
make your views koowet (o the AS TR Comoutive on Standards, at the addeess shown below

This standard 15 copynighied by ASTM Intecratsosal. 106G Barr Harbor Drve, PO Bax CI00, West Constichacken, PA 10428-2959,
Unted States Indidual reponts (smghe or mullipe copies) of s standard may be obtamed by conlactng ASTM al the above
address or ot G10-832-9585 (phone), 610-812-8555 (fax) or servicerdastm org {e-mad), ar through the ASTM website
(www.ashin crg)
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