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PROLOGO 

El presente Informe de Suficiencia, a través de sus 6 capítulos, tiene como fin 

elaborar un Plan de Evaluación que permita correlacionar los parámetros del 

granallado al grado de aumento en la resistencia a la fatiga en las hojas de muelle 

tipo ballesta de forma semi-elíptica y de sección plana para uso automotriz. 

En el primer capítulo, que es la Introducción, detallo los antecedentes, objetivos, 

alcances, justificaciones y limitaciones de mi trabajo. 

En el segundo capítulo, explico la función que tienen los muelles dentro del sistema 

de suspensión de los automóviles, menciono las principales propiedades y usos de 

los diversos tipos de muelles para uso automotriz, dándole mayor énfasis al muelle 

tipo ballesta por ser él usado en mi Plan de Evaluación. 

En el tercer capítulo, detallo las características dimensionales, metalográficas, 

químicas, de acabado superficial, de dureza y de templabilidad que debe tener la 

materia prima para las hojas de muelle tipo ballesta. Ad�más, menciono el proceso 

productivo que utiliza Industria Peruana del Acero S.A. para la fabricación de sus 

muelles Elefante. 

En el cuarto capítulo, explico la teoría de fatiga, alcanzando además el diagrama 

desarrollado por la Norma SAE HS J788 sobre la estimación de ciclos de vida por 
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fatiga para las hojas de muelle tipo ballesta que no tienen granallado. 

Adicionalmente, en este capítulo, explico los fundamentos del granallado, las 

variables del proceso de granallado, los equipos para el granallado y las 

condiciones de granallado para las hojas de muelle tipo ballesta. Evidenciándose, la 

importancia que tiene el granallado sobre las piezas que trabajan a fatiga, ya que 

este proceso de deformación superficial en frío aumenta el tiempo de vida de estas 

piezas. 

En el quinto capítulo, elaboro el Plan de Evaluación del granallado en las hojas de 

muelle tipo ballesta. Para ello, explico de forma matemática o haciendo referencia a 

alguna Norma, el uso de las ecuaciones utilizadas en el Plan de Evaluación, 

especifico las características que deben tener las probetas para el ensayo de fatiga 

e indico la forma como se debe montar las probetas en la máquina fatigadora. 

En el sexto capítulo, utilizo el Plan de Evaluación para identificar la resistencia a la 

fatiga que se obtiene en las hojas de muelle granalladas en diferentes posiciones 

de la faja transportadora de la granalladora (posición: derecha, centro e izquierda), 

ya que se ha encontrado que existen diferentes intensidades y coberturas de 

granallado en una posición con respecto a las otras. 

Al término del capitulo sexto, se elaboran conclusiones y se dan recomendaciones, 

finalizando con la bibliografía y los apéndices. 

Es muy importante para el suscrito reconocer y agradecer el valioso apoyo recibido 

por Industria Peruana del Acero S.A (empresa donde laboro), y sobre todo a su 

Gerente de Operaciones, el lng. Jorge Gómez Sánchez Costa. 



1.1. ANTECEDENTES 

CAPITULO 1 

INTRODUCCION 

Industria Peruana del Acero S.A (IPASA) es una empresa peruana con 

certificación ISO 9001, que fue fundada en el año 1952 y que tiene su planta 

industrial en la provincia de Chincha. 

IPASA es una empresa manufacturera que se dedica a la fabricación de 

hojas y muelles tipo ballesta marca "Elefante", y a sabiendas de que el 

granallado es un tratamiento superficial en trio que mejora la resistencia de 

los elementos mecánicos que trabajan a fatiga, ha incorporado este 

tratamiento superficial dentro de su proceso de fabricación. 

Dado el espíritu de constante mejoramiento continuo que existe en IPASA y

a mi calidad de Jefe del Departamento de Control de Calidad de esta 

empresa, elaboro el presente informe para crear una metodología que 

permita correlacionar las condiciones del proceso de granallado al grado de 

aumento en la resistencia a la fatiga de las hojas de muelle tipo ballesta. 

1.2. OBJETIVOS 

1.2.1. Obietivo General 

Elaborar un Plan de Evaluación que permita correlacionar los 

parámetros del granallado al grado de aumento en la resistencia a la 

fatiga en las hojas de muelle tipo ballesta de forma semi-elíptica y de 

sección plana para uso automotriz. 
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1.2.2. Obietivo Especifico 

Identificar la calidad del granallado en las hojas de muelle tipo 

ballesta de forma semi-elíptica y de sección plana, cuando son 

procesadas en la parte central, derecha e izquierda de la faja 

transportadora de la máquina granalladora, a las mismas condiciones 

de funcionamiento de dicha máquina. 

1.3. ALCANCE 

� El alcance del Plan de Evaluación es sólo para hojas de muelle sueltas (no 

para paquete de muelle armado) tipo ballesta de uso automotriz de forma 

semi-elíptica y de sección plana. 

No se va indicar en el presente informe la temperatura de temple, dureza de 

temple, temperatura de revenido, dureza de revenido ni las condiciones del 

granallado utilizadas por Industria Peruana del Acero S.A por ser información 

de carácter reservado. 

1.4. JUSTIFICACION 

Según las condiciones del granallado a que han sido sometidas las piezas 

mecánicas y al tipo de trabajo de estas (fatiga por flexión, fatiga por torsión, 

etc) el aumento del tiempo de vida puede llegar hasta 6 veces con respecto 

a los materiales que no tienen este proceso. Dado ello, y sabiendo que las 

hojas de muelle tipo ballesta trabajan a fatiga por flexión, el Plan de 

Evaluación que se desarrolla en el presente informe va a permitir optimizar 

los rangos de impactación que IPASA utiliza en sus productos, aumentando 

así la satisfacción de sus clientes ya que ellos obtendrán un muelle con 

mayor durabilidad. 
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Los métodos de medición y control que se utilizan en el Plan de Evaluación 

se limitan a las capacidades que poseen los equipos e instrumentos que 

actualmente utiliza IPASA. 



CAPITULO 2 

GENERALIDADES DE LOS MUELLES DE USO AUTOMOTRIZ 

2.1. FUNCION DE LOS MUELLES 

Los muelles son piezas elásticas que forman parte del sistema de 

suspensión de los automóviles, ubicados entre el bastidor (ver figura 2.1) y lo más 

próximo a las ruedas, que tienen como función absorber las desigualdades que 

tiene el terreno por el que se desplaza, para que el ascenso y descenso de la 

carrocería no afecte: el confort ni la seguridad de los pasajeros, ni la protección de 

la carga y ni la protección de las piezas del automóvil. 

2.2. TIPOS DE MUELLES 

2.2.1. Muelles helicoidales 

Figura 2.1: bastidor 

Los muelles helicoidales, también llamados muelles tipo resorte, 

consisten en una barra redonda de acero aleado enrollada en forma de 

espiral ascendente, generalmente de diámetro y paso constante (ver figura 

2.2). Estos muelles son ideales para automóviles ligeros (donde la carga no 

varía de manera notable entre el vehículo vacio y cargado), en cambio en 



7 

automóviles pesados no son apropiados ya que si se fabricarían de acuerdo 

al peso de la carga resultarían muy rígidos cuando el vehículo marche en 

vacio. 

Figura 2.2: Muelle helicoidal montado en su unidad 

2.2.2. Muelles Neumáticos 

La ventaja principal de los muelles neumáticos es que su presión 

interior puede ser modificada de acuerdo a la carga, consiguiéndose con ello 

mantener la misma altura en el vehículo cargado y vacio, además de 

proporcionar casi la misma suavidad de marcha con independencia de la 

carga aprovechando la compresibilidad del aire interior (ver figura 2.3). 

Este tipo de muelle está adquiriendo cada vez más utilización en los 

vehículos dotados con frenos de aire, ya que el aire comprimido está 

disponible en estas unidades. 

Figura 2.3: Muelle neumático montado en su unidad 



2.2.3. Muelles tipo barra de torsión 
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Las barras de torsión son barras de acero aleado de buenas 

propiedades elásticas, que actúan como filtro cinético entre la carrocería y 

las ruedas, ya que al torcerse absorben el efecto rebote de las llantas 

cuando estas salen de su posición de equilibrio por efecto de las 

irregularidades del camino (ver figura 2.4). 

1.- Amoruguador 
2.· Tren 
3.· Brazo de suspens.ón 
-4.- Soportes 
5.- 0.:lrTa de refuerzo 
6. - Barras de torsión 
7.- Barro establl12adora 
8.- Tilmbor 
9. - Def'.ecto r 

10.- Rodamiento de cubo 
ll.· Andlo de SUJ<!C"CIÓn 
12. • Ar"ndei., 
13.· Tuerca de cubo 
14. • Cubie-r1.a 

Figura 2.4: Despiece de una suspensión de brazos tirados de dos barras 

de torsión 

2.2.4. Muelles tipo ballesta 

Los muelles tipo ballesta son el conjunto de hojas de acero 

laminadas en caliente, de bordes redondeados, conformados y tratados 

térmicamente, de formas semi-elípticas, rectas o parabólicas, unidas entre sí 

por un perno central y alineadas mediante abrazaderas, teniendo en 

conjunto la función de absorber elásticamente las cargas dinámicas 

originadas por las irregularidades del camino. Estos muelles son utilizados 

en los vehículos de transporte de pasajeros y en los vehículos de transporte 

de cargas (ver figuras 2.8 y 2.9). 
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Se denomina hojas de forma semi-elíptica, a aquellas hojas de 

espesor constante, se incluyen también las hojas que tienen desbaste sólo 

en el extremo de sus puntas (ver figura 3.14), que han sido fabricadas con 

una curvatura correspondiente a un arco de circunferencia, ya que durante 

su funcionamiento adquieren la forma semi-elíptica, debido a que se 

contraen en la dirección de la carga y se extienden en la dirección ortogonal 

de la misma (ver figura 2.5). 

1....- � ....

I'\ 

\. 1/ 

---

Circunferencia en un plano 

cartesiano no deformado 

1 (iilllilll 
Circunferencia transformada en elipse 

debido a que el eje y se ha contraído y 

a que el eje x se ha expandido 

Figura 2.5: Transformación de una circunferencia en elipse por 

deformación ortogonal del plano cartesiano 

Las hojas de forma parabólica son fabricadas con una curvatura de 

arco de circunferencia, a excepción de su parte central la cual es plana, a la 

vez poseen espesor variable, encontrándose el mayor espesor en su parte 

central, por lo cual al soportar cargas correspondientes a su diseño 

adquieren la forma de una parábola (ver figura 2.6). Y se denominan hojas 

rectas, a aquellas que se fabrican con un arco de circunferencia de radio 

infinito. Vale la pena indicar que los últimos modelos de automóviles que 

utilizan muelles tipo ballesta, en su mayoría están utilizando los muelles 

parabólicos. 



10 

Figura 2.6: Fotografía de muelles parabólicos 

Dentro del paquete de muelle la hoja exterior más grande es 

conocida como "hoja madre" u hoja principal u hoja primera, y a partir de ella 

se alinean las demás hojas, las cuales se identifican según su posición 

respecto a la hoja madre, como: hoja segunda, hoja tercera, etc. 

El paquete de muelle, se une al bastidor a través de los extremos de 

la hoja primera (ver figuras 2.7 y 2.8), y se une a su asiento en el eje del 

vehículo a través de unos pernos en U (ver figura 2.8). 

Ojo Normal 

Ojo normal 

invertido 

WELD 

Ojo soldado 

Militar reforzado 

Ojo Berlín 

Extremo deslizante 

Ojo Berlín con 

refuerzo tipo militar 

Ojo ovalado 

Figura 2.7: Tipo de extremos en hoja primera 
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Figura 2.8: Muelle tipo ballesta montado en su unidad 

Con respecto al agujero para perno central, las hojas de muelle se 

pueden clasificar como simétricas, siempre y cuando al pasar un plano 

imaginario paralelo a la sección axial por el centro del agujero en mención, 

las partes de las hojas de muelle son iguales, o asimétricas cuando no se 

cumple la condición mencionada. 

Extremo fijo Extremo pivotante 

\! ! il t + [ t il\!1 
1 Ancho 

paquete de muelle 

Longitud de carga 

Diámetro interior 
del ojo 

Espes�r_d
-,-
e_l 

--¡­

paquete 

Perno central 

Longitud de asiento 

Diámetro interior 
del ojo 

Abrazadera 

Figura 2.9: Muelle tipo ballesta de forma semi-elíptica 
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La sección de las hojas de mulle son variables, pudiendo ser: planas, 

acanaladas o de extremo parabólico (ver figura 2.9). IPASA, comercializa 

sólo hojas de muelle de sección plana. 

-E-- ---=+-
SECCION PLANA 

/ SUPERFICIE QUE TRABAJA A TENSION 

-f--� I \ -3-
SECCION ACANALADA 

-< SUPE�FICIE 
+

BAJA A TENSION

SECCION DE BORDE PARABOLICO 

Figura 2.1 O: Secciones de hojas de muelle tipo ballesta 

IPASA fabrica hojas y muelles tipo ballesta de forma semi-elíptica y

de forma recta. En el caso de hojas semi-elípticas, existe una gran 

diversidad, debiéndose ello a variaciones en el largo, espesor y ancho del 

material; así como de la forma de las puntas (extremos), tal es así, que 

IPASA fabrica productos de 70 diferentes tipos de punta.(ver apéndice A). 

Según la Norma SAE HS J 788 los muelles tipo ballesta deben tener 

las siguientes propiedades mecánicas: 

� Esfuerzo de Tracción : 1300 - 1700 MPa 

� Esfuerzo de Fluencia (0.2% Offest) : 1170 -1550 MPa 

� Elongación : 7% Min. 

� Reducción de área : 25% Min. 

)"' Módulo de elasticidad : 200000 MPa 

)"' Dureza Brinell : 388-461 HBN 



CAPITULO 3 

MATERIA PRIMA Y PROCESO DE FABRICACIÓN DE LAS HOJAS 

DE MUELLE TIPO BALLESTA 

3.1. MATERIA PRIMA 

Para la fabricación de hojas de muelle tipo ballesta se pueden utilizar los 

siguientes aceros: SAE 9260, SAE 4068, SAE 4161, SAE 6150, SAE 8660, SAE 

5160, SAE 51860, SAE 5160H y SAE 50860, los cuales deben ser laminados en 

caliente en forma de barras macizas con bordes redondeados. 

De toda esa gama de posibilidades, la Norma SAE HS J788 (Abril de 1980) 

recomienda utilizar los siguientes aceros según el espesor de la hoja de muelle tipo 

ballesta a fabricar: 

Espesores 

Hasta 8 mm 

Hasta 16 mm 

Hasta 37.5 mm 

Acero 

SAE5160 

SAE5160H 

SAE51860 

Es por ello que IPASA utiliza el acero SAE 5160H para la fabricación de los 

muelles Elefante. 
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3.1.1. Composición Química 

La composición química de los aceros para muelles de calidad 

SAE 5160H debe cumplir con las especificaciones dadas en la Norma 

SAE J1268 May 95, es decir: 

%C %Mn %Si %Gr %S %P 

Mín 0.55 0.65 0.15 0.60 - -

Máx 0.65 1.10 0.35 1.00 0.025 0.025 

3.1.2. Características Metalográficas 

3.1.2.1. Descarburización Superficial 

La descarburización superficial es la pérdida de carbono en la 

periferia del acero, debido a altas temperaturas bajo la acción de gases 

como: oxigeno, hidrógeno, anhídrido carbónico, etc. Como la 

descarburización .está presente inevitablemente en el proceso de fabricación 

del acero y a que esta disminuye la resistencia a la fatiga del acero, se ha 

establecido tolerancias para la descarburización dependiendo del espesor 

del material y de la utilización del mismo. 

Tal es así, que en IPASA la descarburización superficial de la 

materia prima para las hojas de muelle tipo ballesta no debe exceder de 

0.20 mm de profundidad para materiales cuyo espesor es menor a 12.5 

mm, y no debe exceder de 0.25 mm de. profundidad para materiales de 

espesor igual o mayor a 12.5 mm. Las profundidades de descarburización 

mencionadas son del tipo 2 de acuerdo al estándar SAE J419 Dec 83(ver 

apéndice B). 
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3.1.2.2. Nivel de Inclusiones No Metálicas 

Las inclusiones no metálicas, son elementos extraños y 

perjudiciales ya que reducen las características y propiedades del acero. 

Pueden provenir de las escorias, de los refractarios o de las materias 

producidas durante la oxidación y desoxidación en el proceso de fabricación 

del acero. 

Entre los principales tipos de inclusiones no metálicas tenemos: 

Los silicatos, que son las inclusiones que más reducen las 

características del acero, siendo de forma alargada. 

Los óxidos, que son inclusiones muy duras y frágiles, que durante la 

forja y la laminación se rompen en forma de rosarios. 

Debido a que es inevitable la presencia de las inclusiones no 

metálicas, IPASA ha establecido que para su materia prima sea aceptable 

como máximo inclusión de 5 para óxidos y de 4 para silicatos, siendo la 

forma de medir la establecida en el método A de la Norma ASTM E45-87 

(ver apéndice C). 

3.1.2.3. Tamaño de Grano 

Cuando el metal pasa del estado líquido al estado sólido se inicia la 

cristalización, es decir, comienzan a formarse los cristales, los cuales 

después de la solidificación adquieren una forma exterior irregular, 

denominándoseles a estos cristales: granos. 

La determinación del tamaño de grano es importante ya que influye 

en las propiedades mecánicas, conforme más fino sea el grano, el acero 

tendrá principalmente mayor ductilidad y tenacidad. 
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En IPASA, el tamaño de grano para la materia prima de las hojas de 

muelle debe estar en el rango de 5 a 8, según la Norma ASTM E 112-88 

(ver apéndice D). 

El tamaño de grano que se hace mención es al correspondiente al 

tamaño de grano austenítico. 

3.1.2.4. Segregaciones Bandeadas 

Las segregaciones bandeadas son variaciones estructurales en 

forma de bandas ya sea periódicamente o intermitentemente, que se 

originan a consecuencias de la heterogeneidad química inicial producida 

durante la solidificación del lingote y a la deformación producida por la 

laminación y la forja. Como las segregaciones bandeadas son perjudiciales 

para las propiedades mecánicas, la microestructura de la materia prima para 

las hojas de muelle no debe evidenciarlas a un aumento de 1 00x. 

3.1.2.5. Constituyentes metalográficos 

Dependiendo del ordenamiento de los átomos de fierro y carbono, 

un mismo acero puede tener diferentes constituyentes, y la variación de 

estos constituyentes origina cambios en las propiedades mecánicas del 

acero, a pesar de mantenerse la misma composición química. 

Existen diversos constituyentes metalográficos, los cuales menciono 

a continuación: 

};>- Ferrita: La ferrita es hierro alfa (a), ver figura 3.19, es decir, hierro 

casi puro, que cristaliza en el sistema cubico de cuerpo centrado. 

Es el más blando de todos los constituyentes del acero (90 Brinell), 

además de ser muy dúctil y maleable. 
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Figura 3.1: Cristal Cúbico de Cuerpo Centrado 

Cementita: La cementita es carburo de hierro, (CFe3) que contiene 

6.67% de carbono y 93.3% de hierro. Es el constituyente más duro 

y frágil de los aceros al carbono, su dureza es superior a 68 HRc y 

cristaliza en forma ortorrómbica. Es magnética a la temperatura 

ambiente, pero pierde su magnetismo a 218ºC. Por lo general, la 

cementita tiene forma de láminas paralelas (como cuando forma 

parte de la perlita) o tiene forma globular. 

Figura 3.2: Cristal Ortorrómbico 

Perlita: Es el constituyente eutectoide (ver figuras 3.3 y 3.19) 

formado por capas alternadas de ferrita y cementita. Es de 

composición química constante de aproximadamente 13.5% de 

CFe3 y 86.5% de Fe (0.8% de C y 99.2% de Fe). La perlita por lo 

general aparece en el enfriamiento lento de la austenita o por 

transformación isotérmica de la austenita en la zona de los 650° a 

725° C. 
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Figura 3.3: Microfotografía de Perlita laminar a 1 000x 

Austenita: Es una solución sólida de carbono o carburo de hierro en 

hierro gamma (y), la cual cristaliza en el sistema cúbico de cara 

centrada (ver figura 3.4). Es de composición variable pudiendo 

contener desde O hasta 1.7% de carbono. Todos los aceros se 

encuentran formados por cristales de austenita cuando se calientan 

a una temperatura superior a las críticas Ac3 y Acm (ver figura 3.19). 

ec ÜFe 

Figura 3.4: Cristal Cúbico de Cara Centrada 

Martensita: Es el constituyente típico de los aceros templados. Está 

formada por una solución sólida sobresaturada de carbono o 

carburo de hierro alfa, y se obtiene por enfriamiento rápido de los 

aceros desde altas temperaturas. Su contenido de carbono suele 

variar generalmente desde pequeñas trazas hasta 1 % de carbono, 



19 

sus propiedades físicas varían con su composición, y después de la 

cementita y de los carburos es el constituyente más duro de los 

aceros. Presenta un aspecto marcadamente acicular, formando 

agujas en zigzag. La martensita cristaliza en el sistema tretagonal 

(ver figuras 3.5 y 3.6). 

Figura 3.5: Cristal tretagonal Figura 3.6: Microfotografía de estructura 

Martensítica a 500x 

Adicionalmente existen otros constituyentes como la troostita, 

sorbita y bainita, a los cuales no se le da mayor detalle por no ser 

constituyentes normales ni deseables tanto en las hojas de muelle como en 

su materia prima. 

La estructura metalográfica de la materia prima de las hojas de 

muelle debe ser: ferrita y perlita (ver figura 3.7). 

Figura 3. 7: Microfotografía de estructura Ferrita y Perlita a 1 000x 
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3.1.3. Características Dimensionales 

3.1.3.1. Ancho y espesor 

Las especificaciones de ancho y espesor se dan en el apéndice E, 

el cual es un extracto de la Norma SAE J1123 Nov.92. 

3.1.3.2. Radio de Bordes 

Los radios en los bordes de la barras deben estar entre el 65% y el 

85% del espesor de la barra, según Norma SAE J1123A Nov.92. 

3.1.3.3. Combadura lateral 

La combadura lateral máxima es de 3 mm por metro o de 15 mm 

por 5 metros de longitud, dentro de una porción arbitraria, tal y como lo 

establece la Norma JIS G4801 1984. 

3.1.4. Dureza 

La dureza Brinell con identador de 10mm de diámetro y 3,000 kgf de 

carga, no debe superar los 302 HBN, tal y como lo establece la Norma JIS 

G4801 1984. 

3.1.5. Acabado Supeñicial 

La superficie de la barra debe estar libre de oxidación 

severa y de costras procedentes de la laminación, además no debe 

presentar marcas de herramientas en la dirección transversal (cualquier 

orientación mayor de 15º del eje longitudinal) o dentro de los 6.2 mm de 
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los bordes que superen los 0.25mm de profundidad, según especificaciones 

dadas por el fabricante norteamericano de muelles EATON. 

Vale la pena mencionar, que todo defecto superficial es causal de 

disminución en la resistencia a la fatiga. 

3.1.6. Templabilidad 

La templabilidad es la capacidad del acero de adquirir dureza durante 

el temple y distribuir la misma en forma homogénea desde la superficie 

hasta su núcleo. Esta propiedad depende principalmente de la composición 

química, y es muy importante para materiales de gran espesor tratados 

térmicamente. 

Material "A" 

-+8-26-20 -15 P. 

D� 
Rockwell C � 

1 1 

1 1 

Material "B" 

50 - -+-+ - >8 - >6 P. 

1 1 

1 1 

C) 
Figura 3.8: Barras redondas con diferente templabilidad 

En la figura anterior, se muestran 2 barras dimensionalmente 

idénticas de 100 mm de diámetro, de diferentes materiales pero templadas a 

las mismas condiciones, el material "A" después de temple tiene una dureza 

desde la superficie al núcleo de 48 a 15 HRc, en cambio el material "B", tiene 

una variación de dureza menor ya que va desde 50HRc hasta 36 HRc, por 

tanto, este último material tiene mejor templabilidad. 

El método más usado para determinar la templabilidad del acero es 

el ensayo Jominy, el cual se debe efectuar según las directrices dadas por la 
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Norma SAE J406 Feb95 (ver apéndice F). Adicionalmente, para cada tipo de 

acero la Norma SAE ha desarrollado unas bandas de templabilidad, 

asignando la denominación H a los aceros cuyas durezas obtenidas en el 

ensayo Jominy se encuentren dentro de las bandas citadas anteriormente. 

u 

·----- -
APPROX OJA 01 ROUNOS WITH SAME 1\S • QUI NCHfD HRC ir lúCA ! ION 11': ROUr.JO ----- --- -

_ 2_4 _ --- _ ---- _\ _ SUfiFAtf _ 

_, ___ 2_3 __ ..a ---
º 5 15 ? l.S 3 3.5 

;:::=:=:-e::::� - ,- r _, _ .:::r::=-= , - - --
3 ,J 

1 3 .¡ HAOll f$ f-RllM CH;Tfpt 

LLNTLA 

QUEJ,(;H 

r .. 111 D 

WATER 

.:lUEtlCH 

l-
r-.\lLO 

.Figura 3.9: Banda de templabilidad del acero SAE 5160H 

j 

La figura anterior es un extracto de la Norma SAE J1268 MAY95, al 

cual se le ha adicionado los resultados del ensayo Jominy de la colada 

R20903495VX del fabricante Jiangyin Xing Cheng, en él se puede apreciar 

que el material analizado cumple con la Norma al estar la curva Jominy 

dentro de las bandas de templabilidad, por tanto este acero es SAE 5160H, 

si algún punto de la curva hubiera estado por debajo de la banda de 

templabilidad, el acero seria solamente SAE 5160 (siempre y cuando cumpla 

con los requisitos de composición química). 
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3.2. PROCESO DE FABRICACION 

IPASA ha dividido su proceso de fabricación en 3 grandes actividades: 

Corte, Tratamiento Térmico y Ensamble (ver figura 3.10). Como existe una gran 

variedad de tipos de hojas de muelle, no todas las hojas van a ser sometidas a las 

mismas operaciones de fabricación, por tanto, todo lote de hojas de muelle lleva 

consigo una Hoja de Ruta, el cual indica la secuencia operacional de fabricación; y 

la Hoja de Característica, que es el documento que ayudado por gráficos indica las 

características de forma y las exigencias dimensiónales. 

)> 

3 
!l> 

CD, 
:::::¡ 

a.. 
CD J Corte 
s: -1
!l> 

fü" 
7J 
:::!. 

3 
!l> 

1 Tratamiento 
-

1
-

Térmico 

)> 

3 
!l> 
(") 
CD­
:::¡ 

a.. 
CD 

.......-.¡ Ensamble ¡--. �
u 
o 
-l 
CD 

3 
s· 
ru 
a.. o 

Figura 3.1 O: Flujograma para la elaboración de muelles Elefante 

3.2.1. Corte 

El Corte es la primera actividad dentro del proceso de fabricación, y 

está dividido en 2 partes: Corte Fase 1 y Corte Fase 2. 

r------------------------ , ., 
1 

1 1 
1 1 
1 1 
1 Corte Fase Corte Fase 1 

- -
-

1 
-

2 1 
1 1 
1 

1 1 
1 

1 

1 Corte 1 
_________________________ J 

Figura 3.11: Flujograma de la Actividad de Corte 

-
-
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3.2. 1.1. Corte Fase 1 

Todas las t10jas de muelle pasan por Corte Fase 1, en esta fase a 

través de prensas se cortan las barras de acero SAE 5160H a la longitud 

requerida y se punzonan los agujeros cuyo diámetro son mayores al espesor 

del material de la hoja. 

Figura 3.12: Fotografía de las Operaciones de Corte y Punzonado

Entregable de la Operación de Corte de Barras 

1· Longitud de Corte 

Entregables de la Operación de Punzonado 

--[----------------------------fo--------------------------------1---
Agujero redondo para perno/

- - -f- -- - - - - -- - - - - - - -- - - - - - -- --- -?- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -� - - -
Agujero oblongo para perno/



25 

Agujero para perno 

································�·············· 

Agujero para abrazadera 

3.2.1 .2. Corte Fase 2 

Abarca todos las operaciones de fabricación que deben tener las 

hojas de muelle antes de ser sometidas al Tratamiento Térmico y que no han 

sido realizadas en Corte Fase 1, las operaciones son: formado de ojo, 

formado de doblez, desbaste, sesgado, corte lateral, avellanado, formado de 

nervadura, cepillado, formado de oblea, taladrado y punzonado en caliente. 

No todas las hojas de muelle pasan por Corte Fase 2, y las hojas 

procesadas en esta Fase no son sometidas a todas las operaciones, ya que 

ello depende de las características de forma y dimensionales que se desean 

obtener en cada lote de hojas de muelle. 

� Formado de ojo 

Figura 3.13: Fotografía del Formado de ojo 



Entrega bles: 

Desbaste 

a 

O) L 
7 

O==* 

Ojo Normal 

Ojo Ovalado 

Ojo Berlín 

�===:::::.»=====!i'"f Ojo Berlín Ovalado

Figura 3.14: Fotografía de la Operación de Desbaste 

Entregable: 

Punta desbastada 

Vista de Planta 

._c== _____ :r-_ _ Vista de Perfil

26 
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Formado de doblez 

Figura 3.15: Fotografía de la Operación de Formado de Doblez 

Entregables: 

� + Doblez Normal 1 /4

� + Doblez Normal Mediano

� t Doblez Normal 3/4 

n 
+ Doblez Envolvente� 

� 
Doblez Berlín 3/4 

1' 
' ' + Doblez Berlín Envolvente

Sesgado 

Figura 3.16: Fotografía de la Operación de Sesgado 
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Entregable: 

Corte Lateral 

Figura 3.17: Fotografía de la Operación de Corte Lateral 

Entregable: 

Formado de Nervadura u oblea 

Figura 3.18: Fotografía de Prensa donde se hacen las operaciones de nervadura y oblea 



Entregable: 

Nervadura 

,-
A 

( ) 

·- A

Ull(J}[l).¡¡]Ji //A 
Sección A-A 

3.2.2. Tratamiento Térmico 

Oblea 

/ l ,_ B 

Sección B - B 
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Todas las hojas de muelle son sometidas a tratamiento térmico, el 

cual consta de temple y revenido. 

3.2.2.1. Temple 

El temple es un tratamiento térmico que tiene por objeto endurecer 

y aumentar la resistencia de los aceros: calentándolos a una temperatura 

determinada, manteniéndolos a esa temperatura por cierto tiempo y luego 

enfriándolos bruscamente sin llegar al fisuramiento. 

Como las condiciones de temple para los muelles Elefante son 

parte del Know How de IPASA y a que las Normas Internacionales no hacen 

referencia acerca de las condiciones de temple para los muelles tipo 

ballesta, voy a ser referencia sólo a las recomendaciones dadas por los 

autores de los libros de tratamiento térmico:. 

� Calentamiento: El calentamiento es la primera fase del temple, 

siendo la velocidad de calentamiento un parámetro muy importante 

a controlar en materiales de gran espesor, ya que una gran 

diferencia de temperatura entre el núcleo y la superficie pueden 
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producir fuertes tensiones internas ocasionadoras de grietas y 

fisuras. 

En el calentamiento lo que se desea es modificar la estructura 

metalográfica inicial, para ello, los aceros hipoeutectotides (aceros 

con porcentaje de carbono inferior a 0.8) son calentados a una 

temperatura ligeramente mayor a la crítica superior para obtener 

una estructura completamente austenítica; y los aceros 

hipereutectoides (aceros con porcentaje de carbono superior a 0.8) 

son calentados a una temperatura entre la crítica inferior y la crítica 

superior para obtener una estructura compuesta por austenita y 

cementita. Vale la pena indicar que el acero SAE 5160H, es un 

acero hipoeutectoide ya que su porcentaje de carbono esta entre: 

0.55 - 0.65%, por tanto, en el calentamiento de este acero se tiene 

como objetivo tener una estructura final completamente austenítica. 

u 1400
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Figura 3.19: Diagrama de equilibrio hierro-carbono 
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A3 

T��Q._eratura de calentamiento 
_T�1E-peratura de calentamiento 

Al 
Al 

Tiempo Tiempo 

Figura 3.20: Esquema de Temple de aceros 

Tiempo de permanencia a la temperatura de temple: El tiempo de 

permanecía sirve para asegurar que toda la masa del acero este 

formada por cristales de austenita (para aceros hipoeutectoides) y 

que la estructura sea homogénea. El tiempo de permanencia 

depende de: la masa del acero, de la velocidad de calentamiento, 

de la clase del acero, y del estado inicial y final del material. 

En general, el tiempo de permanencia oscila entre media hora y una 

hora por pulgada de espesor del material. 
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Figura 3.21: Diagrama de Calentamiento para el temple
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Velocidad de enfriamiento: Para que exista un buen temple, la 

velocidad de enfriamiento tiene que ser mayor a la velocidad crítica 

de temple sin provocar fisuramiento en el material. La velocidad 

crítica de temple es la velocidad mínima que permite transformar el 

100% de austenita en martensita, y que numéricamente se obtiene 

como la curva tangente a la nariz de la curva Sen el diagrama TTT. 
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Figura 3.22: Diagrama TTT del acero SAE 5160H con curva de 
velocidad critica de temple 

Dependiendo del tipo de acero, la velocidad de enfriamiento 

necesaria se obtiene en diferentes medios, como: agua, agua con 

sal, aceite, aire a presión, aire tranquilo, etc. Vale la pena 

mencionar, que para obtener un buen temple en el acero SAE 

5160H este se debe enfriar en aceite. 
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Figura 3.23: Diagrama de enfriamiento en diferentes medios de temple 



33 

Como las hojas de muelle a la temperatura de temple son 

maleables, estas al ser retiradas de los hornos se posicionan en unas 

curvadoras, las cuales al ser sumergidas en aceite le confieren a las hojas 

de muelle su forma característica. 

Figura 3.24: Fotografía del Proceso de Temple 

Hoja antes de curvarse 

Hoja después de curvarse 

Figura 3.25: Fotografía de hoja antes y 
después de curvarse 

En la industria, es difícil que obtengamos una estructura 100% 

martensítica, ya que algunas veces no se logra reunir las condiciones 

ideales, como: temperatura y velocidad de enfriamiento suficiente, completa 

homogeneidad de la austenita, ausencia de carburos y partículas sin disolver 

en la austenita, dado ello, en la siguiente figura se muestra una curva para 

aceros al carbono, donde se indica la dureza y el % de martensita mínimo 

para un buen temple. 
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3.2.2.2. Revenido 

El revenido es un tratamiento térmico complementario y posterior al 

temple, debido a que después de este tratamiento térmico los aceros quedan 

demasiados duros y frágiles para los usos al que van a ser destinados, 

siendo por tanto el objetivo del revenido sacrificar la dureza obtenida para 

aumentar la tenacidad y elasticidad, además de eliminar las tensiones 

internas producidas en el temple. 

En el revenido el acero es calentado a una temperatura más baja 

que la crítica inferior y posteriormente enfriado al aire, aceite o agua (según 

la característica del acero). 

Temperatura 

A3 

Al 

Temple Revenido 

Tiempo 

Figura 3.27: Esquema de temple y revenido en aceros hipoeutectoides 

Metalográficamente, la martensita obtenida en el temple durante el 

revenido se engrosa y oscurece tomando el nombre de martensita revenida. 

Durante la fabricación de los muelles tipo ballesta, el proceso de 

revenido según la Norma JIS G4801 (1984) se debe realizar a una 

temperatura comprendida entre 460° - 510° C y se debe obtener una dureza 

de 363 - 429 HB. 
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Figura 3.28: Fotografía del Proceso de Revenido 

3.2.3. Ensamble 

El Ensamble es la última actividad de fabricación en IPASA, la cual 

abarca todas las operaciones que se deben realizar luego del tratamiento 

térmico. Debido a que IPASA fabrica hojas de muelle sueltas y paquetes de 

muelles armados, y además de que existe una gran diversidad de hojas; no 

todos los productos van a pasar por todas las operaciones de la actividad 

denominada Ensamble. 

3.2.3.1. Granallado 

El granallado es un proceso que IPASA utiliza para decapar sus 

productos antes del proceso de pintado y sobre todo para conferir a sus 

productos mayor resistencia a la fatiga. IPASA para este proceso utiliza la 

granalla SAE S 330 y realiza la medición de la .impactación del granallado 

utilizando las probetas Almen A, según lo especificado en la Norma SAE 

J442 Jan95 (ver apéndice 1). Para mayor detalle sobre la teoría y efectos del 

granallado ver el capítulo 4. 
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3.2.3.2. Armado de muelles 

Esta operación consiste en unir las hojas de muelle y sus 

accesorios (perno central, abrazaderas, tubo espaciador y perno de la 

abrazadera), respetando las pinzas entre hojas y la flecha final del muelle; 

siendo la pinza la abertura en la posición central que existe entre una hoja y 

su siguiente antes de aplicarles algún tipo de fuerza para juntarlas. 

3.2.3.3. Prueba de Carga y Flexión de muelles 

La prueba de carga de muelles se realiza sólo al paquete de muelle 

armado, el cual consiste en aplicar una carga vertical en la posición del 

perno central, y a través de la medición de la fuerza (F) y de la deformación 

del muelle en el sentido vertical ( f ), se obtiene la constante de elasticidad 

(k), a través de la siguiente fórmula: k = F / f 

Figura 3.29: Fotografía de la Prueba de Carga 
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3.2.3.4. Rimado 

El rimado es una operación que consiste en dar al diámetro interior 

de los ojos la tolerancia dimensional requerida en la Hoja de Característica 

del producto, la cual por lo general es de posición H7. 

3.2.3.5. Esmerilado de ojos 

El esmerilado es una operación que se realiza a algunos tipos de 

hojas, que consiste en disminuir el ancho de la hoja en la posición abarcada 

por el ojo del muelle, por la acción de unas piedras abrasivas. 

3.2.3.6. Embocinado 

El embocinado es una operación que se realiza sólo a solicitud del 

cliente, y consiste en colocar con la ayuda de una prensa la bocina dentro 

del ojo de la hoja de muelle. 

3.2.3.7. Pintado 

El pintado es la última operación dentro del proceso de fabricación, 

en IPASA las hojas sueltas se pintan primero por inmersión y luego se 

retocan por aspersión, en cambio los muelles se pintan sólo por aspersión y 

cuando ya están armados. 

Dentro de la operación de pintado se encuentra la tarea del 

marcado, la cual es muy importante ya que en ella los productos se 

identifican por su código, con el logo del muelle Elefante y con la fecha de 

fabricación, lo cual nos permite hacer la trazabilidad del producto cada vez 

que sea necesario. 



CAPITULO 4 

GRANALLADO Y SUS EFECTOS SOBRE LA RESISTENCIA A LA 

FATIGA 

4.1. TEORIA DE FATIGA 

La fatiga es el fenómeno de fallo presente en materiales sometidos a cargas 

dinámicas cíclicas, cuyo principal peligro es que la rotura puede ocurrir a una fuerza 

menor que la resistencia de tracción o menor al límite elástico para una carga 

estática, de forma imprevista, causando roturas catastróficas. Es un fenómeno muy 

importante, ya que es la primera causa de rotura de los materiales metálicos 

(aproximadamente el 90%), aunque también está presente en polímeros y en 

cerámicos. 

La rotura por fatiga se inicia con una minúscula fisura en la superficie o en 

puntos cercanos a ella, donde exista imperfecciones en los cristales como: 

penetración de óxidos en los contornos de los granos, inclusiones no metálicas, etc; 

o en discontinuidades superficiales como: ralladura o marca de herramienta, cambio

de sección, canal chavetero, etc. Debido a la acción de las cargas dinámicas, la 

fisura se propaga en la dirección de un plano sometido a carga de tracción, hasta 

que el área resistente llega a ser tan pequeña que se produce súbitamente la 

fractura completa. 

Del párrafo anterior, se deduce que la resistencia a la fatiga de un material, 

se ve reducida por las imperfecciones en los cristales superficiales y por las 
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discontinuidades superficiales. Por tanto, la probabilidad de rotura por fatiga se 

disminuye evitando estas discontinuidades: realizando modificaciones en el diseño 

(eliminando los cambios bruscos de sección con cantos vivos por superficies 

redondeadas con radios de curvatura grande), mejorando el acabado superficial, 

etc. Además, como las fisuras nuclean y se propagan por acción de los esfuerzos 

de tracción, aplicando esfuerzos de compresión en las superficies que trabajan a 

tracción se aumenta la resistencia a la fatiga, siendo el mejor método para estos 

casos el granallado (ver el capítulo 4.2). 

La fractura por fatiga presenta una gran diversidad de aspectos, ya que 

depende si esta es ocasionada por cargas axiales, por flexión, por torsión o si la 

sección fracturada posee o no entalladura, agujeros o canal chavetero; pero aún 

así, todas las fracturas poseen 2 zonas características: una de superficie mate y 

sedosa o aterciopelada, y otra zona de grano cristalino (forma de la fractura final 

instantánea). Si se examinan con atención los bordes de la fractura de fatiga, con 

mucha frecuencia se distinguen en los mismos estrías o pequeñas grietas que 

tienen su nacimiento en defectos de la sección o de la superficie externa. 

Zona de grano 

cristalino 

Zona de 

superficie mate 

Zona de 

superficie mate 

Zona de grano 

cristalino 

Figura 4.1: Rotura por fatiga de probetas de_flexión rotativa entalladas 

La variación de los esfuerzos se idealizan frecuentemente a través de 

modelos sinusoidales, en donde existen: un esfuerzo máximo (Smax), un esfuerzo 

mínimo (Smin), un esfuerzo medio (Sm) y una componente variable (Sa)-



Tiempo 

(a) Invertido (b) Rupetido 

(c) Compresión
(o tracción)
más pequeña (d) Tracción o compresión

Figura 4.2: Variaciones sinusoidales del esfuerzo 
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El límite de fatiga, es decir, el esfuerzo máximo que se somete la pieza sin 

llegar a la rotura al repetirse un número indefinido de veces, se representa 

normalmente en escala logarítmica o semi-logarítmica, en función del número de 

ciclos. En rigor, todo material cristalino presenta un límite de fatiga, tal es así, que 

para la mayoría de los aceros dicho límite suele situarse en el entorno del millón de 

ciclos (para ensayos de probeta rotatoria), para tensiones internas que rondan 0,7-

0,45 veces el límite elástico del material; mientras que para aquellos que se dicen 

sin límite de fatiga, como el aluminio, se da incluso para tensiones muy bajas (en el 

aluminio de O, 1-0,2 veces dicho límite), y aparece a ciclos muy elevados (en el 

aluminio puede alcanzar los mil millones de ciclos, en el titanio pueden ser, según 

aleaciones, cien millones de ciclos o incluso, excepcionalmente el billón de ciclos). 

Como en general no se diseñan máquinas ni elementos de manera que las 

máximas tensiones sean de O, 1-0,2 veces el límite elástico del material, pues en 

ese caso se estarían desaprovechando buena parte de las capacidades mecánicas 

del material, y como tampoco se suele diseñar asumiendo valores de vida por 

encima del millón de ciclos, en la práctica este tipo de materiales no van a poder 

presentar su límite de fatiga, aunque sí lo tienen. 
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Existen diversas teorías que a través de aproximaciones empíricas 

relacionan el esfuerzo medio (Sm) y el esfuerzo variable (Sa) para obtener las 

condiciones de fatiga, de ellos los más importantes son: Soderberg, Goodman 

modificado y Gerber. 

En el Método de Soderberg se traza una recta que pasa por el límite de 

fatiga y por la resistencia de fluencia (ver figura 4.4) admitiéndose que la recta 

representa un estado de esfuerzos que está del lado de un punto de fallo después 

de un número indefinido de alternancias de Sa , para el caso de probetas de acero 

pulido. De la figura 4.4, se aprecia que en el punto P existe un esfuerzo variable OV 

sobre un esfuerzo medio OM, sin embargo para diseño se recomienda usar un 

factor de seguridad N, obteniéndose la recta GD. Por tanto, en el Método Soderberg 

se obtiene la siguiente ecuación: 

1 Sm Sa 
-=-+-. 
N s.l/ Sn 



Línea de Soderberg 

X 

Esfuerzo repetido, R = o 

OP 
Nac::-

OB 

Figura 4.4: Línea de Solderberg 
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En la figura 4.5 se aprecia la línea de Goodman Modificada y la de Gerber, 

las cuales obedecen a las siguientes ecuaciones: 

1 Sm Sa 
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N Su s11, 
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Figura 4.5 Línea de Goodman, Gerber y Soderberg 
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Para el caso de hojas de muelle tipo ballesta, no es necesario usar los 

métodos de Goodman Modificado, Gerber ni de Soderberg, ya que la Norma SAE 

HS J788 da un diagrama de estimación de ciclos de vida por fatiga para las hojas 

de muelle tipo ballesta que no tienen granallado, relacionando el esfuerzo máximo 

(Smax), el esfuerzo mínimo (Smin), y el número de ciclos. 
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Figura 4.6: Diagrama de ciclo de vida por fatiga para hojas de muelle sin granallar



4.2. EL GRANALLADO 

4.2.1. Fundamentos del Granallado 
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El Granallado (o en ingles conocido como shot peening) es un 

procedimiento de plastificación en frío que consiste en impactar las 

superficies que van a trabajar a tracción, por un chorro de pequeñas esferas 

a velocidades de hasta 100 m/s, originando deformaciones permanentes de 

forma redondeadas parecidas a huellas de golpe producidas por pequeños 

martillos. 

Figura 4.7: Deformación plástica en el punto de impacto 

Durante el granallado se obtiene el aplastamiento de los granos 

metalográficos de la superficie del metal, originándose con ello dos efectos: 

� Los granos se ensanchan comprimiéndose entre sí, provocando la 

aparición de tensiones de compresión residuales paralelas a la 

superficie. 

Figura 4.8: Zona sometida a esfuerzos de compresión 

Un perfil típico de la tensión residual producida por el granallado se 

representa en la siguiente figura: 
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Figura 4.9: Perfil típico de tensiones residuales producidas por el granallado 

./ Tensión Máxima: Es el valor de la amplitud de la tensión residual

de compresión máxima. Mientras más aumenta la tensión

máxima, el material será más resistente a la iniciación y

propagación de grietas por fatiga .

./ Profundidad comprimida: Es la profundidad de la capa de

compresión resistente a la propagación de grietas. La profundidad

de la capa puede aumentar cuando se aumenta la energía del

impacto de las granallas. Se busca una capa más profunda para

una mejor resistencia a la propagación de fisuras. Por lo general,

esta capa tiene una profundidad de 50 a 250 micrómetros .

./ Tensión de superficie: En general su amplitud es más baja que la

Tensión Máxima.

Estas tensiones de compresión anulan tensiones residuales inducidas 

en procesos anteriores como mecanizado, tratamiento térmico, conformación 

plástica, etc. Y además se oponen a todo esfuerzo de tensión a tracción a 
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las que son sometidas en una utilización posterior. Un ejemplo de ello se 

muestra en la figura 4.10, la cual presenta una barra en flexión sobre tres 

puntos, en donde la diagonal de línea punteada representa la tensión 

producida por la fuerza exterior, la curva de rayas mixtas representa la 

tensión residual de compresión producido por el granallado y la curva 

restante representa la acción resultante de las dos primeras. 

Figura 4.1 O: Tensión resultante sobre una barra granallada sometida a carga 

por flexión 

Como efecto secundario, al ensancharse los granos se cubren los 

espacios intergranulares (reduciéndolos considerablemente) y con 

ello se disminuye la velocidad de la corrosión galvánica. 

Como las grietas no se inician ni se propagan en un volumen 

sometido a compresión, y a que la mayor parte de roturas por fatiga y 

corrosión bajo tensión tienen su origen en la superficie o eri la cercanía de la 

misma, las tensiones residuales de compresión introducidas por el 

granallado aumentan sensiblemente la duración de vida de las piezas 

metálicas. 

Por tanto, el granallado es un procedimiento que se debe aplicar a 

todas las piezas que trabajan a fatiga como: muelles tipo ballesta, muelles 
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helicoidales, barras de torsión, ejes, engranajes cónicos, piezas de frenos, 

levas, árboles de levas, resortes de embrague, álabes de compresor, bielas, 

cigüeñales, componentes de cajas de engranajes, ruedas dentadas, 

barrenos de minería, herramientas de corte, vástagos de pistón, barras de 

empuje, bujes, anillos de sincronización, ruedas de turbina, álabes de 

turbina, resortes de válvulas, válvulas, bujes, etc. 

En resumen, el granallado aumenta la resistencia a la fatiga, produce 

un aumento de la resistencia a la corrosión, y además como efecto 

secundario a la impactación limpia la superficie de las piezas. 

4.2.2. Variables del proceso del granallado 

Las variables más importantes dentro del proceso de granallado son: 

la granalla, la velocidad de la granalla y el ángulo de proyección de las 

granallas. 

� Granalla: Las granallas son las partículas que impactan a gran 

velocidad en la superficie de las piezas a granallar, las granallas son 

de diferentes materiales, tamaños y durezas. 

a) Respecto a los materiales tenemos:

./ Granalla de acero fundido (cast stell shot): Esta granalla tiene

una buena relación de dureza y capacidad de resistencia a la

rotura, siendo su costo menor al de granalla de alambre

cortado. Esta granalla se encuentra normalizadas a través del

SAE J827 Jul94, SAE J2175 Jun91 y SAE J444 May 93 (ver

apéndice G).
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../ Granalla de alambre cortado (cut wire shot): Esta granalla 

proviene del corte de un alambre de acero al carbono o acero 

inoxidable, en donde su longitud es igual a su diámetro y sus 

bordes son redondeados. Es la granalla que más aceptación 

está teniendo actualmente en el mundo, debido a que tiene 

una excelente dureza con muy bajo nivel de rotura, lo que 

implica un bajo consumo y sobre todo permite obtener un 

nivel de granulometría constante en un porcentaje elevado de 

partículas. Estas granallas se encuentran normalizadas a 

través del SAE J441 Jun93(ver apéndice H) . 

../ Granalla de fundición de hierro esférico y nodular: Comprende 

a las granallas de fundición gris, blanca y maleable. Se 

utilizan en aquellos casos donde se requiera efectuar un 

trabajo de granallado de bajo costo inicial, a pesar que tienen 

una vida útil muy inferior a las granallas de acero debido a su 

mayor fragilidad. En el caso del granallado, la rotura adquiere 

una gran importancia ya que es imprescindible que el impacto 

sobre la superficie lo realice una partícula esférica, lo que se 

torna difícil de controlar utilizando un abrasivo con alta 

velocidad de fractura. En cuanto a las granallas de fundición 

nodular, estas se utilizan en escala muy limitada pues debido 

a su baja dureza las intensidades logradas son pobres y 

además dejan residuos de grafito en las piezas granalladas . 

../ Micro-esferas de vidrio (glass bead) o cerámica: Se utilizan 

para el conformado de chapas delgadas, ya que se obtienen 

bajos niveles de intensidad de granallado. Ideal para chapas 
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de acero inoxidable o materiales no ferrosos que no deben 

ser contaminados con abrasivos de acero al carbono. 

b) Respecto a la dureza de la granalla, se tiene que tener en cuenta

que esta debe ser superior a la dureza del material a granallar,

pero sin llegar a ser muy duro ya que con ello aumenta su

fragilidad (es decir, aumenta su porcentaje de rotura).

c) El tamaño de la granalla es un factor importante, ya que influye

directamente en la energía de deformación de la superficie

durante el impacto. Mientras la velocidad y el tiempo de

exposición se mantengan constantes, todo incremento del tamaño

de la granalla implica un incremento en la intensidad del proceso y

una menor cobertura. Siempre se debe seleccionar el menor

tamaño de granalla que produzca la intensidad deseada, logrando

de esa forma la mayor rapidez del proceso y la mejor cobertura en

la superficie.

Velocidad de la granalla: Es una variable muy importante de controlar, 

ya que desde el punto de vista energético, al aumentar la velocidad 

de la granalla, aumenta su energía cinética y por tanto aumenta la 

intensidad del granallado; pero también el incremento de velocidad 

produce un mayor porcentaje de fracturas de granallas lo que impide 

el crecimiento teórico de la intensidad. 

Angulo de proyección: es el ángulo formado entre la superficie y la 

dirección del flujo de partículas. Al reducirse el ángulo de proyección 

disminuye la intensidad del. granallado, en aquellos casos en los 
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cuales el ángulo (por necesidades prácticas) debe ser inferior a los 

90° , debe incrementarse el tamaño de la granalla y/o la velocidad 

para mantener el valor de intensidad. 

La combinación de estas variables (granalla, velocidad de la granalla 

y ángulo de proyección de las granallas) nos permite obtener las condiciones 

de la operación del granallado, la cual se puede cuantificar y controlar 

midiendo la intensidad y la cobertura del granallado: 

Intensidad del granallado: Es directamente proporcional a la 

profundidad de la capa comprimida del material granallado, es decir, 

a mayor intensidad de granallado mayor es la resistencia a la 

iniciación y propagación de grietas. 

El método usado para medir la intensidad del granallado es la Prueba 

Almen, el cual fue inventado por Jhon Almen en el laboratorio de 

Investigación de General Motors (ver figura 4.12). La prueba consiste 

en montar y asegurar en un soporte (bloque Almen) de acero 

carburado o endurecido, una lámina plana de acero SAE 1070 rolado 

en frío, de dureza entre 44 y 50 HRc y de las dimensiones dadas en 

la figura 4.11, para granallarlo por una sola cara, siendo la medida de 

la flecha obtenida el valor de la intensidad del granallado. 

T
Todas las unidades están en mm 

c__ ________ ___.lL 85 _'ºos 

75.60 -76.40 0.81 -0.77 

1• .. ¡ 
1 1 

1.27-1.31 

1.. .. ¡ 
1 1 

2.36 - 2.42 

1.. .. ¡ 
1 1 

Pmbcla Pmbcla Pmbcla 

Almen Tipo N Almen Tipo A Almen Tipo C 

Figura 4.11: Probetas Almen 
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Instrumento medidor 

Granallas 

Tornillos 

-.t· / Probeta Almen 
.}}1 
-��i�1t, 
�-. . 

.. �---

Bloque Almen 

Figura 4.12: Ensayo Almen 

Para mayor detalle ver el apéndice 1 (Norma SAE J442 Jan95). 

Cobertura del granallado: Es una medida que nos indica el porcentaje 

del área que ha sido impactada por las partículas esféricas. Para que 

el granallado sea considerado bueno, la cobertura tiene que ser 

elevada ya que de lo contrario no se obtiene el aumento de la 

resistencia a la fatiga deseada. 

Cob-errnra Paroal 

Figura 4.13: Fotografías de coberturas del granallado 
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Existen varios métodos para medir el factor de cobertura, pero uno de 

los más utilizados consiste en lo siguiente: 

./ Realizar en la probeta a granallar un pulido espejo .

./ Someter a dicha superficie al flujo de granallas en condiciones

predeterminadas .

./ Retirar la probeta y proyectar la superficie expuesta en un

comparador con 50 aumentos .

./ Sobre dicha proyección y en un papel transparente trazar las

marcas producidas por los impactos (bien diferenciadas de las

zonas pulidas) .

./ Medir la superficie de la zona impactada. La relación entre esta

superficie y la total, expresado en porcentaje, es el factor de

cobertura obtenido.

4.2.3. Equipos para el granallado 

Existen varios tipos de máquinas granalladoras, las cuales son 

seleccionadas dependiendo del tipo de material, tamaño y forma de las 

partes a granallar, así como del acabado superficial que se desea obtener. 

Los equipos de granallado poseen 6 sistemas básicos: 

a) Sistema de aceleración de la granalla: Existen 2 formas de acelerar la

granalla

>"' Granallado por aire comprimido: Este sistema es de muy bajo

rendimiento, por lo cual es más adecuado para trabajos pequeños 

donde no son necesarios caudales altos. Es un sistema flexible, 

pues el transporte de la granalla puede realizarse en dirección 

horizontal y mediante cañerías de goma. Estas características le 
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permiten ser utilizados en la preparación de superficies de 

estructuras armadas reemplazando a las herramientas manuales. 

>- Granallado por turbina centrífuga: Es el sistema más económico e 

ideal para las líneas de producción continuas (figura 4.14). En 

este sistema las granallas son ingresadas a la turbina a través del 

tubo de alimentación, en el distribuidor son desviadas y pre­

aceleradas, en la caja de control son dirigidas hacia los alabes o 

paletas y en estas son aceleradas y disparadas hacia las 

superficies a granallar. 

En este sistema el ángulo de proyección se puede cambiar 

fácilmente girando la caja de control. 

El número de turbinas montadas en una máquina queda 

determinado por la forma y tamaño de las piezas a granallar. 

Tubo de alimentación Distribuidor 

Caja de control 
Paleta de lanzamiento 

Figura 4.14: Turbina centrifuga 

��- G1;a de c0t1trol 
..._...._� Dislribu.dor (,mpe!/er) 

b) Sistema de circulación y limpieza de la granalla: Esta es la parte del

equipo que se encarga de recircular y limpiar la granalla para lograr

un funcionamiento continuo. En los equipos de granallado

convencionales, la granalla luego de chocar contra la pieza, cae en
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una tolva de recolección para posteriormente ser llevada por 

gravedad o por un sin fin a un elevador de cangilones. El elevador 

lleva la granalla, cascarillas, óxidos y otros contaminantes a un 

separador por flujo de aire ubicado en la parte superior de la 

máquina, y a través de zarandas y chapas deflectoras elimina las 

partículas contaminantes, polvos y granallas pequeñas que dejan de 

ser efectivas en el granallado. La granalla limpia cae en una tolva 

superior, para que posteriormente alimente a la turbina por gravedad. 

Un alimentador electrónico añade granalla nueva para reemplazar la 

eliminada, de forma que se consigue una mezcla operatoria 

constante. 

c) Sistema colector de polvos: El polvo generado durante el granallado

es retirado del flujo de granalla circulante y de la cabina de granallado

por un colector de polvos. El colector de polvos más usado es el de

cartuchos de papel, que además de retirar el polvo de la máquina

mantiene las áreas adyacentes a la misma limpia de polvos.

d) Cabina: La cabina durante el granallado contiene polvo y abrasivo en

suspensión. La ventilación que genera el aspirador de polvo dentro

del gabinete asegura que la presión del aire dentro de ésta sea menor

que la presión ambiental, de modo que el polvo no se escape a las

áreas de trabajo adyacentes. Las aberturas para la entrada y salida

de las piezas están equipadas con sellos para evitar que el abrasivo

se escape de la máquina. Las cabinas están construidas en acero de

bajo carbono y revestidas interiormente con materiales resistentes a

la abrasión, que pueden ser goma, componentes sintéticos, o placas

de fundición de aleaciones especiales. En áreas que pueden ser
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alcanzadas por flujo directo de granalla es recomendable utilizar 

placas de fundición que tienen un rendimiento muy superior a los 

demás materiales. 

e) Sistema de movimiento o sostén de las piezas a granallar: La

necesidad de granallar desde destornilladores, block de automotores,

caños, chapas, rieles, y hasta vagones de ferrocarril nos da una idea

de la gran variedad de sistemas de movimiento o sostén de las piezas

a granallar que hay.

)"" Granalladoras de tambor: Son usadas principalmente para

resortes de válvulas, grapas y otras piezas pequeñas que se 

puedan trabajar a granel. 

Figura 4.15: Granalladora de tambor 

)"" Granalladoras continuas: Estas granalladoras requieren poco 

espacio y no necesitan almacenamiento intermedio de piezas. 

Estos tipos de granalladoras son utilizadas por ejemplo para 

muelles tipo ballesta y tipo helicoidal. 
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Figura 4.16: Granalladoras continuas 

� Granalladoras de piezas colgadas: Son usadas en piezas grandes 

o en piezas de geometría complicada.

Figura 4.17: Granalladora de pieza colgadas 

� Granalladoras con manipulador: Satisfacen los requerimientos de 

producción más exigentes, gracias a su gran rendimiento de 

granallado. Incluso superficies interiores con difícil acceso se 

granallan satisfactoriamente. 

Figura 4. 18: Granalladoras con manipulador 
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� Granalladoras rotativas: En estas granalladoras las piezas giran 

en tablas satélites montadas en una placa giratoria. Son usadas 

por ejemplo en engranajes rectos, engranajes conicos, ejes de 

engranajes y piezas similares. 

Figura 4.19: Granalladora rotativa 

f) Controles e instrumentación: Es el sistema que provee los comandos

e indicaciones para arranque y parada de los mecanismos,

elevadores, colector de polvos, turbinas, y sistemas de manejo de las

piezas; amperímetros y cuenta-horas para los motores de turbinas,

todos ubicados en una consola central.

\¿ 5\: !\ \��"'l/10� )1'IílJ,l\f\���,J.'\'\ 
4.2.4. Condiciones de granallado para hojas de muelle tipo ballesta 

El proceso de granallado se debe realizar en una máquina de turbina 

centrífuga con movimiento de piezas continuas. 

La Norma SAE HS J788 recomienda para el granallado de hojas de 

muelle tipo ballesta, lo siguiente: 

� Granallas de alambre cortado de códigos CW-23 a CW-41 (ver 

apéndice H) o las granallas de acero fundido de códigos S-230 a S-

390 (ver apéndice G). 

Una intensidad de granallado de 1 OA a 20A para muelles de carga 

ligera y mediana, y 6C a 14C para muelles de carga pesada. La 

designación 1 OA a 20A, significa una intensidad de granallado de 1 O 
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a 20 milésimas de pulgadas (0.25 a 0.50 mm) en el ensayo Almen A. 

Y la designación 6C a 14C significa una intensidad de granallado de 6 

a 14 milésimas de pulgada (0.15 a 0.36 mm) en el ensayo Almen C. 

Una cobertura de por lo menos 90%. 

4.3. EFECTOS DEL GRANALLADO SOBRE LA RESISTENCIA A LA FATIGA 

Como se explicó en el capítulo 4.2, el granallado aumenta la resistencia de 

vida por fatiga, estando el aumento influenciado por la impactación y por la 

cobertura del granallado, así como del tipo de trabajo que tiene la pieza. 

Tal es así, que por ejemplo: para engranajes de acero SAE 1020 se logra un 

aumento a la resistencia de fatiga de 2.7 veces, para piñón de acero NE-9420 se 

puede obtener un aumento hasta de 4.2 veces, para hojas de muelle tipo ballesta el 

aumento puede llegar hasta 6 veces y para las barras de torsión el aumento puede 

ser de hasta 6 veces. 

En la figura 4.20, se muestra como varía la resistencia a la fatiga de un 

muelle tipo ballesta de acero AISI 9260 de 40 a 45 HRc de dureza y de ¼" de 

espesor. 

300,000 

� 200,000 

� 100,000 
-

U) 

50,000 

-

20,000 

r---r-r--

-

r-r--r--..._ 

1 
1 

100,000 

Jhotl Peenin1g 

Life Cycles 

,__ 

1 

1 
1,000,000, 

1 
10,000,000 

Figura 4.20: Influencia del granallado en la resistencia a la fatiga de la hoja de 

muelle tipo ballesta de acero AISI 9260 



CAPITULO 5 

PLAN DE EVALUACION DEL GRANALLADO DE HOJAS DE MUELLE 

TIPO BALLESTA 

Las empresas manufactureras de muelle, realizan los ensayos de fatiga a 

sus productos tomando como muestras paquetes armados de muelle, en este 

informe los ensayos se van a realizar a hojas sueltas ya que con ello se disminuye 

costos de ensayo y se analiza mejor los efectos del granallado. 

5.1. CARACTERISTICAS DE LAS PROBETAS 

La materia prima de las probetas deben cumplir las exigencias citadas en el 

capitulo 3.1, tanto en composición química, descarburización superficial, tamaño de 

grano, nivel de inclusiones no metálicas, estructura metalográfica, segregaciones 

bandeadas, dimensiones, templabilidad y acabado superficial. 

Las probetas deben tener ojos en sus extremos para que puedan ser 

sujetadas en la maquina fatigadora. No se debe ampollar las hojas durante el 

calentamiento para el formado de ojos. 

Las probetas deben ser templadas y revenidas sin producirles 

ampollamiento, obteniéndose una estructura final de martensita revenida y una 

dureza de 363 - 429 HB (según Norma JIS G 4801) o de 388 - 461 HB (según SAE 

HS J788). 

Las probetas deben ser granalladas sólo en la cara que trabaja a tracción. 
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Para elaborar el Plan de evaluación del granallado, debemos definir lo 

siguiente: 

5.2.1 Esfuerzo 

El esfuerzo es la fuerza interna aplicada por unidad de área. Cuando 

un cuerpo esta sometido a fuerzas de tracción, es decir, cuando existen 2 

fuerzas en sentido opuesto que tienden a alargar el material, 

matemáticamente el esfuerzo se define como: 

S = F / A (1) 

De igual forma, cuando un cuerpo esta sometido a fuerzas de 

compresión, es decir, cuando existen 2 fuerzas en el mismo sentido que 

tienden a comprimir el material, se utiliza la misma ecuación dada en el caso 

de tracción para calcular el esfuerzo. 

F-i==i---F

Tracción Compresión 

Figura 5.1: Cuerpo sometido a tracción o a compresión 

Si un cuerpo trabaja a flexión, es decir, si esta sometido a una fuerza 

que tiende a doblarlo; a un lado del plano neutro se producen esfuerzos de 

tracción y al otro lado del plano neutro se producen esfuerzos de 

compresión (ver figura 5.2). Matemáticamente, el esfuerzo es igual a: 

S=Mxc/1 (2) 

Siendo por tanto, el máximo esfuerzo para una misma sección: 

S = M x e / (I x 2) (3) 

Donde e: espesor de la hoja de muelle 



s 

Fibra neutra 

Esfuerzos de 

Esfuerzos de 

compresión 

tracción s 

Figura 5.2: Cuerpo sometido a flexión 
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Como se puede apreciar en la figura 5.3, las hojas de muelle trabajan 

a flexión, por tanto, para hallar los esfuerzos se debe aplicar la ecuación 3. 

F 

Figura 5.3: Representación de las fuerzas a que están sometidas las hojas 
de muelle 

Cálculo de fuerzas y de Momentos flectores en una hoja de muelle 

r 
F1 i l F2 

,V 
a 

A" 
b 

V 

Figura 5.4: Esquema de fuerzas a las que están sometidas las hojas de muelle 

I:F=O 
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................................................................................ (4)

F x a - F2 x L = O => F2 = F x a/ L ... ..... .... ............................. .. . . . (5)

De (4) en (5) : F1 = F x b / L (6)

Fv
¡ �

F 

l Fv
M) Mv 

F1 
t F1 

t

0
1 .. z o a z 

Z E [O, a> Z E [a, L]

Figura 5.5.a Figura 5.5.b 

Figura 5.5. Esquema de fuerzas y momentos en las hojas de muelle 

De la figura 5.5 ( para Z e [O , a > )

LF = O

················································································ (7)

Fy x Z + My 
= O => My 

= - Fy x Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (8)

De (7) y (6) en (8)

My
= -FxbxZ/L ..................................................................... (9)

De la figura 5.6 ( para Z e [a , L] )

F1 + Fy
= F => Fy

= F -F1 ....................................................... (10)

De (1) en (7): 

F x a - Fy x Z+ My = O => My 
= Fy x Z - F x a

De (11) y (6) en (12):

(11) 

.... .... .. . ... . .. .. . (12) 
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Mv = F x (Z-a) - F x b x Z / L ....................................................... (13) 

F,� M 

F1 1-------.

a o 1-------+-----�-::.-

F2 ___________ ....__ ____ _, 

Diagrama de Fuerza 

z 

Fxb xa 
L 

a 

Diagrama de Momentos 

Figura 5.7: Diagrama de fuerzas y momentos flectores a los que están 

sometidas las hojas de muelle 

z 

De la figura anterior, se deduce que el máximo momento flector al 

que está sometida una hoja de muelle es igual a. 

M=Fxbxa/L 

De (14) en (3) tenemos: 

(14) 

s =
F xbxa xe 

2 x L x I 
......................... ................................................ (15) 

5.2.2 Momento de Inercia 

El momento de inercia es la resistencia de un objeto a rotar entorno a 

un eje, matemáticamente es la suma de los productos de las masas de las 

partículas por el cuadrado de la distancia de cada partícula a dicho eje. 

Dado que, la sección de la hoja de muelle no es completamente 

rectangular, ya que 2 de sus lados son ligeramente cóncavos y los otros 2 

son convexos (ver figura 5.8), el momento de rnercia de la hoja de mueile 

esta dada por la siguiente ecuación, según la Norma SAE HS J788: 

I = 0.083333x [ x e3 + 0.013540 x e4 
- 1.333333 x d x fx (0.06871 x d2 + 

(0.5 xe - 0.4 xd)2 ) ...... ...................................................................... (16) 



j"[ _____ Jt d 

1 r 1 
Figura 5.8: Geometría real de la sección plana para las hojas de muelle 

5.2.3 Factor de Rigidez (SF) 
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La Norma SAE HS J788, indica que el Factor de Rigidez se obtiene 

experimentalmente, y establece que para los paquetes de muelles tipo 

ballesta varía de 1.10 a 1.50, dependiendo de la geometría de sus extremos. 

En !PASA a través de varios ensayos se ha identificado que el Factor de 

Rigidez para las hojas de muelle sueltas (no para paquete de muelle 

armado) es de 1.50. 

5.2.4 Constante de elasticidad o constante de resorte (k) 

La constante de elasticidad es un parámetro característico de los 

muelles, y en general de todos los resortes, que esta definido como: 

k= F lf (17) 

Para el caso de muelle tipo ballesta, la Norma SAE HS J788, 

establece la siguiente ecuación: 

2xExlxLxSF 
k= 

5.2.5 Deflexión ( f) 

(18) 

La deflexión es la deformación que se obtiene en las hojas de muelle 

cuando estas son sometidas a una fuerza vertical aplicada en la posición del 
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perno central. La deflexión se mide en el sentido de la aplicación de la fuerza 

(ver figura 3.29 y 5.3). 

De (17) en (18) tenemos: 

f = 

F X b
2 

X a
2

.............................................................. (19) 
2xExlxLxSF 

De (15) en (19) tenemos: 

Sxbxa 
f = -------­

ExexSF 

5.2.6 Máxima Deflexión 

(20) 

La máxima deflexión, es la mayor deformación a que se limita el 

paquete de muelle (a través de un tope en el chasis del vehículo), de modo 

que se evite la pérdida de altura del paquete de muelle y se asegure una 

vida útil adecuada considerando de que el muelle trabaja a fatiga. 

En IP ASA, se considera que el esfuerzo correspondiente a la máxima 

deflexión es 0.84 veces el esfuerzo de fluencia medio dado por la Norma 

SAE HS J788 (ver 2.2.4 del presente informe), es decir: 

S = 0.84 x (1170 + 1550) / 2 = 1142.4 MPa 

Remplazando E, SF y este valor de Sen la ecuación (20), tenemos: 

bxa 
fmax = -��--

263 X e 

5.2. 7 Frecuencia natural (f) 

(21) 

La frecuencia natural ( en revoluciones por minuto) de las hojas de 

muelle esta dado por la siguiente ecuación, según la Norma SAE HS J788: 

f = --1-x 
2 X TT f final X 0.001 

X 60 (22)
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5.2.8 Altura Libre (HL) 

La altura libre o flecha, es la mayor distancia del centro de los ojos al 

lado que trabaja a tracción. Si la hoja en vez de ojos tuviera extremos 

sesgados, con corte lateral, desbastados o cuadrados, la altura libre seria la 

mayor distancia ente la línea imaginaria que pasa por los 2 extremos y el 

lado que trabaja a tracción. 

� 

-�-------- - -�--

Figura 5.9: Medición de la Altura Libre 

Cuando la hoja de muelle está bajo la acción de alguna fuerza, esta 

se deflecta, disminuyendo por tanto su altura libre. 

HL = HL sin fuerza -f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . (23)

5.2.9 Carrera 

En el ensayo de fatiga la carrera esta dada por la siguiente ecuación: 

Carrera = ffina1 -finicia1 .............................................................................. (24)
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5.2.10 Esfuerzos para las condiciones de fatiga 

De la figura 4.6, la cual es un extracto de la Norma SAE HS J788, se 

deducen las siguientes relaciones entre Smax y Smin para diferentes 

condiciones de fatiga: 

Para 30,000 ciclos de vida: Smax = 966 + 0.4057 x Smin

Para 50,000 ciclos de vida: Smax = 810 + 0.486 x Smin 

Para 75,000 ciclos de vida: Smax = 700 + 0.49 x Smin

Para 100,000 ciclos de vida: Smax = 620 + 0.605 x Smin 

Para 200,000 ciclos de vida: Smax = 509 + 0.67 x Smin

Para 1'000,000 ciclos de vida: Smax = 459 + 0.702 x Smin

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

Donde, Smax es obtenido cuando la hoja de muelle llega a la deflexión 

final, y Smin cuando la hoja de muelle llega a la deflexión inicial. 

5.3. MAQUINA FATIGADORA 

Ver figura 5.1 O. 

5.3.1. Partes Principales 

5.3.1.1. Excéntrica 

La excéntrica es una volante que en dirección radial tiene un canal 

con forma de cola de Milano, sobre la cual se desfasa el sistema biela­

embolo con respecto al centro de giro. El valor de este desfase es 

numéricamente igual a la mitad de la carrera. 

5.3.1.2. Sistema Biela - Embolo 

El sistema biela-embolo tiene como función transformar el 

movimiento rotacional en lineal ascendente-descendente. La longitud del 

embolo es regulable y con ello se define la altura libre inicial de la hoja de 

muelle a ensayar. 
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5.3.1.3. Torretas de sujeción 

Las torretas de sujeción tienen como función sujetar las hojas de 

muelle a ciclar a través de sus ojos. La distancia entre torretas se regula 

dependiendo de la longitud de la hoja a ensayar y se fijan a la estructura a 

través de pernos. Existen 2 torretas, una que tiene un sujetador basculante y 

otro que tiene un sujetador fijo. 

5.3.1.4. Sistema de Apagado Automático 

El sistema de apagado automático, consta de un switch que durante 

el ensayo se encuentra en contacto con la parte inferior del sujetador fijo, 

pero al romperse la hoja de muelle un resorte comprimido eleva el sujetador 

en mención, ocasionando que el switch deje de tener contacto con el 

sujetador, cortando así la corriente eléctrica de alimentación. 

5.3.1.5. Contador de ciclos 

El contador de ciclos registra la cantidad de ciclos que dura la hoja 

de muelle durante el ensayo de fatiga. 

5.3.1.6. Accesorios 

Adicionalmente a las bocinas y pernos de sujeción que se instalan 

en los ojos de las hojas de mulle, existen 2 planchas de sujeción que se 

ponen a la altura del agujero para perno central, las cuales se fijan a través 

de 4 pernos, estos pernos deben tener el torque de trabajo según su grado, 

diámetro y tipo de rosca, ya que si el torque es bajo, la hoja rompería 

rápidamente (antes de fatigarse) por el agujero. 

5.3.2. Características de la Máquina fatigadora de IPASA 

En IPASA, la máquina fatigadora tiene las siguientes características: 

Marca : Hoesch 

Modelo : 8 - 0048 

Número de ciclos por minuto : 100 

Motor eléctrico : 1 O H P y 1450 rpm 

Longitud máxima de la ballesta a ensayar : 1530 mm 
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Figura 5.1 O: Máquina Fatigadora 

5.3.3. Instalación de las probetas 

Para instalar las hojas de muelle a ensayar se deben seguir los 

siguientes pasos: 

Regular la excentricidad del sistema biela-embolo al centro de giro de 

la volante, usando el tornillo regulador que se encuentra dentro del 

canal de cola de Milano. Al término de esta operación, ajustar pernos 

y tuercas de sujeción. 

Montar las planchas de sujeción en la probeta, dándole a los pernos 

el torque de trabajo correspondiente. 
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Girar manualmente la volante hasta que el embolo se encuentre en el 

Punto Muerto Superior (PMS) 

Montar la probeta en las torretas de sujeción, usando las bocinas y 

pernos correspondientes. 

);> Medir la altura libre de la probeta. 

);> Modificar de ser necesario la longitud del embolo, girando el extremo 

del mismo. Cuando la altura libre sea igual a la altura libre inicial 

correspondiente al ensayo, ajustar las tuercas de sujeción del 

embolo. 

);> Verificar que el switch este en contacto con el sujetador fijo. 

);> Poner el contador en O 

);> Poner en funcionamiento la máquina fatigadora. 

5.4. PLAN DE EVALUACIÓN 

i. Seleccionar como materia prima de las probetas, aquella que cumpla

lo descrito en e.I capítulo 5.1.

ii. Escoger el modelo de hoja de muelle a ensayar, teniendo en cuenta

que debe tener ojos en sus 2 extremos y que su longitud debe ser

menor a 1530 mm.

iii. Controlar el proceso de calentamiento para el formado de ojos, para

que no exista ampolladuras.

iv. Controlar la temperatura y dureza de temple

v. Controlar la temperatura y dureza de revenido.

vi. De todas las probetas fabricadas, 2 no deben ser granalladas.
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vii. Granallar las probetas restantes por la cara que trabaja a tracción,

controlando la impactación y la cobertura. Se debe utilizar las

granallas indicadas en el capítulo 4.2.4.

viii. Medir las características dimensionales que se muestran en la figura

5.8.

ix. Cuando la hoja este en posición recta, medir la longitud entre centros

de ojos (L) para las hojas simétricas; y para el caso de hojas

asimétricas, medir la distancia entre el centro del ojo y el centro del

agujero para perno, tanto para el lado corto como para el lado largo.

x. Medir la flecha (altura libre) de la hoja de muelle.

xi. Calcular el momento de inercia con la ecuación (16) y con los datos

obtenidos en el paso viii.

xii. Calcular la constante de elasticidad (k) usando la ecuación (18) para

un E = 200,000 MPa y un SF = 1.5. Dividir el resultado entre 9.8 para

convertir N/mm a kgf/mm.

x111. Confirmar el valor obtenido en el punto xii, mediante la prueba de

Carga y Flexión a la hoja de muelle (ver 3.2.3.3).

xiv. Escoger si el ensayo va a ser para 30,000 - 50,000 - 75,000

1000,000 - 200,000 o 1 '000,000 de ciclos de vida a la fatiga.

xv. Escoger la deflexión inicial (f¡)

xvi. Calcular la fuerza inicial usando la deflexión inicial, la constante de

elasticidad obtenida en el punto xiii y la ecuación (17).

xvii. Calcular el esfuerzo inicial usando el valor.obtenido en el paso xvi y la

ecuación (15). No olvidar de multiplicar la fuerza por 9.8 para

convertirlo de kgf a Newton.
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xviii. Calcular el esfuerzo final, usando la ecuación (25) al (30), según la

decisión tomada en el paso xiv.

xix. Calcular la fuerza final, usando el valor obtenido en el paso xviii y la

ecuación (15). El valor obtenido, dividirlo entre 9.8 para convertirlo de

Newton a kgf.

xx. Calcular la deflexión final, usando el valor del paso xix y la ecuación

(17)

xxi. Comprobar las deflexiones, aplicándole las fuerzas final e inicial a la

hoja de muelle en la Balanza de Carga y Flexión.

xxii. Calcular la frecuencia del ciclado usando el valor obtenido en el paso

xxi y la ecuación (22). Si esta frecuencia esta dentro del rango de 0.9 a

1. 1 veces la frecuencia de ciclado de la máquina o de sus múltiplos,

cambiar la deflexión inicial (xv) o las condiciones de ciclos de vida 

mínima (xiv), recalculando por tanto los demás valores. 

xxiii. 

xxiv. 

XXV. 

xxvi. 

xxvii. 

xxviii. 

Calcular la altura libre inicial y final usando la ecuación (23) 

Calcular la carrera usando la ecuación (24) 

Instalar las probetas según lo indicado en el capitulo 5.3.3. Las 

probetas sin granallar deben ser las primeras en ensayarse. 

Terminado el ensayo, registrar la cantidad de ciclos resistido por la 

probeta. 

A través de la inspección visual, verificar si la rotura corresponde a 

fractura por fatiga. 

Realizar un análisis metalográfico cerca de la zona de rotura, referente 

a: tamaño de grano, estructura metalográfica, descarburización 

superficial, inclusiones no metálicas y segregaciones bandeadas. 

xxix. Elaborar informe indicando las conclusiones.



CAPITULO 6 

UTILIZACION DEL PLAN DE EVALUACION EN HOJAS DE MUELLE 

PROCESADAS CON GRANALLA SAE S 330 

6.1. MATERIA PRIMA (EN CUMPLIMIENTO AL 5.4.1) 

Se ha escogido como materia prima, el material 70x9mm de la colada 

R31004822VX, por cumplir lo descrito en el capitulo 5.1, según el Certificado de 

Análisis dado por el proveedor y por los resultados de la Inspección de Recepción 

hechos por IPASA (ver apéndice J). 

Las mediciones hechas en IPASA se obtuvieron con los siguientes equipos o 

instrumentos de medición: 

� Microscopio Metalografico Invertido, Marca Nikon, Modelo Eclipse 100, de 

aumentos: 50x, 1 00x, 200x, 500x y 1 000x; el cual tiene una cámara digital 

Nikon instalada en su trinocular y trabaja con el software metalográfico NIS 

ELEMENT V3.0, este software entre otras aplicaciones mide tamaño de 

grano, hace mediciones longitudinales y de área. Antes de usar el software 

este fue calibrado con respecto a su stage micrometer patrón, cuyo 

certificado se muestra en el apéndice K. 

Analizador de Carbono y Azufre, Marca Leca, Modelo CS 230. El cual tiene 

para una muestra de 1 gramo un rango de 4 ppm - 3.5% para carbono y 

4ppm - 0.4% para azufre, y una resolución tanto para carbono y azufre de 

0.1 ppm. Este equipo antes de ser usado fue calibrado con respecto a sus 

patrones, cuyos certificados se adjuntan en el apéndice K. 
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};>, Cinta métrica de 3 metros de rango y 1 mm de división mínima, calibrador 

vernier de 150mm de rango y 0.02 mm de división mínima, y micrómetro de 

exteriores de O - 25 mm de rango y 0.01 mm de división mínima, los cuales 

están dentro de su vigencia de verificación. 

6.2. MODELO DE HOJA DE MUELLE (EN CUMPLIMIENTO AL 5.4.2) 

Se seleccionó la hoja de código IPASA: HYMP-2000-01A, la cual se usa 

como hoja primera del muelle posterior que trabaja en el Microbús Hyundai Grace 

del año 1995. Se fabricaron 8 probetas para ensayar. 

6.3. CONTROL DE FORMADO DE OJO, TEMPLE Y REVENIDO (EN 

CUMPLIMIENTO AL 5.4.3, 5.4.4 Y 5.4.5) 

Las probetas fueron procesadas a una correcta temperatura tanto para el 

formado de ojo, el temple y el revenido, no presentándose ampolladuras en las 

probetas. Las hojas tuvieron las siguientes durezas después del revenido: 

Código de Dureza (HBN) Observación 
probeta 

1 415-415
Hojas sin shotpeening 

2 415 -440 

C1 438 -440 
Hojas con shotpeening y puestas en la parte 

C2 415 -415 central de la faja transportadora 

D1 401 -415 
Hojas con shotpeening y puestas en el lado 

D2 415-415 derecho de la faja transportadora 

11 412 -415 
Hojas con shotpeening y puestas en el lado 

12 415-415 izquierdo de la faja transportadora 
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Vale la pena indicar que no se menciona las temperaturas del formado de 

ojo, la temperatura del temple, la temperatura del revenido ni la dureza de temple 

por ser parte del know how de la empresa. 

6.4. CONTROL DEL GRANALLADO DE PROBETAS (EN CUMPLIMIENTO AL 

5.4.6 Y 5.4. 7) 

Se granallaron sólo 6 de las 8 probetas, bajo los mismos parámetros de 

operación de la granalladora y con la granalla SAE S330 (ver informe metalografico 

de recepción de IPASA, en el apéndice L), la diferencia fue que 2 probetas se 

pusieron en el centro de la faja transportadora de la granalladora (asignándoles a 

estas probetas los códigos C1 y C2), 2 en el lado derecho (asignándoles a estas 

probetas los códigos D1 y D2) y 2 en el lado izquierdo (asignándoles a estas 

probetas los códigos 11 e 12). Las 6 probetas en mención se granallaron sólo por la 

cara que trabaja a tracción, teniéndose los siguientes valores de impactación y 

cobertura: 

DIA 25/04/2011 

HORA 02:05 )ITI 

MAQUINA NUEVA 

VELOCIDAD DE LA 

FAJA RAPIDA 

IMPELENTE N' º
1 18.A

IMPELENTE Nº2 17 A 

POSICION DE LA 
PARTE 

PROBETA RESPECTO 
CENTRAL 

ALA FAJA 

IMPATACION ALMEN A 0.44 mm 

COBERTURA 85% 



DIA 

HORA 

MAQUINA 

VELOCIDAD DE LA FAJA 

lrv1PELENTE Nº1 

IMPELENTE N"2 

POS.ICION DE LA 
PROBETA RESPECTO 

ALA FAJA 

IMPACTACION ALMEN A 

COBERTURA 

DIA 

HORA 

MAQUINA 

VELOCIDAD DE LA FAJA 

IMPELENTE Nº1 

IMPELENTE Nº2 
POSICION DE LA 

PROBETA RESPECTO 
ALA FAJA 

IMPACTACION ALMEN A 

COBERTURA 

25/0412011 

2:07 p.m. 

NUEVA 

RAPIDA 

18 A 

17A 

LADO 
DERECHO 

0.22mm 

40% 

RAPIDA 

18 A 

17A 

LADO 
IZQUIERDO 

0.27mm 

49% 
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6.5. CARACTERÍSTICAS DIMENSIONALES Y CONDICIONES DEL CICLADO 

(EN CUMPLIMIENTO DEL 5.4.8 AL 5.4.24) 

El ensayo de fatiga para todas las muestras va a ser de 30,000 ciclos de 

vida. Las características dimensiónales y de ciclado por probeta se muestran en los 

siguientes cuadros, cuyos resultados provienen de hojas de cálculo en excell. 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAYAR:

e= ¡-01

9.M =r-c t J 
1 = 64.7 

___ ..,I

Nota.- Datos en mm. 
¡.-

---___!!w= 70.14
___ _..., 

Cálculo del Momento de Inercia aproximado I :

Código de la Hoja: 
Material: 
Orden de Compra: 
Proveedor: 
Dureza: 
Observaciones:

Numero de muestra

HYMP-2000-01A
70x9
156-2010
Jiangying Xing Cheng
415 - 415
Hoja Sin shotpeening

1 

I = 0.083333 * 1 * t3 
+ 0.01354 * t4 

- 1.333333 * e * 1 * ( 0.068571· * c2 
+ ( 0.5 * t - 0.4 *e )

2 
) mm

4

Luego:
I= 4068.00 mm4 

2. DATOS DEL PROTOTIPO A ENSAYAR:

Fecha de inicio:
Hora de inicio:

Fecha de término:
Hora de término:

Número de ciclos:

HI
LONG.ENTRE CENTR. L =
BRAZO DE MOMENTO (b) =
BRAZO DE MOMENTO (a) =
RATE (Calculado) k = 
RATE (E. Carga y Flexión) k = 

1216 mm
694 mm (Lado Largo)
522 mm (Lado Corto)

2.31 Kg/mm 

1B_P�1�16N INI�'� ------
1 ---- � +----- w -- -----·-·-·-·-·fg_· . . . . . . . �-

' w5 

AL TURA LIBRE: HL = 

DEFLEXIÓN INICIAL: Yi =
DEF. FINAL MÁXIMA: fmáx = 

FRECUENCIA DE CICLADO = 

2.35 Kg/mm
130 mm 

30 mm (valor elegido)
152 mm
100 rpm

' a::u 
', a::u ¡ .-

........ 111( ----
- ... (.2. - -

- - -� C POSICIÓ: F�N:L 
a .i+---- b

L 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) ALTURA LIBRE (mm) CARRERA
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
228.70 1058.78 70.5 326.38 30 138.9 100 -8.9 109 

No Existe, ok 138 -8

Aplicar 

CONDICIONES DE ENSAYO PARA 50
i
000 CICLOS DE VIDA DE FATIGA

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
228.70 921.15 70.5 283.96 30 120.83 100 9.17 90.83 

No Existe, ok Aplicar

CJ 

EXCENTRICA
(mm)

1 54.4 

54 

EXCENTRICA 
(mm)
45.4 

22/04/2011
20:35

23/04/2011
02:07

33,225 

Datos corregidos en la
balanza durante la 

aplicación de la fuerza

Free. Natural
(rpm) 
80.2 

Free. Natural
(rpm) 
86.0 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAYAR:
Código de la Hoja: HYMP-2000-01A Fecha de inicio: 

9.04 =:r-[___ � 
e = l

005 Material: 70x9 
Orden de Compra: 156-201 O

e:) 
Proveedor: Jiangying Xing Cheng
Dureza: 415 - 440
Observaciones: Hoja Sin shotpeening

Hora de inicio: 

Fecha de término: 
Hora de término: 

1= 64.7

1 Numero de muestra : 2 Número de ciclos: 
Nota.- Datos en mm. w = 70.12 

Cálculo del Momento de Inercia aproximado I : 
I = 0.083333 * 1 * t3 

+ 0.01354 * t4 
- 1.333333 * e * 1 * ( 0.068571 · * c

2 
+ ( 0.5 * t - 0.4 *e )

2 
) mm

4

Luego: 
I= 4076.79 mm4 

2. DATOS DEL PROTOTIPO A ENSAYAR:

LONG.ENTRE CENTR. L = 
BRAZO DE MOMENTO (b) = 
BRAZO DE MOMENTO (a) = 
RATE (Calculado) k = 
RATE (E. Carga y Flexión) k = 
AL TURA LIBRE: HL = 
DEFLEXIÓN INICIAL: Yi = 
DEF. FINAL MÁXIMA: fmáx = 
FRECUENCIA DE CICLADO = 

1215 mm 
692 mm (Lado Largo) 
523 mm (Lado Corto) 
2.32 Kg/mm 
2.40 Kg/mm 
131 mm 
30 mm (valor elegido) 

152 mm 
100 rpm 

_______ �B_pcs1c10N w1�� 
---- w 

-- o 
. o

·-·-·-·----�.0----
, w:5 

... ... � !:1 ¡ 
... 

... ... < º - ...
�� � --

- - - - -! � POSICIÓN FIN;L - -

a •! b 

L 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA 

CJ 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA EXCENTRICA 

INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) (mm)
233.03 1060.54 72 327.68 30 1 136.53 101 -5.5 J 106.53 1 53.3 

No Existe, ok r 136 -5 53 -· 

Aplicar 

CONDICIONES DE ENSAYO PARA 50,.000_CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) ALTURA LIBRE (mm) CARRERA EXCENTRICA 

INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) (mm)
233.03 923.25 72 285.26 30 118.86 101 12.14 88.86 44.4 

No Existe, ok Aplicar 

23/04/2011 
10:23 

23/04/2011 
15:28 

30,521 

Datos corregidos en la 
balanza durante la 

aplicación de la fuerza 

Free. Natural 
(rpm) 

1 80.9 
' 

Free. Natural 
(rpm) 
86.7 

..,_¡ 
00 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAYAR:

Código de la Hoja: HYMP-2000-01A Fecha de inicio: 

c = 

l
005 Material: 70x9 Hora de inicio: 

Orden de Compra: 156-2010
Proveedor: Jiangying Xing Cheng Fecha de término: 
Dureza: 438 - 440 Hora de término: 

25/04/2011 
19:06 

26/04/2011 
05:07 9.05 =r-[ ___ � e:) Observaciones: Hoja con shotpeening y puesta en la parte central de la faja transportadora 

1 = 64.81 

Numero de muestra : C1 Número de ciclos: 
11 

Nota.- Datos en mm. w= 70.23 

Cálculo del Momento de Inercia aproximado I : 
I = 0.083333 * 1 * t3 

+ 0.01354 * t4 
-1.333333 * c * 1 * ( 0.068571 ·* c

2 
+ ( 0.5 * t - 0.4 *c )

2
) mm

4

Luego: 
I= 4097.24 mm4 

2. DATOS DEL PROTOTIPO A ENSAY AR:

1213 mm 

A 

le P�ICIÓN INICIAL 

-------.;---•- ------LONG.ENTRE CENTR. L = 
BRAZO DE MOMENTO (b) = 
BRAZO DE MOMENTO (a) = 

692 mm (Lado Largo) 
521 mm (Lado Corto) 
2.34 Kg/mm 

-- ... e 

·-·-·-·-·--��- � =· ·-·-·-·-·-·-·-·, �o RATE (Calculado) k = 
RATE (E. Carga y Flexión) k = 
AL TURA LIBRE: HL = 
DEFLEXIÓN INICIAL: Yi = 

DEF. FINAL MÁXIMA: fméx = 
FRECUENCIA DE CICLADO = 

2.40 Kg/mm 
130 mm 
30 mm (valor elegido) 

151 mm 
100 rpm 

' 
o::-

',, �
º

¡ -- --
--

�-" -
--.... - -

- - -! C POSICIÓN FINAL 
a � b 

L 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
231.62 1059.97 72 329.50 30 1 137.3 100 ! -7.3 1 107 

No Existe, ok 138 -8
Aplicar 

CONDICIONES DE ENSAYO PARA 50
1
000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
231.62 922.57 72 286.79 30 119.49 100 10.51 89.49 

No Existe, ok Aplicar 

c::J 

EXCENTRICA 

(mm) 

l 53.6 
1 54 

EXCENTRICA 

(mm) 
44.7 

60,020 

Datos corregidos en la 
balanza durante la 

aplicación de la fuerza 

Free. Natural 
(rpm) 

1 80.7 

Free. Natural 
(rpm) 
86.5 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAYAR:

Código de la Hoja: HYMP-2000-01 A Fecha de inicio: 

e = 

l
005 Material: 70x9 Hora de inicio: 

Orden de Compra: 156-2010
Proveedor: Jiangying Xing Cheng Fecha de término: 
Dureza: 415 -415 Hora de término: 

26/04/2011 
11:50 

27/04/2011 
00:18 9.05 =:r-[ __ _ CJ Observaciones: Hoja con shotpeening y puesta en la parte central de la faja transportadora 

1 = 64.81 

Numero de muestra : C2 Número de ciclos: 
11 

Nota.-Datos en mm. w = 70.19 

Cálculo del Momento de Inercia aproximado I : 
1 = 0.083333 * 1 * t

3 
+ 0.01354 * t

4 
-1.333333 * e* 1 * ( 0.068571 * c

2 
+ ( 0.5 * t - 0.4 *e )

2
) mm

4

Luego: 
I= 4097.24 mm4 

A 
2. DATOS DEL PROTOTIPO A ENSAYAR:

LONG.ENTRE CENTR. L =
BRAZO DE MOMENTO (b) = 

1213 mm 
692 mm (Lado Largo) 
521 mm (Lado Corto) 
2.34 Kg/mm 

la P..Q$1CIÓN INICIAL ----1- ™--- � * ---- ---
--- w -

·-•�i-·-·-·----��-º ' ' ' ' ' . ' ' .�. 
BRAZO DE MOMENTO (a) = 
RATE (Calculado) k = 

RATE (E. Carga y Flexión) k =
AL TURA LIBRE: HL = 
DEFLEXIÓN INICIAL: Yi = 

DEF. FINAL MÁXIMA: fmáx =
FRECUENCIA DE CICLADO = 

2.40 Kg/mm 
131 mm 
30 mm (valor elegido) 

151 mm 
100 rpm 

' w :i 
. ' a::u 
1 ', 11::ü * -;

'� � --
--<J. --

- - -! C POSICIÓ: ;N:L
a �! b 

L 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXlóN (mm) ALTURA LIBRE (mm) CARRERA
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
231.62 1059.97 72 329.50 30 137.29 101 -6.29 107.29 

No Existe, ok r 137 -7

Aplicar 

CONDICIONES DE ENSAYO PARA 50,000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
231.62 922.57 72 286.79 30 119.49 101 11.51 89.49 

No Existe, ok Aplicar 

CJ 

EXCENTRICA
(mm) 
53.6 
54 

EXCENTRICA
(mm) 
44.7 

74,751 

Datos corregidos en la 
balanza durante la 

aplicación de la fuerza 

Free. Natural
(rpm) 
80.7 

Free. Natural
(rpm) 
86.5 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAYAR:

e = {º1 

905 =r-c t ] 

Nota.- Datos en mm. 

1= 64.
7

1+----.....:!w
= 

70_.1_2 __ �

Cálculo del Momento de Inercia aproximado I : 

Código de la Hoja: 

Material: 

Orden de Compra: 

Proveedor: 

Dureza: 

Observaciones: 

Numero de muestra : 

HYMP-2000-01 A 
70x9 
156-201 O

Fecha de inicio: 
Hora de inicio: 

27/04/2011 
10:30 

Jiangying Xing Cheng Fecha de término: 27/04/2011 
401 - 415 Hora de término: 15:31 
Hoja con shotpeening y puesta en el lado derecho de la faja transportadora 

D1 Número de ciclos: 30,026 

I = 0.083333 * 1 * t
3 
+ 0.01354 * t

4 
- 1.333333 * e * 1 * ( 0.068571 * c

2 
+ ( 0.5 * t - 0.4 *e )

2 
) mm

4

Luego: 
I= 4085.34 mm4 

2. DATOS DEL PROTOTIPO A ENSAYAR:

LONG.ENTRE CENTR. L = 
BRAZO DE MOMENTO (b) =
BRAZO DE MOMENTO (a) = 
RATE (Calculado) k =
RATE (E. Carga y Flexión) k =
ALTURA LIBRE: HL = 
DEFLEXIÓN INICIAL: Yi =
DEF. FINAL MÁXIMA: fmáx =

FRECUENCIA DE CICLADO = 

1216 mm 
695 mm (Lado Largo) 
521 mm (Lado Corto) 
2.32 Kg/mm 
2.40 Kg/mm 
130 mm 
30 mm (valor elegido) 

152 mm 
100 rpm 

HI Is P�ICIQt:11,tllCIAL -----1- ---- � * --- -

--- w -

----·-·-·-·-·-f&...o =· . . . . . .�. 
w'.3 

.. �!:1 ¡ 
,,. 

'� < º
--�

�--� ----

- - -! C POSICIÓN FINAL

a �! b 
L C:=J 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA EXCENTRICA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) (mm)
232.72 1060.42 72 328.07 30 136.70 100 1 -6.70 107 53.3 

No Existe, ok 137 -7
--· 

53.5 

Aplicar ! 

CONDICIONES DE ENSAYO PARA 50
1
000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA EXCENTRICA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) (mm)
232.72 923.10 72 285.59 30 119.00 100 11.00 89.00 44.5 

No Existe, ok Aplicar 

Datos corregidos en la 
balanza durante la 

aplicación de la fuerza 

Free. Natural 
(rpm) 
80.9 

Free. Natural 
(rpm) 
86.7 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAYAR:
Código de la Hoja: HYMP-2000-01 A Fecha de inicio: 27/04/2011 

c = 
+
0.01 Material: 

Orden de Compra: 

70x9 Hora de inicio: 17:15 
156-201 O

Proveedor: Jiangying Xing Cheng Fecha de término: 27/04/2011 

9.07 Dureza: 415-415 Hora de término: 22:26 =r-c t J Observaciones: Hoja con shotpeening y puesta en el lado derecho de la faja transportadora 
1 = 64.69 

___ .... 1 

Numero de muestra : D2 Número de ciclos: 
Nota.- Datos en mm. �---�w = 70.27 

----w 

Cálculo del Momento de Inercia aproximado I : 
I = 0.083333 * 1 * t

3 
+ 0.01354 * t

4 
- 1.333333 * e * 1 * ( 0.068571 * c

2 
+ ( 0.5 * t - 0.4 *e )

2 
) mm

4

Luego: 
I= 4108.42 mm4 

2. DATOS DEL PROTOTIPO A ENSAYAR:

LONG.ENTRE CENTR. L = 
BRAZO DE MOMENTO (b) =

1215 mm 
692 mm (Lado Largo) 
523 mm (Lado Corto) 

2.33 Kg/mm 

_ _ _ _ _ l,¡_p�ICIÓN INIC� _ _ _ 
� i 

------
w 1 

--- ----·-·-·-·-·fg_· . . . . . . . .. 
BRAZO DE MOMENTO (a) =
RATE (Calculado) k = 
RATE (E. Carga y Flexión) k = 
AL TURA LIBRE: HL =
DEFLEXIÓN INICIAL: Yi = 
DEF. FINAL MÁXIMA: fméx =

FRECUENCIA DE CICLADO = 

2.40 Kg/mm 
131 mm 
30 mm (valor elegido) 

152 mm 
100 rpm 

' w
� ' o::u ...

o::- ¡ 
-'� < º --

�--� ----

- - -! C POSICIÓN FINAL
a •! b 

L 

CONDICIONES DE ENSAYOPA_RA 3.Q.000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
232.00 1060.12 72 329.00 30 137.08 101 1 -6.08 1 107.08 

No Existe, ok 137 1 -7 i 

Aplicar 

CONDICIONES DE ENSAYO PARA 50.000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXI N (mm) AL TURA LIBRE (mm) CARRERA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
232.00 922.75 72 286.37 30 119.32 101 11.68 89.32 

No Existe, ok Aplicar 

CJ 

EXCENTRICA 

(mm) 
53.5 

54 

EXCENTRICA 

(mm) 
44.7 

31,125 

Datos corregidos en la 
balanza durante la 

aplicación de la fuerza 

Free. Natural 
(rpm) 
80.7 

Free. Natural 
(rpm) 
86.5 

00 
N 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS 

1.DATOS DEL PERFIL A ENSAY AR:

e = +°'º1 

90B =r-c t J 

Nota.- Datos en mm. 

1=65.7 

i.------..!!w = 70.35 
__;_ __ ..¡

Cálculo del Momento de Inercia aproximado 1 : 

Código de la Hoja: 
Material: 
Orden de Compra: 
Proveedor: 
Dureza: 
Observaciones: 

Numero de muestra : 

HYMP-2000-01A 
70x9 
156-201 O

Fecha de inicio: 
Hora de inicio: 

28/04/2011 
10:55 

Jiangying Xing Cheng Fecha de término: 28/04/2011 
412-415 Hora de término: 15:43 
Hoja con shotpeening y puesta en el lado izquierdo de la faja transportadora 

11 Número de ciclos: 28,820 

I = 0.083333 * 1 * t3 + 0.01354 * t4 -1.333333 * e* 1 * ( 0.068571.* c
2 
+ ( 0.5 * t-0.4 *e )

2
) mm4 

Luego: 
l= 4181.16 mm4 

2. DATOS DEL PROTOTIPO A ENSAYAR:

LONG.ENTRE CENTR. L = 
BRAZO DE MOMENTO (b) =
BRAZO DE MOMENTO (a) =
RATE (Calculado) k = 
RATE (E. Carga y Flexión) k = 
AL TURA LIBRE: HL = 
DEFLEXIÓN INICIAL: Yi = 
DEF. FINAL MÁXIMA: fmáx = 
FRECUENCIA DE CICLADO = 

1215 mm 
694 mm (Lado Largo) 
521 mm (Lado Corto) 

2.38 Kg/mm 
2.40 Kg/mm 
130 mm 
30 mm (valor elegido) 

151 mm 
100 rpm 

19 P,SlSICIÓN INICIAL 
----------

ww ____ _ 
-- w - -

ºo ·-·-·-·-·-·fo.., .... ·-·-·-·-·-·-·-·
, w5 

' lt(.) 

',, �ü 1 ---
�--� t ----

- - -! C POSICIÓN FINAL
a �! b 

L 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) ALTURA LIBRE (mm) CARRERA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
228.00 1058.50 72 334.26 30 139.28 100 

l 
-9.28 109 

No Existe, ok 138 -8
Aplicar 

CONDICIONES DE ENSAYO PARA 50.000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) ALTURA LIBRE (mm) CARRERA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) 
228.00 920.81 72 290.78 30 121.16 100 8.84 91.16 

No Existe, ok Aplicar 

C:J 

EXCENTRICA 
(mm) 
54.6 

' 54 

EXCENTRICA 
(mm) 
45.6 

Datos corregidos en la 
balanza durante la 

aplicación de la fuerza 

Free. Natural 
(rpml 

l 80.1 

Free. Natural 
(rpm) 
85.9 

1 



CÁLCULO DE LAS CONDICIONES DE FATIGA PARA HOJAS DE MUELLES ASIMÉTRICOS

1.DATOS DEL PERFIL A ENSAYAR:

e = 

f
015

9.M =r-c t J 
1 = 65.53 

1 

Nota.- Datos en mm. ,._ ____ ....;.;w = 70.22 

Cálculo del Momento de Inercia aproximado 1 : 

Código de la Hoja: 

Material: 

Orden de Compra: 

Proveedor: 

Dureza: 

Observaciones: 

Numero de muestra : 

HYMP-2000-01 A 
70x9 
156-201 O

Fecha de inicio: 
Hora de inicio: 

28/04/2011 
16:23 

Jiangying Xing Cheng Fecha de término: 28/04/2011 
415 - 415 Hora de término: 21 :43 
Hoja con shotpeening y puesta en el lado izquierdo de la faja transportadora 

12 Número de ciclos: 31,920 

I = 0.083333 * 1 * t
3 
+ 0.01354 * t

4 
-1.333333 * e* 1 * ( 0.068571 * c

2 
+ ( 0.5 * t - 0.4 *e )

2
) mm

4

Luego: 
I= 4109.99 mm4 

2. DATOS DEL PROTOTIPO A ENSAYAR:

LONG.ENTRE CENTR. L = 
BRAZO DE MOMENTO (b) = 
BRAZO DE MOMENTO (a) = 
RATE (Calculado) k = 
RATE (E. Carga y Flexión) k = 
AL TURA LIBRE: HL = 
DEFLEXIÓN INICIAL: Yi = 

DEF. FINAL MÁXIMA: fmt1x = 
FRECUENCIA DE CICLADO = 

1215 mm 
693 mm (Lado Largo) 
522 mm (Lado Corto) 
2.34 Kg/mm 
2.40 Kg/mm 
131 mm 
30 mm (valor elegido) 

152 mm 
100 rpm 

_____ IB_P.Q.SICIÓN Lt!l�A.,k .. _ _
t 

----- w l -- �---�·-·-·-·-·it·º . . . . . . . .�.
'... a:(.) ... 

a:- * 
.. �� � º -��--� ----

- - -� C POSICIÓN FINAL 
.¡ • ..,____ ba 

L 

c=I 

CONDICIONES DE ENSAYO PARA 30,000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA EXCENTRICA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) (mm) 
231.04 1059.73 72 330.25 30 137.60 101 -6.60 1 107.60 53.8 

No Existe, ok 136 r -5 53 
1 

Apllcar 

CONDICIONES DE ENSAYO PARA 50.000 CICLOS DE VIDA DE FATIGA 

RESONANCIA 1 ESFUERZO FLECTOR (Mpa) FUERZA (Kg) DEFLEXION (mm) AL TURA LIBRE (mm) CARRERA EXCENTRICA 
INICIAL FINAL INICIAL FINAL INICIAL FINAL INICIAL FINAL (mm) (mm)
231.04 922.28 72 287.42 30 119.76 101 11.24 89.76 44.9 

No Existe, ok Aplicar 

Datos corregidos en la
balanza durante la 

aplicación de la fuerza 

Free. Natural 
(rpm) 

1 80.6 

Free. Natural 
(rpm) 
86.4 

1 � 
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6.6. INSTALACIÓN DE PROBETAS Y REGISTRO DE RESULTADOS (EN 

CUMPLIMIENTO AL 5.4.25 Y 5.4.26) 

Las probetas se instalaron según lo especificado en el capitulo 5.3.3, 

ensayando primero las hojas que no fueron granalladas. Obteniéndose los 

siguientes resultados: 

Código de Cantidad de 
Promedio Observación 

probeta ciclos 

1 33,225 
31,873 Hojas sin granallado 

2 30,521 

C1 60,020 
Hojas con granallado y puestas en la 

67,385.5 
C2 74,751 

parte central de la faja transportadora 

01 30,026 
Hojas con granallado y puestas en el 

30,575.5 
02 31,125 

lado derecho de la faja transportadora 

11 28,820 
Hojas con granallado y puestas en el 

30,370 
12 31,920 

lado izquierdo de la faja transportadora 

6.7. INSPECCIÓN VISUAL (EN CUMPLIMIENTO AL 5.4.27) 

Todas las hojas se inspeccionaron visualmente al término del ensayo, 

observándose que todas rompieron por fatiga según la rotura que presentaron. 



86 

Figura 6.1: Fotografías de la zona de rotura de las probetas fatigadas 



6.8. ANÁLISIS METALOGRAFICO DE HOJAS CICLADAS 

CUMPLIMIENTO AL 5.4.28) 

Los resultados del análisis metalograficos se muestran en las siguientes 

páginas. 

87 

(EN 



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORA TORJO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

IALISIS Nº: 22/1 lLab. !FECHA: 28/04/2011 MUESTRA CODIGO Nº M-296

! \TERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

tOCEDENCIA: Shanghai - CHINA OF: 174172

COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (33 225 ciclos)

e: 156/2010 INº ATADO: 822-13 Hoja Sin Shot Peening 

TRATAMIENTO TERMICO 

ODIGO DE HOJA DE MUELLE: 2000-0IA CODIGO DE LA PROBETA: 

"ISA YO DE TEMPLE TEMP.ºC: TIEMPO PERMAN. : DUREZA (HB): 

NSA YO DE REVENIDO TEMP.ºC : TIEMPO PERMAN. : DUREZA (HB): 415 -415 

'GREGACIONES: No Presenta

ESCARBURIZACIÓN: No Presenta

:�CLUSIONES NO METALICAS 
ORMA ASTM E-4S 

.A.MAÑO DE GRANO 
l()RMA ASTM E-112 

EXAMEN METALOGRAFICO 

AUMENTO: I00X 

AUMENTO: I00X 

OXIDO GLOB.:D-2.5 SILICATOS:C-1 
t---------+-------+------+------tAUMENTO: 

ALUMINA: - SULFURO: 
I00X 

SERIE : Gruesa SERIE : Fina SERIE : - SERIE :-

8 AUMENTO: I00X 

88 

IIICROESTRUCTURA %PERLITA LAM. % FERRITA ¾MARTEN. %C. CALCUL. R. ATAQUE AUMENTO 

OBSERVACIONES: 

• La muestra ara la sección Ion ºtudinal se tomo de la arte central de la zona de rotura de la ho· a de muelle .

• Tiene como microcontitu entes: Martensita Revenida

, • Presenta tamaño de 
CONCLUSIONES: 

Picral 

, • La hoja evidencia un tratamiento termico optimo sin descarburización y una microestructura de martensita revenida homogenea . 

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: lng.W. Magallanes H. REVISADO POR: Bach. José Carlos Valdiviezo G.

I000X 



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORA TORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

tALISIS Nº: 23/1 lLab. FECHA: 28/04/2011 

\ TERIAL: 70 X 9 mm 

'OCEDENCIA: Shanghai - CHINA 

MUESTRA CODIGO Nº : M - 297 

PROVEEDOR: Jiangyin Xingcheng Special Steel 

OF: 174172 

COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (30 521 ciclos) 

::: : 156/2010 Nº ATADO: 822-13 Hoja Sin Shot Peening 

TRATAMIENTO TERMICO 

ODIGO DE HOJA DE MUELLE: 2000-0IA CODIGO DE LA PROBETA: 

�SAYO DE TEMPLE TEMP.ºC : TIEMPO PERMAN. : 

�SAYO DE REVENIDO TEMP.ºC : TIEMPO PERMAN. : 

EXAMEN MET ALOGRAFICO 

�GREGACIONES: Presenta mínima concentración de se e aciones bandeadas 

ESCARBURIZACIÓN: No Presenta 

2 

OXJDO GLOB.:D-2 SILICATOS:C-3.5 ALUMINA: - S ULF URO: 

DUREZA {HB): 415 - 440 

DUREZA (HB): 

AUMENTO: J00X 

AUMENTO: IO0X 

ICLUSIONES NO METALICAS 
ORMA ASTM E-45 t----------t--------t-------+-------lAUMENTO: I00X 

AMAÑO DE GRANO 
ORMA ASTM E-112 

SERIE: Fina SERIE: Fina 

7.5 

SERIE: SERIE:-

AUMENTO: I00X 

89 

IICROESTRUCTURA ¾PERLITA LAM. ¾ FERRITA ¾MARTEN. ¾C. CALCUL. R. A TAQUE AUMENTO 

OBSERVACIONES: 

La muestra ara la sección Ion · tudinal se tomo de la arte central de la zona de rotura de la ho · a de muelle . 

. Presenta tamafio de 
, CONCLUSIONES: 

Picral 

• La hoja evidencia un tratamiento termico optimo sin descarburización y una microestructura de martensita revinida homogenea.

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: lng.W. Magallanes H. REVISADO POR: Bach.José Carlos Valdiviezo G. 

I000X 

. t 1 



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORA TORJO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

NALISIS Nº: 24/l lLab. !FECHA: 11/05/2011 MUESTRA CODIGO Nº : M-298

ilATERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

1ROCEDENCIA: Sbanghai - CHINA OF: 174172

!º COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (28 820 ciclos)

1/C : 156/2010 INº ATADO: 822-13 Hoja con Shot Peenmg 

TRATAMIENTO TERMICO 

CODIGO DE HOJA DE MUELLE: 20 00-0IA CODIGO DE LA PROBETA: 

tNSA YO DE TEMPLE hEMP.ºC : TIEMPO PERMAN. : -

•:NSA YO DE REVENIDO hEMP.ºC : TIEMPO PERMAN. : -

EXAMEN METALOGRAFlCO 

�EGREGACIONES: No Presenta

ESCARBURIZACIÓN: Presenta 0.064 mm de rofundidad

,fNCLUSIONES NO METALICAS 
"IORMA ASTM E-4S 

•TAMAÑO DE GRANO
NORMA ASTM E-112 

OXIDO GLOB.:D-2 

SERIE : Fina 

SILICATOS:C-2.5 ALUMINA: -

SERIE : Fina SERIE : 

8 

1 I 1 

loUREZA (HB): 

1 DUREZA (HB): 

AUMENTO: 

AUMENTO: 

SULFURO: 
AUMENTO: 

SERIE:-

AUMENTO: 

412-415 
-

IO0X 

I00X 

I00X 

I00X 

90 

IMICROESTRUCTURA 
%PERLITA LAM. % FERRITA %MARTEN. %C. CALCUL. R. ATAQUE AUMENTO 

Picral I 000X 

FOTO DE MICROESTRUCTURA FOTO DE TAMAÑO DE GRANO FOTO DE SECCION LONGITUDINAL 

ara la sección Ion · tudinal se tomo de la arte central de la zona de rotura de la bo · a de muelle. 

1 • Presenta tamafio de 
CONCLUSIONES: 

• La hoja evidencia un tratamiento termico optimo sin descarburización y una microestructura de martensita revenida bomogenea.

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: Ing.W. Magallanes H. REVISADO POR: Bacb.José Carlos Valdiviezo G.



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORA TORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS N": 25/1 lLab. jFECHA: 11/05/2011 MUESTRA CODIGO Nº : 299 

MATERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

PROCEDENCIA: Shanghai - CHINA OF: 174172

Nº COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (31 920 ciclos)

0/C : 156/2010 INº ATADO: 822-13 Hoja con Shot Peening 

TRATAMIENTO TERMICO 

CODIGO DE HOJA DE MUELLE: 2000-0 l A  CODIGO DE L A  PROBETA: r 12 

ENSAYO DE TEMPLE ITEMP.ºC :

ENSAYO DE REVENIDO ITEMP.ºC :

SEGREGACIONES: No Presenta 

DESCARBURIZACIÓN: No Presenta 

INCLUSIONES NO M ETALICAS 
NORMA ASTM E-4S 

TAMAÑO DE GRANO 
NORMA ASTM E-112 

TIEMPO PERMAN. - 1 DUREZA (HB): 

TIEMPO PERMAN. : - !DUREZA (HB): 

EXAMEN METALOGRAFICO 

AUMENTO: 

AUMENTO: 

OXIDO GLOB.:D-2 SILICA TOS:C-1 ALUMI NA: - SULFURO: 
1----------1-------+------1----�AUMENTO: 
SERJE: Fina SERIE: Fina SERIE: - SERIE:-

8 AUMENTO: 

-

-

I00X 

l00X 

I00X 

I00X 
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MICROESTRUCTURA 
¾PERLITA LAM. % FERRITA ¾MA RTEN. ¾C. CALCUL. R. A TAQUE AUMENTO 

Picral I000X 

FOTO DE MICROESTRUCTURA FOTO DE TAMAÑO DE GRANO FOTO DE SECCION LONGITUDINAL 

OBSERVACIONES: 

• La muestra ara la sección Ion · tudinal se tomo de la arte central de la zona de rotura de la ho · a de muelle .

• Presenta tamafto de
CONCLUSIONES: 

• La hoja evidencia un tratamiento termico optimo sin descarburización y una microestructura de martensita revinida homogenea .

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: Ing.W. Magallanes H. REVISADO POR: Bach. José Carlos Valdiviezo G.



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORATORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS Nº: 26/11 Lab. !FECHA: 11/05/2011 MUESTRA CODIGO Nº 300 

MATERIAL: 70 x 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

PROCEDENCIA: Shanghai - CHINA OF: 174172

Nº COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (30 026 ciclos)

0/C: 156/2010 INº ATADO: 822-13 Hoja con Shot Peening (En la parte derecha de la faja) 

TRATAMIENTO TERMICO 

CODIGO DE HOJA DE MUELLE: 2000-0IA CODIGO DE LA PROBETA: ' DI 

ENSAYO DE TEMPLE ITEMP.ºC :

ENSAYO DE REVENIDO ITEMP.ºC :  -

SEGREGACIONES: No Presenta

DESCARBURIZACIÓN: No Presenta

INCLUSIONES NO METALICAS 
NORMA ASTM E-4S 

TAMAÑO DE GRANO 
NORMA ASTM E-112 

TIEMPO PERMAN. : - 1 DUREZA (HB): 

TIEMPO PERMAN. : - !DUREZA (HB): 

EXAMEN METALOGRAFICO 

AUMENTO: 

AUMENTO: 

OXIDOGLOB.:D-1.5 SILICATOS:C-1 ALUMINA: - SULFURO: 
1----------1--------+-------le----'-....;_---IAUMENTO: 
SERIE: Fina SERIE: Fina SERIE: SERIE:-

8 AUMENTO: 

401 -415 

-

J00X 

I00X 

I00X 

IO0X 
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MICROESTRUCTURA %PERLITA LAM. % FERRITA ¾MARTEN. %C. CALCUL. R. ATAQUE AUMENTO 

Picral I000X 

FOTO DE MICROESTRUCTURA FOTO DE TAMAÑO DE GRANO FOTO DE SECCION LONGITUDINAL 

OBSERVACIONES: 

• La muestra ara la sección Ion ·tudinal se tomo de la arte central de la zona de rotura de la ho· a de muelle .

• Tiene como rnicrocontitu entes: Martensita Revenida

• Presenta tamafio de
CONCLUSIONES: 

• La hoja evidencia un tratamiento terrnico optimo sin descarburización y una rnicroestructura de martensita revinida homogenea.

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: Ing. W. Magallanes H. REVISADO POR: Bach. José Carlos Valdiviezo G.
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INDUSTRIA PERUANA DEL ACERO S.A. 
LABORATORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS Nº: 27/1 lLab. !FECHA: 11/05/2011 MUESTRA CODIGO Nº 301 

MATERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

PROCEDENCIA: Shanghai - CHINA OF: 174172
Nº COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (31 125 ciclos)

0/C: 156/2010 INº ATADO: 822-13 Hoja conn Shot Peening (En la parte derecha de la faja) 

TRATAMIENTO TERMICO 

CODIGO DE HOJA DE MUELLE: 2000-0IA CODIGO DE LA PROBETA: D2 

ENSAYO DE TEMPLE ITEMP.ºC : TIEMPO PERMAN. - !DUREZA (HB): 

ENSAYO DE REVENIDO ITEMP.ºC : TIEMPO PERMAN. - 1 DUREZA (HB): 

EXAMEN METALOGRAFICO 

SEGREGACIONES: No Presenta AUMENTO: 

DESCARBURIZACIÓN: No Presenta AUMENTO: 

INCLUSIONES NO METALICAS 
NORMA ASTM E-4S 

OXIDO GLOB.:D-2 StLICATOS:C-2 ALUMINA: - SULFURO: 
l--'---------lf-------+-------1,---....;_---lAUMENTO: 

TAMAÑO DE GRANO 
NORMA ASTM E-112 

SERIE : Fina SERJE : Fina 

8 

SERIE : - SERIE:-

AUMENTO: 

MICROESTRUCTURA 
%PERLITA LAM. % FERRITA %MARTEN. %C. CALCUL. R. ATAQUE 

Picral 
FOTO DE MICROESTRUCTURA FOTO DE TAMAÑO DE GRANO 

OBSERVACIONES: 

• La muestra ara la sección Ion 'tudinal se tomo de la arte central de la zona de rotura de la ho·a de muelle .

• Presenta tamaño de
CONCLUSIONES: 

• La hoja evidencia un tratamiento tennico optimo sin descarburización y una microestructura de martensita revinida homogenea

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: lng. W. Magallanes H. REVISADO POR: Bach. José Carlos Valdiviezo G.

415-415 

-

I00X 

I00X 

I00X 

IO0X 

AUMENTO 

I000X 



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORATORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS Nº: 28/1 lLab. !FECHA: l l/05/201 l MUESTRA CODIGO Nº : 302 
MATERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

PROCEDENCIA: Shanghai - CHINA OF: 174172
Nº COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (60 020 ciclos)

0/C: 156/20IO INº ATADO: 822-13 Hoja con Shot Peening (En la parte central de la faja) 

TRATAMIENTO TERMICO 

CODIGO DE HOJA DE MUELLE: 2000-0IA CODIGO DE LA PROBETA: 

ENSAYO DE TEMPLE ITEMP.ºC :

ENSAYO DE REVENIDO hEMP.ºC :  

SEGREGACIONES: No Presenta

DESCARBURIZACIÓN: No Presenta

INCLUSIONES NO METALICAS 
NORMA ASTM E--45 

TAMAÑO DE GRANO 
NORMA ASTM E-112 

TIEMPO PERMAN. : -

TIEMPO PERMAN. : -

EXAMEN MET ALOGRAFICO 

OXIDO GLOB.:D-2 SlLICATOS:C-0.5 ALUMINA: 

SERIE : Gruesa SERIE: Fina SERIE: -

8 

1 c 1 

!DUREZA (HB): 

IDUREZA (HB): 

AUMENTO: 

AUMENTO: 

SULFURO: 
AUMENTO: 

SERIE: 

AUMENTO: 

438 - 440 
-

IO0X 

J00X 

IO0X 

I00X 
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MICROESTRUCTURA 
%PERLITA LAM. % FERRITA %MARTEN. %C. CALCUL. R.ATAQUE AUMENTO 

Picral l000X 
FOTO DE MICROESTRUCTURA FOTO DE TAMAÑO DE GRANO FOTO DE SECCION LONGITUDINAL 

OBSERVACIONES: 

• La muestra ara la sección Ion ·tudinal se tomo de la arte central de la zona de rotura de la ho· a de muelle .

• Tiene como microcontitu entes: Martensita Revenida

• Presenta tamaño de ano fino.
CONCLUSIONES: 

• La hoja evidencia un tratamiento termico optimo sin descarburización y una microestructura de martensita revinida homogenea.OK .

• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: Ing.W. Magallanes H. REVISADO POR: Bach.José Carlos Valdiviezo G.



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORA TORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS Nº: 29/1 ILab. !FECHA: 11/05/2011 MUESTRA CODIGO Nº : 303 
MATERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel
PROCEDENCIA: Shanghai - CHINA OF: 174172
Nº COLADA: - R31004822VX TIPO DE EVALUACION: Evaluación de hoja rota por fatiga (74 7S1 ciclos)

O/C : 156/2010 INº ATADO: 822-13 Hoja con Shot Peening (En la parte central de la faja) 

TRATAMIENTO TERMICO 

CODIGO DE BOJA DE MUELLE: 2000-0IA CODIGO DE LA PROBETA: 

ENSAYO DE TEMPLE hEMP.ºC: TIEMPO PERMAN. : -

ENSAYO DE REVENIDO hEMP.ºC: TIEMPO PERMAN. : -

EXAMEN MET ALOGRAFICO 

SEGREGACIONES: No Presenta
DESCARBURIZACIÓN: Presenta 0.071 mm de rofundidad

INCLUSIONES NO METALICAS 
NORMA ASTM E-45 

TAMAÑO DE GRANO 
NORMA ASTM E-112 

OXIDO GLO B.:0-2 SILICATO S:C-1 

SERIE : Fina SERIE : Fina 

8 

ALUMINA: 

SERIE: -

C2 
IDUREZA (HB): 

!DUREZA (HB):

AUMENTO: 

AUMENTO: 
SULFURO: 

AUMENTO:
SERIE:-

AUMENTO: 

415-415 

-

I00X 
I00X 

I00X 

I00X 
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MICRO ESTRUCTURA %PERLITA LAM. % FERRITA %MARTEN. %C. CALCUL. R. ATAQUE AUMENTO 
Picral 1 000X 

FOTO DE TAMAÑO DE GRANO FOTO DE SECCION LONGITUDINAL 

OBSERVACIONES: 

• La muestra ara la sección Ion · tudinal se tomo de la arte central de la zona de rotura de la ho · a de muelle .

• Tiene como microcontitu entes: Martensita Revenida

CONCLUSIONES: 

• La hoja evidencia un tratamiento termico optimo una microestructura de martensita revinida homogenea .
• La probeta cumple con las especificaciones metalograficas

INSPECCIONADO POR: lng.W. Magallanes H. REVISADO POR: Bach.José Carlos Valdiviezo G.
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CONCLUSIONES 

1. El granallado es un tratamiento de deformación superficial en trio que sí

aumenta la resistencia a la fatiga en las hojas de muelle tipo ballesta para

uso automotriz.

2. La combinación de impactación y cobertura da diferentes niveles de

aumento en la resistencia a la fatiga, tal es así, que si estos parámetros son

muy bajos, el aumento a la resistencia es nulo.

3. La máquina granalladora impacta a las piezas puestas en el lado derecho,

izquierdo y central con diferentes intensidades y coberturas de granallado,

siendo la mejor de todas la encontrada en la parte central. Debido a ello, las

piezas procesadas en diferentes posiciones de la granalladora tienen

diferentes resistencias a la fatiga.

Código de Intensidad Cobertura Cantidad de Aumento con respecto a 
probeta (Almen A) (%) ciclos Promedio las hojas sin granallar 

1 33,225 
- - 31,873 

2 30,521 

C1 60,020 
0.44 mm 85 67,385.5 2.1 

C2 74,751 

D1 30,026 
0.22 mm 40 30,575.5 Ninguno 

D2 31,125 

11 28,820 
0.27 mm 49 30,370 Ninguno 

12 31,920 
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4. El aumento de la productividad no puede ser a costa de la calidad del

producto, por tanto, las hojas de ballesta deben ser granalladas únicamente

en la posición central de la faja transportadora, posición en donde siempre

se debe medir la intensidad y cobertura del granallado.

5. En la actualidad los fabricantes de automóviles que usan mulles tipo

ballesta, están reemplazando los muelles elípticos por parabólicos, porque

dada su geometría:

� El paquete de muelle parabólico armado, consta de menos hojas que

un muelle elíptico para una misma constante de elasticidad y

capacidad de carga.

� Se disminuye la fricción entre hojas. 

� Da mayor confort y seguridad, ya que absorbe la energía cinética en 

forma más suave. 
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RECOMENDACIONES 

1. Debido a que la tendencia mundial de los fabricantes de automóviles que

utilizan muelles tipo ballesta, es utilizar muelles parabólicos, IPASA debe

evaluar la factibilidad de fabricar estos tipos de muelles teniendo en cuenta

que en la actualidad a nivel nacional y en los países a que exporta (Bolivia,

Ecuador y Colombia) aún el mercado de muelles parabólicos es muy

pequeño.

2. En IPASA, solamente la cara de la hoja de muelle que trabaja a tracción es

sometida al granallado antes del proceso de pintado, por el contrario, la

cara que trabaja a compresión es pintada sin ninguna preparación previa.

Como mejora se recomienda que la cara que trabaja a compresión también

se granalle antes del pintado, ya que el efecto secundario de este proceso

es la limpieza de las superficies, es decir, la eliminación de óxidos y demás

suciedades que no permiten una correcta adhesión de la pintura al acero.

Vale la pena resaltar, que al granallar la cara que trabaja a compresión no

se va a aumentar ni disminuir la resistencia a la fatiga, ya que las fisuras

no se propagan en las superficies sometidas a compresión.
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APÉNDICE A 

TIPOS DE PUNTAS FABRICADAS POR IPASA 
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Tipos de Puntas Fabricadas Por IPASA 
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APÉNDICE B 

SAE J419 DEC83 

METHODS OF MEASURING DECARBURIZATION 



3.12 

Whc-J"e grcater accuracy than that obtainable by the comparison method 
is required. a quanthativc grain count may be made cit.her by thc Jcffries' 
planimetric or He}'n 's interccpt method. Soth methods are more accur..ue 
far a given microscopic fie)d but are more laborious, particularly where 
a number of ficlds must be viewed because of variations in grain size 
within the specimen. Heyn's lntercept mechad ls particular1y sui1able 
where tbe gr.iins a.re no, equiaxed. (See AS"TM E 1 12 .) 

5. Report-1n reponing grain size, Ule l'C5l condition.5 should be stated, 
induding the temperature and time used in esc:ablishing thc austcnite 
grain size, and che m.ethod of revealing the grain size. 

METH.0DS OF MEASURING 
DiJCA.RBURIZA TION-SAE J419 DEC83 

t- .�-Thi.s report covcrs the recommended practice for thc eva1ua-
1119f,:,:�jl i'ieasuremcnt of decarburizat.ion in ferrous mac.eriaJ. lncluded .'IJ..�-�iions of. types with chans and micrographs a nd me{hods most 
'iCo· ':iahi used for lhe measuremcnl of decarburization. 
' 2 ··:Jli_fiJplion-DecarburiZ3tion is lhe loss of car bon a t the surface of 
.co'�c,J ferrous materials which have been healed for fabrication or 
��H'e4'Cd to modify mechanical propenies_ 

· .. :2.1 · Ífontplete Decarbu..riz.adon--Complele loss of carbon as deter-­
mtned by,=xamination. 

2.% Pkrtial Deearburi.zation-Any measurable loss of carbon con­
ten1. less ihan complete, with respect ro carbon level of ba.,:e materia]. 

2�.5 :Qrcctive Dccarbwization-Any measurable loss of carbon c:on­
lent whid"\tr�uhs in mcchanical properties bclow the minimum acceptable 
specific:ati()ns for hardened materfal. 

J. TYfH!1 of D,!corburiuilion-Three general typcs of dccarburization
may be P.Cl="valent in ferrous materiah dcpendent on manner and degree 
of carbon los:s from lhc- material. Classifying dec-.arburitation into threc 
rypcs may .U� in selccti_ng the process .nccessary lo utilize the material 
to m�, a 'f)roduct :1pccificc1.don. Accompanying photomicrographs a.r-e 
illustrations of typical condi,ions which may be encountercd. 
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6. Fracture Afethod-There are sets of fracture standards in which ,he 
gr.::iin size is judg-ed from th'e appearance of the fracwre. h has been 
found thal the arbitrari1)' numbered fracture grain sizes agre-c vcry well 
with the arbitnrily numbered grain sizes pre-:!!lcmed fn Platc Serie:!!! l. This 
coincidence makes 1he fracture grain sizes interchangeable wüh the aus­
tenite grain sizes determined microscopically (except that '"duplcxing·· 
or m.ixed gr.ain size is nol readily discernible in fractuTes). Thc si�cs ob­
sen•ed microscopically shall be considcrcd the primary standard, since 
they can be detcrmined with mcasuring inSlrumcnlS. 

SAE Recommended Practice 

3.1 Type 1 Decarburization--lndicated h)' Lhe curve and photomi­
crographs in Fig. l, CO\'ers thal condition in which carbon fr�e ferrite 
cxisu for a measurable distanc� b.elow the surface. Underneath the ferrite 
will cxist varying degrees of parli.al dccarburizalion. 

3.l! Type 2 Decarburizatioo-lndirated by ,he curve and phowmi­
crographs in Fig. 2, covers that condilion in wl�ich there is a loss of 
more than 50% ofthe base car:bon al the surface but w here no measurabk 
depth oí complete decarburizalion is cvid,cnL. 

3�3 Type 3 D�c.a.rburiz.ation-lndicared by the cur,.,e and photomi­
crographs in fig. 3. co,·er5 that condition where sorne loss of carbon at 
the surface is evident but to a <lcgi-e-e less than 50% of thc base ca,.bon 
of the material. 

3.3. l Further subdividing ofType 3 Decarburization may be necessar}' 
for highly streued members such as spring or high strength materials. 
In ,his category, 1he e.ffective dc:c-drburizaLion may b e  detennined by micro· 
hardness tcsting for materials lowe-r than 0.67', base carbon. 

Chernical analysis procedurcs may be rcquired when cxamining high 
carbon materials. 

4. M�rhod.r of /.1ea.run·ng lllcar-buri.tation-The common methods usc-d 4' 
far thc measurcmcn1 of dearburization are: 



(;1.) rn.icroscopic; .. 
'(b) hardncss� including cross section 1nicroh:ardness travcrsc:, longi­
il.il Lraverse, and ti.Je hardness; and 
•(el cht>mical analysis. 
he :iccura.cy of thc m,ethod to be u.1ed is dcpendent on the degree 
�orburization� microstructure, and ba5e carbon comcnt oí the stceL 
t mc-ta\lographic method ··is sufficicntly accurate íor most annealed 
Íhot rolled materials, but inaccurate foc- small amounts of decarburiz.i­
l in high arbon (abovc 0.60%), high hardness steels. The hardness 
hod is also insensitive in this laucr case and rccourse must be taken 
hcmical analysis. 
�� file method is often suitable for detecting dccarburizaúon of hard­
a materials during shop proccssing but not for accurate me3.5urcmcnt. 
� ¡5 fundamental lhat tn.1e measure of dccarburiulton lies in chemicaJ 
(ysis f�r carbon contcnL. This method is normally used ?nly in resea_rch 
�tig�uons or lo check acruraC)' oí other methods. Wnh the poss1ble 
bption of spccializ.ed electron microprobe analytical techniques. which 
kecomme-nded when availablc. analysis i.s difficull and slow in applica­
l because of limi.tations of si7e and seccion of mau:·ñal. Toe method 
lrocuring sample itselfdepends upon shapc and hardness of test piece. 
ls and/ or tc..st spccimens too hard to machi ne should be tempered 
¡oo to 650ºC ( l l 00 to 1200º 1') to pennit machining of surface layers 
� chips for .subse-quent carbon analysis. Obviously, a sample which ls 
Jcaled to permlt milling of chips may be modified in its condilion of 
tarburization. St::mdard me1hods far carbon dctennination are de­
[bed in textbooks oí analytical chemistry. 
, 4.1 Microscopic Method 
L 1 . 1  SPECIMEN-Thc are-a to be cxamioed should be cut al right angles 
!he surface. Samples are preíerably laken when lhe material is in full 
�ealcd or in hol rolled conditlon. Other·conditions, such as spheroid­
lt annealed, hardened, or cold wo.-kcd malcrial ,  may be cxaminc-d but 
� must be u sed in interpretalion. For sections up to 13 mm ( 1/t in). 
! entlrc cross scction is. normally mountcd for examinatlon. For larger 
!tions, a specimen should be cut to include about 1 9  mm ('/4 ;n) of 
; surface to be  examined. Comcrs of :nraight sidcd scctioo& should 
l be i nduded. since thcy are not c:onsidered representative. 
i . 1 .2 PREPARATION-In mounting the spe<:imen far grinding and polish­
f. prutection from ..-ounding the _surface to be _examine� is essenllal. 
fC spccimen should be mountcd m a clamp or 1n a plasllc mount, the 
ter being the prefcrred melhod. An additi.onal method of pro1ection 
fo dcposit (by electroless or electroplaring) a metallic coating of 0.03-
ÍB mm (0.00 1 --0.003 in) on che specimcn bcíore mouming. 
fi\rrcr mounting. lhe surface should be ground and polished in accor­
/'Ce "�th good metallographic practice. 
�tching in a 3% nital (conccntnned nitric acid in alcohol) is usually 
i1able for showing changcs in mi<rostruclure caused b}' decarburiz.ation. 
1:1. t .3 MEASUREMENT-Magnification íor examination can be agrecd on 
b•,een purcha.s<!r and producer. However, it is recomnu�nded that 
}o X magnification be used. Ir che mícroscop� is of a type with a ground 
iass screen, the ex.tenl of dCG1rburization can be measured direCLly wlth 
1 • • 

fCalc-. lfan eyepiece is used far measurcmcnt. 1l should be an appropnate 
!Pe cun1aini..n� a cro.ss ha.ir o.- a scalc. 

4.2 Hardness Methods 
4 .2 . l  CROSS SE.cTION MJCROHARDNESS TRAVERSE 

4 .2. 1 .  l Sp«imrn-Sample 10  be, checked should be cul  a, righ< angles 
lo the surface. If cross section is. loo la.rgc. a poniun of suita0le size 
including surface to be chccked should be cut bcfore cxamination. 
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4.2 . 1 .2 Pr,paralion-Thc specimen shall be hardened by qucnching 
from equiprnent undcr conditions which minimize further changc in car­
bon distribution. The Lime at tempcralu.-e shoutd be minimize-d to avoid 
excessive carbon diffusion. ln the case of tinished parts, which have bccn 
pre\·iously quenched and tempe.-cd, no funhcr treatmenl is necessary. 
For sections up lo l3 mm (½ in), Lhe entire cross scction is normally � 
mountcd in plastic. Aficr mounLing, the 5Uf'Íace should be ground and 
polished in accordance with good metallogr.iphic practicc. 

4.2. 1 .3 A,fea.mrmimt-A sc-ries of microhardncss impressions made 
by pyramidal or Knoop indentors should be <extended from the surface 
unt.il the hardntSs of the ba.se metal is obtaincd. 

4.2.2 LONCtT\JDtNAL TRAVERSE (TAPEll OR STEP CRINO) 
4.2.2. 1  Specimen-A specimen containing thc .surfac� on w-hich dccar­

burizatlon is to be measured is preparcd so that it can be manipulaled 
on a superficial hardncss tester. 

4.2.2.2 Pr,paralion-lfthe specimen is not in the hardent!<.I cundition, 
it is recommended that i1 be hardened by quenching from he:a.ting equip­
mcnt under conditions which avoid funher change in carbon distribution. 

For the raper gri.nd specimen7 a shallow taper is ground through the 
decarburlzed layer, see SAE Recommcnded Practicc, Mcthods of �-rcas u r ­
ing Case Ocpth-SAEJ423. The angle i s  choscn so that hardncs, readings 
spaced equal dinanc�s apart wiH reprcsent the hardness al the dcsired 
increments below thc surface. Unlcss special anvils are used on 1hc hard­
ness tester, a parallel section should be prepared so that indentalions 
will be at right anglc,s to the tapered surface. 

For t.he step grind procedure. flats are ground at prcdetermined inter­
vals below the original surta.ce. The!e flau shoufd h3vc sufficien1 a_rca 
to aHow several hardness readings to be tak.en on each flat. 

4.2 .2.3 Mea,umnent-A superficial hardness teSlcr ,uch as a Rockwc:11 
Superficial or Vidc.ers Tcsle1· using a lighl loºad should .be employed in  
making thc  hardness measuremenlS. The depth of decarburiza1iol) _is de­
fined as the distancc measured from the ncarest original s�rfoce c·o lhe 
poinl al which no increase in ha.-dness is found . 

4.2.3 FILE METHOD 
4.2.3. l Sperimm-A spcdmen of suitablc size is obtaif1ed from Lhe 

desired loca.tion. 
4.2.3.2 Pr-,pQralion-The specimen shall be hardened·by qucnching 

from heating equipment under conditions which avoid further deorhuri­
zalion, 

4.2.3.3 1\../eruurernent-Afier hardening, thc sample is tiled. Base mel· 
ah expectcd to harden to above 60 HRC and f(>Und 10 be file son. are · 
probably dcca.-burizcd. Decarburiz.ati.on ofbase meta Is 1ha1 ·wil l  not harden 
to 60 HRC cannot he de,ected by this method unle., specially prepared 
fi\c:5 are used. The exlent and severity of any decarbt�riza1ion detened 
b)' this method should be wrified by either of ,he other t"'º mcthods. 

4.3 Chemical Analysis-Procedurc is the s�me as SA,E J423. 
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APENDICE C 

ASTM E45-87 

STANDA�RACTICE FOR DETERMINATION THE INCLUSION CONTENT OF
STEEL 



��l� Designation: E 45 - 87 

Standard Practice for 

Determining the lnclusion Content of Steel1 

This standard is issued under the ílxcd de.signation.E 45; lhc numbcr immediatcly fo11owing the deslgnntion indicatcs lhe ycar of 
original adoption or, in lhe case of rcvision, lhc ycar of Jan rcvislon. ,\ numbcr in pucntheses indic.ites Lhe ye-ar of last renpprov.::il. A 
superscñpt cpsilon (t:) indicates an editori:ll ch:lne,c sincc the lllSl revision or reapproval. 

Thls practice/Jas becn appro1•edfor u.se by agencies of1he Depanmem of Defe11seas pon o/ Federal Te.sr J,,,fethod S1andard No. J5Jb 
anti for lis1ing fn the DaD lndex o/ Spr:r;iflcations and Stand.anb. 

l. Scope

1 .1 This practice2 covers the recognized methods for 
detennining the nonmetallic inclusion content of steel. 
Macroscopic methods include macroetch, fracture, step­
down, and magnetic particle tests. Microscopical methods 
ioclude four generally accepted systeros of examination. In 
these microscopical methods, inclusions are assigne<l to a 
category based on similarities in roorphology, and not 
necessarily on their chemical identity. lnclusions such as 
carbides, ni1rides, carbonitrides, borides, and intermetallic 
phases may not be rated using these melhods. 

l .2 Depending on the . type of steel and the properties 
rei¡uired, either � macroscopic ora· microscopical method far 
determining the inclusion content, or combinations of the 
two methods, may be found most satisfactory. 

1.3 This practice deals only with recommended test 
methods and nothing in it should be construed as defining or 
establishing limits of acceptability for any grade of steel. 

1.4 The contents appear in the following order: 

Scope 
Refcrcnccd Docu mcnLS 
Significance and Use 
Macroscopic Methods 
Macroctch Test 
Fracture Test 
Step Down Mclhod 

Contents 

Magnctic Particlc Melhod 
Mag netic Paniclc Methcx1 (DctaJls) 
Microscopical Method.s 
Background 
�mpling 
Test Spccimen Gcometry 
Prcparation ofSpecimcns 
Prccision and Bias 
Melhod A 
Method B 
Method C 
Metbod D 
Mcthod E: SAM Rating 
Miniffium Values far l ndusion Raling Numbers (Melhods A and 

D) 
\Vorst.Fietd lnclu.sion R..:nings (Metbod A) (see 9.2.1) 
lnclusion Width Poramctcrs (Mc1hod D) 
E.x.amplcs oí (nclusion Rating (Mclhod O) 
SA!'1 Rating (Method E) 

Sections 

1 
2 

3 

4 nnd 5 
4.1.1 
4.1.1 

4.1.3 
4.1.4 
5 

6 through 14 
6 
7 

8 
9 

10 

11 
12 
13 

14 
15 
Table 1 

Table 2 
Table 3 
Table 4 
Table 5 

1 This practice is undcr the jurisdktion o( AS'Tl\.1. Commiucc E-4 on 
Metallogro.phy and is the dircct re..qx,nsibility of Subcommittee E04.09 on 
lnctusions. 

Cu.m!n\ cdition approved Aug.. 28, 1987. Publishcd Oc1ober 1987. Origino.Uy 
publisbcd· as E 45 - 42 T. L:i.sl prcvious cdition E 45 - 85. 

l Sup_porting daUl are a.vailable from ASTM Headquaners. Rcqucst RR.: 
E04-1000. 

Contents Seclions 

Quancr Scction Specimen írom Squarc Section for Magric1ic Fíg. 1 
Particle Test, Machinc Only 

Quaner Section Specim� from Round Scction for bfag.netic Fig. 2 
Particle Test, Forging :md Mach.ining 

Specimen from l 1h-in. {38.1 mm) Round Section for Microsco¡r Fig. ) 
ical Tes-t 

Specimen from l.argc &r or Billet for Microscopical Test Fig. -1 
Designation of Lengl.h and Wcig.ht of lnclusions (4 units) Fig. S 

1.5 V alues stated in inch-pound units are to be regarded 
as tbe standard. SI units are provide<l far ínformation only. 

1.6 This standard may invofve hazardous mareria/s, oper­
atiqns, and eq!lipme11t. This s/andard does not purpurt to 
address ali oftl,e sqfety problerns associaced with i1s 11se. /1 is 
the respo11sibility of the u.ser of t/ris standard to establisli 
app_ropriate safety a11d health practices and deterínine the 
applicability of regula1ory limiw1ions prior to use. 

2. Referenced Documents 

2. 1 AST!vf Standards:
A 295 Specification for High-Carbon Ball and Roller­

Bearing Steel3 

D 96 Test Method for Determination of Sediment and 
Water in Crude Oil by tbe Centrifuge Method4 

E 3 Methods of Preparation of Metallographic Specimensl 

E 381 Method of Macroetch Testing, Jnspection, and 
Rating Steel Products, Comprising Bars, Billets, Blooms, 
and Forgings6 

E 709 Practice far Magnetic Particle Examination7 

2.2 Society of Aiaomotive Engineers: 
· 2.2.1 SAE Handbook:
J422, Recommended Practice far Deterrnination of lnclu­

sions in Steel8 

2.2.2 Aerospace fafarerial Specification:
2301, Aircraft Quali ty Steel Cleanliness: Magnetic Particle

Inspection Procedure8 

2.3 Adjuncts:
lnclusions in Steel Plates I, II, and m<> 

Four Photomicrographs of Low Carbon Steel 10 

'Annua/ Book of ASTM S1andards, Vol O 1.05. 
• Annttal Book of AST,\I S1a,1dards, Vol 05.01. 
'Aunua/ Book of AS°TJ\I Stnndards, Vol 03.')1. 
• Ann11al Book of ASTM SIIIlldarcb, Vols 01.05 and 03.01. 
1 Anmml Book of .AST}.1 Sta1idords, Vol 03.0.3. 
8 Availoble from the Socicty of Automorivc Enginccrs. 400 CommonwcalW 

Orive, Warrcndolc, P /\ 1 5096. 
9 AvoiJ:ibJe from ASTM 1-leadquanen:. Order PCN 12·500450-01. 
10 Available from ASTM J-icndquartcrs. Ordcr PCN 12-500454-01. 
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3, Sigllificance and Use 

j I These methods cover four macroscopical and four 
�opical test methods for describing the inclusion 

ntent of st�el _ and procedures '.ºr expressing test results. 
'\z 1ncI1;s1ons are . c�aractenzed by their size, shape, 

ncentratton, and d1stnbutJon rather than their chemical
:X.p0sition. Only those inclusions present at the test surface 
c:sn t,e detected.

3.3 The macroscopical test methods evaluate a larger 
surface area t�an 1;1icroscopical test meth<>?s, ancl, because 
a;aminauon 1s visual or at Jow magmficaúons, these 
inetJlods are best suited for detecting the larger inclusions 
d}at may be present in the steel. Macroscopical methods are 
not suitable for detecting inclusions srnaller than about 1/64 
in- (0.40 mm) in length and the methods do not cfucriminate 
indusions by type. 

J.4 Tbe microscopical test methods are employed to
characterize inclusions that forro as a result of deoxidatíon or 
due to limited solubility in solid steel (indigenous inclu­
sions). These inclusions are cbaracterized by morphological 
type, that is, by size, shape, concentration, and distribution, 
but not specifically by composition. The microscopical 
methods are not intended for assessing the content of 
exogenous inclusions (those from entrapped slag or refracto-­
ries), nor for rating the content of carbides, carbonitrides, 
nitrides, borides, or intermetallic phases. 

3.5 Because the inclusion population within a given lot of 
steel varies with position, the lot must be statistica.lly 
sampled in order to assess its inclusion content. The degree 
of sampling must be adequate for the lot size and its specific 
characteristics. 

3.6 Results of macroscopical and mjcroscopical test 
methods may be used to qualify material for slupment, but 
tbe� test methods do not provide guidelines for acceptance 
or rejection pu.q:,oses. Qualification criteria for assessing the 
data developed by these methods can be found in other 
ASTM standards or may be described by purchaser-producer 
iw-eements. 

MACROSCOPIC METHODS 

4. Test Methods
4.1 Summa,y:

. 4. 1.1 M acroe1ch Test-The macroetch test is used to 
mdicate inclusion content and distribution, usually in the 
ero� section or transverse to the direction of rolling or 
forg¡ng. ln sorne instances, longitudinal sections are also 
exai:nined. Tests are prepared by cutting and machining a 
5ection througb tbe desired arca and etching with a suitable 
reagent. A solution of one part hydrocb.loric acid and one
ll�rt water at a temperature of l 60 to 180ºF (7 I to 82°C) is 
Wtdely used. As tne name implies, the etched surface is 
ClCatnined visually or at low rnagnification for inclusions. 
Details ofthis test are included in Method E 381. The nature 
?f Questionable indications .should be verified by microscoJ>-
1cal or other means of inspectíon. 

4.1.2 Fracture Test-The fracture test is used to deter­
tninc the presence and location of inclusions as shown in the 
fracture of hardeoed slices approx.imately 3/s to ½ in. (9.5 to 12.7 mm) thick. This test is used most!y for steels where it is 
Possible to obtain a hardness of approximately 60 HRC ancl 

a fracture grain si7.e of 7 or finer. Tests should not have 
exces.sive externa! indentations or notches wbich might guide 
the fracture. It is desirable that fractures be in the longitu­
dinal direction app,oximately across the center of the slice. 
Tbe fractured surfaces are examined visually and at magni­
fications up to approxirnately l O diameters and the length 
aod distribution of inclusions noted. In sorne instances 
indications as small as 1/64 in. (0.40 mm) in length ar; 
recorded. 

4.1.3 Slep-Down Melhod-The step-down test rnetbod is
used to determine the presence ·of inclusions on a machined 
surface of rolled or forged steel. Toe test sample is machined 
to specified diameters below the surface and surveyed for 
inclusioos·under good illumination with the unaided eye or 
with low magnification. In sorne instances, test samples are 
machined to smaller diameter.; for further examination after 
the original diameter,i are inspected. This test is essentially 
used to determine· the presence of inclusions •Is in. (3.18 
mm) in length and longer.

4.1.4 i\áagnelic Particle Method-The magnetic particle
method is a variation of the step-down method for ferro­
magnetic materials in which the test sample is rnachined, 
magnetized, and magnetic powder applied. Discontinuities 
as si:nall as '16• in. (0.40 mm) in length create rnagnetic 
leakage fields which attract the magnetic powder, thereby 
outlining the inclusion. See Section 5. 

4.2 The advantages of the macroscopic methods are: 
4.2. l They enable the exarnioation of specimens with 

large surface areas. The larger inclusions in steel, which are 
the main concern in most cases, are not 1Jniformly distrib­
uted and the spaces betweeo thern are relati vely large, so that 
the chances of revealing them are better when large speci­
mens are examined. 

4.2.2 Specimens for macroscopic examination may be 
quiclcly prepared by machining aod grinding. A highly 
polished surface is not necessary. Thc macroscopic methods 
are amply sensitive to revea! the larger inclusions. 

4.3 The disadvantages of the macroscopic methods are: 
4.3. I They do not distingufah between the different types 

of inclusions such as sulfides, silicates, and oxides. 
4.3.2 Tney are not suitable for the detection of small 

globular ioclusions or of chains of very fine elongated 
inclusions. 

5. Magnetic Particle Method 

5. 1 Test Specimens:
5. l .  l Toe speciméns shall be prepared in accordanee with

the details given in 5.2. Tbe recommended procedure for 
developing the specimens from blooms, billets, and bars in 
round or square sections, is as follows: 

5.1.1.1 Cross Section over 36 in.2 (232 cm2)--Cut a 
quarter section as sbown in Fig. l or 2 and develop the 
specimen by machining, or forging and n,achining, to a 
straight cylinder of a diametér between 2 1h and 6 in. (63.5 
and \52 mm). An altemative method is to forge or roll tbe 
full sectíon to 6-in. (152-mm} square or round and mach.ine 
the quarter section in accordance with 5 .1.1.2. 

5.1.1.2 Cross Section 16 10 36 in.2 (/03 to 232 cm2), 
inclusive-Cut a quarter section as shown in Fig. 1 or 2 and 
develop the specimen by rnachining, or forging and ma­
chining, to a straight

0

cylinder ofthe largest possible diameter. 

110 



�� E 45 

a. denotes surlace removal. 
Nore-lñis melllod 1s·a1so appllcable ID raun<! sectlons. 

FIG. 1 aunrter Sne11on Speclmen from Squnre Sectlon far 
M11gnetic·Partlcla Test, Mact,ine Only 

1 
1 
1 
1 
1 
1 

Quar'ter Se,ctiol\, 
Sow.,d, Forged 

Round ond 
Mochined. 

ª�------
Stock Cenler 

a, denotes distance equal to StJrface removaJ. 
NoTE-Method also epplicable lo square sections. 

FIG. 2 Quarter Sectlon Speclmen from Round Section for 
Magnelic Partlcle Test, Forging and Machinlng 

5.1.1.3 Cross Section Less tha11 16 in.2 (103 cm2J­

Machine the specimen to a straight cylinder. An alternative 
methód is to use a three-step step-down specimen, each step 
being 3 in. (76 mm) in length. The cliameter, D, of the first 
step is the stock size less · standard removal allowance; the 
diameter of the second step is ¼ D; and the diameter of the 
third step is 112 D. 

5. l.2 The specimens shall conform to the following re­
quirements u nless specified otherwise in 5. l. 1.1 · tbrough 
5. l.1.3: 

5.1.2.1 The !ength of the ratcd surface is nominally 5 in.
(127 mm). A 1-in. (25.4-mm) extension for holding is usually 
employed. 

5.1.2.2 The mínimum amount of stock removed frorn the 
surface shall be as follows: 

NominaJ Stock Size, Round or 
Squar<:, in. (mm) 

Minimum Stock 
Rcmoval from the 
Suñace, in. (mm) 

To 11, (12.7) O.OJO (0.76)
Ovcr •t, 10 ¼ (12-7 to 19) 0.045 (1.13) 
Ov.r 3/, lo 1 (19 lo 25.4) 0.060 (1.52) 
Ovcr 1 10 11/1 (25.4 10 38) 0.075 (1.89) 
Ovcr l'h to 2 (38 to 51) 0.090 (2.28) 
Ovcr:l 1021/,(51 to 64) 0.125 (3.17) 
Over 2'/l lo 31/1 (64 lo 89) 0.156 (J.96) 
Ovcr 3•/, to 41/l (89 to 115) 0.187 (4.75) 
Over 41/1 10 6 (115 to 152) 0.250 (6.35) 

. 5._I.2.3 Ali quarter sections sball be cut_oversize as shoW¡¡
m F1gs. l and 2 so tbat the center of the ongmal stock will bt 
approximately on the surface of the test specimen. Th, 
location of the center of the original stock shall be identilied 
on tl!e test speci m!!n. 

5.2 Preparation of Specimen:
5.2.1 After the Specimen is rnugh turned, heat treat it to a 

hardness of about 300 HB by oil or water quenching from 
well above the critica! temperature and ternper within th, 
range 400 to 1200ºF (204 to 649ºC), depending upon lhe 
composition of the steel. Take care to avoid quenching 
cracks. The beat treatmeo1 tends to develop a more unifonn 
structuri,: hard enough to retain sorne residual magnctism, 
thus helping to hold tbe magnetic powder in place after te:;L 

5.2.2 After heat treatment, grind the specimen, includin¡ 
tbe ends, or otherwise clean ·to ensure good contact for 
magnetizing. Take care to avoid grinding checks during the 
grinding. The grinding shall be transverse to the length ofthe 
specimen. Longitudinal grinding scratches may be deep 
enough to retain lb.e magnetic powder and confuse 1be 
inclusion detennination. 

5.2.3 Before magnetizin&, thoroughly wash the sj:>ecimen 
with sorne quick-drying solvent in order to remove ali grease 
and finger marks. 

5.3 Procedure:
5.3.! Circularly magnetize the specimen by passing direct 

current through it in the longitudinal direction for 1/s to 1h s. 
The magnitude,ofthe current  shall be 400 to 1200 A/in. (157 
A/cm to 472 A/cm) of the diameter of the specimen. 

5.3.2 In general, use the wet continuous method (Note 1) 
when tbe specim_en is covered with magnetic particle suspen­
sion during magnetization. Hardened steel specimens (50 
HRC or higher) may be tested using the wet residual meihod 
by applying the suspension after magnetization. Take care 
not ·to clisturb indications before inspection is completed. 

NOTE 1-For a de!ailed description of the various wet melhods of 
magnetic panicle inspection, see Practice E 709. 

5.3.3 It is tbe ·usual practice "LO suspend the ftnely dividcd 
magnetic particles in kenisine or other light oil of about 40 
SUS vfacosity. Use abm.it 1 oz of nonfluorescent magnetic 
particles to 1 gal (7.7 g/L) of oil. Toe suspension concenira· 
tion of noofluoresccnt particlcs shaU be 1.0 to ·2.0 % by 
volume when tested by demagnetiziog and allowing lo senle 
30 to 45 min in an ASTM 100-mL cone-shaped graduated 
centrifuge tube. 

Norn 2-For a dcscription of a cooe-shaped ceotrifugc tube, sec Test 
Methods D 96. 

5.4 Examination ofSpecimen:
5.4.l Examine tbe specimen unt..ler a well-diffused light. 

The standard wbite fluorescent light is satisfactory. ln order 
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10 0bc.ain tbe �est dispersion, place tbe Jongitudmal axis of 
¡he tigbt at nght an�es to the longitudinal axrs of tbe 
�¡Illen_. The larger u¡clusions will be plainly visible and 
111e ri:latively s�all inclusions may also be detected. lf
j¡1clus1ons of 1/32 m. (0.8 mm) or smaller are of interest, it wi,11
� belpful to use a low-power band magnifying glass. The 
t1lagnetic powder indications produced by inclusions can be 
di5tingu.ished by an experienced operatcr from indications 
oue to other causes, such as cracks, flow lines, carbides, etc. 
¡¡ecord the size of each ioclusion appearing on the surface of 
1be specimen. 

5.4.2 The indications representing indusions may be 
¡ecorded by photographing, drawing a diagram, or transfer­
ring to a receptor medium. One such medium is specially 
prepared absorbent paper, lcnown as imbibition paper. An­
oiber is a solution of plastic coating material, usually applied 
by aerosol means. The plastic film is removed and mounted 
after drying. Ordinary transparent adhesive tapes will also lift 
the magnetic powder from the specimen, for mounting on a 
card. The transfer methods are rapid, sufficiently accurate to 
be examined under low-power magnification, and are more 
accurate than photograpby on curved surfaces. Additionally, 
1he imbibition paper aod plastic aerosol methods maiotain 
1he locations of indications in the specimen with respect to 
1he original surface and centerline of the material. 

5.5 Exprirssion of Results: 
5.5.1 Magnetic particle test results are norrnally expressed 

in terms of frequency and severity. 
5.5.2 Frequency is the total number of indicatioos in a 

given area. A common area has been 40 in. 2 (25S cm2). 

Frequency may also be expre55ed in terrns of number of 
indications per unit are a of surface examined. 

Non 3-The method of evaluating inclusions per square. iach for 
ln,quency and severity-has been adoptcd by the Society of Automotive 
Engineers. Refer to Aeronautical Materials Specification 230 l. 

5.5.3 Severity is the weighted value of the magoetic 
panicle indications in accordance-with the following table
1aken from AMS 2301: 

Leogth of Jnclusions, in. (mm) Weight Factor 

Over ,¡,. to 'Is (1.6 to 3.2) 0.5 

Over ¼ t<> >/, (3.2 10 6.4) 1 
Over '/, to 11, (6.4 10 12.7) 2 
Ch•cr1hto3h(l2.7to19.l) 4 
Over 1/, to 1 (19.1 10 25.4) 8 
Ovcr l (25.4) 16 

5.5.3.J The severity value is obtained by multiplying the
number of indications of a given length by the weight factor 
and adding tbese results. Severity should be expressed as the. 
We�ghted value far a given arca. A cornmon arca has been 40 
in.- (258 cm2). Severity may also be expressed as the 
Weighted value per unit area of surface examined (see AMS 
230[). 

5.5.4 The averages of the frequency and severity values 
for ali of the specimens in a heat may be used to express the 
rnagnetic particle results for the beat. 

5.5.S The frequency and severity values for one heat may
be readily compared with the values of another heat. In 
lllaking such comparisons between heats, bowever, care 
Should be taken to compare only results obtained on billets 
or bars of approximately the same size. 

S.5.6 If a step-down test is used, results should be related
to the individual diameters. 

5.5.7 Magnetic· particle results may aJso be expressed as
�he total length of indications for a stated area or per square 
mch. 

MJCROSCOPICAL METIIODS 

6. Background 

6.1 Microscopical metbods are used 10 determine the si..ze 
distribution, number, and lype of inclusions. This can � 
done by the usual procedure of examining specimens with 
the microscop;: and describing the results of the metallo­
graphic study in a report whicb may be illustrated by 
representative photomicrographs. To save time, and to 
express such results more uniformly, it has been found useful 
to refer to _charts of representative pbotomicrographs.

6.2 Vanous reference charts of this nature have been 
dev:ised, such as tbe JK chart 11 (Method A), the modified JK 
chart (Method D), and tbe SAE chart found in SAE 
Recommended Practice 1422 of the SAE Handbook

(Method C). Toe modified JK chart for Method D has been 
designed primarily for low inclusion con1ent steels. In both 
JK charts, tbe thin and heavy series of inclusions are shown 
to scale, and the nominal thick.nesses of the inclusions are 
also recorded above each column. Tbese values for the 
thicknesses of inclusioos are ool intcnded to be exact but 
only to pennit approximate classifications. In the SAE 
charts, the -inclusions are compared to a series of oxide and 
silicate-lype inclusions and the classification based essentially 
on leng1h. 

6.3 No chart can represent ali of tbe various types and 
fonns of inclusioos. The use of any chart is thus limited to 
determining the content of the most common types of 
inclusions and it must be kept in mind that such a 
determination is not a complete metallographic study of 
inclusioos. 

6.4 Another microscopical method for determining the 
inclusion content is the uoit metbod (Method B), which is 
based on counting inclusions over 0.005 in. (0.127 mm) long 
and obtaining the length of the longest inclusion, average 
length, and a background condition. This does not distin­
guish between the different types of ioclusions. lt has been 
widely used as a count or quantitative metbod,' as opposed to 
the usual qualitative methods. 

6.5 Tbe advantages of the microscopical methods are: 
6.5. I The character ar type of inclusions can be deter­

mined. 
6.5.2 Extremely small inclusions can be revealed. 
6.6 A disadvantage of the microscopical method is that 

specimens are necessarily limited in size. The areas between 
the larger inclusions in the steel may be considerably larger 
thán the area ofthe polished section of the specimen. Tbus, 
the result obtained by a microscopical examination for the 
inclusions may be governed vety largely by chance if a.o 
insufficient number of specimens fa taken. The end use of 
the steel determines t_he signilicance of the microscopical
results. Experience in inte-rpreting these results is necessary in 

1 1 The JK chan derives its nnme from it.s sponsors Jernkontorct, the Swedi.sh 
lrnnmastcrs AssociaUon. 
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order not to exaggerate the importance of small inclusions in 
sorne applications. 

6.7 In detennining the inclusion content, it is important 
to realize that,·whatever metbod is used, the result actually 
applies only to tbe areas of the specimens that are examined. 
For practica] reasons' sucb specimens are ,elatively small 
compared ·to the total amount of steel represented by them. 
For the inclusion dctermination to have any value, adequate 
sampling is just as necessary as a prqper method of testing. 

6.8 Steel often difTers in inclusion content not only from 
-heat to heat, but also from ingot to ingot in tbe "'1me heat, 
and even in difTerent portions_ of the same ingot. It -is 
advisable tbat the unit lot of steel, the inclusion content of 
wbich is to "be detennined, shall nol be larger than one heat. 
Sufficieot samples should be selected to represent tbe lot 
adequately. Tbe exact sampling procedure should be incor­
porated in the individual product requirements ar specifica­
tion. Far semifinisbed products, the specimens should be 
selected after the material has been sufficiently cropped and 
suitable discards made. Jftbe locations ofthe different ingots 
and portions of ingots in the beat cannot be identified in the 
lot being tested, random sampling should involve a greater 
nu niber of test specimens for an equivalent weight of steel. A 
value for the inclusion content of an isolated piece of steel, 
even if accurately determined, should not necessarily be 
expected to represent the inclusion content of the whole 
heat. 

6.9 The size and shape "of the steel product tested has a
marked influence oo the size and shape of the inclusions. 
Duriog- reduction from tbe ingot by rolling ar forging, the 
inclusions are elongated and broken up according to· the 
degree of reduction of the steel cross section. In reporting 
results ofinclusioo determinations, therefore, the size, shape, 
and method of manufacture of the steel from which the 
specimens were cut should be stated. ln comparing the 
inclusioo content of different steels, they should ali be rolled 
or forged as nearly as possible to the same size and shape, 
and from ingots of about the same size. Specimens cut 

· Iengtbwise ar parallel to the direction of rolling or forging 
sbould be used. 

6.1 O ·It may be conveníent, in order to obtain more readily 
comparable results, to forge specimen leogths from the larger 
billets, These forged sections may füen be sampled in tbe 
same way as rolled sections. Cáre must be takeri, however, to 
crop specimens of sufficient · \engtb from the billets far 
forging; otberwise, there is dange, of the shear-dragged ends 
being incorporated in tbe specimens. Such distortecl material 
will give a false result in the inclusion .daennination. To 
avoid this, it is helpful to saw the ends of tbe billet length for
forgi.ng and to take the specimen from the middle of the 
forged length. 

6.11 In ali of the various methods described in this
practice, the whole area of tbe prepared surface of the 
specimen is surveyed, and ali of tbe significant inclusions 
observed are recorded and expressed in the results, The "result 
for each specimen examined is, therefore, a more accurate 
representation- of the inclusion content than a photomicro­
graph or diagram. 

6.12 To make comparisons possible between difJereot
heats and different parts of heats, the results should be ex­
pressed in such a manner that an average for.the inc\usion

cootent of the dilTerent specimens in the heat can be obtained. When the lengths of the inclusions are measur 
the �ples! number is that far. the aggregate length of ali:
mclus10ns per area exarruned. However, 1t may be desirab( 
not merely_ to add the lengtbs, but also to weight tlic 

inclusions according to their length. The lengtb ofthe larg� 
inclusion found and the total number ofinclusions may also 
be expressed. 

7. Sarnpling 
7 .1 To obtain a reasonable estímate of ioclusion vana. 

tions withill a lot, at least six locations, chosen to be as
representative of the Jot as possible, should be examinect. In 
this context, a lot shall be defined as a unit of material
processed at one time and subiected to similar processing 
variables. 

NOTll 4-For example jf a lot consists of oac heat, san,pling 
Jocations might be in tqe product obtained from the 1op and bottorn of 
the first, middte, and last usable ingots in tbe pouring sequence. Fo, 
strandcast or bottom pour processiag a similar sampling plan per heai 

should be invoked. 
7.2 In cases where a definite location within a heat, ingo� 

ar other unit Iot is unknown, statistical random sampling 
with a _greater nllinber of samples should be employed. 

8. Test Specímen Geometry 

8.1- The polished surface of a specimen for the microscop-­
ical deterrnination of the inclusion content sbou.ld be ap­
proximately 0.25 in.2 (160 mm2) (0.375 by 0.75 in. (9.5 by 
19 mm)). Tbe polished surface should be parallel to the 
longitudinal axis of the product. In addition, for flat-rolled 
products, the section should also be perpendicular to tbe 
rolling plane; for- rounds and tubular shapes, the sectioa 
should also be in the radial directioo. 

8.2 Tlzick Sections (Producl Seciion Sizes Grealer than
0.375 in. (9.5 mm) Thick, Such as Forgings, Billet, Bar, Sial,, 
Plate. and Pipe): 

8.2.1 For w:ide products, eacb specimen sbould be taken 
from the one-quarter point along tbe product width. 

8.2.2 For round sectioos, the manner of cutting a spec· 
imen from a l.5-in. (38-mm) diameter section is sbown io 
Fig. 3. A disk 0,375 in. (9.5 mm) tbick is cut from the 
product. The quarter-section indicated in Fig. 3 is cut from 
the disk and the shaded arca is polished. Thus tpe specirneo 
e1ttends 0.375 in. along tbe length of the pi-oduct, and from 
the outside to the center. 

Memc Equlvatenls: �e In. = 9.5 mm; ::Y• In. -= 19 mm. 

FIG. 3 Speclmen !ram 1¼-ln. (38.1 mm) Round Sectlon !or 
Mléro1coplcal Test 
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FIG. 4 Specimen from Lerge Bar or BIUet tor Mlcroscoplcal Tes1 

8.2.3 For Iarge sections, each specimen sbould be taken 
from the mid-radius location, as shown by the shaded area in 
Fig,. 4. The specirnen face to be polished extends 0.375 in. 
(9.5 mm) parallel to the longitudinal axis of the billet and 
0.75 in. (19 mm) in the longitudinal radial plane, with the 
polished face midway between the center and the outside of 
thc billet. Such midway sampling i,s used to decrease the 
number of specimens polished and exarnined. Other areas, 
such as the center and the surface, may be examined as well 
provided the sampling used is stated in the ·results. A billet o; 
bar about 2 to 4-in. (50 to 100-mm) round or square is the 
preferred size from which specimens should be taken. 
However, larger or srnaller sizes may be used, provided the
product sizes are reponed with the results. 

8.3 Thin Sectio11s (Producl Section Sizes 0.375 in. (9.5
mm) Thick or Less, Such as Strip, Sheet, Rod, Wire, and
Tubing)-FuU cross section longitudinal specimens shall be 
cut in accordance with the following plan: 

8._3.1 For 0.0375 to 0.375-in. (0.95 to 9.5-mm) cross 
secnon thicknesses inclusively, a sufficient number of pieces 
from the same sampling point are mounted to provide 
approximately 0.25 in.2 (160 mm2) of polished specimen 
surface. (Example: For a sheet 0.050 in. ( l.27 mm) thick, 
se_lect 7 or 8 longitudinal pieces uniformly across the sheet 
w1dth to províde one specimen.) 

8.3.2 For cross sectioo thicknesses· less than 0.0375 in. 
(0.95. mm). ten longitudinal pieces from each sampling
location shall be mounted to provide a suitable specímen 
�rface for polishing. (Dependent on material thickness and 
giece _length, the polished specimen area rnay be less than
-25 m.2 (160 mrn2). �ecause of practical difficulties in

mou_nting a group of more than ten pieces, the reduced
SJlecimen area will be considered sufficient.) 

9. Preparation of Speéimens
9. 1 Methods of specimen preparation must be such that

lhe section plane is flat, on both macroscopíc and micro­
SCopíc scales, and the síze and shaoe of inclusions or other 
structural details are accurately shown. To obtain satisfactory 
ªº� consistent inclusion ratings, the specimen · must have a 
PoltShed surface free of artifacts such as pitting. foreign 
l'IJa!eriaI (for example, polishing media), and scratches. In 
�hshing the specimen it is verv important that the inclu­
s1ons not be pitted, dragged, or obscured. Specimens must be 

examin_ed in the as-polished condition, free of the effects of 
any pnor etching (if used). It is recomrnended that the 
procedure described in Methods E 3 be followed. 

9.2 If the conditions for ipclusion evaluation stated in 8. l 
cannot be met in the as-polished condition with the as­
received sample, the sample shall be heat-treated to the 
maxim1;1m attainable hardness before polishing. Necessary 
precaut:Ions shall be taken to eliminate the elfects of beat 
treatment such as scale, decarburizatioo, etc. (This practice is 
recommended for heat-treatable grades of carbon Jow-alloy 
and stainless steels.) 

' ' 

10. Precision and Bies 

10.1 Studies of JK ratings made by different Jaboratories
have _shown that there is an inherent problem in inclusion 
1dentJfica1'.on, chiefly in discrimination between A ( sulfides) 
and C (silicate) deformable inclusions. Hence, the accuracy 
of JK raungs can be severely influenced by such problems. 
Tbe accoracy of both Method A and Method D, as well as 
Method C ratings, is influenced also by the .total inclusion 
cootent._ As the inclusion content increases, the accuracy of
such ratmgs decreases. For steels that are rateable usiog Plate 
ID, �orst field ratings are generally accurate within ± t 
�eveno/ number and may be within ±0.5 severity at low­
mcluSion content. In general, the accuracy of ratiogs of Type 
� an� D ínclusions are better than for Type A and C

mclus10ns. Also, the accuracy of the thin series are generally 
better than for the thick series regardless of tbe ínclusion 
type. F_or steels that must be rated using Plate I, the 
accucac1es are generally poorer, approaching ±2 at the 
higbest severity Jevels. Toe same trends apply here regarding 
A and C versus B and D Types apd thin versus thick. Greater 
inaccuracies wiU occur if inclusioos are misideotified. The 
accuracy of inclusion x field counts using Metpod D is not 
as gopd as for the worst field ratings. A good, accurate 
Method D rating does reguire considerable effort. The 
accuracy of Method C ratings is significantly influenced by 
misidentification of S type (deformable oxides) inclu&ions. 
Wh�n such problems are not encountered, steels with 
low-mclUSton contents will agree v.<ithin ±1 unit while steels 
with high-inclusion content generally agree witi'un ±2 units 
of severity. Method C, Plate 11, is only used to rate oxides, 
never sulfides. The precisioo of ratings made by the use of 
Plates I to III gencrally agrees with the chart severity 
increments, but may in certain cases be slightly higher. 

U. Method A12 

l l.l· Procedure: 
11.1.1 Survey the entire.surface (approximately 0.25 ín.2 

( 160 mm2) of the polished specimen at a magnífication of 
IOOx with a field area on the specimen of0.000779 in.2 (0.50 
mm2) (a circle of0.0315-in. (0.80-mm) diameter or a square 
with sides 0.0279 l in. (0.71 mm) long). Compare each /ield 
of tbe specimen with the fields of Plate J, which also have 
areas of 0.000779 in.2 each. Record the inclusion r-ating 
sbown at the left of Plate J for each inclusion type (A, B, C, 
and D) that appears most like the field under observation for 
both the thin and heavy series. Do this only for each field 

12 This method is similar to the JcrnJcootcret Metbod, Uppsala. S\\.-cden ( t 936). 
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containing inclusions equivalent to or greater than the base 
or No. 1 series. Classify a field with siles or numbers of 
iuclusions intermediate between configurations shown on 
Platel as the lower inclusion rating (that is, Plate l represents 
the minimum incl_usion conteot for respective inclusion 
ra.tiugs). As the nominal size of the D heavy inclusions 
shown in Plate I is 0.0005 in. (0.0127 mm) those ioclusions 
larger thao 0.0005 in. may be recorded separately. 

fl.1.2 Tbe mínimum inclusion Jengths (or numbe.rs for 
Type D ooly) that determine the inclusion rating numbers 
are printed on Plate l and li!¡ted in Table l. Although 
Method A and Plate I are designe<! for integral inclusion 
rating numbers, various standards such as Specification 
A 295 permit rating to 112 inclusion rating numbers. This 
practice is permissible provided Table 1, Plate I, or Plate Ill 
(see Section 14) is used. 

11.1.3 The use of wide-fielq optics or a projection system, 
or both, may lead to ao .area of view larger than 0.000779
in.2 (0.50 mm2) on the specirneo. Therefore, employ appro­
priate area correction (for example, reticle, opaque mask, 
etc.) to assure that equivalent areas (0:000779 in.2) are 
compared, (A suitable projection screen mask should contain 
a circular apeiture 3.15 in. (80 mm) in diameter, or a square 
aperture with sides 2.79 in. (71 mi;n) long.) 

11.1.4 The typical chemical types of inclusions listed at 
the top of Plate I for Categories A, B, C, and D are for 
conveoience ooly, and do not mandate knowledge of the 
inclusion chemistry. In this method, ioclusions are assigned 
to a category based on· similarities in morphology, aod not 
necessarily on their chemical ideutity. Inclusions such as 
borides, carbides, nitrides, carbonitrides, and intermetallic 
phases may not be rated using this method. 

11.1.5 Arbitrarily classify broken stringered inclusions of 
Types B or C as two distinct inclusions when they are 
separated by at Jeast 0.5 in. (12. 7 mm) of clear area at 1 OOx 
(that is, 0.005 in. (0.127 mm) actual separation). If two or 
more inclusions of the same type, that is, either Type A, B, 
or C, appear in one microscope field, their summed Iengtb 
determines the inclusion rating number. Usualiy, direct 
comparison with Plate 1 will establish the inclusion ratiog 
number without the necessity for measurements. 

11.2 Expression of Results: 
11.2.1 The averages of the worst fields for each inclusion 

type in ali of tbe specimens of the lot shall be calculated in 

TABLE 

lndusion 
Rating 
Number 

'h 

1 
1'/:r 
2 
2'h 
3 

3,1:, 

4 
4'/2 
5 

Mlnlmum Values for lncluslon Reling Numbens 
(Methods A and D) 

Minlmum Total Length in One Fleld el 1 oox, 

Type A 

0.15 (3.8) 
0.50 (12.7] 
1.00 (25.4) 
1.70 (43.2) 
2.50 (63.5) 
3.60 (88.9) 
4.50 (114.3) 
6.00 (152.4) 
7.50 (190.5) 
9.00 (228.6) 

In. (mm) 

Type B 

0.15 (3.8) 
0.30 _(7.6) 
0.70 (17.8) 
1.20 (30.6) 
2.00 (50.8) 
3.20 (81.3) 
4.60 (116.8) 
6.00 (152.-4) 
8.00 (203.2) 

10.00 (254.0) 

TypeC 

0.15 (3.8) 
0.30 (7.6) 
0.70 (17.B) 
1.20 (30.5) 
2.00 (50.8) 
3.00 (76.2) 
4.00 (101.6) 
5. 00 (127 .O) 
7.00 (177.8) 
8.50 (215.9) 

Minitnum lnciu-

sien,, In Or>e 
Field 

Type p 
1 
3 
9 

14 
20 
26 
35 

44 
52 

64 

accordance with the inclusion ratings given at the sides of 
Plate l. An example showing the averages obtained for six 
specimens e11amined is given in Table 2,

11.2.2 lf desired, the total number of fields in the entire 
polished surface of the specimen correspondiug to each 
inclusiou rating for lnclusion Types A, B, C, and D in botb 
the thin aod heavy series shown in Plate l may be recordect to 
indicate the frequency. 

I 1 .2.3 Toe fields shown in Plate I represent the entire 
lengths of the inclusions and their limiting y.ridths or diam­
eters. If any inclusions are present tbat are longer than the 
fields shown in- Plate [, �eir leogtbs should be recordect 
separately. lf their widths or diameters are greater than the 
limiting values shown in Platel, thcy also should be recordect 
separately. 

I 1.2.4 If desired, the predominaot che mi cal type of inc[u. 
sions may be determined aod recorded, as sulfide, alumina 
silicate, or globular oxide. 

12. Method B

12.1 Procedure: 
12.1. l Survey the en tire sw-face (approximately 0.25 in. 2 

(160 mm2)) of the polisbed specimen at a rnagoification of 
JOOx. Project the fields brought into view successively on a 
ground glass that is ruled with a series of parallel lines 0.5 in.· 
(12.7 mm) apart. Toe distance between any two parallel lines 
(0.5 in., equivalent to 0.005 in. (0.127 mm) on the specirnen) 
shall be called one unit, in terms of which the lengths of the

inclusions shall be measured. 
12.1.2 lnstead ofprojecting the image onto a ruled ground 

glass, it may be more convenient to use an eyepiece or other 
interna! reticle containing a microrneter disk or other figure 
with parallel lines separated by a distance equivaleot to 0.005
in. (0.127 mm) on the specimen. 

l 2. 1 .3 All inclusions one unit in Jength ar longer shall be
individually tallied in _tenns of whole units of length. Inclu­
sions separated by a d.istance greater than onc uoit (0.005 in. 
(0.127 mm)) shall be arbitrarily cl.assified as two inclusions. 

12.2 Expression of Results: 
12.2.1 The determioation for eacb specimen shall be 

divided into two parts, as follows: 
12.2.1.1 The length of the longest inclusion shaJJ be

recorded fust. It may be supplemented to describe the 
inclusion width by a superscript T for thin (0.04 in. ( 1.0 mm)

or less in width) or H for heavy (0.12 in. (3.0 mm) or greater 
in width). lnclusions between 0.04 in. and 0.12 in. wide sball 
not be represented by a superscripL Superscripts d (discon· 
nected), vd (very clisconnected) aod g (grouped) may aJso be 
used to describe the degree of connecti vity or clustering as 
illustrated in Fig. 5. 

12.2. 1 .2 The average length of ali inclusions one unit and 
Jonger in length, but excluding the loogest ínclusion, shall be 
reported as a single oumber, followed by a superscript 
denoting the number of inclusioos averaged. 

12.2.2 A series of comparison pbotomicrographs at I 00)(, 
whicb illustrates all other nonmetallic particles preseot, rnaY 
be used to cbaracterire the background appearance of <he 
specimen. If used, tbese shall be labelecl A, B, ... etc., jo 
arder of increasing inclusion population. Toe· specific photo­
micrographs used shall be mutually agreed upon between ¡)le 
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TABLE :l Warst-Fleld lnclusion Ratlngs (Method A) {see 9.2.1) 

Spedmen 

, 

2 
3 
4 
5 
6 

Average 

Type A Type B 

Thln Heavy Thlo 
2 2 
3 2 
2 2 
2 2 
2 2 
3 2 

2.3 1.0 2.0 

�-------·····-·--·· 2·-----------·----� 

Long --4 

,.., _.... .. . � 
1--------------------· 2 ·------· ___________ J 
Disconnected--4 d 

Type C 

Heavy Thln Heavy 

1 o 

o 1 

o o 

1 o 
o , 

o o 

1.0 0.3 0.3 

. . .... . . .... -
� 

�-----------·------- 2· ------ --------� 

Vcry Oisconncctcd--4'� 

... -- --:;a :::..· .... 
-�- .

... -� ·-

�-�--=----·---·· z•. ___________ J 

Grouped-411 

TypeD 

Thln Heavy 
2 t 
2 2 
2 2 

2 1 
2 

2 
2.0 1.3 

NOTE 1-d = cfisoonnected. vd = very disconnected, and g = grouped. 
NOTE 2-2 in. - 50.8 mm. 

AG. S Deaignatian ol Length and Welght ol lncluslons (4 Unils) 

ioterested parties. u 
NOTE 5-Tbc following is ao c,ample of the expression of results for 

a oiogle ,pecimen by this mcthod: 6 d-21-A. This indicates th:at the 
longest inclusion observed was six uirits long and disconnccted, that 
three other inclusions were observed whose average length was two 
units, and that the background inclusions were similar io appearance to 
lhe A figure from a background photomicrograpbic series. 

12_2_3 The results for ali specimens from a lot should be 
tabulated. lf desired, the predominant type of inclusions 
(suUides, silicates, or oxides) rnay be recorded. 

13. Method C'4 

13.1 Procedure-Survey the en tire surface (approxi mately
0.25 in. 2 ( 160 rnm2)) of the polished specimen at a magnifi­
cation of I00x_ The image size in the m.icroscope sbould be 
.masked to a rectangle co.vering 0.03125 by 0.04125 in. (0.79 
by_ 1.05 mm) on the specimen. Tbe longer side of the 
�angle sball be parallei to the longitudinal sample direc­
tion. As each field comes into view, compare it visually with 
the photomicrographs shown in Plate II. Oxides and silicates 
are classified from one to eigbt, inclusive. Record the worst 
field of each inclusion type (oxide and silicate) fouod for 
caen of the specimens examined. 

13.2 Expression o/ Results:
13.2.1 The max.imum length of each type of inclusion,0ltide or silicate, is generally used to evaluate a specimen. 

lbe silicate photom.icrographs are used for ali slag or 
defonnable-type inclusións, and the oxide photomicrographs�or ali oxide or .hard-type ioclusions_ For example, a spec-11llen may be classified 0-5 (oxide) S-4 {silicate), to indicate

-----

IJ A. s.cri� offour photomicrogruphs qflow corboo slcel, previou.sly printed D.s 
� of Pr:::1cticc E 45, 01.2y be obt:ained from ASTM HcadQuaners. Ordcr PCN 
,L-JllQ4s4--0¡ 11 

lñi$ mcÍ.hod is similar to SAE Recommended Practic.e 1422-

tha-i the Iongest oxide or bard-t}'Pe inclusion seen was 
comparable to oxide photornicrograpb 5, and the longest 
silicate or deformable-type inclusion seen was comparable to 
silicate pbotomicrograph 4. 

13.2.2 Brokcn stringered inclusions shaU be arbit:rarily 
classified as two distinct inclusions when they are separated 
by at least 0.5 in. (12_7 mm) of clear area at I00x·(that is, 
0.005 in. (0.127 mm) actual separat ion). 

13.2.3 Modifications may be used, such as suffix nu­
merals to indicate the number of long inclusions noted, or 
tb.e exact length of a particular inclusion wheo it is over tbe 
maximum length indicated by the photomicrogr.1phs. 

14. Method D 

14. 1 lntrod11ction: 
14.1. l This test method is designed for application to 

steels with low inclusion contents, and classifies these inclu­
sions in 1/2-step increments. In adclition, this method permits 
the classification of inclusíons smaller tban those covcred by 
Methods A, B, and C. Such inclusions are those normally 
associated with certain melting procedures and with product 
that receives heavy reduction in processing, such as sheet, 
foil, -tube, and \Ylre. 

14_ J .2 Table 3 shows tbe inclusion width ranges utilized 
in Plate IIl. The minirnum resolvable widtb for the thin 
inclusions rated at !00x is 2 µm. 

I 4.1.3 Higher magnifications rnay be used to rate linear 
inclusions (Types A, B, and C only) liner than 2 µm in 
widtb. To accomplish this, the total length of inclusion is 
measured at the higher magnification_ For example, since 
four fields at 200x will give the same area as one field at 
lO0x, four fields must be rneasured. The total inclusion 
length is then measured and divided by two to give the 
equivalent inclusion. r,1tiog number by length relative to tbe 
l00x cban (Plate Ill). Sirnilarly, if the measurements are 
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TABLE 3 lnclu•lon Wldth Parameters (Method D) 

Thin Series Heav)I Series 

::luslon M"ani-mui'n Maximum WJdth Minbnum 
fype Wodtti, (Nominal on Width, Nominal W,dtt, 

µm Piel.e 111), µm µm 
on Plale 111, µm 

A 2 4 >4 6 
B 2 9 >9 15 e 2 5 >5 9 
D 2 8 >'3 12 

ie at 500x, tbe total inclusion leogth in 25 fields must be 
1.Sured and then divided by five to give the correct 
.usion rating number relative to the lOOx chart (Plate Ill). 
the measuremen1s ·are originally made in terms of 

olute units of length on the specimen, no division is 
:essary.) Type D globular inclusions shall be measured 
y at IOOx because bigher magnification measurements 
l give meaningless inclusion rating numbers. 
.4.1.4 The use of a higher rating magnification than 
ually required should be avoided. Unnecessary high 
.gnifications could lead to substantially thicket particle 
lths in the specimen irnage than those on the I OOX 
nparison chart (Plate lli), thus maldng accurate compar­
o ratings d.ifficult. Also, the greatly iocreased labor neces­
y for rating at higher magnifications isjustified only when 
nsideration of very thin inclusions is important. 
14.1.5 Inclusions less than 0.5 µm wíde should not be 
:ed with this method because ofpractical l:imitations in the 
:olving power of light microscopes. 
14.2 Proced11re:

14.2. l The use of wide field optics or a projection system, 
both, may lead to an area of view larger than 0.000779 

. 2 (0;50 mm2) on the spec1men. Therefore, employ appro-
iate area correction (for exámple, reticle, opaque mask, 
c.) to assure that equivalent areas (0.000779 in.2) are 
1mpared. (A suitable projection screen mask should contain 
circular aperture 3.15 in. (80 mm) in diameter, ora square 
ierture with sides 2.79 in. (71 mm) long.) 
14.2.2 The typical chemical types of inclusions listed at 

,e top of Plate IIJ for Categories A, B, C, and D are for 
mvenience only, and do not mandate knowledge of the 
1clusion cbemistry. In this method, iriclusions are assigned 
1 a category based on similarities in morphology, and not 
ecessarily on their chemicaJ identity. Inclusions such as 
orides, carbides, nitrides, carbonitrides, and iotennetallic 
bases may not be rated using this method. 
14.2.3 Survey the entire surface (approximately 0.25 in.2 

160 mm2)) of the polished specimen at a magnification of 
OOx wíth a field area on the specimen of0.000779 in.2 (0.;>0 
nm2) (a circle of 0.0315-..in. (O.SO-mm) diameter or a square 
vith sides 0.02791 in. (0.71 mm) long). Compare cach field 
1fthe specimen witb fields of Plate Ill, whicb also have areas 
,f 0.000779 in.2 Record the inclusion rating number shown 
m the side of Plate Ill selected for ·eacb inclusion type (A, B, 
:::, or D) tbat appears most like the field under observation 
or both the thin and heavy series. Do this for each field 
;ontaiping inclusions equivalen! to 0r greater than the base 
Jr 1/, series. Oassify a field with sizes· or nurnbers of 
.nclusions interrnediate between configurations shown on 
Plate III as the next lower inclusion rating number (that is, 
Plate III figures represent the mínimum inclusion content for 

the respective inclusion rating numbers), lt should be nottQ that tbe nominal size oftbe D inclusions shown in Plate l lt iimaintained at 0.0005 in. (O.O 127 mm). Record separatel with ilieir actual measured sizes these globular oxides la� 
than the sii:e illustrated in Plate IIl. llJustrations of large globular oxides appear at the bottom of the D column ¡�Plate m. 

14.2.4 Toe mínimum inclusion lengths (or numbers for Type � only) that determine the inclusion ratiog numbers are pnnted on Plate m and listed in Table 1.

14.2.5 Arbitrarily classify broken stringered inclusions or Types B or C as two distinct inclusions when they are separated by at least 0.5 in. ( 12.7 mrn) of clear arca at I 00x (that is, 0.005 in. (0.127 mm) actual separation). 
14.2.6 If two or more stringered inclusions of the sarne type (either Type A, B, or C) appear io one microscope fielct, their summed length determines the inclusion rating 

number. Usually, direct comparison with Plate Il1 will establish the inclusion rating number without the necessity 
for measurements. 

14.2.7 While surveying tbe entire surface at IOOx, if very 
fine linear inclusions (wídths less than 2. µm) are encoun­
tered, then the procedure described in 13.1.3 may be 
followed. The use of more than one rating magnification on 
the same specimen is not permitted. Report the magnifica­
tion used. 

14.3 Expression of Results:
14.3. l The number of fields of each inclusion type (A, B, 

C, and D of Plate III) found for both tbe thin and heavy 
series sball be recorded for ea.ch specimen in ferms of the

inclusion rating numbers on tbe side of the plate. lf a 
magnification other than I OOx is used to rate Type A, B, or 
C inclusions, the magnification shall also be recorded . 

14.3.2 If any inclusions are found ·1hat are longer tban 
those displayed on Plate m, they should be recorded 
separately-' lf the widths or diameters are greater than the 
limiting values shown on Plate m, these should also be 
recorded separately. 

14.3.3 To average tbe results of more than one specimen, 
tbe average of the number of fields found for each inclusion 
rating number and type in the various specimens exaroined 
wiiliin a lot may be calculated as illustrated in Table 4. 

14.3.4 lf desired, the predominant chemical type of inclu­
sions may be determined and recorded as sulfide, alumina, 
silicate, or globular oxide. 
15. Method E: SAM Rating 

15.1 Jntroduction-This method is used to express the 
inclusion content of steels in a manner that reflects tbe

severity and frequency of occurrence of tbe larger B- and 
0-type- oxide inclusions.

15.2 Procedure: 

15.2.1 Survey the entire suñace (apprmcimately 0.25 in.ª
(160 mm2)) of the polished specimen at a magnification of
1 OOx with a field area on the specimen of 0.00079 in. 2 (O .SO 

mm2) (a circle of 0.0315 in. (0.80 mm) diameter ora square
with sides 0.02791 in. (0.71 mm) long).

15 .2.2 A rating of B-type inclusions is obtained by com·
paring eacb field oftbe specimen wíth the fields in Plate Ul 
(Table I may also be used). Record all B-thin fields observecl 
at each severity leve!, far levels of 1 .5 or bigher; ali B-hea vy
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TABLE 4 Example of lncluslon Ratlng (Mathod O) 

NumberofFleSdsinEachSpecimenA 

¡nduslon Specimen Number 
A�erage of Six Spedmens 

RaUnQ Number 
2 3 4 5 6 Thln Heavy 

Type A 

0.5 Toin 65 60 50 65 37 56 55.5 
Heavy 9 8 12 6 16 8 9.6 

1.0 Thln 19 15 31 8 12 10 15.6 
Heavy 4 3 4 1 2 1 2.5 

1.5 Thln 1 3 2 o 1 o 1.2 
Heavy o o o o o o o 

2.0 Thln 1 o o o o o 0.2 
Heavy o o o o o o o 

2.5 Thin o o o o o o o 
fjeavy o o o o o o o 

Type B 

0.5 Thln 13 8 7 6 11 10 9.2 
Heavy o o o 1 1 o 0.3 

1.0 Thln 13 14 10 6 12 12 11.2 
Heavy o o o o 2 1 0.5 

\.5 Thin 1 6 6 3 3 2 3.5 
Heavy o o o o o o o 

2.0 lñin o 2 1 o 1 1 o.e 

Heavy o o o o o o o 

2.5 Thin o o o 1 o 0.3 
Heavy o o o o o 0.2 

Type C 

0.5 Thln o o o o 1 o 0.2 
Heavy o o o o o o o 

1.o Thln o o o o o o o 

Heavy o o o o o o o 

1.5 Thln o o o o o o o 

Heavy o o o o o o o 
2.0 Thin o o o o o o o 

Heavy o o o o o o o 
2.5 Thin o o o o o o o 

Heavy o o o o o ,. 0.2 

Type D 

0.5 lllin 35 33 26 32 47 29 34.0 
Heavy 9 4 5 6 9 9 7.0 

1.0 Thln 13 10 20 9 12 41 17.5 
Heavy o 2 2 1 2 4 1.6 

1.5 Thm o o 4 o o 6 1.7 
Heevy o o o o o o o 

2.0 Thln o o o o o o o 

Heavy o o o o o o o 

2.5 Thin o o o o o o o 
Heevy o o o o o o o 

Max D Size 0.0012 In. 0.001 in. 0.001 In. 
(O.OJOS mm) (0.0254 mm) (0.0254 mm) 

A FOt" a 0.25-ln.2. {16o.rnm2} spedmen ex.amined over the enUre surface al 1oox wilh a field area of O.OOOTT9 in.2 (O.SO mm2) (see 12.2.1). 321 fiErids would be observed. 
• One lield 0.033 In. (0.083� mm) long by 0.0018 in. (0.0457 mm) wlde. 

fields observed at- each severity leve( of LO or higher. (For 
this method, B-heavy inclusions are defi.ned as inclusions 
rneasuring 0.0005 in. ( 13 µ.m) or larger in width.) Classify a 
field with sizes of inclusions intermediate between configura­
tions in Plate III or ::rabie I as the lower inclusion rating. 

15.2.3 Classify_ broken B-types ás two distinct inclusiqns 
When they are separated by at least 0.5 in. (12.7 mm) ofclear 
area at tOOx. If two or more B-type appear in one micro­
scope field, their summed Jength detemúnes the inclusion 
rating number. 

l 5.2.4 A rating of D-type inclusions is obtained· by 
recording all D-heavy fields witb a rating of 0.5 or higher. 
CFor thi.s method, D-type heavy oxides are defined as those
Particles measuring 0.0005 in. (I 3 µm) or larger at their 
Widest point). Fields of 0.5 severity are counted as one unit; 

fields of 1.0 severity as two units; Jields of 1.5 severity as 
three units and so on. The mínimum inclusion numbers for 
D-type are printed on Plate llI and listed in Table 1. 

15.3 Expression of Results: 
15.3.1 Results are expressed in terms of two rating num­

bers reP.ecting B-type and D-heavy type inclusion contents. 
15.3.2 The number of B-type fields recordcd at eacb 

severity leve! times the severity leve! is summed (see Table 5) 
and nonnalized by dividing by the total rated area of ali 
samples in square inches. Toe nearest wbole number is 
recorded as the rating. 

15.3.3 The number of D units is summed (see Table 5) 
and normalized by dividing by the total rated area of all 
samples in square inches. The nearest whole number is 
r..-.nrded as the ratinll. 
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TABLE 5 SAM Ratlng (Melhod E) 

D-Type AaUng"·c 

No. of Observe<! 
·e·n,1n 

No. of Observed 
·e· Heavy No. of Observed 

·o· Heavy 
flelds Flelds Flelds 

nol recorded 0.5 not recordad 0.5 5 0.5 
not reoorded 1.0 2 1.0 2 1.0 

3 1.5 1 1.5 1 1.5 
1 2.0 o 2.0 o 2.0 

o 2.5 o 2.5 o 2.5 

.. Total srea observed = 1.5 ln.2 
8 SAM ratlng � (3 X 1.5) + (1 X 2) + (2 X 1) + (1 X 1.5) = 10 + 1.5 =-7. 
e SAM ratlng = (5 x 1) + (2 x 2) + (1 x 3) - 12 + 1.5 = B. 

Tila American Socia/y lor Testlng an<I MBJer/Bis ra�os no position raspecllng the valfdity ol any petent rlghrs essened in e<>nnectlon 
wilh any item mentioned In this standard. IJ.sers ol thfs standard ara exprassly advlsed tlrat detenninaüon ol /JJe va/ldlty o/ any suc/1 
peteÍrt rlghts, and rhe risk al lnfringement al sucll r/g/Tls, are entlre/y their own rssponsiblllty. 

Tltls standard is subfect rci revls/on ar any time by the responsible rechnlca/ committt,e Blld rnust.be revlewed evary (J110 years and 
if not revised, either reapproved or wirhdrawn. YOf.Jr comments are imrlted either for revWon af tl1is Sf411dard or for addltlonal standarás 
ami shoufd be eddressed to ASTM Headquarters. Your comments wi/1 receive careful conslderalion at e meeting al the responslble 
technical comm/ltee, which you may attend. Jf you toa/ rhal your comments have no/ rece/ved a falr haaring you_.should mako your 
vlews lmown to the ASTM Committee on Slandards, 1916 Race SI., Phlladelphia, PA 19103. 
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�� Designation: E 112 - 88 

Standard Test Methods tor 
Determining Average Grain Size 1

This standard is issued under tbe ftxed designatioo E 1 l2; the oumber immediatcly following thc dcsignation indicates tbe yea.r of
original adopt.ioo or, in tbc case of rcvision, lhe year of last �vision. A nomber in pa.-cntheses indicates the ye.ar of last reupproval. A 
superscript epsilon (E) indicatcs an editorial changc sincc lhe Jast revision or rcapprovaL 
This standard Iras bem approl'ed Jor r,se by agencies of the Departmenl of Defense to replace Methods JI /_ I and 312 of Federal Test 
Merhod Srandard No. 15/b. Consuú rhe DoD Index of Specljicarlons and Standards far the speclfic year of wue which has been 
adopred by the Deporlmmr o/ Defense, 

INTRODUCTION 

These test methods of determination of average grain size in metallic materia!s are primarily 
measuring procedures a_od, beca use of their purely geometric basis, are quite independent of the 
metal or alloy concerned. In fact, the basic procedures may also be used for the estimation of 
average grain, crystal, or cell size in nonrnetallic materials. The comparison method may be used 
if the structure of the material approaches the appearance of one of the standard comparison 
charts. The intercept and planimetric metbods are always applicable for determining average grain 
size. However, the comparison charts cannot be used for measurement ofindividual grains. 

l. Scope 
1.1 These test methods cover the measurement of average 

grain size and include the Comparison Procedure, the 
Planimetric (or Jeffries') Procedure, and the Intercept Proce­
dures. These methods may also be applied to nonmetallic 
materials with structures having appearances similar to those 
of the metallic structures shown in the comparison charts. 

1.2 The paragraphs appear in the following order: 

Scope 
Refercnced Docu ments 
Sig,,ificance and Use 
Description oí Grain Area 
Gcoeralities of Applicatioa
Prcparation oí Spccimcns 
Preparation of Photomjcrogrnphs 
Comparison Proccdure 

Planimctric (or Jeffrics') Proccdure
General lntercept ProceduJCS 
Uncar lnterccpt (or Hc:yn) Proccdure
Circular lntcrccpt Procedurcs: 

Siog)c-Circle (Hilliard) P1'0oedu re 
TbJ'cc..Circlc (i\brams) Proccduro 

Detennioation of Con6dence Limit íor Grain Sizc Rcsult 
EfTective Grain Size i.n MCt.als Conlaining Two or More Phases
Numcrical éxpres:sions of Graio Siz.c 
Precision and Bias 
Anncxcs: 

Sectlon
1 
2 
3 
4 

s

6 
1 

8 
9 

JO 
11 
11 
12.3 
12.4 
13 
14 
l5 
16 

Basis of ASTM Grain Size Numbcr> A 1 
Equations for Conversions Among Various Graio Size A2 

Measurcmcnts 
Aust.cnite Ora.in Si.z.c, Fcrritic and Austenitic: Slcels AJ 
Fracture Grain Sizc Metbod A4 
Rcguiremenu for Wroughl Copper and Copper-� Alloys A.5
Apptication to Special Situations A6

Appeadl.x 
Refereoced AdjuncL< XI 

Rcfercnces 

1 Tbese test mcthods are uodcr the jurisdiction of ASilf Comminee E..4 on
Metallography and are the direcr rcsponsibility ofSubcommincc .E.04.08 on Gr.un
Size. 

Cunen\ edition approved Au¡¡. 26, l98jj. Published OclOber 1988. Originally
published as E 112 - 55 T. Las\ r,revious edition E 112- 85. 

L.3 This standard may invo/ve hazardous ma1erials. opr,.
acions, and equipment. This standard does 1101 p11rpon t, 
address ali ofthe safety problems associa1ed wiJh i1s use. /JiJ 
the responsibility of the user of lhis standard to estab/isJ 
appropriate safety and health practices and determine thi 
applicability ofregulatory limita1ions prior to use. 

2. Referenced Documents

2.1 ASTM Standards:
E 3 Methods of Preparation ofMetallographic Specimens 
E 29 Practice for Using Significant Digits in Test Dala Jo 

Determine Cooformance with Specification3 

E 45 Practice for Determining the Ioclusion Conlenl af 
Steel2 

E 562 Practice for Detennining Volume Fractioo �/ 
Systematic Manual Point Couot2 

E 883 Guide for Metallographic Photomicrographf 
E 1181 Test· Methods for Characterizing Duplex GrruJ 

Sizes2 

2.2 Adjuncts
2.2.1 For a complete adjunct list, see Appendix X 1. 

3. Significance and Use

3. 1 These methods cover procedures for estimating and 
rules for expressing the average grain size of ali rne¡¡IJ 
consisting entirely, or principally, of a single phase. � 
methods may also be used for any structures baving aP�

1 anees similar to those ofthe metallic structures shown_1n 
si:iC co�parison charts. The three basic procedures for gíllln 

estimation are: it 3.1.1 Comparisón Proced11re-The comparison proced�
lf 

is a visual estimation foi' whicb the results are gener""· 

? A ,mua/ 80-0k of ASI'M S1an.dards
1 
Vol 03.0 l. 

3 ,lnnual Boak of ASTM S1andards, Vol 14.02. 
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TABLE 1 Suggested Comparison Charts for Metallic 
Ma1eri11ls 

,0� n,ese suggestions are based upon the customary practtces in lncustry. 
� specanens preparad acconfing to speciaJ technlques, the appropriate compar­

:. 5taf'tdards should be salacted on a structuraJ-appearMee basis in accordanoe 

,.;v,8.2. 
. 

P1ate Bas;c 
Material 

Number ��ii� 
,wminum 1 100x 
eopper at1d copper-base atJoy:::i (see 111 75X 

,vmex A4) 
¡,-en an<l steel: 

Austenltlc 11 oc IV 1QOX 

FerritiC 1 100X 

cart,urized IV 1oox 

Stainlass 11 100x 

Megnesium and magnesium-base fo,11 100x· 

alloys 
l'l]cl<al and nlckel-base alloys 100x 

supei-strength elloys · 1 ar 11 100X 

Zinc and zinc-base alloys 1 or 11 100X 

11.¡thin plus or minus a wbole grain size number ofthe vaJue 
cJetermined with the intercept method. 

3.1.2 Planimetric Procedure-The plánimetric procedure 
Í5 to be treated as an estimation method generally valid only 
to plus or minus a half grain size number when no statistical 
control has been applied. \.Vhen sufficient measurements 
bave been made and statistically analyzed to comply with the 
requirements of Section 13, the result may be stated to have 
been determined to plus or minus a quarter grain size 
number. 

3.1.3 lntercept Procedure-The intercept procedure is to 
be treated as an estimation method generally valid only to 
plus or minus a half grain size number when no statistical 
control has been applied. When sufficient measurements 

FJG. 2 E:xample ol Twin Gralns (Fla1 i:;tch) from Plale 11. Grain 
Size No. 3 at 100x 

have been made and statistically analyzed to comply with the 
requirements of Section 13, the result may be stated to have 
been determined to the precision indicated, but not normally 
closer than plus or minus a tenth of a grain size number. 

3.2 For specimens consisting of equiaxed grains, the 
method of comparing the specimen with a standard chart is 
most convenient and is sufficiently accurate for most com­
mercial purposes. Far higher <legrees of accuracy in deter­
mining average grain size, the intercept or planimetric 
procedures may be used. The intercept procedure is particu· 
lady useful for structures consisting of elongated grains. 

3.3 In case of dispute, the intercept procedure shall be the 
referee procedure in ali cases. 

3.4 No attempt should be made to estímate the average 
grain size of heavily cold-worked material or partially 
recrystallized wrought aUoys. Lightly to moderately cold­
worked material may be considered as consisting of non­
equiaxed grains, if a grain size measurement is necessary. 

3.5 Individual grain measurements shou/d not be made 
based on Lhe standard comparison charts. These charts were 
constructed to reflect the typical log-normal dístribution of 
grain sizes that result when a plane is passcd through a 
three--dimeasional array. of grains. Because they show a 
distribution of grain dirnensions, ranging from very small to 
very large, depending on the relationship of the planar 
section and the three--dimensional array of grains, the charts 
are not applicable to mea.surement of inctividual grains. 

4. Descriptioo of Grain Area 

4.1 Grain-For the purposes of applying these methods, a 
grain shall be considered as ali that area within the confines 
of the· original (primary) boundary. h1 materials having
,w;n°�-' grain structures, a ·crystal and its twin bands shall be 

ed as one grain .. 
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FIG. 3 Example of Twln Gralns (Contras! Etch) lrom Plata 111. 
Grain Size 0.090 mm at 75x 

4.2 . Grain Size-ln materials consisúng of two or more 
constituents, the grain size shall refer to that of the matrix, 
except that, in those materials wherein the second phase is of 
sufficient amount, size, or continuity to be significant, tbe 
graín siz:e may be estimated and reported separately. Minor 
constituent phases, inclusioos, and additives are not nor­
mally considered in the estimation of grain size. 

4.3 Subgrains-The sizes of subgrains may be estimated 
by tbe same methods applicable to the grains themselves. 

S., Generalities of Applicatio11 

5.1 lt is important, in using these met·hods, to recognize 
that the estimation of average grain size is not a precise 
measurement. A metal structure is an aggregate of three­
dimensional crystals of varying sizes and shapes. Even if aJJ 
these crystals were identical in size and sbape, tbe grain cross 
sections, produced by a random plane (surface of observa­
tion) through such a structure, would have a distribution of 
areas varying from a maximum value to zero, depending 
upen where the plane cuts each individual crystal. Clearly, 
no two fields of observation can be exactly the same. 

5.2 The size and location of grains in a microstructure are 
normally complétely random. No nominally random process 
of positioning a test pattern can improve this raodomness, 
but random processes can yield poor representation by 
concentrating measurements in part of a specimen. "Repre­
sentativen implies tbá.t aU parts ofthe specimen contribute to 
the result, oot, as sometimes has been presumed, that fields 
of average grain size are selected. Visual selection of fields, or 
casting out of extreme ·measurements, may not falsify the 
average v.•hen done by unbiased experts, but will in ali cases 
givc a false impression of higb precision. For representative 
sampling, the area of the specimen is mentally divided into 
severa) equal coherent sub-areas and stage positions 

FIG. 4 Example al Austen�e Gralns In Steel from Plate IV. Graln 
Slze No. 3 at 100x 

prespecified, which are approiúmately at the center of each 
sul:>-area. The stagc is successively set to each of these 

· positions and the test pattern applied hlindly, that is, with !he 
light out, the shutter closed, or the eye turned away. No
tollch-up of the position so selected is allowable. Only
measurements made on fields chosen in this way can be
validated with respect to precisioa and bias.

6. Preparation of Specimen
6. 1 The specimen shall be prepared and etched according

to the metallographic procedures recornmeoded in Methods 
E3. 

7. Preparation of Photomicrographs 
7.1 Wben pbotomicrographs are used for estimating 1he

average grain size, they shall be prepared in accordance witb 
Guide E 883. 

8. Comparison Procedure
8.1 The comparison procedure shall apply to cornpletely

recrystallized or casi materials with equiaxed grains. 
8.2 When grain size estimations are made by the moit 

convenient comparison methód, repeated checks by individ· 
uals as well as by interlaboratory tests have shown that unles! 
the appearance of the standard reasonably well approacheS 
that of the sample, errors may occur. To minimize such
crrors, tbe comparison cbarts are presented in four categorieS 
as follows:• 

" Pfates 1, ll, Jll, 3nd JV ore o.vnilnble from ASTM Heodquartcrs. Ordcr pd 
12-501120.10 (Pl:lte [), 12-501120-20 (Plate 11), 12-501120.30 (Plote lll). ,od 

12-501120-40 (P1ate IV). A com,bination of n.11 íour,pl:llcs is al.so avajJable. Ordd 
PCN l2-501121-28. 

123 



124 

�mti E 112

TABLE 2 Mlero-Graln Slze Relatlonshlps Computad ror Unlfonn Randomly Ortented Equlaxed Gral ns 

Nore-For diamelers In lnches. see Table 4 (divide by 100). 

>.STMMI· 
· "Dlameler" ol Average 

Average Grsin 5ectionA Average In-
lnt:ercept 

Area Df Av· caJculaled 
cro-Grail lercept erage Graln Numberof 

SézeNum- f',lominal Feret's d1, Distance8 Count, n/1 Secuon. a, Grains per Grains per Grains per 
oer G dn, mm mm T,mm permm 

mrn2 mm3,n/vc mm2 at ln.2 at 100x. 
1x.0 n/a n¡s 

ooE 0.51 0.570 0.453 2.210 0.258 6.11 3.8B 0.250 
o 0.36 0.403 0.320 3.125 0.129 17.3 7.75 o.s·oo 
0.5 0.30 0.339 0.269 3.716 0.0912 29.0 11.0 0.707 
1.0 0.25 0.285 0.226 4.42 0.0645 48.8 15.50 1.000 
1.5 0.21 0.240 0.190 5.26 0.0456 82 ·21.9 1.414 
(1.i)F 0.200 0.226 0.177 5.64 0.04-00 100 25.0 1.613 
2.0 0.18 0.202 0.160 6.25 0.0323 136 31.0 2.000 
2.5 0.15 0.170 0.135 7.43 0.0228 232 43.8 2.828 

µm µm µm mm2 X 10-3 

3.0 125 143 113 8.84 16.1 391 62.0 4.000 
(3.2)' 120 135 100 9.41 14.4 463 69.4 4.480 
3.5 105 120 95 10.51 11.4 657 87.7 5.657 
(3.7)F 100 113 89 11.29 10.0 800 100 6.452 
4.0 90 101 80.0 12.5 8.07 1105 124 8.000 
4.5 75 85 67.3 14.9 5.70 1859 175 11.31 

(4.7) F 70 79 62.0 16.1 4.90 2331 204 13.17 
5.0 65 71 56.6 17.7 4.03 3126 248 16.00 
(5.2)' 60 68 53.2 18.8 3.60 3708 278 17.92 
5.5 55 60 47.6 21.0 2.85 5258 351 22.63 
(5.7)' 50 56 44.3 22.6 2.50 6400 400 25.81 
6.0 45 50 40.0 25.0 2.02 8842 496 32.00 
(6.4)' 40 45 35.4 2B.2 1.60 12 500 625 40.32 
6.5 38 42 33.6 29.7 1.43 14 67.1 701 45.25 
(6.7)' 35 39 31.0 32.2 1.23 18 659 816 52.67 
7.0 32 36 28.3 35.4 1.008 25 010 992 64.00 
(7.2}' 30 34 26.6 37.6 0.900 29 630 1111 71.68 
7.5 27 30 23.B 42.0 0.713 41 061 1403 90.51 
(7.7)' 25 28 22.2 45.1 0.625 51 200 1600 103.23 

¡un ¡un µm mm� x 10-6 x10• X10j 

e.o 22 25 20.0 so.o 504 0 .0707 1.98 12B.0 
(8.4)' 20 23 17.7 56.4 400 0.1000 2.50 161.3 
8.5 19 21 16.6 59.5 356 0.1190 2.61 181.0 
9.0 16 18 14.1 70.7 252 0.200 3.97 256.0 
(9.2)' 15 17 13.3 75.2 225 0.237 4.44 286.7 
9.5 13 15 11.9 B4.1 178 0.336 5.61 362.0 
10.0 11 13 ,o.o 100 126 0.566 7.94 512.0 
(10.3)' 10 11.3 8.06 113 100 0.800 10.00 645.2 
10.5 9.4 10.6 6.41 119 89.1 0.952 1122 724.1 
(10.7)' 9.0 10.2 7.96 125 81.0 1.097 12.35 796.5 
11.0 e 8.9 7.07 141 63.0 1.600 15.67 1024 
(11.4)' 7.0 7.9 6.20 161 49.0 2.332 20.41 1317 
11.5 6.7 7.5 5.95 168 44.6 2.692 22.45 1448 
(11.8)' 6.0 6.8 5.32 188 36.0 3.704 27.76 1792 
12.0 5.6 6.3 5.00 200 31.5 4.527 31.7 2048 
(12.3)' 5.0 5.6 4.43 226 25.0 6.40 40.0 25B1 
12.5 4.7 5.3 4.20 238 22.3 7.61 44.9 2696 
13.0 4.0 4.5 3.54 283 15.6 12.60 63.5 4096 
13.5 3.3 3.7 2.97 336 11.1 21.54 89.6 5793 
(13.8)' 3.0 3.4 2.66 376 9.0 29.6 111.1 7168 
14.0 2.8 32 2.50 400 7.88 36.2 127 8192 
(14.J)F 2.5 2.8 2.22 451 6.25 51.2 160 10323 

..., Feret's diameter = height between tangents; d¡ = gf[ Values of dn and d1 rou�ded to d.Igits shown. 
ª Value of Heyn intercept or me-an free path. 
e Computation of n/v basad on gralns averagrng to spherical shape for which n/v - 0.5659 (n/l'f'. 
0To obtaln grainS per mm" el 100x, multiply by 10-'. 
• Toe use ol ·oo· Is recommended lnslaad of ·mJnus 1· to avold confuslon . 

. � lhe G vatues shown In parentheses aro calcVW.ted lo one de�lmel ptaca and correspond lo soma of the nominal ·diameter-- slzes. (d,,.) customarily used In repartlll{l 
•1erage grain size by the copper anél brass industry. 

8.2.1 Plate /-Untwinned grains (flat etcJ:¡). lncludes grain 8.2.3 Plate Ill- Twinned grains (contrast etch). Includes 
si�e numbers 00, O, 112, 1, 1 1h, 2, 2'/2, 3, 31/2, 4, 4 1/z, 5, 5112, 6, nominal grain diameters of 0.200, 0.150, O. 120, 0.090, 0.070, 
61/1, 7, 7'12, 8, 81/2, 9, 91/2, 10, at IOOX. 0.060, O.OSO, 0.045, 0.035, 0.025, 0.020, O.O 15, O.O 10, 0.005 
. 8.2.2 Plate JI-Twinned grains (flat etch). lncludes grain mm at 7Sx. 

1tze numbers, 1, 2, 3, 4, 5, 6, 7, 8. at IOOx. 8.2,4 Plate JV-Austenite grains :n steel (McQuaid-Ehn). 
Includes grain size nurnbers 1, 2, 3, 4, 5, 6, 7, 8, at JOOx. 



125 

�mi E 112 

TABLE 3 Relatlonahlps Betweoo !he Actual Graln Size of Specimana Vlewed at Varfoua Magnillcatlons and the 
Standard Series ol Photomicrographa 

Specimen Magnl­
ffcalion 

Actual Grain Slze of Specimen, Expressed as ·oiameter· of Average Cross Section Whan Speclmen lmage. -----. 

el Magnlffcellon lndlcaled,A Malcnes Slandafcl Sertas of Pholographs 

Standarcl Series of Pllolomlcrograp11s at 1 oox 

ASTM Micro-­
GraJn Siz.e Number 

1óox mm 

In. 
75x mm 

in. 

sox 
mm 

in. 

25X mm 

in. 

ASTM Micro­
Grain Size Number 

100X mm 

In. 
75x mm 

In. 

50x mm 
in. 

25x mm 
In_ 

o 

0.360 
0.014 
0.480 
0.019 
0.720 
0.026 
1.440 
0.056 

5.5 

0.055 
0.002 
0.075 

·0.003 
0.110 
0.004 
0.210 
0.006 

0.5 1.5 2 

0.300 0.250 0.210 0.180 
0.012 0.010 º-ººª 0.007 
0.400 0.330 0.280 0.240 
0.016 0.013 0.011 0.009 
0.600 0.500 0.420 0.360 
0.024 0.020 0.016 0.014 
1.200 1.000 0.640 0.720 
0.047 0.040 0.033 0.028 

5· 6.5 7 

0.045 0_035 0.030 
0.0018 0_0014 0.0012 
0.060 0.045 0.040 
0.0023 0.0018 0.0016 
0.090 0.075 0.065 
0.0035 0.003 0.0025 
0'.180 0.150 0.130 
0.007 0_006 0.005 

2.5 3 3.5 4 4.5 

0.150 0.130 0.110 0.090 0.075 0.065' 
0.006 0.!)05 0.004 0.0035 0.003 o�
0.210 Q_170 0.140 0.120 0.100 0.065 
0.008 0-0065 0.0055 0.0045 0.004 0,00J:¡ 0.300 0.250 0.210 0.180 0.150 0.130 
0.012 0.010 0.008 0.007 0_005 o.nos 
0.600 0.500 0.420 0.360 0.300 0,250 
0.024 0.020 0.016 0.014 0.012 o.o,o 

7.5 8 8.5 9 9.5 10 

0.026 0.022 0.019 0.016 0.013 0.011 
0_001 0_0009 0.0007 0.0006 0.0005 0.000., 
0-035 0.030 0.025 0_020 0.018 0.015 
0.0014 0.0012 0.001 0.0008 0.0007 O 0006 
0.055 0.045 0.035 0-030 0.026 0.022 
0.002 0.0016 0.0014 0.0012 0.001 0.0009 
0.110 0.090 0.075 0.065 0.055 0.045 
0.004 0.0035 0.003 0.0025 0.002 o.001e 

Standard Series ol Ptlotomtcrographs al 75x (Plate 111)8 

25X 
50x 
;sx 

100X 

mm 

mm 

mm 

mm 

0.030 
0.015 
0.010 

0.045 
0.020 
0.015 
0.0,0 

0.060 
0.030 
0.020 
0.015 

0.060 
0.040 
0.025 
0.020 

0.110 
0.050 
0.035 
0.025 

0.140 
0.070 
0.045 
0.035 

0.150 
0.060 
0.050 
0.040 

0.180 
0.090 
0.060 

0.045 

0_210 
0.100 
0.070 
o.oso 

0.270 
0.140 
0.090 
0.070 

0.360 
0.180 
0.120 
0.090 

0.450 
0.220 
0.150 
0.110 

0.600 
0.JOO 
0.200 
0.150 

• lt Is recommended tt,at the macr<>ijraln sizo number,; (see 8.12) be used far graln slzes largar than 0.5 mm (0.02 in.), 25x be used only for graln sizes 1a,g,,r ttw 
0.21 O mm (0.008 In.). tria! 50x be used onty for greln sizos larger !han 0.075 mm (0.003 In.). For the smaller grafn slzes. greater accuracy generally can be secured � 
increasing the magniflca«on. This table can be used far compartsons al 250x. JOOx. 500x, 750x. ex 1ooox by dividlng by 1 O tila graln size indlcated at 25x. 30x. 501, 
76x, o,- 100><. r8"pectively- Thus, al 250x, a greln Size which wm maten lhe same standard photograph ol 0.050 mm (0.0015 In.) at 75x. will be an 0.015 mm 9'"111 siz, 
(0.150 al 25X divided by 10). 

8 Toe values shown in Uvs tab(e hove t>;een rounded to approxlma1e commerclal usage. See Table 2 for exact values. 

8.3 Table I lists a number of materials and the compar­
ison charts tbat are suggested for use in estimating their 
average grain sizes. For example, for twinned copper and 
brass with a contrast etch, use Plate III. 

NOTE 1-Examplés ofgraio-size standarcls from Plates 1, 11, lll, and 
IV are shown in Figs. 1, 2, 3, and 4. 

8.4 Tbe estimatíon of micro-grain size should usually be 
made by direct comparison at the same magnilication as the 
appropriate charL Accomplish this·by comparing a projected 
image or a photomicrograph of a representative field of the 
test specimen with the photomicrograpbs of the appropriate 
standard grain-size seri� ór with suitable reproductions ar 
transparencies · of them, and select the photomicrograph 
which most nearly matcbes the image ofthe test specimen or 
interpolate between two standards_ Report this estimated 
grain size to the nearest appropriate unit listed in Table 2. 

8.5 Good judgment on the part of tbe observer is neées­
. sary to select the magnification to be used, the proper size of 
área (number·ofgrains); and the number and location in the 
specimen of representative sections and fields for estimating 
the characteristic or average grain size. [t is not sufficient to 
visually select what app_ear to be areas of·average grain _size_ 
R.ecomrnendations for choosiog appropriate. areas for ali 
procedures have been noted in 5.2. 

8.6 Grain size estimations shall be made on three ar more 
reprcsentative areao of cach sample section. 

8. 7 When the grains are ofa size outside the range covered
by the standard photographs, Ór when magnifications af75x 
or IOOX are not satisfactory, other magnificatians may be 
employed for comparison by using the relationships gjven in 
Note 2 and Table 3. It may be noted tbat alternati1t 
magnificatians are usually simple rnultiples of the ba5K 
magnifications. 

NOTE 2-If the grain size is reported it1 ASTM numbers, il • 
convenient to use the relationship: 

Q = 2 lag2 (M/Mb) 
= 6.64 log10 (M/Mb) 

where Q is a correction factor that is added to the apparcnt rnicro-grnin 
size ofthe specimeo, as viewed at the magnification, M, instead ora1 tht 
basic magru6cation, Mb (75x or JOOx). to yield the true ASTIi 
grain-size number. Thus, for a magnification of 25x. the true ASTM 
grain-size oumber is 4· numbecs lower lhan that of the corresponding 
photomicrograph at I OOx (Q = -4). Likewise, for 400x, the true ASTM 
grain-size oumber is 4 numbers higher (Q = +4) than that of 1hc 
corrcsponding pbotomicrograpb· al IOOX. Siniilarly, for JOOx, the 1111< 
ASTM grain-size number is · 4 numbers higber 1han that of tht 
corresponding photomicrograph at 75X. 

8.8 The small number of grains per field at the coarse end 
ofthe cbart series, that is, size 00, and the very small size of 
the grains at · the fine end make ·accurate compa rison 
difficult_ When the sample grain size falls at either end of the 
chart range, a more meaningful comparison can be made bY 
cbanging the magn.ification so that.the grain size lies closer to 
the center of tbe ran-ge._
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TABLE 4 Macro-Grain Slze Relations Computed ror UnHonn Randomly Orfented.Equiaxed Gralns 

,-¡ore-Use of micro-graln slze nlllTlbers (rabi& 2) is racomnemted lor al grafn slzes higher lhan M-14. Mlc.-o-slze numbers may be convened to mecro-stze ru.mbe.-s 
y 8ddlng 13.288 sae numbers. 

ASTM Macro- ASTMM>- "Diometer·· or Avorsge Average lntercept Area of Average- Grains per Area et 

Grain Size cro-Graln Grain Section DistanceA lntercepl Gtaln SecUon 1 X 

Numbet Slze Number 
(M)G G 

M--0 ... 
M--0.5 ... 
M-1 . . .

M-1.5 . . .

M-2 ...

M-2.5 ... 
M-3 . . .

M-3.5 . . .

M-4 . . .

M-4.5 ... 

M-ó ... 

f,,1-5.5 ... 

M-6 . . .

M-6.5 ... 

M•7 ... 

M-7.5 ... 

M� ... 

M-a.5 . . .

M-9 . . .

M-9.5 ... 

M-10 . . .

M-10.5 ... 

M-11 . . .

M-11.5 ... 
M-12 . . .

(M-12.3) 00 
M-12.5 . . .

M•13 . . .  

(M,13.3) o 

M-13.5 ... 
(M-13.8) 0.5 

M-14 ... 
(M-14.3) 1.0 

Nominal dn 
mm 

36 
30 
25 
21 

18 
15 
13 
11 

9 
7.5 
6.5 
5.5 

4.5 
4 
3.2 
2.7 

2.2 
1.9 
1.6 
1.3 

1.1 

0.95 

0.80 
0.67 

0.56 
0.51 
0.47 

0.40 
0.36 
0.33 
0.30 

0.28 
0.25 

in. 
1.4 
1.2 
1.0 
0.64 

0.71 
0.59 
0.50 
0.42 

0.35 
0.30 
0.25 
0.21 

0.18 
0.15 
0.125 
0.105 

in. X 
10-> 

68 
74 

63 
53 

44 

37 

31 
26 

22 
20 
18.6 

15.6 
14.1 
13.1 
11.9 

11.0 
10.0 

' Value ol Heyn intercept or mean free palh, 

Feret's 

d1,mm 
T.mm 

40.3 32.00 
33.9 26.91 
28.5 22.63 
24.0 19.03 

20.1 16.00 
17.0 13.45 
14.3 11.31 
12.0 9.51 

10.1 8.000 
8.5 6.727 
7.1 5.657 
6.0 4.757 

5.0 4.000 
4.2 3.364 
3.6 2.828 

3.0 2.378 

2.5 2.000 
2.1 1 .682 
1.8 1.414 
1.5 1.189 

1.26 1.000 
1.06 0.841 

0.89 0.707 
0.75 0.595 

0.63 0.500 
0.57 0.453 
0.53 0.420 

0.45 0.354 
0.40 0.320 
0.37 0.297 
0.34 0.269 

0.32 0.250 
0.28 0.226 

8.9 Toe use of transparencies5 or prints of the standards, 
With the standard and the unknown placed adjacent to each 
other, is to be preferred to the use of wall chart cornparison 
Witb the projected image on the microscope screen. 

8. 10 No particular significance should be attached to tbe 
fact that different observers often obtain slightly di!Terent 
ltsults, provided th.e different results fall within the confi-

$ Transp¡:lrencies ofthe varioos grain si:zes in Piare I are nvail.able from ASTM 
ijcadquarters. Order PCN 12-.501122-28 for seL Transparcacies oí individual 
hin size groupings are availableon rcques\. Ordcr PCN l2�50l 12l·l 1 (Grain Sh:e 
11>), 12-501121-12 (Grain Si,c 0), 12-50l 121-13 (Gmin Sizc 0.5), 12-501121-14 
fGra;o Srze LO). 12-501121-15 (Grain Size l.S). 12-501121-16 (Grain Sizc 2.0), 
12-501121-17 (Gr.ün Sizo 2.5), 12-501121-18 (Gruin Sius·3.0, 3.5, a.nd 4.0), 
1l-SOll21-19 (Grain Si= 4.5, 5.0, and 5-5), 12-50l 12l-21 (Grain Sizes 6.0;6.5, 
"'d 7.0), 12-501121-22 (Gmin Sizes 7.5, 8.0, and 8.5), and 12-501121-23 (Graio 
S..cs 9.0. 9.5. aod I O.O). C�aru illustraling grain sizc allmber. 00 to I O are on 81'1 
�, 11 in. (215.9 by 279.4- mm) film. Tnmsparencics for Pliucs 11, 111, ond IV are 
l'lo1 nvnilab1t!. 

T. in. 

1.26 
1.06 
0.891 
0.749 

0.630 
o.�30 

0.445 

0.375 

0.315 
0.265 
0.223 
0.187 

0.157 
0.132 
0.111 
0.094 

in. X 
10�> 

78.7 
66.2 
55.7 
46.8 

39.4 
33.1 

27.8 
23.4 

19.7 
17.8 
16.6 

13.9 
12.6 
11.7 
10.6 

9.84 
8.91 

Count N In 
100 mm iJ, mm2 

·3.125 1290 
3.716 912 
4-419 645 
5.256 456 

6.25 323 
7.43 228 

8.84 161 
10.51 114 

12.5 8Q.6 
14.9 57.0 
17.7 40.3 
21.0 28.5 

25.0 20.2 
29.7 14.3 
35.4 10.1 
42.0 7.2 

so.o 5.04 
59.5 3.56 
70.7 2.52 
84.1 1.78 

100.0 1.26 
112.2 0.891 

141.4 0.630 
168.2 0.446 

200.0 0.315 
221.0 0.258 
237.8 0.223 

282.8 0.156 
312.5 0.129 
336.4 0.111 
317.8 0.0912 

400.0 0.0788 
442 0.0645 

n_mm2 

1 
� in.2 

X 10-3 na, Jn.2 

2.00 0.775 0.50 
1.41 1.10 0.71 
1.00 1.55 1.00 
0.707 2.19 1.41 

0.500 3.10 2.00 
0.354 4.39 2.83 
0.250 6.20 4.00 
0.177 8.77 5.66 

0.125 12.40 8.00 
0.088 17.53 11.31 
0.063 24.80 16.00 
0.044 35.08 22.63 

0.031 49.60 32.00 
0.022 70.14 45.25 
0.0156 99,20 64.00 
0.0110 140.3 90.51 

7.81 198.4 128.0 
5.52 280.6 181.0 
3.91 396.8 256.0 
2.76 561.1 362.0 

1.95 793.6 512 
1.38 1122 724 

0.976 1587 1024 
0.690 2244 1448 

0.488 3174 2048 
0.400 3875 2500 
0.345 4489 2896 

0.244 6349 4096 
0.200 7750 5000 
0.172 8979 5793 
0.141 10 960 7071 

0.122 12 698 8192 
0.100 15 500 10 000 

dence limits reasonably expected wi(h the procedure used. 
8.1 1 There is a possibility when an operator makes 

repeated checks on the same sample using the cornparison 
method that be will be prejudiced by his first estímate. Th.is 
disadvantage can be overcome, whea aecessary, by changes 
in magnification, through bellows extension, or objective or 
eyepiece replacement between _estimates (1)6

• 

8.12 Make the estimation of macro-grain sizes (extremely 
coarse) by direct comparison, at a magnification of I x, of the 
properly prepared specimen, or of a photograph of a repre­
sentative field of the specimen, with photographs of \he 
standard grain series shown in Plate I (for untwinned 
material) and Plates II and TII (for twinned material}. Since 
the photographs of the standard grain size series were made 

6 The boldface numbers in pareothesc:s reíer to the list of rcfcrences appended 
to these methods. 
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TABLE 5 Relatlonship Between Magnlflcetlon Usad 11nd Jeffrtes' 
Multlpller, f, for an Aree of S000 mm2 (e Circle ol 79.8-mm 

Clameter) (f = 0.0002 M 2) 

Magniffcation Used, M 

1 
10 
25 
50 
75A 

100 
150 
200 
250 
300 
500 
750 

1000 

Jo1tr1es· Multipler, r. to Obtain 
Gralns/mm' 

0.0002 
0.02 
0.125 
0.5 
1.125 
2.0 
-4.5 

8.0 
12.5 
18.0 
50.0 

112.5 
200.0 

A Al 75 diameters magnlfication, Jeffrles' multipier. 1, becomes unity lf the area 
usecf Is 5625 mm2 (a circle of 84.5-mm diameter). 

at 75 and 100 diameters magnification, grain sizes estimated 
in this way do not íall in the standard ASTM grain-size series 
and hence, preferably, _should be expressed eitber as "di­
ameter" ofthe average grain or as one ofthe macro-grain size 
�umbers listed in Table 4. For the srnaller macro-grain sizes, 
1t may be preferable to use a higher magnification and the 
correction factor given in Note 3, particularly ifit is desirable 
to retain this method oí reporting. 

NOTE 3-If the grain size is reportcd in ASTM macro-grain size 
numbers, it is �onvcnient to use the relatlonship: 

Q
,._, = 2 log2 M 

= 6.64 log,0 M 

where Q,, is a correction factor that is added to tbe apparent gra.in size 
of the specimen, when viewed at the magnification ,W, instead of al I x, 
to yield the true ASTM ,nacro-grain size number. Thus, for a magni6-
cation of 2x, the true ASTM macro-grain size number is 2 numbers 
higher (Q = ¿-2), and for 4x, the lrue ASTM macro-grain size number is 

4 numbers higher (Q = +4) than that of the corresponding photograpn. 

8.13 T he comparison procedure shall be applicable for 
estimating the austenite grain size in ferritic steel after a 
McQuaid-Ehn test (see Annex A3, A3.2), or after the 
austenite grains have been revealed by any other means (see 
Annex A3, A3.3). Make tbe grain-size measurement by 
comparing the microscopic image, at magnification of 1 OOx,
with the standard. grain size chart in Plate IV, for grains 
developed in a McQuaid-Ehn test (see Annex A3); for tbe 
measurement of austenite grains developed by other means 
(see Annex A3), measure by comparing the microscopic 
ii:nage with the plate having the most nearly comparable 
structure observed in Plates I, II, or IV. 

8.14 The so-called "Fracture Metbod" of judging 'grain
size from the appearance of the fracture of hardened steel (2), 
involves_ comparison of the specimen under investigation 
with a set of fracture standards. It has been found that the 
arbitrarily numbered fracture· grain sizes agree well with the 
correspondingly numbered ASTM grain sizes presented in 
Table 2. This coincidence rnakes the fracture grain su.es 
interchangeable with the austenite grain sizes detennined 
microscopically (except that .. duplexed" or mixed grain size 
is not readily discernible in fractures).· The sizes observed. 
microscopically shall be ·considered the primary standard, 

TABLE 6 

N lnter-
sections 
Gounted 

-4 

6 

10 

15 

20 

30 

35 

40 

so 

75 
100 
150 
200 
300 
500 

1000 

Antlctpatad Standard Oevlatlon ln Lineal Analysl• 01 
Ideal Speclmen ª� 

C.V. of Standa1d Oevlation of"' BI� 
N 

N T.% ASTM No. 
CirC!e 
71. Of i

o.so 2 r100 -2.0 �-33 +1.16 
t67 :1:1.56 

0.41 2.45 i-69 -1.51 
-29 +0.98 

-t-<I.) 

:!:-49 ±1.25 
0.32 3.16 +46 -1.10 +1.1 -24 +o.79 

±35 ±0.95 
0.26 3.87 +35 -0.86 +0,7 

-21 +0.66 
±28 ±0.76 

0.22 4.47 +29 -0.73 4-0.� 
-16 +0.ó6 
"'24 ±0.66 

0.18 5.48 +22 -0.58 +0,2 -15 +0.48 
;ic19 ±0.53 

0.17 5.92 +20 -0.53 +0.13 
-14 +0.45 
±17 ±0.49 

0.16 6.32 +19 -0.50 +O.l 
-14 +0.42 
±16 ±0.46 

0.14 7.1 +17 -0.44 +0.07 
-12 +0.38 
±i4 :1:0.41 

0.12 8.7 ±12 ±0.33 +-0.0J 
0.10 10.0 ±10 ±0.29 +0.02 
0.08 12.2 ±8 ±0.24 
0.01 14.1 ±7 ±0.20 
Ó.06 17.3 :6 ±0.17 
0.045 22.4 ±4.5 ±0.13 
0.03 31.6 �3.2 ±0.09 

A Computad from v of N = Polsson standard error of counling := JN 

since they can be determined witb measuring instrurnents 

9. Planimetric (or Jeffries') (3) Procedure

9.1 ln the planimetric procedure inscribe a circle (see Fig.
11 )7 or rectangle of known area (usually 5000 mm' to 
simplify the calculations) on a micrograph or on the ground­
glass screen of the metallograph. Select magnification which 
will give at least 50 grains in the field to be counted. When 
the i_mage is focused properly, count the number of grains 
withio this area. The sum of ali the grains included corn· 
pletely within tbe knciwn area plus one bálf the number of 
grains· intern:ded by the circumforence of the a rea gives tbc 
number oí equivalent whole grains, measured at the magni· 
fication used; within the area. lfthis number is multiplied by 
JefTries' multiplier, f, in the second column · of Table l 
opposite the appropriate magnification, the product will b<: 
the number of grains per square millimetre. Count a 
mínimum oftbree fields to assure a reasonable average. 

9.2 Statistical considerations of the grain-counting 
methods would _require the counting of far more grains per 
given area than v,•ould seem to be practicallv feasible. Thu� 
while 100 or more grains per given area ma'y be statisticailY 
acceptable for ordinary use, ·the ·more practica! aspects of 
grain counting reduce sucb considerations to a mínimum oí 

., A tr.msparency of Fig. 11 is available from ASTM Hcadquaner:s. Order pCtl 
12-501123-91. 
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26.53 
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83.3 

Total sao.o
FIG. 5 Test Pettern lor lntercept Counting 

50 grains per ·given area; a,reas containing less than 50 grains 
being not acceptable. However, for higher orders of accuracy 
,ucl-1 as in experimental work, areas coritaining 500 to 1000 
or more grains may be used. 

9.3 Take care in choosing the locaticin ·or the .lields used 
for malcing the count. They must be "representative" in the 
sense described in 5 .2. 

9.4 By original definition, Micro Grain Size No. l has 
l.000 grains/in.2 at I00x, hence 15.500 grains/rnm2 at IX or
/10 000 mmi at !00x. For areas other than the standard.
circle, determine the actual number of grains per square
lllillimetre and find the nearest size from Table 2. For
magnifications other than I00x, add the Q values from Note
2 (Section 8).

9.5 When the grains are not equiaxed, make a grain 
count on three mutlially perpendicular planes !.hat are deter­
lllined by the longitudinal, transverse, and normal dircc­
lions. Oesignate the oumber of gr-ains per square,millimetre 

for these planes as n1,, n1m 
and n,., respectively. The num­

ber of grains per cubic millimetre, n1
1,., is then given by 

0.8 Jn1, x n1n x n,n· Subscripts, which are appended to the 
ASTM grain size number to show grain shape, are n,nfn1, and 
n1n/n1,. 

10. Qeoeral Intercept Procedures

10. l lntercept procedures are more convenient to use
than the planimetric procedure. These procedures are amen­
able to use with various types of machi ne aids. It js strongly 
recommended that at least a manual tally counter be used 
wit.h ali intercept procedures in· order to prevent normal 
errors in counting and to eliminate bias which máy occur 
when couots appear to be running· higher or lower than 
anticipated. 

10.2 Intercept procedures are recommended particularly 
for ali structures tbat depart frott . the unifonn equiaxed 
fonn. For anisotropic· structures, procedures are available 
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FIG. 6 Chart for Dlrect Determlnatlon of ASTM Micro-Grain Size Number fn>m lntercept Count on 500-mm Test Pattem 

either to make separate size estimates in each of the three 
principal directions, or to rationally estímate the average 
size, as may be appropriate. 

10.3 Since the assumed formal relation between intercept 
size and planimetric average grá.in are¡:¡, T = {.,,-ü/4) 112, is 
precise only for spheres and practically exact only for 
unifonn equiaxed grains, the probfom ofvariable conversion 
factors is eliminated by redefining the ASTM grain size 
number for. intercept methods so that ASTM No. O has a 
mean intercept size ofprecisely 32.00 mm for the macro-size 
scale and of 32.00 mm measured on a field at lOOx 
magnification for the micro-size scale. Thus: 

G = ASTM No.= 2 log
2 

f 

= 10.00 -.2 log2 L 
= 10.00 + 2 lofü (N/L) 

wher� L and L are in millimetres directly for n;iacro-size 
numbers and in millimetres on a field at 1 OOx for micro--size 
numbers. The scale so defined is in agreernent within 
approximately 0.01 ·size number. with the values converted 
from planimetric valui;s for equiaxed grains, hence indistin­
guishable within presently feasible limits of precision. Addi­
tional .working equations will be found in Annexes A 1.2 and 
A2. 

10.4 The mean intercept distance, T(also called mean free 
path or Heyn intercept), rneasured on a plane section is ao 
unbiased estímate of the mean intercept distaoce within the 
solid material in the clirection, or over the range of direc­
tions, rneasured. The surface-to--volume ratio is given exactly 
by Sv = 2 11// when n/l is ª"eraged over 3 dimeosions. These 
relations are independent ofgrain shape. However, ifthe si-ze 
of elongated grains, or of s tructures containing a mixture of 
actual grain sizes in space, is also estimated by planimetric 
methods, the resulting size ,,.;;u usually be measurably 
different (rom the intercept size. In the absence of a specilic 
engineering judgrnent to the contrary. the intercept size is to 
be é:onsidered the appropriate value. 

10.5 In all intercept procedures, the actual magnification 
used is to be validated by direct comparison of an engraved 
stage micrometer, oi of sorne other suitable microscopic size 
standard, with the test line or test pattem used. A precisioo 
of at least 5 % is required· when sizes are deterinined to the 
nearest 1/2 ASTM size number and of 1 % for detenninatiollli 
to 0.1 ASTM number. 

11. Lineal Intercept (or Heyn (4)) Procedure 

11.1 Estimate the average grain size by counting (on tJ¡e 
ground-glass screén, on a photomicrograph of a representa· 
tive field of the specimen, or on the specimen itself) the 
number of grains intercepted by one or more straight JincS 
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TABLE 7 Exac! ASTM Mlcro-(;¡raln-Size Numbers tor lntercapt Counts on 500-mm Pattem: G = G• + .c.G 

Non-lnslructions: Teble may be uS&d I� place of refereñce to Ftg. 6. F"trst. record basa stze number (GJ.1or 100 cou.nts on pattem at magnttlcatlon usecLThen record 

cort8c1lon, AG. for actual e"Jerage count, N. Add base and eorrecUon to get actual ASTM slze number. Round sum. Note that counts ress than 100 ndd a negative 
'°"""tiOn, givlng slze number lower !han case value. 

Base Size. 100 Gounts Add A G GorrecUon lor Spedfic Count Obtelned 
Mag G

b Count AG 
10 -1.286 50 -2.000 

55 -1.725 
25 +1.356 60 -1.474 

65 -1.243 

50 3.358 70 -1.029 

75 4.526 71 -0.986 
72 -0.948 

100 5.356 73 -0.908 
74 -0.869 

12S 6.000 75 -0.830 

150 6.526 76 -0.792 
77 -0.754 

200 7.356 78 -0.717 
79 -0.680 

250 8.000 80 -0.644 

300 8.526 81 -;-0.608 
8 2  -0.573 

400 9.356 83 -0.538 
84 -0.503 

500 10.000 85 -0.469 

600 10.526 86 -0.435 
87 -0.402 

700 10.971 88 -0.369 
89 -0.336 

800 11.356 90 -0.304 

900 11.696 91 -0.272 
92 -0.241 

1000 12.000 93 -0.209 
94 -D.179 

1250 12.644 95 -0.148 

1500 13.170 96 -0.118 
97 -0.088 

1600 13.356 98 -0.058 
99 -0.029 

1750 13.615 100 zero 

2000 14.000 

SUffícientJy long to yield at least 50 iotercepts. It is desirable
to select a combination oftest line length and magnification 
�ch that a single field will yield the required number of 
mtercepts. One such test will nominally allow estimatioo of 
uain size to the nearest whole ASTM size number, at the 
IOcation tested. Additional lines, in a predetennined array, 
should be counred to obtain the precision required (see Table 
6) Use of multiple fields to·achieve 50 intercepts is discour­
ªt!ed, although permitted, dueto an inherent bias wbich will 
decrease tbe accuracy as the number of fields increases. This
IS Particularly true in those cases where a single test is used to 
estímate the average grain size, or where a high degree of
Precision is required. In such cases the selection of a lower 
r:nagnification or use oí a circular test line(s) is recom-
11\encted. 

_ 11.2 Make counts first on 3 to 5 blindly selected and "'1dely separated fields to obtaio a reasonable average for the 
�men. If the appareot precision of this average (calcu­

erj as indicated in Section 13) is not adequate, malee 
COunts on sufficient additional fields to obtain the precision feqUired for the specimen average. 

Count AG Count AG 
100 zero 131 +0.779 
101 +0.029 132 +0.801 
102 +0.057 133 +0.823 
103 +o.085 134 +0.844 
104 +0.11.3 135 +0.868 
10S +0.141 

136 +o.887 
106 +0,168 137 +0.908 
107 +o.195 138 +0.929 
108 +0.222 139 +0.950 
,os +0.249 140 +0.971 
110 +0.275 

141 +0.991 
111 +0.301 142 +1.012 
112 +0.327 143 +1.032 
113 +0.353 144 +1.052 
114 +0.378 145 +1.072 
115 +0.403 

146 +1.092 
116 +0.428 147 +1.112 
117 +0.453 148 +1.131 
118 +-0.478 149 +1.151 
119 +0.502 150 +1.170 
120 +o.526 

155 +1.265 
121 +0.550 160 +1.356 
122 +0.574 165 +1.445 
123 +0.597 170 +1.531 
124 +o.621 175 +1.615 
125 +o.644 

180 +1.696 
126 +0.667 185 +1.775 
127 +0.690 190 +1.852 
128 +0.712 195 +1.927 
129 +o.735 200 +2.000 
130 +0.757 

11.3 An intercept is a segment of test line overlayiog ano 
grain. An intersection is a point where ·a test.line is cut by: 
grain boundary. Either may be counted, with identical result 
i.n a single phase material. When counting intercepts, SCf! 
ments at the end of a test line which penetrates into a grai 
are scored as half intercepts. When counting intersection: 
tbe end points of a test lineare not intersections and are ne 
counted except wben tbe end appears to exactly touch 
grain bouodary, when ½ iotersection sbould be scored. 
tangential iotersection with a ·grain bouodary should t 
scored as I intersection. An intersection apparently coi, 
ciding with the junction of 3 grains should be scored as 1 1

, 

With irregular grair;i. sbapes, the test lioe may generate t" 
intersections with differeot parts of the same grain, togeth 
witb a third intersectioo witb the intruding grain. Tbe tv 
additionaI· intersections are-to be counted.

.11.4· The Heyn procedure may be implemented by use 
an automated stage micrometer witb visual observation, 
by use of fully automated ·scanning devices. High statistü 
precisioo can thereby be obtained with reasonable effort. T 
need to average ccmnts on many fields is not, howev 
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eliminated by tbe high precision whicb. may be obtained for 
each field. Fracúonal scoring for line--end coincidences, 
tangential intersections, and triple points can normally be 
eliminated statistically. Fully automated machines, however, 
are subject to two biasing errors which can not be reduced by 
Jarge numbers of counts: (J) The machine mav count 
intersections with inclusíons and second phase parti¿les. The 
fraction ofsuch false counts must be periodically detenníned 
and held within acceptable limits. Wb.en tb.ís cannot be 

accomplished by machine adjustment or control of specimcn 
preparatíon, the material should be treated as second phal' 
(see Section 14). (2) The macbine may fail to count soJll1 
grain ooundary intersections when these are of low cont[11Sl 
or unusually thin. The fraction of such errors musl t,e 
periocticaUy determ.ined. When beyond the acceptable Jirni� 
either the specimen preparation, magnification, or mac!JioC 
adjustments must be changed .to reduce this error to ali 
acceptable value. Tb.ese two errors must not be assumed 10 
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cancel, and should individually be held wíthin 5 % .of the
COunt for confidence that the specimen average is accurate to 
lhe nearest ½ ASTM size number, and within l % for 
<:onfidence to O. l ASTM number. 

11.S The elfects of modera te departu re from an eq uiaxed 
�cture may be eliminated by malcing intercept counts on a 
1
}¡

e array containing lines having four or more orientations. 
e four straight lines of Fig. 58 may be used. The forro of 

�ch arrays is not critical, provided that all portions of the 

-------
� A lrue-si?.e traosparency of Fig.. 5 is available from ASTM Hea.dqua.rters. 

•, l'CN 12-501123-85. 

field are measured with approximately equal weight. An 
array oflines radiating from a common point is therefore not 
suitable. The number of intercepts is to be counted for the 
entire array and single values of N/L and T determined for 
each array as a whole. 

11.6 Far distinctly non-equiaxed structures such as mod­
erately worked metals, more infomrntion can be obtained by 
malcing separate size determinations along parallel line 
ariays that coincide with all three principal dirécti ons of the 
specimen. Lo.ngitudinal and transverse specimen sections are 
normally used, the normal section being added when neces­
sary. Either of the 100-mm 'lines of Fig. 5 may be applied 5 
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times, using para.lle! displacements, placing the 5 "+" rnarks 
at the same point on the image. 

11.6.I lf the average number of grains per mifürnetre 
intercepted by lines in the longitudinal direction ls desig­
nated as n,. in the transverse directio11 as n,, and iri the 
normal direction as n,,, then the number of gra.ins per cubic 
rnillimetre, num may be calculated as follows: 

n/v = 1111n = 0.566 x· n1 x n, x nn (Note 4) 

l 1.6.2 In· converting counts on non-equiaxed grains to 
ASTM grain size numbers, first select the ASTM grairi size 
number nearest to the observed value of grains per cubic 

· millimetre; then append subscripts, namely nn/111 and n,,/n,, 

to indicate grain shape. For example, if tbe grains intercepted
on a given specimen are n1 = 11, n, = 22, and n

,, 
= 44, there 

are 0.566 x 11 x 22 x 44 = 6026 ·grains/mm3 and the grain 
size would be reported in ASTM as 5.54_2 signifying that the 
average count (6026) is approllimated by ASTM Size 5.5
(5258 gra.ins, Column 7 .of Table 2) and that the other 
observations show the grain shape n,,/n

1 
and n,,/n, (of 4/1 and 

2/1). 
11.6.3 The actual intercept size of the deformed structure 

should be computed by the relation: 
ñ = 1/, (n1 + n, + n,.) 

This eliminates any uncerta.inty resulting from the use of an 
ass11med (ellipsoidal) shape in the computation of n1,,, above. 
For the ex.ample of the precediilg paragraph, ñ = 

1/, ( l l + 22 
+ 44)·= 25.67 from which the interccpt 3Íz.e, T - 0.039 mm. 
From Table 2 the nearest listed ASTM number is 6, again to 
be reported as 6.04 2. ThllS, this computation correctly 
indicat.es that the average linear size of the grains has been 
slightly reduced, and the surface area increased, by deforma­
tion, although the number of grains per cubic millimetre 
presumably has not been changed. 

NOTE 4-Ed.ilions of this Standard issued through 1976 sbowed 
v:ilues of njv in Colurnn 7 ofTable 2 as the 3/2 power of n/a (Column 
8}. This relation was valid only for paraUelepipeds and unrealistic for 
real grains. Column 7 of Table 2 has now been recomputed on the 
assumption that a collection of randomly oricnted polyhedra may, on 
the average, be represented by ellipsoids. Tbe equalion for n/v now 
sbown in 11.6. l applies and is correct foi spheres and for ellípsoids of 
any degree of ecrentricity. The factor of 0.8 sbown in 9.3 is corrected for 
!he same assumption. Assumption of a specific polybedral shape would 
result in increasing tbe value of n/1 (for any specified njv) in exact 
proportion to !he ratio ofS/V for !he polyhedron to the S/V for a sphere 
of tbe same volume (and thus to a small decrease in tbe n/v values as 
compared to Column 7). The value of 111,. cornputed by the method of 
11.6·.1 thus indicales the grain size characteristics of an equfaxed 
·structure presurned to llave e.dsted. prior to dcfoI1l)atioo. Thc:,c calculo­
tioru are valid to lhe nearest 1/2 ASTM number. 
· Altematively, the relation 

ñ1 = (n1 x n
., 

x 11,,) 113 

is true for any grajo coofiguration and for any deformation under whicb 
tbc identity of the grains is preserved. Consequently: 

ñ0 = (n1, X nin X n1,.)113 

is also true since tbc multiplying constanl cbaracteristic of assumoo 
grain shapc will <lisappear. These reln.tions yietd the size of the prcsumed 
.original equiaxed structure prior to . dcformation to any precision 
justificd by the data. For the example of 11.6.2, 

ñ
1
-(l l X 22 X 44)1/l = 22 

far whicb the nearest listed ASTM si-ze is 5.5 and Lhe c>tact con-,\)\¡ size is 5.63. � 

12. Circular Intercept Proced!lfes
12.1 Dse of circular tesl lines rather than straight test li11tt­has been advocated by Underwood (5), Hilliard (6) a 

Abrams (7). Circular test ai:rays auto�atically com�
nsa

�
for departures from equ1axed gram shapes, withoutoverweighting any local portion of the field. Ambiguo 
intersections at ends of test lines are eliminated. Circ� 
int_e�cept procedures are most sui�ble _ for us_e as fU<e.f 
routme manual prncedures for gram size esumation iñ quality control. 
_ 12.2 Circ�lar procedures _introduce a sli_ght potentiaI bias
m the direction of overvalumg the mean mtercept distancc 
(f). This may be. seen by examining a specific applicatlon of
a circle to a microstructllfe, yielding N intersections. 1be 
circle may now be replaced by an irregular polygon having N
straight sides, each of which is a linear intercept with oae 
grain. Thus the trUe length of linear test line is the sum ofthc 
sides of the polygop., which is slightly less than the circula¡ 
length used, as shown in the last column ofTable 6. The bia, 
of a circle of 6 intersections is objectionable at a precision 0 
1h ASTM number. Bias falls rapidly as N increases, beéng 
reduced to an ignorable 0.5 % when N = 18. Desírablc 
compensation can be introduced by counting an intersectioo 
at the .junction of 3 grains as 2 intersection� rather than l'h, 
as in the linear procedure. lt is, bowever, recommended that 
no test circle be used under conditions where the numbercif 
intersections is less than 15. Thus test arrays of concentric 
circles should not include inner circles for which .'V < 15· 
under the recommended measuring conditions. For tb1 
specific recommendations to follow, the possible discrepancy 
between circular and linear arrays may be ignored. 

12.3 Single-Circle (Hilliard (6)) Procedure: 
12.3.1 The use of a single circle has been recommended 

particularly for materials in whícb the actual grain size varici 
sígnificantly from one position to another on the specimco 
In this situation, measurement on a relatively large numbc 
of fields is necessary, but high precision is not required for 
individual circle counts. 

12.3.2 Any circle size of exactly known circumfereni:t 
rnay be used. Cireumferences of 100, 200, or 250 mm an 
usually convenient. The largest (250 mm) circle of Fig. l 
may be used. This circle is, for practica! purposes, indistin­
guishable from the standard Jeffries' planimetric circle (c�­
cumference = 250.7 mm). Tbe two smaller circles of Fig._S 
will yield 500 mm total test Iength · for three and 9l 
applications respectively. Blindly apply the selected circle to 
the microscope image at a convenient known magoiñcatiOJ 
and count the number of grain boundaries intcrsecting tbC 
circle for each application. Apply the circle only once to e:idl 
·field of view, adding fields in a· representative manner, uoli 
sufficient counts are obtaineá to yield the required precisi� 
Considerable variation of counts between applications·� 
expected and no count values may be discarded. 

12-.3.3 Toe number of times the test circle has to i. 
applied m_ust finally be determined by tbe standard deviati(l!I 
of observations in accordance wi.th Section 13. lf the �
are reasonably equiaxed and there is in fact no significac 
variation of size between fields, the number of col.ll16 
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,equired per test circle and the total number of counts to 
obtain a specific requlred. overall precision may be reason­
ablY predicted from the Poisson "standard error of 
counting." Table 6 indicates these anticipated standard 
deviations for an ideal specimen. Usually real specimens 
¡0ay be expected to require more counts than here indicated. 
For conditions under whicb. this procedure is appropriate, 
J-{illiard has recommended use of a magnification yielding 
about 35 counts per circle, distributing the requlred number 
of circles blindJy ovér as large a specimen area as feasible. 

12.4 Three-Circ/e (or Abrams (7)) Procedure:
J 2.4. l Based on an experimental finding that a total of 

500 counts per specimen norrnally yields acceptable pr�i: 
sion, Abrams has developed a specific procedure for routine 
average grain size rating of commercial steels. Use of tbe 
chi-square test on real data has demonstrated that the 
i•ariacion of intercept counts is close to normal, allowiag the 
observations to be treated by the-statistics oí normal distri­
b11tions. Thus both a measure of variability and the confi­
dence limit of the result are computed for each average gra.in 
size detennination. 

12.4.2 The test pattern coosists of three concentric aod 
equally spaced circles having a total circumference of 500 
mm, as shown in Fig. 5. Successively apply this pattern to 
five blindly selected and widely spaced fields, separatei"y 
recording the count of i ntersections per pattem for each of 
the five tests. Then determine the average grain size and 
confidence limit. In the event that tbe confidence limit is 
inadequate, make additional tests until the confidence limit 
computed for the combined data is satisfactory. The specific 
. procedure is as follows: 

12.4.2.1 First perforrn a cUisory examination of the 
microstructure and roughly estimate its ASTM grain size 
number by using the comparison method or by counting 
intersections on a single circle of the test pattern. 

12.4.2.2 Using this estimated size, from Fig. 6 select a 
rational magnification that will yield approximately 100 
intercepts far the 500-mm circular test partero. Reset tbe 
microscope far this magnification. 

12..4.2.3 Blindly select one field for measurement and 
apply tbe test pattem to the image. A transparency of the 
pattern may be applied directly to the ground glass, or to a 
Photomicrograph when pennanent records are desired. Di­
rect counting using a properly sized reticule in the eyepiece is 
allowable, but it rnay here be expected that sorne operators 
will find ctifficulty in counting correctly at the count density 
recommended. Completely count eacb circle in turn, using a 
tnanually operated.couoter to accumuJote tbe total.number 
of &rain boundary intersectioos with the test pattern. The 
manual counter is necessary to avoid bias toward unreal 
agreement between _applications or toward a desired result, 
illld to minimize memory errors. The operator should avoid 
�eeping a mental score. Score iatersections at the junction of 
. gf¡¡ins as 2 counts rather than the theoretical 1 1/2; the error 
so introduced is small and in a direction to cancel the
10herent bias of !he curved test lines. 
· 12..4.2.4 If the count for the first application is less than 70 or_ tnore than 150, discard the first result and adjust the ·fl\�croscope to· a more suitable magnilication. The count 
bcing acceptable, record it on a suitab!e record sheet (a·s in 

Fig. 1 0) and repeat the procedure four more times, using a 
new blindly selected field for each test. 

12.4. 3 Calwlation-Calculate the average val ue (N) of 
the intercept count per 500-rnm test pattem. For comrnon 
magnifications, the ASTM grain size number may now be 
directly determined fcom Fig. 6,9 or by adding the two 
components of G which may be found from Table 7. Also, 
determine the mean intercépt width, T, in the sarne way, 
using Fig. 7.9 lf the· magnific;ation was different from any 
shown, determine the true value of n1 (per !-mm length on 
the specirnen) as follows: 

11 
= _R __ = Mag xN 

' L/Mag 500 

Using this value of ñ1 in place of Ñ, the ASTM size number 
can be read from Fig. 6 at the 500>< line. The value of T can 
be read from Fig. 7 at the 500x line, or computed asT = l/11

1. 
Finally, determine the precision of the size estimate in 
accordance with Section 13, and if this precision is inade­
quate, immediately make sufficient additional tests to yield 
the rcquired precision. 

12.4.3.l Example ]-Original estimates indicated a rnag­
nification of 200x to be suitable. Five fields were tested with 
the 500-mm pattern, yielding counts of 92, 78, 1 09, 74, and 
117. The average count (Ñ) is thus 94.0. Referring to Fig. 6, 
the average count of 94 is found on tbe horizontal scale and 
tbe "94" line followed up until it i.ntersects the 200x graph, 
where the grain size nu.mber 7.2 is found. This is eotered on 
tbe worksheeL Following the same procedure using Fig. 7, a 
value of0.0265 mm (26.5 µro) is read for the mean intercept 
size (T). 

12.4.3.2 Example 2-The 5 counts of Ex.ample 1 were 
obtained, but a check of the microscope magnilication 
sbowed that the actual m:ignification used was 275x. There 
is no chart line for 275x, hence the actual value of 111 must be 
computed. L on the specimen = 500 mm/Mag, heace; 

·_ N 275Ñ 275 x 94 
n, = L/Mag - 500 = � = S 1.7

Note now that the specimen lengtb (L) is 1 mm when the 
pattem length and magnification are equal, he-nce the chart 
line for 500x may also be used for ñ

1. Iµ Fig. 6, taking 51.7 
on tbe horizontal scale and following up to the 500x line 
gi ves 8.1 as the corrected ASTM grain size nmnber. Simi­
larly, Fig. 7 gives 0.0195 mm (19.5 µm) as the corrected 
mean intercept size (l). 
13. Determinntion of Confidence Limit íor Grn.in Size Result

13.1 No determination of average grain size can be an
exact measurement. Thus, no detenn.ination is complete 
without also calculating the precision within which the 
detenniried size may, with normal confidence, be consiclered 
to represent the actual average grain size of the specimen 
examinecl. In accordance with common engineering practice, 
this section assumes "normal confidence" to represent the 
Úpectation tbat the actual error will be within the stated 
uncertainty 95 % of the tinie. This stated (or-ex.pected) 

9 Double-sizi: druwings o( Figs. 6 to 9 are avoilablP from ASTM Hcadquarters. 
Order PCN 12-501123-86 (Fi¡¡. 6). 12-501123-87 (Fig. n 12-50l 113-l!8 (Fi¡¡. 8). 
and 12-501123-89 (Fig. 9). For a CÓmbination of Fig.s. 5 lluough 11. on:ler PCN 
12-501123-28. 
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FIG. a Chart lor Determlnation ol Relativa Conlidence Umlt on Estimatlon or Mean lntercept Distance 

uncertainty is designated as -confidence limit" (C.L.) when 
expressed in the same units of measurement as the average 
itself. The term "relative éoofidence limit" (R.C.L.) is used 
when the C.L. is divided by the average measurement to  
yield a fractional or percentage uncertainty. On the loga­
rithmic grain size ilumber scale, the stat,ed C.L. corresponds 
to, and normally is derived from, lhe R.C.L. of the average 
measurement. 

13.1.l Many -specimeos vary measurably in grain size 
from one field of vie...., to anotber, this variation being 
responsi.ble far a majar portian ofthe uncertainty. Mínimum 
effort in manual methods, to obtain a required precision, 
justifies individual oounts whose precision is cornparable·to 

this natural variability (6). The high local precision tbat maY 

be obtai.ned by machine methods often wiU yield only a 
small increase in overa]! precision unless man y !ields nlso � 
measured, but does help distinguish natural variability froin 
inaccuracies of counting. When the n atural variabililY ll 
higher tban normal, it is desirable to indicate t.he range of
sizes present as well as the precision of the average sil' 
deterrnination. 

13.2 Tbe procedure ofthis section, originally developed 35 
part of the Abrarns procedure (7), should be applied lo anl' 
circular or lineal intercept procedure in which five ar mo!1: 
intercept counts are made far tbe same test pattern, each tcSI 
being made on a different field (see 5.4). This procedure rnsY
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Sample number _______ _ Job number ______ Dote __ _ 
Moterlcl __________ _ E,timoted groin size number ___ _ 
Processing _________ _ MaQnification used for count ____ .._ 
Secfloning direction: (D_ [I) @ Method: lntercept O Plan; melric Q

Llne Array· @ IX 11111' - Longth if NOT 500 mm. 

Observo Íions Confldence Limits 
i Nl 6N� 

(6N) 2 sº 

1 1 Fleld no. no. of lntercents Ni-N C.V.=---•--= 

Usin9 the c v. colculated ond 
Figure 8, del ermine the 95 ¾ confidence 

3 limit. on the ASTM size number. Record 
below. 

Using tne c.v. calculatod and Figure 

5 9, estimote the % �ccurocy of· tha Mean 

Sum. Sum{óN)2 = lntercept Oistance, P. 

(ove�oge) = �=I V=�= % Accuracy -= ( 1 
nt = /.:,m So= y-:,-= Multi�ly the value of l by the 

accuracy off. ond rec_ord the 95¾ 
ASTM s lze number ;: ___ ! ___ �6•8) confidence limit on f. 

f •Meon �7•9) 
--- Record volues for ASTM � and 

ln1ercept Oistance=--�-- size on the report sheet. 

Additlonal Observot\ons · (when necessory for required precision) ' 
i Ni ll.N (ll.N)2 i NJ 6N (6N)2 

6 18 
7 JQ 

8 ?Q 

q 21 

10 ?? 

11 23 

12 24 

13 25 

14 26 

15 S\lm: SUM(C>N)2, 
1,: Ñ= V=�= 

17 
As.n11 So = ,r,¡-- = 

FIQ. 10 Graln Slze Worksheet 

also be applied to five or more planimetric counts using the 
Planimetric confidence limit scaJe at the right side ofFig. 8.8 

The procedure may be applied only to tbe directly observed 
Quantities and nurnber of counts, and rnay not be applied to 
any derived si2e measurements. A worksheet similar to that 
shown in Fig. 10 10 is helpful in following tbis procéoure to 
0btain the confidence limit. 

13.3 Ca/cu/a1io11-Having recorded (i=) 5 or more count 
"alues obtained with the same test pattern applied to i fields, 
Proceed as follows: 

13.3. l Calcuiate the average value of N, that is, N = (N, + 
N, + N3 ... + N¡)fi. 

13.3.2 Calculate and record the i deviations (l!..N) from 
lhis average, where 6N1 

= N, - fil. 

10 A. pad of workshecls simi•ar to Fig. !O ls available from ASTM Headquartcn. 
grdcr PCN 12-501123-90. A combination of 23 oomponents is also availablc. 

rdc, PCN 12-JOI 120-28. 

13.3.3 Square and record each 6N value. 
13.3.4 Calculate the variance of the observed coun­

about the unknown true fil far the specimen as follows: 
V0 == [(AN,)2 + (M/,)2 + ... (ruV1)2)/(i - 1) 

13.3.5 Calculate the apparent standard deviation of tr 
counts as follows: 

So
= Jv;; 

13.3.6 Ca]culatc the coeflicient of variation of N 
follows: 

c.v.= soJR
This coefficient of variation (C.V.) is eJCpected to rema 
approx.imately constant- when the number Qf tests is i 
creased. The C.V. is characteristic ofthe actual variability 
the material at the field size used, and of N. It may be not, 
that a C.V. that is markedly higher than shown in Table 6, 
an s0 value. markedly hig.her than ../N indicates probat
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nonunifonnity in the specimen. 
13.4 The (95 %) confidence limits to be applied to the 

ASTM grain size number and to tbe mean intercept widtb, t
(previously determined as in Section 11) may be read from 
Figs. 8 and 9,9 respectively. Cornputed confidcnce liµút 
(C.L.) values are shown far several selected numbers of tests. 

13.4.l Locate on Fig. 8 the C.V. value from 13.3.6 and 
determine the C.L. for ASTM size number at the line for the 
number of tests made. Attach this C.L. directly to .the 
previously detennined size number. 

13.4.2 In the same way, determine the R.C.L. ro·r inter­
cept size from Fig. 9. This R.C.L. is shown as a fraction of 
the value of T. Therefore multiply the value of T obtained
from 12.4-.3 by the R.C.L. from Fig. 9 and attach the 
resulting C.L. in length units to the previously determined 
value ofI 

13.4.3 Ifthe c.v. value is abnormally large, determine the 
(standardized) positive and negative range limits for tbis C. V. 
from Fig. 8. Subtract the negative range limit from the 
previously determined mean size number and add the 
positive limii to this mean. Record the low �d high values
as the range of sizes encountered. Note that, unlike the 
confidence limit of the mean value, the range is expected to 
show little cbange when a larger number of tests are made. 
This range value nominally includes the size of 68 % of al] of 
the possible fields, but since the variability of counting each 
field is included in the data used, a larger proportion of the 
actual fields will be included. Sorne observations outside the 
standardized range may always be expected. The fractional 
range limits for intercept size may be read from Fig. 9. After 
multiplying by T, these ranges may be used to compute the 
low and high limiting values ofI 

13.4.4 Ifthe confidence limit found for the average size is
larger than has heen specified, use Fig. 8 to select a number 
of tests that should be sufficient to attain the required C. L. at 
the same coefficíent of variation. Make the necessary addi­
tional number oftests and recompute ali parameters with the 
augmented data, including the tests originally made. How­
ever, iftbe required number oftests is not practica!, make a 
reasonable number of additional tests and report tbe spec­
imen to have variable size, sbowing tbe range of size 
numbers and ofintercept widths determined as in 13.4.3, but
using the newly determined C. V. vaiue. 

13.5 Iftbe number oftests made (i) is different from any 
number shown in Figs. 8 and 9, or if more precision of 
computation is required, or if automated equipment is being 
used, the confidence .limits and range limits may be com­
puted direcUy. First, compute the "standard error of the 
mean count" as follows: 

Sfl = So/../T=J 
For tbe nominal 95 % confidence limit,

C.L. of N = 2 s79 
Note that _ for 5 tests, these two steps cancel, yielding C.L. of 
Ñ = s0. Now determine the limiting values of fii, that is, Ñ -
C.L. and 1v + C.L. Then, using equations shown in Annex 
Al .2, compute tbe mean and two limiting grain size values. 
Compute the two range values as the differences between the
limiting sizes ·and the mean size. Both the magnification 
factor and the constant of the equation will drop out in this 

step; hence, actual values other than Ñ + C.L. of N are 
required. To obtain the confidence limit, average the ai:
lute values of the two range values. A linear approxitnatj 
for the values thus �o_mputed can ordinarily b� substitu lli. when the R.C.L: of N 1s not_ over 0.1. By approx1mation, � c.1:,. of A:STM s1ze _number 1s 2.9 X R.C.L. of N and the Ci of mtercept 51ze (T 1s 1.01 x R.C.L. of iV x T. . .., 

NOTE 5-Tbe small sample correction, .J-¡-:::-¡, must be used 1 
both in computing s0 and in computiog thc C.L. of ,Y, 10 � 
allowance for thc presence of two independent sources of variatio� facl that the test pattem rarely fulls on a !ield in a position to &ivelll
extreme count value, and lhe fact that extreme !ields are rarely incl.,,,� 
in 11 small nurnber of teslS. -.., 

13.6 Example:-
13.6.l Continuing with the five count values uscd ií!I 

Example I of 12.4.3.1, the results of the steps in 13.3 an& 
13.4 are as follows: 

13.6.1.1 R = 94, the mean count. 
13. 6.1. 2 The five difTerences, AN" are -2, -16, + 15. -20 

and +23. 
13.6.1.3 Squaring each and summing the squares yieldi

1414. 
13.6. l .4 The sum di vided by (i - 1) = 4 yields V0 = 3535 

as the apparent variance of the material. 
13.6.1.5 Taking the square root of353.5 yields s0 = 18.80 

tbe standard deviation of observations. 
13.6.1.6 Dividing s0 by R = 94 gives C.V.= 0.200 far tbi 

coefficient of variation of counts. 
13.6. l. 7 Turning to Fig. 8, C. V. = 0.20 is found on tl!( 

horizon_tal scale and followed upward until the C.V. � 0.20 
line intersects the 5-test line at 0.585, the 95 % confidenct 
limit in ASTM size number. The ASTM graín size numbcri!
now wrirten as 7.2 ± 0.6 (95· % C.L.). 

13.6. 1.8 Applying C.V. = 0.20 to Fig. 9, the R.C.L. for 7iJ
found to be 0.21, or 21 % ofthe detennined value. The mean 
interceipt widtli is now written T = 0.0265 ± 0.0056 mm, to
be rounded to T = 0.027 ± 0.006 mm. 

13.6. l.9 Recognizing that the C.V. of0.20 is significantll' 
higher than the value of 0.103 reasonably expected (stt: 
Table 6) for 5 tests at Jii = 94, we consider the specimen to!J: 
actúally variable and wish to show the grain size range. From 
Fig. 8 and at C.V.= 0.20, we·find the deviations to be -0.64
and +0.53 and reexpress the ASTM grain size as range 6.6tll
7.7. 

13.6. l .  l O Having, however, been i.nstructed to determint 
the mean grain size to tbe nearest 1/i ASTM size number, lll 
must make additional tests to obtain a 95 % C.L. of 0.2l 
number or Jess. Figure 8 indica.tes that tbis should bC 
attained with a total of 26 counts if C.V. remains close to 
0.20. 

13.6.2 Twenty-one additional tests are made and the 26 
counts computed together; 

13.6.2.1 Toe new average count N turns out to be ¡OI, 
corresponding to an ASTM size = 7.40 and an 'intercept sí1.ll
T = 0.0248 mm (see 13.6.1. l ). - 8 13.6.2.2 Toe new C.V. value is 0.19, far which Fig . ..l 
indicates a C.L. of 0.22 size numbers for 26 tests. The /i)131 
size number determination thus is 7.40 ± 0.22 (95 % C.L­
and is within the specifi.ed precision, with 7 .5 being tbt 
nearest half grain size, rather than 7.0 uncertainly indicated 
by the first 5 tests (see-1-3.6.1.7). 
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Do not reproduce thls -figure 

Nort-lhe small circle has a cfiameter of 79.8 mm andan area of 5 000 mm2. 
The large drde has a diameter ol 159.6 mm andan area of 20 000 mm". 

FIG. 11 Test Pattem for Plal\lmetrlc (Jettries') Method 

13.6.2.3 As the coefficient ofvariation changed only from 
0._20 to 0.19, the specimen is still indicated to be variable, 
an� we should indicate the size range. The limits are slightly 
revised to -0.61 and +0.50 number and with the corrected 
�ean si.ze now yields ASTM number: raoge 6.8 to 7.9, the 
(ldth of the range being the same as found ln ·the first 5 tests 
by

see 13.6. l.9}, h_ut the entire band being raised 0.2 numbers 
lhe improved mean value. 

r-l3,6.2.4 To complete the revised calculations, the C.L. for 
�
'ls now found to be 0.08 x T or 0.002 mm, giving T = 0.025 

is 0
.{)()2 for the intercept size. The range ofTat a C.V. of0.19 

0 03
16 and +27·% making tbe range statement T = 0.021 to 

· 1 mm (see 13.6. l .8).
14· E:ffective Graln Size in Metals Containing Two or More

Phases 
14-1 Scope; 

itt 
14· 1_- I_ When a metal contains grairu; or particles of phases 

ltl ad_d1tlon to the matrix {)hase, the normal grain structure is 
&ra¡

Cl(tif¡�d or distorted and caution is required in applying 
d

11r 
n 51Ze concepts. This section sets forth acceptable proce-

l� foc such cases. 
¡i�l.2 The term second phase parlicle includes both 
llccict s deliberately fonned in tbe microstructure and tbose 

enta11y presen:t (inclusións): Far the purpose of deter-

mmrng the effective average grain size of the rnatrix this 
distinction is to be ígnored and ali inlerruptions ofthe matrix 
treated equally. 

14.1.3 The qualifying word effective is to be included to 
indicate that intercepts·other than those due to normal grain 
boundaries are included in the determination. Unless other­
wise indicated, · tbe elfective average grain size shall be 
presumed to be the size of the matcix phase. Toe term 
effective partic/e size is allowable as a condensation of 
effective grain size of ... particles. 

14. l .4 A· second phase island in the microstructure may
be known · to have an interna! structure. in sorne cases 
containing portions of the matrix phase. In--determining the 
effective average grain �ize of the matrix, each such island 
shall be treated as a unit, either by measurement at a low 
magnification where the interna! structure is not resolved or 
by omitting interna] measurements frorn computations. 

14.1.5 Where islands in the general microstructure are 
founcí to have an interna! structure, the sizes of"components 
ofthis interna) structure may be determined or estimated (in 
the same manner as far the general structure) and reported 
separately. An appropriate higher magnification should be 
used, and measurements must be confined to the interna! 
structure. 

14.1.6 The identity of each measured phase, and the 
percentage of field area occupied by each phase, shall be 
included in the information reported. 

14.2 Comparison .Procedure-The comparison chart pro­
cedure may often be used with su.fficient precision for most 
commercial purposes provided that: (a) the second phase is 
confined to islands having essentially the same size as the 
matrix grains; or (b) the concentration and particle size of 
the second phase are both smaU and the particles are located 
primarily at grain boundaries. The comparison procedure is 
not applicable if the second phase has caused appreciable 
d.istoction of the matrix grains from equiaxed shápe. 

14.3 Plan(melric Procedure-The planimetric procedure 
may be applied provided that the second phase particles are 
located between matrix grains and do not occur as islands 
within matri.x grains. The percentage of the test area occu­
pied by the second phase must be separately detennined and 
deducted frorn the test area. Tbe effective average grain size 
then is detennined frorn the number of grains per unit net 
area of the matrix phase. (See Practice E 562.) 

14.4 lvlodified Inlercept (or Li11ea/ A11alysis) Procedw·e: 
14.4. l The efTective average grain size of a phase in a 

· material containing nvo or more phases may, in all cases, be
deten:nined by . a modified intercept procedure which in­
cfudes the determination of the fraction of the field area 
occupjed by this phase. The area fraction shall_be determined 
as the fraction oftest line length contributed by intercepts on 
this phase. 

14.4.2 The use of manual lineal analysis in tbis applica­
·tion is entirely valid. However, tbe added effort of deter­
rnining length increments for each phase usually dictates use 
.of mechanical aids or of automated equipment. Use of 
integrating stage micrometer systems including at least 2 µm 
wbose moti9ns are additive, together with at Jeast two
mechanical counters, will allow man•Jal operations at ap­
proximately the same speed as for the Heyn procedure 
(Section 11) far single phase materials. lf fully ,¡utomated 
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equipment is úsed, adequate precautions must be takeu to 
ensure tbat: ·(a) ali intersections are correctly counted and 
the iutercept credited to the proper phases, and (b) the 
correct area, or line length in phase, is determined for each 
phase. The machine adj\)stments to meet these two require­
ments are not necessarily the _same. When accuracies consis­
tent with the required precision in size determination are not 
obtained with a single machine adjustment, successive scans 
of the same field using successive appropriate adjustrnents 
may be necessary for the different measurements. 

14.4.3 The procedures to be used are-similar to those 
giveri in Sections 10 and 11, with the additional provision 
that the test line is to be graduated in equal increments of a
size resolvable uhder the selected conditions of observation. 
Increments of 1 mm are· recommended for direct visual 
observations. A line of equally and closely spaced point 
observations rnay be used interchangeably. Each time the 
test line intercepts a grain, or portioo tbereof, or the phase 
being measured, one intercept sball be tallied and also the 
line length of'this intercept shall be observed and accumu­
Iated. Separate tallies a.nd length accumulations sball be 
made for eacb phase and· may be made for each class of 
intersection if desired. At the end of each test, the primary 
size infonuation shall be coinputed as follows: 111 = number 
of intersections per millimetre of test line on this phase at the 
specimen surface. The value of n1 or of ñ 1, obtained by 
averaging the result of severa] tests, rnay be converted to 
effective ASTM average grain size number by use of Fig. 6, 
using the 500x = n1 graph .line. Conversion to effective 
intercept distance may be made using Fig. 7. Altematively, 

. the conversion rnay· be found in Tables 2, 4, or 7, or 
computed by the equations in Annex A l.2. The total of 
intercept lertgths divided by the total length oftest lines gives 
the concentration of the rneasured phase. 

14.4.4 An arbitrar)' choice must be made to use either the 
leading or trailing intersection of each intercept line as the 
control point which determines the phase to which the 
iotercept tally and length increment shall be credited. When 
fractional intercepts occur at the ends of a test line, or at the 
edges of the scanned field, ali fractional length increments 
shall be credited to the proper pbase, but an intercept count 
stiall be tallied only when this control point falls within the 
test line or field. Counts shall be tallied for intersections at 
grain boundaries and at the edges of ali added phase 
particles. Counts normally are not tallied at twin boundaries, 
-unless it has been specifically stated that the effective size of
twin units is to be detennined. Length increments· on all 
second phase islands sball be credited to the proper phase. lf 
it has been shown that a ]ayer or film of an added phase 
exists ,at the grain boundary, the length increments corre­
sponding to the apparent width of grain boundaries should 
be credited to this added phase. lf the grain boundaries are
judged free of added phase the apparent boundary width
should be considered an artifact or etching and this apparent 
width included in the length credits to the rnatrix phase. Ifan 
unacceptable error arises from 1his cause, a separate detenni­
nation of the area fraction arising from artificial grain 
boundary width may be made and used as a blank correc­
tion. 

14.4.5 Knowledge ·of the distribution of actual intercept 
distances may sometimes be required, either for its own 

value or to allow separation of short intercepts Wi 
complex second phase islands. Two methods are av,/1¡\ 
for making reasonable allowance for fractional interce� 
tbe ends. of test lines. In the first· method, all frac¡¡ ,\ 
intercepts at the ends of test lines are scored as 'h tau¡� 
!:\vice tbe measured length. This method yields the co�;l! 
average intercept size, but may indicate a f�w inte� 
longer than any actually present. An altemattve syste� 
available in which fractional intercepts whose control oo,__ 
faJJs. within the measured field are measured and tal]¡�''4'
full by outward extension ofthe test line, using an othe� 
unmeasured area called a guard band. Fractional inter 
at the opposite side ofthe field are discarded. Measure� 
in tbis method are made on an irregularly shaped field wb nn 
exact area _is unknown a_nd which may tend to be selective·? 
looger obJects. For th1s reasoo, tbe guard band metbic 
should never be used in deterrnining n:ean intercept sizc·� phase area percent. 

14.5 The number of intercepts couoted in each detenn¡ 
nation must in each case be sufficier:it to obtain statistid' 
stability within the precision required by the applicatiof¡_ 
Increased variability due to added phases will general} 
require that the rninirnum intercept count must be hi� 
thao the count values indicated in Sections l l and 12, whiih: 
apply to single phase -rnetals only. As a mínimum requim 
rneot, the customarily suílicient number of counts must I! 
obtained far each phase measured. The required oumberii 
s'eparate tests on different fields may also be increa.sed. 
particularly ifthe second phase concentration is not uoifo111L 

14.6 To combine the results of tests on severa! lields, � 
result of each test must be used in the fono of 111 counts pcr 
millimetre on phase at the specimen. A worksheet similar lo 
Fig. 109 may be used, using a separa te worksheet for eatl 
phase measured. Statistical validation should be perfoílDlll 
in accordance witb the procedure of Section 13. Thi 
validation is independent of change of size, providing !IX. 
fractional portions tbat will appear in 111 are carried in t11t 
computation of C.V. It sbould be noted that the numberlÍ 
tests adequate to give the required size precision for Qll 
phase may be insufficient to give the same precision f« 
another phase. 

14. 7 Use of a Parallel A rray of Test Lines: 
14.7.1 Detennination ofthe effective grain sizc by use of1 

parallel array of test lines, as usually necessary with au� 
mated equipment, is adequate provided ·the material � 
been demonstrated to be isotropic. When the structUJt.d 

visibly anisotropic, two separate tests should be made "' 
each field., applying the array in two mutually perpendiculi! 
principal directions. If the material is suspected to ·te 
anisotropic, but the principal directions are not obvious, tlt 
array should ·be measured while applied in each of severtl 

orientations. Tests in the -tbird principal direction. on-l 
surface perpendicular to the original, are required for colf 
plete size determination of an anisotropic material. .JI 14.7.2 For each pbase measured, the average couot I"" 
unit Jength should be detennined for each direction (ñ,·: 
ñn), using the corresponding measurements from as �º

J fields as have beeó found necessary. The average counl 111
11 directions is then deterrnined by averaging ñ1, ñ,, and ñ., �
et 11.6.3. The final average effective grain size shalJ be _d\,

mined from the final a'(erage ñ. Subscripts showing efli:(;IJ 
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¡llape should be added, or the ratios of ñ 's or of ""fs stated. 
Avernging b_y the method of 11.6.2 is q.ot appropri�te for
�ective gram s1ze, because meanmgful values of grams per 
ct1bic millimetre or per square millimetre are not produced
fof structures other than for an equiaxed single phase. 

¡ 4.8 The effective intercept distance, sometimes desig­
nated as the mean free path (I) when for the matrix phase,
or the mean intercept width ('i;) or mean cho_rd length wben 
for dispersed particles, is an unbiased measurement of these 
¡Jistances in the solid body. Therefore, T should be reported 
for aU structural types. The e!Tective ASTM size number is 
¡,rünarily of interest for reasonably equiaxed shapes and 
oeed not necessarily be stated for other structures, such as 
eutectics or eutectoids. The e.ffective ASTM size oumbcr is, 
nowever, useful for correlation with properties when a 
rational relation to the Iogarithm of actual size is expected. 
Use of this number, as the preferred logarithmic scale, will 
eliminate ambiguities which otherwise arise from use of 
differing rneasurement units. The micro size oumber scale 
.mar be extended upward indefinitely by use of equations in 
Annex Al .2. 

14.9 The value obtained for efTective average grain size 
will nonnally indicate a dimensionally smaJler size than the 
grain size tbat would be obtained for the same material when 
treated as a single phase. Thus, the two types of size 
measurements cannot be freely intercbanged in practica! 
applications, and tbe distinction must be maintained. While 
beneficia! elfects on sorne properties may be found to 
correspond to the srnaller effective size, possible adverse 
effects of added phases must also be considered, particularly 
wben these are of incoberent types. Tbe concentration and 
�ize information obtained for the added phases may be useful 
in this consideration. Additional information obtained by 
other evaluations, for example Test Method E 45 .(fer 
inclusioos) may also be required. The efTective size measure­
ment procedure is provided purely as a po1entially useful 
extension of geometricaJ methods, witb no implication that 
these rneasurements can be substituted in any specific 
application. 

15. Numerical Expressions of Grain Size
15.1 The average grain size, as estimated by any of the 

foregoing numerical methods, is otiginally indicated by 
counts of grnin sections per unit a rea (n ... ) or grain inlercepts 
per urut length (n1). These values are usually inconvenient for 
subsequent use. Hence, they are nonnaJJy ree"pressed as

quantities such as nominal d.iameter, Feret's diameter, inter­
cept size, specific surface, grains per unit volume, or ASTM 
rnicrosize or rnacro-size pumbers (see Annexes Al and A2). 
Both customary and metric rneasuring units of varying 
magnitude are in use. Of these quantities, only tbe ASTM 
size numb(!rs are independent of the units in which the 
measurements were made. To facilitate c9mparis_on of pub­
lished size data in terms of a single scale, it is suggested t):Jat, 
whenever dimensional size units are employed as the initial 
statement, tbe ASTM grain size numbers be added in 
parentheses following the selected designation. The micro­
size number scale may be extended upward indefinitely and 
is not limited to the range shown in the tables and figures. 

15.2 lf it is desirable to express the average grain si¿e 
representative of a group of specimens, the average of the 
individual values nonnally cannot be used. The various size 
expressions are related by reciproca! and logarithmic terms. 
Therefore, if the size of each specimen is represented on 
severa! dífferent scales and the various representations aver­
aged for the group, the resulting averages no longer are 
convertible from one to anotber. If there is a large number of 
specimens in the group, t.he mode or peak of the freq uency 
distribution curve may be considered most characteristic. 
For fewer specimens, the size at tbe median ofthe group may 
be used. If an arithmetical average appears justified, it should 
be assumed that the original count densities are nearest to a 
normal or symmetrical distribution, and the average ob­
tained by averaging the values of ñ1 or ¡¡

ª 
for each specimen. 

15.3 Mixed gr:tin sizes sometimes are encou.ntered, partic­
ularly in hot-worked metal. Any average of two distinctly 
different sizes, or size ranges, will usually result in a size that 
does not in fact exist in the sp�imen. Methods for charac­
terizing mixed gr:tin size are described in Test Methods 
Ell81. 

16. Precision and Bias 

I 6.1 For the precision and bias ofthe various methods see 
Sections 3, 5, 8, 10 to 14, and A5. 

ANNEXES 

(Mandatory Infonnation) 

Al. BASIS OF ASTM GRAIN SIZE NUMBERS 

Al.1 Oescriptions of Terms and Symbols 
A 1.1.1 The general term grain size is commonly used to 

de.signate size estimates or measurements made in severa!111ays, employing various uoits oflength, area, or volume. Of the various systems, only the ASTM grain size number, G, is 
essentially independent of the estimating system and mea­iUrement units used. The �uations used to detennine Gfrorn recomrnended measuremen1s, as illustrated in Fig. 6 
aiJd Tables 2 and 4, are given in Al .2 and A 1.3. The nominalreiationsh.ips between commonJy used measurements are

given in Annex A2. Measurements that appear in these 
equations, or in equations in the text, are as follows: 

A 1.1.1.1 N = Number of grain sections countcd on a 
known test area, A, or number of intercepts counted on a 
known test array oflength = L, at sorne stated mágnification, 
M. The average of counts on severa! ñelds is designated as Ñ.

A I. l. l .2 n = Number of grai n sections ar intercepts on a 
unit test area or lengtb when corrected to unit magniftcation 
( lvf = 1 X) (see A2. l ). Aftei; magnification correction, but far 
various test areas or lengths, 11

0 
= n/a = number of grain 
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APÉNDICE E 

TABLA 1 DEL SAE J1123 NOV92 

CROSS-SECTION TOLERANCES FOR LEAF SPRING FOR MOTOR VEHICLE 

SUSPENSION 



20.02 

the distance bccween the Unes whcre load i:s o.pplied under the &pecificd 
conditions. Tolerance, :!:3.0 mm, 

5.5 Loaded Ftxed End Length-DislJIJlcc from tbc centcr of the fued 

end cye to lhe projcCtion on the dntum line of lhc point whcrc Lhc ccntcrline of 
lhe centc...- bolt imersects the spring surfnce in conta.ct witti thc spring scat. 
Tolerunce, ±1.5 mm. 

5.6 Stnllght Leagth-DislJlnce bctweeo eye centers wben the tensíon 
surfnce of the main lcaf at the centcr bolt c:cntertine is in thc plane of the &co.t 
nngle bo.se line. Th<, distnnce is measurcd parnllel to thc scal ongle base linc. 
Tolerance, ±3.0 mm. 

5.7 Se.at Lcngth-1..ength of spring thal is in actual engngcmcnl wilh lhc 
spring sent when instolled on • vehicle at design beighL lt is elways gn:atz:r ÚllUl 
tbe inactive length. 

5.8 lnactive Length-1..eogth of spring rcndcred innctive by thc action of 
lhe U-bolts or clamping bolts. 

S.9 Sent An¡¡le (see Figure 1)-Anglc bctwcen the tangcnt to the ccotcr 
of lhe spring =t o.nd the scat nngle base lino. Wbcn the spring is viewcd with 
the fixed cnd of thc spring to lhe left as sbown. and the load is appUed 10 thc 
shonest leaf from above, tbe scat nnglc lllllY be specified IIS eilhcr positivc 
(countcrcloclcwise) or negativo (clockwisc), óependíng upon the angulor 
din:ction in which tbe lllngent to thc centcr of the spóng seat is disposed írom 
the seat angle base line. 
Consequenúy, with the spring in normnl vehiclc posilion so that the load is 
applied from below as showo in Figures 2. 4, 5, 6, nnd 7 and again with the 
ftxed end of thc spring 10 the left of the drawing, the seat angle is defincd as 
positi ve wben lhcit tn.ngent is disposed clockwise; a.nd as ncgative when the 
IAllgenl is disposed countcrcloclcwise. 

S.10 Finlshcd Wldth-Width to whicb thc spring le:ivcs III10 gro110d or 
rnilled lo give lhe edges o flat bcaring surfacc. lf the spring ends havc • finishcd 
width, the required lengtl> of the fmishcd edge mus1 also be indica!cd. Toe usuol 
tolernnccs for li.nishcd widlhs are as in Table 3. 

s.11 · Assembled Sprtng Wldth-Where more trum onc leaf constirutes o 
spriog assembly. thc ovcrall widlh tolcrance of the asscmbly within !he .¡,ring 
seat length shall be as follows as in Table 4. 

5.U Stack ThlclaJess-Aggregate of the nomin<tl thicknesscs of ali lcnvcs 
of thc spring including nny spocer plote& which are part of the spring ot lhe scaL 

5.13 LeafEods-The lcn.fends used most generally are: 
a. S q u are as s hc.arcc1 
b. Trimmcd 10 ashape 
c. Taper rolled 
d. Tapcr rolled; trimmcd or forged to a sh•pe or both

5.14 Surface Flnlsh-Condition of lhc surface of the spring !caves afie, 
the stcel has beco hcnl trealed and prior 10 coating. 

5.14.1 • As HEATTREATIID" F!NlSH-The surfnre of the spring ]caves is in lhe 
conditioa. as t.lkcn from lhe heat t:rcating íumnce whcre gencrally the lenves havc 
a finish oí oxide co.ating. 

5.14.2 "SHOT l'EENED" FINJSH-The tcruion surface of thc spring leaves h., 

been exposed to lhc shot peening operation where the oxjde cooting and &cale 
ore removed :ind .o. mane lustc.r finish is produccd. 

5.14.3 "GROUND OR POUSHBD LEAF ENDS"-The bearing arcas of ]c,ives are 
ground or polishcd to produce n smoolh surfoce for reduced friction. Toe 
dislJulce or length to be ground or poUshed shou.ld be spccified. 

S,15 Prolectlve Cooling-Matcrial added 10 surface of spring !caves o, 
exposcd arcas óf ossembled springs, For additional infonn.otion, sce HS-J788. 

S.16 Lea! Numbers (Stt Figure 1)-Lcavcs = dcsigna.led by numbers, 
srarting with thc mAin lcaf which. is No. 1. thc adjoining leaf is No. 2, o.nd so on. 
1f rebound !caves are used, the rebound len.f odjoining the main leaf is rehoun<1 
leaf No. 1 ,  the next ono rcbound leaf No. 2, !lnd so on. (Rebound leaves nn, 
assembled lldjacent to lhc side opposile the lond bea.ring !caves.) Hclper springs 
are considered as scpa.rate units. 

5,17 Openlo¡¡ and Overell Helghl (see Figure 1)-Distance from thc 
datum line to the poinl wbere the center boll cenler!ino intersects the surfoce oí 
the spring tha.t ls in contnct with the spring sent. 

lf the swfacc in contact with the seot is on the main leru' or a rebound lenf 
(as on undersiung springs), tlús distance is callcd "opening." 

1f lhc suñacc In contncl with the sent is oo the shorte,;t leaf (as on 
overslung springs), tlús distance is called "overall beight." 

TABL.E 1-CROSS-SECTIOH TOL.ERANCES, mm 

Tol•ninc. Toll,.0t:e T-... .. 

Wld1h In Thlcicn••• (11::)1 In Thlcknen (:t)1 In ThJQUlhs (a'l M-tmum Dlft•r-ne. Maidmum Dtff•nnce Mu:lmum Oltf•rene11 
To1eranee and In Flatr\eH (-)ª •nd In Aat.neaa M2 and lo Alllr1- (·l' In ThlckneH:1 lnThlCknliUS In Tlt1cknHa3 

Mlnue For Thlekneea For Thlcknau Fotlblr;knee1 Fot ThlcknH • For Thlc:kneH For Thlckneas 
Wldth 0.00 S.00-!l.50 10.00-21.20 22.411-37.SO 5.00-ltS0 10,00-21.20 :U.41).37.50 

40.0 -t0.75 0.13 0.15 0.05 0.05 

45.0 -t0.75 0.13 0.16 0.05 o.os 

so.o ....0.75 0.13 0.15 0.05 0.05 

56.0 +0.75 0.13 0.15 o.os 0.05 
63.0 +0.15 0.13 0.15 0.05 0.05 

75.0 +1.15 0.15 0.20 0.30 0.08 0.10 0 .15 
90.0 +1.15 0.15 0.20 0.30 o.os 0.10 0.15 
100.0 +1.15 0.15 0.20 0.30 0.08 0.10 O.IS 

125.0 +1.8S 0.18 0.25 ,·' 0.-4�) 0.10 0.13 0.20 

,so.o �2.30 O.JO .o.s,¡ 0.15 0.25 

Thlcknoss moa.sursmeo\s shd be laken at the edge of 1he bar 'M'lere 1ho ttat surlece:s nter58Cl the rounded edge. 
Tols loieranoe ropresents lhe maxh'tum amounl by vwhleh tha lhlc::kness at tho center ofthe bar may be ktU lh.an lh-e lhk:knesG 11.l lhe odges, Thlckness at lhe cenrer may naver uoeed lhe thlckntS.S 
at tha edges. 

3 Maxknum dlfferenco ln thicknsss betw90f1 the two edges ol each bar. 

TABI-E 2.-SPECIRED WlDTltS AHD TiflCKNESSES OF ALLOY STEEL BARS, nvn 

Wldlh1 Wld1hl Tl\Jckne ..... Thl- Thlckn•• ... Tl'llcknee ... Thfckn•aaea Thlcknen•• 

40.0 75.0 5.00 7.10 10.00 14.00 20.00 26.00 
45.0 ea.o 5.30 7.50 10.60 15.00 2\.20 30.00 

60.0 100.0 5.60 a.oo 11.20 16.00 22.40 31.50 

se.o \25.0 6.00 8.50 11.80 17.00 23.60 33.50 
63.0 150.0 8.30 9.00 12.50 ,a.oo 25.00 35.50 

B.70 9.50 13.20 19.00 28.50 37.50 
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1.22 

(R) METHODS OF DETERMINING

HARDENABILITY OF STEELS-SAE J406 FEB95 SAE Standard 

Repon oftho lron :md Sau:I DivWoo llpprovcd JllmW)' 1942. Compktt.ly revlscd by thc lron and Stecl Tcchnical Comminec---Oivblon S-HAnkNbUJty oJ Cuboo and Alloy 
SLCCh, May 1985, Novembc:f 1990, Jun.c ]993. 1U1d FcbNV)• 1995, RationaJc Mattment:s a\'allable.. 

l. Scop..-This SAE Standard prescribes the procedure for making 
barderuibility tests nnd recording results on shnllow and medium hardcning 
steels, bu1 not dcep hardcning steels lhnt will normally o.ir hardcn. 

Includcd nre procedurcs using the 25 mm (1 in) s14ndard hardenab ility end­
quench specimeo for both medium and shallow hnrdening steels and subsizc 
method for bars less lhan 32 mm (1-1/4 in) in dinmeler. Mcthods for 
deterrnining case hardenability of cmburized stecls a r e  givcn in SAE JI 97S. 

Ariy tmrdcnnbilit'y test mnde undcr- other eonditions lhM lhose givcn in this 
docurneol wiJl nol be decmed slnndnrd and will be subject 10 ngreement belWcen 
supplier ood user. Whencver check. tests are madc, rul lnboratorics concomed 
musl arrnnge to use lhc snme alternare procedurc wilh refcrence to U:Sl spccimen 
and method of grinding for hardness testing. 

For rouline testing of lhe hnrdennbifüy of s uccessíve heats of stccl required lo 
have hnrdenabilily wilhin certain limits, it is su fficient to designate lulrdennbility 
simply in terms of dista.nce from the qucnched end to lhe poinl al whlch a 
certain hiu-dness is obtnined_ This designation may also be adequate for 
comparing steels of di ffcrent compositions to see whether lhey have similar 
hnrdenabilicy. 

Hordcruibilicy limíts for specifying steel in lhis manner are obtaincd by 
measuring the hnrdeoability of a sleel which has proved saüsfactory for the use 
intended. Toe hardenability test mny be use<I in this way as nn empirícru test. 

For oew componenlS where rnanufocturing e:tpecience is lacking. 
hru-denability data may be effectively used to estimale lhe hardncss profile 
provided by any given steel . Altendnnlly, the ability to prcdict ltardenability 
from chemical composicion has become increasingly importaot when co;npruing 
various sleel grades or developing new steels for specific applications. One such 
procedure is descríbed in Appcndix A. Other hardenability prediction methods 
a.re avnilable from tbe selectcd refcrenccs in Section 2.. However, it should be 
emphnsized that the use of any him:ienability prediction procedure does not 
pcecludc lhe importanee of conducting Jominy end-quench te.SIS 10 deiennine lhe 
actual hardenability of any specif ic grade of s1ecl. 

Hardennbility data may be used to estímate hardncsses obtainablc with any 
stcel in new machine � not yet in productíon and not similar to nny part.s on 
which production experience is ovailable. Various hardenability application 
melhods are descr!bed In the selcctcd refcrences, Scclion 2.1, 23 to 25. lt 
appc,u-s none of lhese methods nrc precise, but thesc are often uscful for 
cstimation purposes. Final correlation on ncrual parts is necessnry. 

2 . .Rafer1-1Jc1s .. 

2.1 Applicable Documents--The following publications form a part of this 
specification to lhe extenl specifLed berein. Toe lates! issue oí SAE Publicalions 
shall npply. 

J. SAE J417 Hardness Tes1 nnd Hardness NumberConvcrsion 
2 SAE EA 406 Han:lenabitity Prediction Calculator
3. w. E. Jominy and A. L Bocgehold, "A Harocnability Tesl for

Carburizing S1cel," ASM Transactions, Vol. 26 (l 938, No. 2, pp 574-
599) 

4. J. L Burns, T. L Moore, and R. S. An:her, "Quentiiative Hnrdenability," 
ASM Transactions, Vol 26 (1938), No. 1, pp 1-33 

5. W. E. Jominy. "A Harcknability Test for Shallow Ha.rdening Stccls," 
ASM Tmnsactions, Vol. 27 (1939) pp 1072-1085 

6. Symposium on Hnrdenllbility of Alloy Sleels, ASM 1939 
7. M. Asiroow nnd M. A. Grossmann, "H.nrclening Oiaractcristies of 

Various Shapcs," AMS Transnctions, Vol. 28 (1940) pp 949-977 
8. "Standardizatioo Sought in Detennin.ing thc Hardeonbility of Steels" (A 

symposium), SAE JoumaJ. Vol. 49, No. l (July 1941) pp 266-293 
9. A E. Fockc. "Hordeonbility of Stcel," !ron Age. Aug, 20, 1942 pp 37-40: 

Aug. 27, 1942, pp. 43-Sl: Sept. 3, 1942, pp 56-59 
!O. Morse Hill 'Toe End-()ircnch Test Rcproducibility," ASM 

Transactions, Vol. 31 (1943), P 923 ff. 
11. Symposíum on the Hru-donabiLity of S1cel, Special Report No. 36, Briti.sh 

lron and Steel Iru;litute. 1946 
12. G. K. Manning, "End Quench Hl!rdenability Vcmis Hardocss of 

Quenched Rounds," Melnl Pro¡;ress, Vol 50, No. 4- (Octobcr 1946) pp
674--650 -�-

13. E. W. Wicnmnn, R. F. Thomson, and A. L. Boegchold. "Corrdation of 
End Qucnched Test Bnn and Rounds in Tcnns of H,u-dness and Cooling 
Chnra,:leristics," ASM Trnnsaclions, Vol. 44 (1952) pp 802-834 

14. G. K. Manning, " Compnrison of Tests of Ha rdennbility of Sha!low 
Hanlening Stccls," SAE Joumru, Vol. 6 !, July 1953, pp 30--36 

15. D. J. Cmney, "Another Look ni Qucochnnts, Cooting Rntes nnd 
Hardennbilily," ASM Tmnsactions. Vol. 46 (1954), pp 882-925 

16. John Birtalan, R. O.· Henley, Jr., ond A. L Ouistenson, '"111ennal 
Reproducibility of the End-Queoch Tes�" ASM Transactions, Vol. 46 
(1954), P 928 ff 

17. M. A. Grossman nnd R. L S1ephcnson, "The Effect oí Grain Size on 
Hnrdennbility," ASM Transactions, Vol. 29 (194l), pp 1-19

18. M. A. Gtossmwm, '"Hnrdenabillty Cnlculnled from Chenúcal 
Compositions," A1ME Transactions, Vol. 150 (1942) pp 227-259 

19. l R. K.rama, S. Siegel, and J. Brooks, "Fnctors for the Calculation of
Hanlenabitity," ASM Transactions. Vol. 163 (1946), p 670 ff 

20. C. F. Jatc7.ak nnd D. J. Girardi. "Multiplying Factors for !he Otlculation 
of Hnrdenablliiy of Hypc=utccio;d Stccls Hru-dencd frnrn 1700 F.'' ASM 
Transactions Vol. 51 (l 960) p 335 ff 

2 l .  E. Just, ''New Fomml.as for Calcula ting Hnrdenability Curves:· Mclnl 
Progn,ss, Novernbcr 1969, pp 87·88 

22, C. F. IatC2ak, "Determining Hardenability from Composition," Metal 
Progress, Vol. 100, No. 3 (Septembcr 1971), p 60 

23. D. H. Breen, G. H. Walter, C. J. Keilh, and J. T. Sponzilli, ··compuler­
Bnsed System Selects Optimum Cosl S1ceJs." Melnl Prog,e,,s, 1: 0cc. 
1972, p. 42; JI: Feb. 1973, p. 76; lll: April 1973, p. 105; IV: June 1973, 
p. 83; V: Nov. 1973. p. 43

24. C. S. Sicbert. D. V. Doone, nnd D. H. Breen, 'The Han:l<:nabilily of
Stccls," American Society for Meta!s, Metals Parle. OH 1977, p 64 ff

25. D. V. Doane, J. S. Kid<Aldy, ··ttw-deoabiüty Concepts wich Applicarions 
to Stecl," Toe MclalJurgicnl Socicty of AIME. Wan-endruo., PA 1978 

26. C. T. Kunze and G. �l," A New Look nt Boron Effectivencss in H<at 
Treated S1cels," Symposium on Boron Stcels, ThlS·AJME. Milwaukce, 
Wl Sep1. 18, 1979 

27. W. Hcwitt, ''Ha,denability. Jts Prediction folTJl Chemical Compasitions,'" 
HentTre.atmcnt ofMelnls, Vol. 8, 1981, pp 33-38 

28. Dcb. M. C. Chaturvedi and A. K. Jena, '"Analytical Repn:scniation of
Hordcorn>bility D•to for Stcel•," Mcmls Technology, 1982, Vol 9, p 76 

29. J. M. Tnrtaglin nnd G. T. Eldis, "Core Hw-denabiLity Calculations far 
Cnrt,urizing S!eels," Met. Trans .• Vol. ISA, No. 6, June 1984, pp. 1173-
1183 

2.2 Related Documeol.5--The following publicotions nre provicled for 
infomU>tion purposes only and are no1 n rcquircd part of this documcnt. 

AS'IM A 255, "End-quencb Test for Hordennbility of S!eel" 
ns O 0561 ,· "Melhod of Hardcnability Testing (End-Quenching Me1hod)'" 
DIN 50191, ''HardenabilityTesling ofSlcel by End Qucnching'" 

3. HanlenabüiJy Test Jor l\fedium Hardening Sleel.s 
3.1 lntroductlon-This memod cover,; the proccdure foc dclemúrung the 

bordenability of steel by lhe end-quench test for both the 25 mm (1 in) s1andnrd 
specimen and the subsize test spccimen. Also included are charts for plotting 
hardmability tr.st cesults nnd foc prcdicting hardness U curves in vnrious si.zcs of 
rounds. 

Pico.se note tho.t in ttüs revision the metric dime.nsions o.re sho'N'll to Lhc 
nearesl whole miWmerer. Toleranccs, where nol indicnted, are assumed 10 be ±-0..5 
mm or±l/32 in (0.03 in). 

3.2 Test Speclm,on---The test spccimen is a 25 mm (l in) diameter cylinder 
102 mm (4 in) long with menns far hanging it in a venicn.J po.,,ition for end· 
quendúng. figun: 1 shows a test specirnen in thc fixture ready for q uenchi ng 
illuslnlting tbe pref=-ed form of specirncn. Figure 2 gi"es the delnils of the 
prcfared test sp,cimen. Figure 3 is an eurnple of an optional specimcn which 

. providcs lhe same diameicr and npproximatcly thc same lcngth and wlúch wiU 
providc sntisfac1ory heat rransfer charactcristics. 

Tbc bar from which lhe spccimen is machl"ed shalJ be a forgcd or roUed 29 to 
32 mm (1-l/8 to J.J/4- in) round reprcscnting thc full cross section of lhc product 
(or rolled 26 mm, l -Ul6 in, round if optiooal test specimen, figure 3, is uscd). A 
cnst specimen may be uscd in licu of :o rollcd or forgcd specimen. except in the case 
of boron-lrealed sleel; Cllperienre has shown that casi specimens of boron-treoted 
Slcels give emuic results. 111c option of using as-en.si specimcns for non-boron 
stccJs. delction of norma.lizing prior to hcating for end-qucnch.ing or modific.ation of 
other testing dclails shall be ncgotio!ed between supplier nnd user. ll is of primar)' 
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iJnPortanCC lhat lhe specirrcn represen! tbc full cross section of thc ingot. cast 
bloom or casi billet since teSt specimcC\S from a portion of o.he bloom, bille� or bur 
ro>Y inrroduee foctoc,; lending to nffect lhe rcproducibility of test results. The 
¡:0ndition of this hot formed bar sluill be such that there is no decarlnuization on the 
25 mm (1 in) spccimen machined from it. lf any U:St ,;pecimc:n shows obvious 
defccts or flaws, the specimen should be d iscnrded Md e new specimcn oblmned. 
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AGURE 1-HAR.DENABII...ITY TEST SPECIMEN IN FIXTUR.E 
FOR WATER QUENCHING 

3.3 Opt ionnl Specbnen Preparution--The following method is 
satisfoctory for most pucposes, but far check testing ago.inst specifications, the 
melhO<I in the preceding poragrnph is mendatory. 

Tbe test spccimen shall be machined from the center of !he bar in the case 
of «ctions from 32 10 51 mm (1-114 to 2 in) round or square. In sections over 
51 mm (2 in). the test specimen shnll be machined from one-half of the scction 
with the axis of the specimcn located at a point halfway betwecn the ccntcr and 
surface of the bar and mariccd to i denüfy the p0sition of the test bar witb 
reference to \he origino] bar. Toe hardness readings shall be madc on the two 
sides of lhc test specimen corrcsponding to a position in tl1e bar appro�imatcly 
halfwny between !he centcr and the surto.ce. 

NOTE-DlMENSIONS ARE mm {in) 
ANISH TO 6.3 µm (250 µIn) MAX 

FlGURE � TEST SPECIMEN 

FIGURE 3--0PTIONAL TEST SPECIMEN 

3.4 Nonn.ellzlog Prior to Heetlng Cor End-Queocillng--The forged or 
rolled round sball be normalized prior to mnchining the test specimen. This i, of 
importence since thc structuce of matcrinl befare the final austenitiziog treatrnent 
may materially :úfect thc h:lrdening cluiracteristics. In order lhat variotioru in 
prior structure may be controllc;d as much as possible, the normalizing 
tempereturc Usted in Table I should be uscd. The st,:el shall be held ot soch 
tempcratun: for I h and cooled to ambient in still :ili. !f the nonnnlized 
specimen is roo lu!rcl. it may be given a short time temper at llbout 55 'C (100 
ºF) below the Ac 1 to improve mnchiruibility. Cast specimeru usual/y are not 
normalized befor-e machining. Toe record of hardenability te.,;;:t resolts must 
always state the prior thennal history of the specimen tested. 

3.5 Heel!ng Cor End-Quenchlng--The specimcn shall be hcated to lhc 
oostenitizing tcmperature shown in Table 1. Toe specimen shall be placed in a 
fumace wlúch is ni tbe specified temperatnre o.nd shnll be hcld at this 
tcmpereuu,, Cor 30 to 35 min. lt is necessary to detJ:rmine by means of " 
thenuocóople the time required for .a test specimen to come to the requi.red 
tempemture. 

\Vhile henting !he test specimen it is import.nnt to insure thiu practicnlly no 
scaliog or decarburization takes place on the end to be quenched. This may be 
achicved thcough the use of protective fum4ee atmosphcres or by plncing the 
specimen in a container which maintains a non-oxidizi.ng ntmosphere. e.g., by 
placing írne grnphitc powdcr ar cast icon chips in thc bose of the container. 

Figure 4 iliustrates a type of container wttich has been u.sed with succcss. 
However, any similnr type will be sntisfoctory. 

TABLE 1-NORMALJZING AND OUENCHING TEMPERA'TIJRES1;l 
APPUCABLE TO STEEL ORDERED TO ENl>-QUENCH HARDENASlUTY REQUIREMENTS 

Maxlmum NonnallzJ119 Normalklng Au1t.ntlll:lng 

Oróared Carbon Tampantura Tam.penlure T•mperature 
Contant "I, '"C ·F ·e 

Steel Serlas 1000, 1300, 1500, 4000, 4100, •aoo, 
4600, 4100. 5000. 6100, s1oo3. s100. asoo, a100. 
8800, 9-4-00 

Up to0.25 ind 
0.26 to Q.36 lnci 
0.37 nnd owr3 

s1ea1 s,nes -4600, saco 
Up to 0.25 lncl 

&eel Series 9200 

925 
000 
870 

1700 
1850 
1600 

1700 

925 
870 
845 

845 

Autt.nlllitng 
Temperatu,. 

ºF 

1700 
1600 
1550 

1S50 

o.50 and ovvr 900 1850 870 1600 
1 A varl&lk>n of � ·e (:1:10 '"F) from lha abov9 tarnperatuTe Is permluibla. 2 Whon 1osHng H steels, the nonnafl:llng and aUS'lenlltzhg should be ltle snma as for lhe equlva.tenl Slandard a1Hl:s­

ex.AMPLES: FOI' 6622-H, the norm&ltzing and &ua1eniUU1g tamperalu:re .tlould be lhe aame as 10< SAE 8622.: for '40:12 H 
{carbon 0.30/0.37), tha 11tfflpecature shouki be tha Hma as for SAE 4032 (carbcln 0.:lQ(0.35). 3 Nonnall2T9 and aus1enittm9 tamperalurn st\aJI be 30 •e (5.0 'A >ú¡rat lorthe 6100 series. 
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FIGURE 4----SPECIMEN PROTECilNG FIXTURE TO BE 
CONSTRUCTED OFHEAT-RESISTING ALWY 

3.6 Queoching-The test specimea shnll be placed on a ftxture so that a 
column of water nt n temperoture of 5 10 30 ·e (40 to 85 ºF) may be directw 
againrt the bonom face of the spccimen. Toe column of water passing lhroy¡¡h 
an orifice 13 mm 1/2 in in diometer shall risr> to a free hei ht of 63 mm 
in) a.bove tl\.e orifice. Th� fuc.ture shn.11 be ginning of ea,,cl, icst. 

In perfomüng !he test, !he waler supply shnll be shut off wilh a quick­
opening valve and the hot specimen plnced over the water pipe so thnt !he 
bottom of the specimen is 13 mm (1/2 in) from the opening of the water pipe 
nnd the wnter shall !ben be tumed on. A prefeCJe!I allemnte procedure is to kcep 
the water flowing, but impose a deílccting plate above the water pipe while 
trnnsferring the test specimen from thc furnnce to die fixture, and quickly 
removing tbe pinte to stnrt thc end-quench. Toe time betwcen removal of !he 
specimen from the fumace and the begiMing of !he quench shnll be not more 
!han 5 s. The snmple shnll rernnin on !he fixrure for ne lerut 1 O min. A condition 
of still n.ir shall be mnintained around the speoimen during cooling. (lf the 
quenched cnd of the specimcn is nol cool when removed from !he fixture, 
investignte whether watec tcmpernture or wa.ter ílow is wíthin s pecification.) 

3.7 Hardness Measurement-Two flats 180 degrees apnrt shnll be 
ground to n mínimum depth of 0.38 mm (O.O 15 in) along the en tire Jenglh of !he 
bar and Rockwell C hardness measurements mode along the leng,h of the bnr. 
Deviation from the standard depth can affect reproducibility of test rcsults, and 
correlation with eooling rates in quenched bars. 

The preparotion of thc two ílats must be carricd out with considernble care, 
They should be mutua.lly parallcl and the grinding done in such a manner thnt no 
change of !he quenched structure tokes pince. Vc_ry light pnsses (less tho.n 0.013 
mm (0.0005 in)) with water cooling nnd :i coarse, soft grinding wheel are 
recommendcd to avoid overheating !he specimcn. To dctect tempering due to 
grinding, the flats rnay be etched as follows: 

Two etehant solutions are used: 
No. t-5% nitric acid (concentmtcd) and 95% water by volurne. 
No. 2--50% hydrochloric ncid (concentrated) nnd 50% water by volume. 
Wnsh the �ple in hot water. Etch in-solution No. 1 until blnck. Wash in 

bot water. lmrnersc in solu tion No. 2 for 3 s and wash in hot wnter. Dry in air 
blast. 

The presence of lighter or drukcr are.is iodicates lhat harcloess o.nd structun: 
have b<en altered in grinding. Ali structural cbnnges caui;ed by grinding sball be 
removed bcfon: hnrdness tests ore mnde. This mny be accomplished by 
resurfacing :md again etcbing, ar new flats may be prepnrcd. 

When h:mlncss indentatioos are made, the test specimen must rest on one 
of its ílats on nn anvil finnly attached IO !he bardness machine. ll is irnportnnt 
that no verticnl movemcnt be allowed wbcn !he major load is applied. Tu.e 
fixture must be constructed to movc lhc test spccimen past the' pcnctrutor in 
aCCUillle steps of 0.5 mm (for metrie fu:ture) or 1/16 in (for U.S. customacy 
fixtur e). (Resting specirnen on a V-block is 001 pemútted.) 

Rgum 5 is on example of o commercially avo.ilnble fixturc wblch providcs 
Cor the comrolled movemcnt oí the specimcn. 

The Roclcwell 1.es1.er sbould be checked ogainst standard teS1 blocks bcfuro 
testing the hatdennbllity specimen. lt is r ecommended lhat the test block be 
interposed between !he specimen nnd the indenter to check the seating of tbe 
indcnter ll.íld tbc spccimen simultnncously. '-

Care must be excrcised in registering thc point of !he inclcnter with tbe 
hardencd cod of thc spccimc� as well as providi.ng for accurate 5padng bctwceo 
indentations. A Jow powcr mensuring microscope is .s\Utablc for u.:se in 
detennining !he distance from !he quenehed end to !he ce.nter of tbe ,first 

146 

indentation nnd in cbecking the d.istnncc from center LO center of l.he succeeding 
indentatJon. 1t has been found thac with ren.son11bJe operating car-e and a wcll­
built fixtnre, it is practieal lo locate the center oí the fir,¡t indentation i .5 mm :t 
0.075 mm (0.0625 in : 0.003 in) from the 9ucnchcd cnd. Thc variations 
bctwecn spacings should be evcn smnllcr. Obviously. il is more importanl to 
position the indcnter accurntely when testing shallow hllrdenability steels than 
when testing med.ium hardenability steels. The positioning of the indenter should 
be checked with sufficient frequency 10 provide assurnnce that nccurocy 
requiremcnts are being meL In cases of lack of reproducibility or of differenccs 
between laboratories, indenter 5Pacing sbould be measured immedintely. 

FIGURE >-COMMERClALLY A V ArLABLE FIXTURE FOR 
POSmONINO SPECJMRN FOR HARDNESS INOENTATIONS 

3.7.l MBTRIC DíSTANCES BETWEEN READINOs--Readings shall be token at 
1 .5, 3, 5. 7, 9, 11, 13, and 15 mm, lhen at5 mm interv.als to SO mm, or Wllil 20 
HRC is rcaehed (if less !han 50 mm). 

3.7.2 DtsTANCES BETWEEN READ!N0S IN S!XTEENTHS OF AN INCH--Readings 
shall be token al intcrv.als of 1/16 in for the fin;! inch. Distanecs between 
readings beyond-1 in may be at the discrelion of the tester, but usunlly are tnken 
al intervals of 1/8 in until 20 HRC is reacbed. (1..ess frcquent intervals mny be 
agreed upon between supplier ond uscr.) 

Hardness readings should be macle on one flnt, or preferobly, two nal5 
180 degrces apart. When a flnt on whieh readings have becn rnade is used a., a 
base. the ridgcs a.-ound lhe hardness iodentations shall be removed by grinding 
unless n. fixrure is used which hns been relievcd to �ccommodate lhe 
irre guJaritics due to the indentntions. Testing on two flats will assist in thc 
detection of errors in specimen prepnr.ition and hardncss mensurement. Jf lhe 
two probo< on opposite sidos differ by more than 4 HRC points at nny one 
position, the test should be repented on new ílnts, 90 clegrces from lhe fint two 
Dots. If the retcst a.lso has grcater !han 4 HRC points spread, a new spccimen 
should be iested. 

For reporting puq,oses, hardness readings should be rccordcd to lhe ne:uest 
integer, with 0.5 HRC vnlues rounded to the next higher integer. 

3.8 Plottlng or Tests--Tests should be plotted on " stnndllfd ch(l(t 
preprued for lhis purpose (Figure 6A or 6B) in wbich !he ordinotes represen! 
hardn= and the abscissas represcnt clistance from the qucnched end. Readings 
at iclentical dlstances should be avcragcd and tho rcsultant volues used for 
plotting. 

Figures 6A nnd 68 are Standard Forms for Plotting Hnrdenabili ty Curves. 
3.9 Construclloo of Hardness U Curves--Chluts nre provided for using 

lhe hard.cnability curve to prcdicl hardncss U curves in various sized rounds 
when oil or water quenched. Figure 7 shows thcse charts. The eu.rYes show !he 
locations in various si.z.c.s of rou.nds whcrc the c ooling ro.tes ru-e the lMlfTIC as ilt 
various positions along lhe end-<¡uenchcd hardenability test bar. lt should be 
noted that these curves assum.e good heat treatment prnctic<>-<epn.ration of parts 
in the queoch, good agitatlon, and good control of tempcrature nnd cleanline<> 
of thc quencb.anL lnc lllDges given n::flcct varlations found under laborntory 
conditions. Undcr production conditions, even wider varin.tioos may be found. 
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1.25 
DATE _______________ _ 
LAB0AATOAY ____________ _ 
TYPE SPECIMEN ___________ _ 
TEST NO. 

NORMAL. GUENCH 
TYPE HEAT NO. GRAIN SIZE e Mn p s SI Ni Cr Mo TEMP. .ºC TEMP. "C 

AEMARKS ___________________________________ _ 
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0ISTANGE FR0M QUENGHE0 EN0 - MILLIMETERS 

FIGURE GA-STANDARD FORM FOR PLOITJNG HARDENABILITY CURVES (MU.LIMETER DISTANCHS) 

3.10 Subsize Test Sp•clmon-T--or determining hurdennbility of slcel 
rtceived in bars less lha.n 26 mm (1-1/16 in) in dfo.merer, lhe test bnr may be ronde 
19, 13, or 6 mm (3/4, 112. or 1/4 in) in diametcr, as dcsired, nnd cnd-quenchcd as 
Prescribed for thc 25 mm (1 in) rouncl. Modifie'1lions in thc water orificc are 
required for quenching cylinders ofless than 2S mm (1 in) dinmcter. Thc demils of 
orifices for quenching speciroens less thnn 25 mm (1 _in) di:uneter ore given in 
Table 2. 

Bccause ofthe g,=tcr air-cooling effecr on test speclmens less Iban 21 mm (l 
in) dillmeler and cspccially in ·speciroens smallor th= 19 mm (3/4 in) diametcr. the 
cooling rates nt various d istruices from the quenchcd cnd will not be the samc as in 
the SlMdani u,si spccimcn. 

Hnrclcruibilily curves obtnined from smaller spc:cimens a.re nol comparable 
With curves obtained from thc .25 mm (l in) round specimen. lf the standard 
ho.rclcnobility curve is needcd from subsi:zc specimens. it becomcs necessary to 
dctcmúne thc nctunl cooling rntes on the subsize specimens. 

4. Harrhnabilit7 Test, far Sl,allow Hardening Stul,--The 25 mm (1 in) 
standnrd Juutlennbiliry spcclrncn rro.y be US<d to determine !he hanlennbility of 
duUow hm'dc:ning 5teels othcr thnn the cnrbon too\ st.o:ls by a modificalion in thc 
hnrdnc.ss survey. Tite proccdurc for prcpnring the speclmcn prior to hmdncss 
rt>easuremcm is spcdficd in 3.1 to 3.9 for struidrud 25 mm (1 in) hmdcriability 
SJ)Ccime:ns. An rutvil providing n rneans of very accL1r.1lcly rncasu.ring the distance 
from lhe quenche,I end is essentinl. 

Only two íl.nts 180 degrces npon need t,., grouncl if lhe rnc<:hunicol fi�iurc hns 
n grooved bed which wiU accommodate thc indentations on the fl.:it survcyed fir.;t. 
1l1e scconcl hllRlncss 1ravcr;e is made ofier ruming the bar over. Jf the futuro does 
not have such a grooved bcd, two pnirs of Oats should be ground. the flots of ench 
pair being ISO d cgrees apar1. 'Jñe two hnrclness surveys are mrule on arljacent flots. 

4.1 P,-oa,durc for Dlstance l'rom lhe Qucnched E0tl In Mllllmeler,¡-­
Hmdncss vnlucs nrc obtainecl from 1 to 15 mm in intcrvals of 1 mm. For this 
clistanu, two hardness tmverscs nrc rnadc, coch with hardness indenmtions 2 mm 
ap:ut, one travc,se sll111ing o.t I mm from the qucncl1ccl end, the other st.nrting ni 2 
mm from !he quencbed end. Beyond IS mm from the qucnched cnd, intcrvals can 
be incn:ased to 5 ·mm until 20 HRC is reached. 

4.2 Procedun: (or Dlstance from the Quenched Eod In SL-.teenths or ao 
lnch--Harclncss vnlues are obtninccl from 1/16 to 8/16 in from the quenched end in 
in1CrVals of 1/32 in. For this distnnce, two hnrdness trnVCISCS ore modc, coch with 
ruudness indentations 1/16 in o.piut, one trnvcn;c sl:ltting at 1/16 in from thc 
quenched end, the other struting nt 3/32 in from t:h.e quenched ene!. Bcyond 8/.16 in 
from lhe quenched end, intervals e.in be inettnscd ton minimum of2/J6 in u.ntil 20 
HRC is reached. 

Por plotting test rcsults, the Stondanl Form for Plotting Htudcnnbiliry Curves 
(Fíg,,rc 6A or 6B) should be usecl. 
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DATE _______________ _ 
lABORATORY ____________ _ 
TYPE SPECIMEN ___________ _ 
TEST NO. 

NORMAl. OUENCH 

¡TYPE HEAT NO. GRAIN SIZE e Mn p s Si Ni Cr Mo TEMP. ªF TEMP.°F 

REMARKS _____________________________________ _ 
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FIGURE 68---ST ANDARD FORM FOR PLOTilNG HARDENABILITY CURVES (S!X'IBENTHS OF AN INCH DIST ANCBS) 
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FIGURE 7A--CORRE1A110N OFCOOUNO RATES IN JOMINY BAR Al'.ID 
QUENCHED ROUNO BARS 

FIGURE 78-CORREIATION OP COOUNG RATES IN JOMINY BAR ,a.NO 
QUENCHED ROUND BARS 
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A0URE 7C-CORRELA TION OF COOLING RATES IN JOMINY BAR ANO 
QUENCHEDROUNDBARS 
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AOURE 7D-CORRELATION OF COOLING RATES IN JOM!NY BAR AND 
QUENCHED ROUND BARS 

TABLE 2-0RIFICES FOR OUENCHINQ SUBSIZE SPECl�ENS 

Test Speclrrwn 
Olun•I•,.. 
mm(ln) 
19 (314) 
13 (11'2) 
6 (1/41 

Ortnc, 
Sin 

mmQn) 
13(11'2) 
8(1/4) 
3(1181 

Dtstence from 
Orlrlc• to 

OuenchadEnd 
at Speclmen 

mmOn) 
13 (112) 
10 (3/8) 
611m 

APPENOIXA 

FnHI Halght of 
Water Column 

mm(ln) 
63 (2-112) 
102 (4) 
203 (8) 

!\;fETHOD FOR CALCULATING HARDENABIITY 
FROM COMl'OSffiON 

A.l lntroducllon-This method of Jominy hllrdenobilily calculotion from thc 
chemicnl ideal diametert (D¡) of a steel is bascd on the original worlc of M. A. 
Grossman, Reference 18, :md provides increased accuracy by refinement oí thc 
caibon multiplying factor,; and !he cocrelation of a boron íactor (B.F.) with 
carbon and nlloy contenL Toe.se refinemenlS wcre based on w,alysis of 
lhousands of heats of boron and non-boron 1500, 4100, 5000, and 8600 series 
Stt:els encompassing a range of compositi.ons as shown in Table Al and a rnngc 
of 01 a:; conuüned in Ta.bles A9 to Al 2. Toe aCC1Jrnc:,Y of this mcthod nnd the 
le.chn:iques u.sed to develop it ha.ve bcen documented, Refere.nce 26. For 
<omparison oí this method to olhers, or for steel compositions outside !he above­
lTlcnlioned grades, thc user should refer 10 other article s Usted in Section 2.1. 17 
lo 29. 

Toe succeeding panigrophs ou1line this method for calculoting hardenability 
frorn chcmicaJ composition_ Toe colculation melhod and dala 1nbles are also 
•mbodied in a computc,r program, BA406 "Hllrdenability Prediction Calculator'' 
•vailable through SAE. Toe program runs on "" IBM compotible PC wilh • 3-
l/2 in disc drivc. lt providcs both tabular and grnphical outpul of end-quench 
hardenabilicy datn calculatcd from chcmical composition. To obwn a co¡,y of 
the prognm, contact the SAE Customcr Service Depo.rtmen� 400 
Cornmonwealth Orive, Warrendale, PA 15096-

D1 (o, 01 in R>QZ. compule,' proz.nuns) m¡n:se.nu tbc dbm::tuo( 3 rowul 5lcc1 bcr lhal will hardcn ar: die 
CCtCa- to 50'J,mancnsketwhc:nsubjc:acd 10 11n id::alqu,c.nch (i..c..,. Gro5,:50m1qu::,cb �riryH-� 

TABLE A1-COMPOSmOH RANGf; USJ;;O TO DEVELOP ntE HAROE:N.ABll.JTY 
CALCULATION METHOO OESCRtBED IN IBIS APPE.ND(l( 

Ca.rbon 0.10-0.10 
Mangllfl058 
Silícon 
Ctvomlum 
Nlckel 
Motybdenum 

0.50-1.65 
o. iS-0.60 
1.35mu. 
1.50m8.Jl 
0.56ma.x 

1 Far efement perO&f"ltagas outsJde lhe ranges Shown. e.nd tor eJ¡¡m9nt.s no1 3hown 
(coppo, and vanadlwn). fhg orJgln.8I G1ossman !adora are 1hown In TatHG A2. 
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1.27 

A.2 D1 Calculationfor Non-Boron Steelo-This cnlculalion relies on a series 
of hardenability foctors (Table A2) for each olloying elemen1 in !he cowposition 
which multiplied together give o D1 value. (For simplicity, only multlplying 
factor,; for 01 in inch unilS are given. For D1 in mm, the D

1 
in incbes sbould be

convertcd.) Toe cffects of phosphorus and sulfurare not considered sin� they 
tend to cancel one nnother. A No. 7 austerútic grain size is assumcd since most 
slecJs with h.nrdenability control are mclted to a fine grain practice wherc 
experience has demonstrnted that an extrcmely high perccntage of hcats conform 
to Ibis grain size. For austenitic grain sizes olhcr than No. 7. Grossman·, data 
suggesl thnt the calculated 01 be incrcased about 8% for eoch grain size number 
less !han 7 and d=sed by about 8% for each pain sw: number grcater thlltl 7. 
Specific suggestions are: 

o. For grnin size 6 multiply 01 by 1.083 
b_ For grnin size 5 multiply 0

1 
by 1.1 72 

c. For grain size 4 multiply Dr by 1.270 
An example of D1 c:ilculation is g;vcn in Table AJ for nn SAE 4118 modi6ed 

steel. 
A.3 DJ Caku/ation for Boron Steels-With nn effective steelmoking process, 

the boron factor (signifying the conlribution of boron to increased hnrtlenabili,Y) is 
nn inven;e function of the carbon nnd alloy con1ent. Toe higher the cart>on w,d/or 
.Uoy contcnt !he lower 1he boron factor. 

A.3.1 Actual Boron Facto�The actual boron fac1or is h¡,ressed by the 
following relntionshlp: 

B.F.; Measured o
1 

from Jo miny Data and C aJbon Con1cn1 
Colculnted D 1 from Composition Excluding Boron 

(Eq.AI) 

Dato. for nn nctual boron factor detennin.ntion are given in Table A4 for- an 
SAE 15830 modified sreel. 

A.3.1.1 STEP 1-Using Table A5, de1ermine the nearest location on the cnd­
quench curve where a hardness corresponding to 50% monensi1e occurs fer thc 
aclUal crubon content, Far lhe example llen1 with 0.29% ca.tbon this har dness is 
37 HRC occurring ata "J" rusbnce of 13 mm or 8/16 in from the queoched end. 

A-3. 1.2 STEP 2--From Table A6 (mm) or Table A 7 (in), n "J" distnnce of 13 
mm or 8/16 in equotes to n measured DI of 76.4 mm or 2.97 in (Ínterpolation 
mny be requircd). 

A.3. 1.3 STEP 3 

or 

Boron Factor= 76.4 mm = 2.43 
31.5mm 

Boron Factor = � = 2_4 
1.24 in 

(Eq.A2) 

NOTE--Oifference in B.F. using inch versus mm is due to the use of nearest 
s1nndard "J" dis1ru1ce. Use of e,wct ·r disUlllces would resolve this differcnce. 

A.3.2 Calclllo.Uon orD, wlth Boron (019
) 

A.3.2_ 1 STEP 1--c,,¡culate the D1 wilhout boron. For the prcvious cxaruplc, 
this Dr is 31.5 mm (1.24 in). 

A.3.2.2 STE,P 2--c,,¡culate the nlloy fnclor {the product oí ali the multiplying 
facton; from Table A2 excluding caroon). For lhe previous CAample: 

or 

Alloy Factor Calculatcd D 1 (wilhout Boron) 
Carbon Multiplying Fuctor 

1.24 in 
=B.O 

0.157 in 

Alloy Factor; 
3

1.5 mm -8.0 
0.157 in>< 25-4 mm/ in 

(Eq.AJ) 

(Eq_A4) 
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CU�VE C-SMOT V l; lOCITY 

AMO/OA SHOl .$1ZI; 

TOOSMALL 

TIM( Of EXl'OSV'lE OR OUI\NTIT'V OF SIIOT 

F({;_ l!-INTt:NSIT\' Dt�n: R M I NATION CU�VF.S n. c. ANO D 

height betwcc-n l0A and 1 4 A as measurcd on a standard rest strip uA" 
wi1h 98% of pan cove-red by dimples. - Production pans are thcn pt:cncd 
for a time equivalen1 to that rcquircd to crcate this a1·c height-iilS detcr­
mined on tht: saturation curvt", and to visual coverage inspcction. Bccause 
,he ,hape and hardness of many pan3 differ from that of the test strip, 
pttning time to a-chieve comp�e-te covcragc may �ary íro!"' thc tim<: r�­
quired to saturat� 1he teSl stnp. HardeJ" pans wrll re:qu1re more . ttme, 
softer pan5 will rcquire less time. For optimum resulu, always peen a 
part with shot as hard or harder L.han the pan to be pecned. 

7. Determination of surface a re-a coYerage--FuU .surfac-e anea covcr: 
agc on pan or test s trip 1nay be determined by using any one or comblna­
tion of thc: following op1ional procc:dures: 

(a) lnspect ali ( 1 00%) surface, of fillets, cavitie3, grooves, and holes 
wing JOX magnificat.ion. A fully covered surface is indicat�d whc-n it is 
covc:rc:d by ovcrlapping dimples which oblitera1e ali prior surface defini­
tion. 

(b)1 Coat .set-up part with ·Ruore.scent sf!:nsitive tracer. PC'Cn pan to 
inlcnsity and expo5ure time detennined in Step 6, the,n visually examine 
wing ulua-víolc:t light to vicw fluorescc:nt tracer. Any indicalion af contin-

• lí a  comp.irison of the .sampl,e test .strip or pan i� m"'dc to prcYiowly prcf>U("'d 
C011trol spc:-cimcns, 1hc one mak.ing thc- cornp:uison m.ay be- in viobtion of U. S. 
p.,_ No. $,9S0.6-l2. 
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8. 1 1

uow residual Rµorcsccnt trac�r on surfacc {minute Rcck.s are acceptablc) 
indic:ue·s that full cov�rage has not bc:en obtaincd. 

(e) Coat sel•Up pan with dye marker ink. Peen pan to inLensi<y and 
exposun: lime detennined in Step 6. chcn vi.sually examine:- with whilc 
light for remaim1 oí dyc marker inlc. Any indication of,contilluc,us dye 
marker ink on suTfacc (minute flecb ar� acceptabl-c) indicates that full 
covcr-age h.a, not bccn maintaincd. 

(d) Aíter 2 part ha.s bcen shot pn:-ncd, a transparc:nt replica of ch� 
surfac� can be made. Tnu rcplía can be compared with other replicas, 
having variou� d<gn:es of caveragc, by projection on a scre:f!'n. 

(e) Exposc polishcd test s.trip to shot pccning strca m, idf!'nticaJ to that 
used to detennine are h�ight. Place in lhe fidd oí mecallurgical camera. 
Using transparent pa�r. and a magnification of approximat�ly 50 diamc­
ccrs, oudinc: thc dcntcd arcas which can f:!e idcntified by thc contr.ut of 
the polish�d scrip and the inclln�d surí.aces of the indcnt.-tions._ Mc:asurc 
thie are;a of aJI the indent�uions wirh a planimetcr. The ratio oí indented 
arca to the toral arf!'a is the perccn(age of covcrage. 

Gen.eral Pr-ocLn Control-The proce» of peenlng, in common with m:any 
other proces5es, cannot at prescnt he adequately controlled by nondc­
structive in,peClion oí the peened pan.s, therefare, it is necessary to con­
trol the proccu it..sclfto achicve con:.si..stent, reliable rcsull5. Mcasuremenu 
of surface residual S Lre,;se• by X-ray diffr..ction (SAE J784a) can be a 
w�ful 100), where applicable, to monitor variations in .shot pc-crúng pro­
c-c::ss. 

Sbot-Sho, should be initially insp«:1cd bcfore using and also con• 
rrolled throughout lh� peening cyclc. Thc- actual amounl of .sampling 
and inspcction required wilf vary wilh each operation and wlth require­
ments for shot quality, cleanlines.s, etc. This control should !.erve as a 
check on the cffec1iveness of equipmcnt, including Lhc shol scparator. 
The same reasoning :applies to other pcening media such as gla.n beads. 
slurrics, etc. 

UnJC"n olherwise spccificd on t.hc drawings , if onJy a minimum intcn5ity 
is specified, the maximum inrensil)' should not exceed thc minimum intcn­
sity by more than 2G far C Slrip, 4A for A strip, and 6N for N 3Uips. 
At ali times, lncenslcy is assumcd lo be at  98% covcrage. Thc rnax.imum 
intensity !hall not cause; undue warpage oí the part and shall be lx-low 
the thre:!lhold of crosion of the base material. 

SAE Manuals on Sltol l'unin¡¡--SAE Manual on Shot Peening J808a, 
and Me-chanical Prestressing Repon SP 1 8 1 .  are rccommended for !'IUpplf!'­
menlary infonuation on thc process . 
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Reporto[ u.e lroo and Stcel Tcc:hDical C.ocnmlncc 11ppcmd Junc 1962. Rea.ffirmcd whh ed!u,rfll c.Jwi.gc Jm.ua.ryl969. Ccmpk:1ely n:vlscd by lhc foligue, ()c¡{gn, w,d Evalwuioo 
Cbmrn111.ce Mvch J990, Complctcly �vucd by tbe Surh.cc Enhmamicnt DIYl.sion oí lhc SAB Mitigue. Oulgn. lllld 6valuation Oxnmitl0c Ju.ty 1994. 

J. Scope--Tiús SAE Recoromendcd Pra.ctice describes chemical coropositi9n, 
hardness, microstructure, and physica1 characteristic requirements far high cDJbon 
cost sree\ shot to be uscd for shot peening or blast clcaning opcrntions. 

2. Referen.c,:s 
2.1 Applicable Document5-Thc following publications fonn a po.rt of 

Ibis specification to tbe extent specified bercin. · The lates! issu" of SAB 
P•blications shall npply. . 

2.1.t SAE l'UBUCATIONS--Available from SAE. 400 Commonwcallh Orive. 
Watrendale, PA 1 5096-0001 .  

SAE 1444--Cast Shot and Gñt S i ze  Spccifications fo r  Pccning and Clconing 
SAE 1445--MelDIJic Shot .ond Grit Mechnnical Tcsting 
2.1.2 ASTM PIJBUCATI0NS--Available from ASTM, 1 916 Rece Street. 

PhilarleJphia, PA 1 9 1 03-1 1 87. 
ASTM B 2 15, Method B-Mcthods of Snmpling Finlshcd Lots of Metal 

Powden; 
ASTM E l 4D-Hard.ocss Convcxslon Tables for Mctals (Relationship 

Bctwcen BrincU Hardness, Vickcr,; Harones• Roclcwcll 
Hardncss, Roclcwcll Superficial Hnrdness, nnd Knoop 
Hardncss) 

AsTM B 38-Test Mcthod for Microhanlne.s of Mat.crials 
l. Doscripñan--High c:ubon cast ,teel shot is obtained by lllOmizing molren 

't<:cL Thc shot is beat ttcotc-d lllld scrcencd lO prod>Jco n rnngc of sizcs from liCS?o 10 HCS t 320 or largcr ns described in SAE 1444. 
4· ClasrificatiDn--Cnst stct:I shot shall be iclentified by HCS for shot, foUowed by thrcc numbcrs rcprcscnting \he sizc in ten thousandths of inchcs, in 

'1<:comnncc wilh SAE 1444. 

EXAMPLE--HCS330 indicates a cast steel shot identified by n nominal sieve 
opening of 0.0331 in. 

S. Clumical Composmon-The finished shot shall have the chcmical 
composition shown in Table 1 : 

TABLE 1-CliEMICAL COMPOSTTION 

6. Hardness 

Elem.tnl 
Catbon 
MMganel58 

HCS70 • HCS1 10 
HCS170 
HCS230 and up 

511cm 

Sulrur 
Phosphorous 

Welp.ht P-.rcent 
0.85 - 1.2% 

0.35 - 1.2% 
0.5 • 1 ..2% 
0.6 - 1 .2% 

0.4 - 1.$0% 
0.050% mAD'num 
0.050% maxmum 

6.1 Standard Hanlncs&-The hnrdness of 90% of oll shol pnniclcs shall 
be within the range of 400 to 540 KHN (40 to SO Rockwell C). 

6.2 Spedal Hardnessrs-Othe Juirdnesses may be spcclfied by the purchoser. 
7. Mü:ro1tructllre--The microstrucrure of high carbon case stecl shol shaJI be 

uniform martcnsÚe, tcmpercd 10 a degn:e consistcnt wilh the hnrdness nmgc. 
wilh fine, weU dis1nb11ted caxblcles, if any. 

8. G,-,unzl N>p�&-High caroon cast stcel shot is gcncrally s:phcrlcal 
and shall havc no more !han 20% of \he pruticlcs wilh objcctioruible 
characterisoc:s. Any onc particle rested tbnt hns severa! different defects, shall 
only be cou.nted once in lho toto.l. 

8.1 Objectlomibl� Cb.arac1erlsUcs 



8.12 

8 . 1 . 1  PARTICLE SHAPE--No more !han 5% of the particles in o shot sample 
shnJI be clongated. An elongated particle Is one whosc length is in cxccss of 
twicc !he mnximum pllrticlc widlh. 

8 . 1 .2 Votos-No more than 1 0% of thc pa.rticlcs in a ,a.mplc ,hall cont:A.in 
objcctiorui.blc voids. Such a void is a smooth-surfaced, interno! bole wbose cross 
section is l�er lhiln 1 0% of the portie le orea. 

8.1.3 SI-IRINKAGE--No more thnn 10% of the p:,rticlcs in a sample sball contain 
objectionable shrinkage. Such a shri.nlcage is on intcmru cnvity with an irregu]nr 
dendritic surfacc wbose cross-sectionnJ arca is lnrge than 40% of the particlc arca. 

8 . 1 .4 CI\ACKs--No roo"' than 15% of lhe plU'ticles in a shot sample sho.ll 
conla.in objectionable cracks . Such o crack is a lineru- <liscontinuity longer than 
three times its widlh, longer thnn 20% of the sbortest cross scction of !he 
p:irticle, nnd rndial in orientation. 

8. 1 .5 MICRO�ucruR&-Carnidc nctworlcs, pnrtinl dcclllburizntion, grnin 
boundary segrcgntion, nnd pcarlite are undesirnble. No more than 15% of lhe 
particles testcd shall hove these defccts. 

8.1.6 NONMAON6TIC MATERIAL--No more tho.n l % of the shot sarnple, by 
weight, shnll be of nonmagnelic material. 

9. lknsity-The clensity of high c41bon cast sreel 6h01 shall be not Jess lh:in 7 ¡,/ce. 
10. Mechtu1ical Test.r--To confonn with pending revision of SAE 1445 thnL 

supersedes REV AUO84. 
11. Jnspectúm Procedures 

11,1 Sampllng-Srunples for testing shall be reprcscntative of cach sbipment 
or production loL Toe method ofsnmpllng shall be ASTM B 215, Method B. 

11.Z Sample Mountlng íor Testlng--,Shot samples used for �sting for 
hardness, microstructure, and objectionnble defects shall be mounted one !ayer 
deep in bo.kelile or other suitable strong me1:tllurgical snmple mouating media. 
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. The mounted snmple snall b e  ground to the ccntcr o f  !he particles "'1d 
pohshed by methods acccpt:1ble for microscopic cxtuninotion. When grind¡ 
and polishing the sarnplc, CD.re must be Wcen not ro overheot !he so.mple �� 
nffect micro¡;.tructure nmi/or hnrdne�.s:. 

11.3 Hardness Testlng-Hasdness measurcmcnts shall be lnl<cn 01 lht 
half rndius of I O particles in the rnounted samples. 

The hnrdness shall be dctemúncd by using ASTM E 384 and using 11 4.9 N 
(500 gl) load for siz.es HCS280 ond finer, ond 4.9 N or 9.8 N (500 ar 100() g1) 
lond for siz.es HCS330 nnd larger. Other microhnrdness test rnethods m.iy be 
used ns lo_ng ns n_rehoble hordness conversion can be obtained by calibrating thc 
tesl machme agamsc Jcnown standards. Appro.timate conversion lO RockweU e 
Hrudoess Numbers can be obtnincd forrn ASTM 140. 

. -�U Ml�cturc-The mounted w,d polishcdsarnplc slwl be Clehed V.ith 
2% N,tal o, othet- suitoble etchanL nnd e.xarnJncd nt approximatcly SOOX masnífic:uion. 

11 .S Objectlonoble Charncterlstlcs--Objectionoble charocLeristics sliaJ¡ 
be mensu.red using a rnetallurgicol microscope with IOX magrúficntion. ,\ 

· mínimum of 50 particles contnined io !he rnounL shall be evaluataL 
11 .6 Denslty-Density shall be determined by ¡,lncing 50 mL of water o, 

alcohol in a 100 mL grnduate, ndding 100 g of shoL nnd recording thc increase in 
volume. Dividing 100 g by thc volume increru;e will give the density in glcc. A 
pycnometer melbod rnay be used for more critical density rneasurements. 

11.7 Nonmagnetic Material-A hand magnet will be used to scparatc u-.. 
magnetic shol from the nonm:ii¡netic cootruninnnts. Toe nonmagnetic contomin:uil, 
shall be weigru,d and lheir pcro:ntage of !he original sample wcight colculnn:d. 

11.8 Cbemlcol Analysl.--Any suitable ASTM Analytical procedure far 
-slecl may be used LO tesl chemical composition. 

SAE Recommended Proctice 

R.qx,n uf lhe Surfan: f..nh1mc.::ment Sulxommi1u:C' uf lhe- FatiJitUC', Ocsig,1. �nd Evaluation Eu:cutivc- Commiu�e :1.pprm•ed Juu� 1 991 . 

J. Scope--This SAE Recommendcd Practicc describes chemical anal.
ysis, hardness, microstructure, and physical characterlstic re-quirernents 
for low carbon cast steel shot to be used for shot peenlng or blast clean .. 
ing operations. 

2. Bifen:nctr 
2.1 Applicablc Documenl.9-The following publications form a 

pan of this speciftcation to the extcnt specified herein. The lac.e:st issue 
of SAE publica1ions shall apply. 

2. 1 . 1 SAE Puauc,..-10Ns-Available from SAE, 400 Comrnoowealth 
Orive, Warrendale, PA 1 5096-000 1 . 

SAE J444-Cas, Shot and Gril Size S¡,ccifications for Peening and 
Cleaning: 

SAE J445-Metallic ShoL and Grit Mechanical Testing 
2 . 1 .2 ASTM PuBLICATIONs-Availabk from ASTM, 1 9 16 Racc 

SLreet, Philadclphia, PA 1 9 1 03. 
ASTM A 370-Test M e1hods and Definitions for Mechanical 

Testing of Steel Products 
ASTM E 384-Practice far Safeguarding AgainsL Warpage and 

Distordon During Hot-Dip Calvaoizing of. Stee] Assemblies 
J. D�.1eription-Low carbon cast sreel shot is rhe product obtained 

by atomizing and rapidly solidifying particles of molLen nccl in a con· 
trolled range of siz.es. Thoc shot panicles are then screened to pro­
duce a rangc oí sizes from LCS-7 0  to LCS-1 320 or larger as described 
in SAE J444. 

4. Cla.uijication-Low carbon caSl stcel shot shal1 bie identift� by 
LCS followed by Lhe numbers representing Lh" nominal sizc in ten
thousandths of mche,, in accordance with SAE J444, i.c., LCS--460,

5. Cl,..,.ical Cumpodtion-Thc finished low carbon stcel shot shall
havc the following chernical composition as listed in Table 1 :  

TABU 1-<HfMICAl COMPOsmoN 

low Corbon
Steel Shof 

Co,bon 
Silicon 
Manganese 
AlvminUO'l 
Phosphon.n 
Solfur 

Chomkol 
c....,._¡,;on 

0.10 lo 0.15'll.
0.10 'º 0.25% 
1 .20 ,0 1.�
o.os lo 0.1� 
0.0359' mcnclmvm 
0.035� ,no,illnUQI 

6. Rarvlnur-The hardness of 90o/c. of ali shot partidcs tened shall
_be within Lhc range of 400 LO 5-40 KHN (40 Lo 50 Rockwell C). 

7. MicrostructuN"-The microstructure of low carbon casl steel sho1
shall be an intermedia.te scructure (bainite), a mechanica.) mixture oí 
ferrite and cementhe particles with random feather-like .ippearance 
(upper bainite) and accicular (lower bainite) with few or no free car­
bides, (s<>e 8 .  1 .5). 

8. Generar Appr,arance-The low carbon s1eel shot ,hall be as spher­
ical as commercially possible and no more than 20% of the shot parti­
cles shall have objeclionable defects. Any one particle tested that has - , 
severa! differelll defect.s will only be counted once in the total. N otwith­
standing che allowable percemages lis1ed as follows, no more Lhan a to­
tal of 20o/c. objec,ionable particles are a llowed. 

8. J Objectiona.ble Defects 
8 . 1 . 1  PA RTICLF. SHAn-No more than 5',ll, of the particles in a sho• 

sample shall be c long-atcd. An clongatcd particle is one whose leng1h is 
in eXces.s of twice the maximum part.icle wídth. 

8 . 1 .2 Vows-N o more than 1 0%. of the paniclc:s in a sample shall 
contain voids. A void is a smooth surfaced interna) hale and musl be 
greatér than 10% of the particle to be considered harmful and coumed 
as a void. 

8 . 1 .3 S1-1R1NKAGF.-No more than 1 0%. of thc:: panicles in a sample 
shall contain shrinkage. A shrinkage area lS an interaai cavÍlf with a� 
i.rregular dendritic surface, and muse be greater than 41J% of the paru-
cle area to be considered harmfuL 

8 . 1 .4 CRACKS-No more than 5% of t.he parr..icles in a shot sampl_e 
shall cont.ain cracks. A crack is a linear discontinuity whose length 1s 
greater than three (a) times its widlh and iLs lcngth is greaLer rhan 20\'! 

· of the diameter or shortcst dimem;ion of the particle.and radial in on­
entat.ion.

8.1 . .5 MtCROSTMUCTUllr.-Carbide networks, parcial diecarburiz.ation, 
and gr-a.in boundary seg¡-egation are undesirablc. No more than 1 5'¾ of
the panicles tested shall have these defects. 

8. 1 . 6 NoNMACNr.TJC MATr.1UAL-No more lhan 1 %  of the shot sam· 
ple, by wcight ,  shall be nonmagne,ic material .  

9. DeMty-The density of low carbon cast steel shot shall be noi Je.SS 
than 7 g/cc. . 

JO. Mechanical Te.su-To conform with revised SAE J445. 
l 1.  lrqpenif1n Procedures 

1 1 . 1  Sampling-Samples far chemical analysis, hardness, rnicro­
structurc, density, objectionable defects, and mechanical testing sh3II 
be carefully obtalned lo be represencative of each shipmenl of produC­
tion loe. 

l 1.2 Sample Mounting· for Tcsting-Shot samplcs used for «s•· 



. g for hardness, microSLructurc, and objectionable dcfects sha.11 be 1" ounled onc laycr decp in 00.kditc or other suitable strong metallurgi .. 
"'¡ ,arnple mounting media. ca 

The rnountcd s.ampk sh all be g round 10 the center of the particlc 
,.,,d polished by acccptable m<:thods for cxamination using a micro­
,copc. When gnnding and polishing thc samplc, carc must be tale.en not 

O\•erheac the sample and affect mkroscructure and/or hardncs.s. 10 
u.3 Hanlocia Teating-Hardness measurcmcnts shall be taken at 

the half radlus on a mínimum of ten {l O) randomly �lccu�d paniclCJ in 
he mounted samplie.· 

t The hardne<S shall be determined by using ASTM E 384 and using 
500 gf load for siz.es LCS-280 and fincr and 500 or 1000 gf load for 

�zes J..CS-330 and larger. Othcr microhardnos te.se mcthodo may be 
used as long as a reliable hardness convcnion can be obtained by ca1i­
brating various machines against known srandards. Approximate con­
,crsions to Rockwcll C hardness numbers are obtained írom ASTM A 
370. 
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11.4 Microatructurca-Thc m ounted and políshcd sample snall be 
ctched with 2% Nital and examined al approximatdy 500X magnifica­
lion. 

11.5 Obj�onable Dcfecta-Objcctionablc dcfects shall be mea­
sured using a microscope with a 1 OX magnification. Ali of e.he panicles 
comained in the moum shall be evaluated. 

11.6 Density-Dcnsity shall be dctcrmincd by placing 50 mi of 
ethanol or methanol in a 100 mi graduate, adding 100 g of shot and 
recording lhe increase In volume. Di viding l 00 g by thc volumc in­
crease will give the density in grams per cubic centimeter (ce). A. pyc­
nom�ter method may be usccl for more critica) d cnsity measurements. 

11.7 Nonmagnctic Material-.A hand inagnet shall be uscd to .se¡>­
arate the magnctic shot from lhe nonmagetic contaminants. The non­
magnctic concaminams shall be weigh<:d and the perc.,ntage of the 
original sample weight calculatcd. 

11.8 Chemlcal AnaJyais-A.ny suitablc ASTM analyticat proce­
dure for sceel may be used to test chemical analysis. 

SAE Recommended Practlce 

RcpD(t of thc Produ..."""'Dan Dlvision :q,pn>•;cd JalUW'y 1946. Rcviscd by lhc Mcdmnical �ng of Metal, Dlvison Novembcr L976. Ruffim:kd wltb clun¡c by tbc f'aripc., 
Ocsip.uul EvaJuatloo Stccring Commhtc.c. Au.gwt 1984. Complctdy n::vbed by lhe Fatigue. Dcstp • .00 l!valu.ttioo Com.mina: May 1993.. 

1, Scop•-Tlús SAE Recomrncnded Prnctice pertnins 10 blast cleaning and 
,hot peening and provides for standard cast shot o.nd grit sizc nombecs. For shoc, 
!his number corresponds wilh the open.ing of the nomionl test sicve, in u:n 
!housandlhs of ioches 1, preceded by :in S. For grit, this nurnber corresponds 
,.;[h che sieve desigoation of the nominal test ,ieve wilh tbe prefix G added. 
lbese sievcs are in occ ordance wilh ASTM E 11. 

The nccompanying shot and gril classifications and sizo designations wcre 
formlllated by represcntntives of shot and gril suppliers, equipmcat 
mannfacturers, and automotivc users. 

2. References 
l.l Applicable Docmnent-lñe following publication fonns a part of 

Ibis s¡xcüication to the extent spccified herein. 
2.1.1 ASTM PuBUCATION-Available hom ASTM, 1916 Race S�et. 

Pbiladelphio. PA 191 03-1187. 
ASThl E 1 1----S la!ldrutl Specifications for \Vire Cloth Sieves fur Testing Purpoocs 

2.2 Rclated Publlcatloo!;--The followlng publicatioos are provided for 
iníonnaúon purposcs oruy and are not n required part of this docurncnt. The 
htest issue of SAE publications shaf.t npply. 

1.2.1 SA.E PusuCATIONS-Avllilobte from SAE. 400 Commonwealth Drive. 
Warrendllle, PA 15096-0001. 

SM, 1445-Metallic Shot and Grit Mechaoical Testlng-For lnfonnation on 
Shot Durability Determination 

SAE 1827-Cast Sr,,et Shot-F�r lnformation on Composilion and Shapes 
SAE Jl993--Cast Steel Grit-For lnfOillUltion on Composition and Shapcs 
SA.E J217S-Low carbon Stcel Shot-For Joformation on Composition and 

Shapes 
3. Testing Proct!llure--Sieve Analysis 

3.1 Equipment 
3.1.1 A. rotating and tapping type of testing machlnc shal.l be u.sed. 

3.1.1.1 Toe shalcing speed shall be 275 to 295 rpm. 
3.1.1.2 The taps per minute sha.U be 145 to 160 when tapping mnch.ines 

are used 
3.2 Slevcs 

3.2.1 Toe testing sieves shnll be in acoordancc wi th ASTM E 11. Tbcy shall be of 
!he 203 mm (8 in) diamctcr series, ofe:lther 25 mm (1 i n) or 51 mm (2 in) hcighL 

3,3 Procedure 
3.3.1 A 100 g sample of the shol or gril shllll be obtaincd from a 

represcntntive quantity. 

1 EnmpJc: S-550 �•cut sb:.l Vlotidcodficd by a oomin.a.l �cve opcnlng ruo,ru.s:s in. 
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33.2 The sample shall be pl<tccd on the top sievc of a stack of t:luec or four 
síeves. depending on media and su.e (Fígun,s l and 2). Nest the selecled sieves 
and fit a pan to lhc bottom sieve. 

3.3.3 Toe snmple shall be run in tbD tcstiJlg machine tac 5 min ± 5 s for sáz.cs 
using sieve dcsigwuion 35 or coan;cr llllll 1 O mín ;1; 5 s for sizcs using rieve 
designation finer than 35. 
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3.3.4 Toe stack of sieves &hall be tern0vcd from thc tcsting madúne and th, 
peroontage oftollll weight shallbe reoonled forlhenx:dia rcmaining oneach sievc. 

3.4 Any al�mat.. method agreed upan by the supplier and the user wbic¡, 
gives equivalcnt resulJs will be aa:eptnble. 

FlGUAE 2-CAST waT SPECIRCA11DN!I RIR BU.BT CLEANNG 
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SAE lnformatlon Raport

Bqart of u.e ln:m 111d Scccl Todmkal Cocamhca &p\JCQ� Junicy 1957. mvi.lcd Junc 196'2. aDd n:afímac4 ALlpa l.9M. Complc&ly tnbcd by dm � &hmccmetu 
SUbcamnlhlAot die SAE � Do,i¡n.'""1 E-oaCcmmime April 1996. 

Ponwonl--Shot tcsting macbinea di1fcr in detall, but = aliloo in tbc 
fundamcmbJ principie lhat a sample oí shot Is sobje<:tcd to a:pcall:d !mpacts on a 
targeL Toe pcrcen!Age of brealcdown is tudily detl!nllinrd by means of a screm 
analysill. Toes.e dala can be used to check lhe unifonnity c,f shipmenll; or lo 
dctcnninc lhe iclalive fatigue lifc. TI,c resul15 obwncd Crom te5ting machines 
an: no I inleruled to be usa! in establishing consumption or rost in produclicn 
=hines bccaDSC of othu ronsidcmlions not dllplicated in tbc labonlmy. 
Howcver, the machines can be w;ed to test incoming shot Cor conslst=cy and 
comparalive life with-previOIIS shipmcnts of lhc eame type of •hot fmm tbe samc 
manufactitter undu bborstmy condilioru:. Sorne macblne• can be fiued wilh 
standud test strlpo1 to measure cncrgy <ransfcr. 

NOTE---Sbot particlcs IIlllY be subjcct to mulliple lmpacts in a tcst macbine. 
Thc wget ma� of test mai;bims aR madc of bud stz:cl to rcslst wcar duri,,g 
teating. Hard sbot is more clastic titan soft sboL Duc to thae coosidcnliono and 
thm inlluence on abot fmlme. care must be ex=ised when analyzing results 
from dús a.a:elcnted. laboratory tc<ting. 

l. Scape-Tiñs SAE lnfmmalion Rcpm1 is iil1cndcd. to providc oscrs and 
producers of mc:tallic shot and gñt2 with g=-1 inlímDatlon on momods oí 
mechanically testing metal shot in lhe l oboratory. 

2. Jufumi:a 
2.1 AppUcablc Docwnent»-The followiog publlcalions form a pan oí 

this spccüka!ion tD lhc cxtcnt spccificd huoin. Unlcas odicrwisc spccilícd, tbc 
lalest i66UC of SAE publications shnll apply. 

2.1.1 SAE l'UBUCAni:lNs--Availablc from SAE. 400 Commonwealth Orive. 
Wam,ndalc, PA 15096-0001. 

1 SecSAJil44:2 ud SAE J«1. 
1 Sbcrt.Uld pu .W 1ie � rcfaffd t.o u shot. 

SAE J442-Tcst Strip, Holder, and 0.go for Shot Pcening 
SAE 1443---Proccdurcs for Uiriog Staodanl Shot Pceaiog Test Strip 
2.1.:Z ASTM PUBUCAnOr+--Availnblc from ASTM, 100 Ban Hmbor Dnve. 

West Consbobocken, PA 19423-2959. 
ASTM B 215--M21hods of Sampling rmis!Jed Lots of Mela! Powders 
3. S""'.fJl/nr--,Semplel fQr 12Bting eball be representalive of each shipmen1 or 

production lot. � rmtbod of sampling &hall be ASTM B 21S. Melhod B. 
,t. Callbrattoll-Bccallllc nsults C4ll be lnflucnced by tbe condition of a t<S1 

macb.inc, tbe machinc m05I be recalibratcd accordiag to thoe machlP< 
�• reoommcod&don. Thls may be aa:ompllshcd by R$<0rving an 
adoquate amount of sbot of btown lile, and comparing !he nosults obtnined on 
lesl!l wilb tbat ofthe ".dandanl sbot." Tb.e nw:bJnc must be repaited or adjust..l 
• occcuuy whcn otl-stlllldanl rondilioM an, obsmve.d. 

S. Ezampla afTat PrrH:"4ara 
5.1 A'fCnp Lile l,y Meannment Gf the Ana Undcr tbe Jlreal<d""" 

� a repcaenlalive nmplc of 1bot is obscrvcd as it i,; brokcn down lll • 
ttsling ma.cJúDe, and b .-,:ent of tbe sample rúllined on a control sicvc ll 
plontd again..<t lhc numbcr of cycl�. c,n ltt!IIDgu!Ar coordin.arc papcr, • 
breakdown """"° typical of !he 1h0t is obtaincd. 'Jbc oontrol sic,·e opertu"' 
sboald be oppn»rimately cqual to tbe rcmoval slzc in tbe blast opmation. � 
area mtcler lb!& curve is a = of thc avemge number of cycles requir<d � 
reduce thc lizc of lhe sbot pamela whicb pas< through thc oontrol sicvc. 'flul 
average numbcr of qclcs, commonly reícn:cd to as tbc average life of the sboL 11 
a complete evalu.alion of lhe life of the obot under tbc cooditiona of thc teSL 

5 .1.1 ExAMPUl l'ROCEDURE 
L Place 50 to 1 00 g of tbc sampla to be tested into tbe = macJtine. 
b. Run untll about ZQ'iJ po,iXS lhrnugh the rontrol slcve. 
c. s.,._.,, � ,md plot thc p:n=t .-ined on duo control sieve agn.inS1 tJI' 

oumber of cyelu. wing teetnngu.lnr ooordinate papcr. 
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For faster resulu, thc altemate procedure siven below sive1 a c1- appl'Oll• 
jmation oí density. In c:ue, of dispute, �. che forq¡oing prooedun, 
.t,ould be uscd. 

ALTEPIATE Paocansu.-Wcigh tbc part in air1 thcn ooat thc enti� part 
wi,th ao aic--drying transpan:nt ac:rylic lacqucr. Thc pan i.s aubtequcndy 
wcighed apiD in IUJ", thcn in water. 

l)ensity is calculated as follows: 
D=--A­

B-C 
where: A = wcight of the original pan in air", g 

B = wcisht of the part in air after aating wicb lacquc:r, g 

(R) CUT WIRE SHOT
-SAE J441 JUN93

l. Scope--This SAE R=ommended Proctice is oonsidcrcd to be tentative nnd 
is subjcct to modific.ation to mcc.t new developments or requirements. lt is 
0� as a guidc in thc selection and ase of cut wirc shoL 

2. lhfennc�s 
2.1 Appllcable J>oc:umemr-11,e following publicalions forro a part of 

llü,; specjfication to thc extent spccific:d bcrein. 
2. 1.1 ASTM PIJBUCATIONS-Avnilablc írom ASTM, 1916 Race Strect. 

Plüladelphjn, PA 19103--1187. 
ASTM A 370-Test Metbom nnd Dcfinitions for Mecbaniw Tcsting of SIEcl 

ProdUCIS 
ASTN! E 384--Test Method for Microhanlneo ofMateriak 

3
- Descripnon--Cut wire shot duüJ be tbe product of cad>on stccl wire or 

�css wire 1ype 302, 304, Condltion B, Spring Ternpcr. cut into tbc form of 
tylúidc.,, with lengths approximately eqwtl to tbe wire dlametcr. Conditioncd cut 
"1te &bot witb edges pn,rounded sball be rcqoucd for sbot peening applications. 
• 4- CJa..tifa:atto11-All cut win, shol shall be ideolified aa:ording to tbe win> 

..,,, írom wbicb it is obtained. lt sholl be identi&d by tbe p-cfix lctlcn CW 
""""1ing cut 51cel wise or SCW meaning stainless cut wire. TIÜJi desigmlioo 
� be followed by n two--digit suffix nwnbcr equlva!tnt to tbe moan dlametcr, 
"'ltlcbcs, of tbe wire from whicb tbe sbot is produC%d times 1000 (oee Table 1 ). 

8.05 

C = wc:isJit of thc part immcned in W&tcr aítcr 0011ting wich 
lacqucr, g 

D = density, g/cm3 

�ara: Thc íorqoing methods give the dcruity oí thc part in rclatioo to thc 
dcm.ity of water at the tcatin& lcmperauu-e, tbat ia, spccillc g,-avity. Although 
ic ;,, 001DJ1JOD practice to asawne deruity and specific gravity to be equal, tlili is 
in fact not U'Uc lince the ma&imwn dcruity oí p� wa.ter U 0.999972 g/cm3 at 
39.16"F (198"C) arul � with incttumg temperan=. 

Tbc remlting error mcn,ucs to 0.5% abovc 90"F (32ºC) and to 2.5% at 
2l0"F (99"C). It a then:forc sugg,,sted tbat the teot ccmpcrature be held 
below ao•F (26"C) in onlcr to minimize thc error. 

SAE Recommended Practice 

TABLE 1-'MRE DIAMETER USED FOA CUT WIAE SlfOT 

,._n wtr• 01arn1i. ... .,. Wlr• DlarMtar 
Shat ..... (mm) (In) 

SCWJCW-& 1.8 (l-1!112 
SCWJC'N-S< , .. 0.054 

SCW/ON-47 1.2 0.0<7 

SCWlCW� 1.0 0.041 

SCW/CW-05 0.8 O.<XIS 

SCW/CW--32. o.e 0.032 
SCW/CW.2f1 0.7 0.028 

&Cil/CW-2:J 0.8 ,Q.023 

SCW/OW-20 0.5 º-'"'º 

SCW/ON-17 0.45 0..017 

SCW/CW�14 0.35 0.014 
SCWA::W-12 0.30 0.012 

5. Clwnical Composition-The chemical composition sh311 cooform to tbe 
following spccifu:alions: 

5.1 Cubon Sled 
Cart,on; 0.45 to 0.85 
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Mangnnese: 0.30 to 1.30 
Phosphorus: 0.040 mnx 
Sulphur. 0.050 mw< 
Sillcon: 0.15 lo 0.35 
5.2 Stalnless St.eel 
Carbon: 0.15 max 
Mangancse: 2.00 =
Pliosphorus: 0.045 rruu< 
Snlphm: 0.030 max 
Silioon: 1.00 max 
Chromium: 17.00 to 20.00 
Nickcl: 8.00 to I O.SO 

6. Touü� Propertw--Shot shall be ronde from wire confonning to the 
!ensile &trengths shown in Table 2. In order lo mcel purchaser specified 
ho.nlncss ,a¡uiremcnlS, odler !ensile strengths may be pennittod. 

TABLE 2-TENSILE PROPERTIES OFCUTW!RE SHOT 

Tan.all• Tanatla Ten•U• TentU. 
s,,...gth Strength - SUeagtt, 
C.bon Olrbon Slalnlen Staln1ea 

,Steal stNI SINI SIMl 
SltotSb:e ShotSia - Wlrw Wlr• wtn, 

(mm) (In) .. P& (lql) MP• (lalQ 

1.6 $CN/t::Vl-e:? 16:J0/1880 (2371272) 175el1865 (255l2S5J 
,.. SCW/CW·54 1660/1820 (2.4af.!79) 1793/1999 (260/'290) 
12 SCW/CW-47 1710/1970 (2481286) 1B06f2013 (2ti212$2) 
1.0 SCW/CW-41 17600!020 (255""'3) 19SS/2062 (269.'200) 
0.9 SCWICW-35 ,saat2:oao (261/301) 1882/21169 (2731303) 
O.J! 5GW/ON·32 1830/2110 (266/306) 1910/2117 rz,7/307) 
0.7 SCW/CW-28 1870'2.t•o (271/311) 1972/2178 (2861316) 
O.B SCWJCW-23 1920.'2200 (2791319) 2013/2220 � 
0.5 SCW/C'!N·20 1950/2230 (2»3/323) 2'!65,12275 (300/330) 
0.45 SCWICW-17 1860/2250 (287/327) 2095/2300 (304/'334) 
0.35 SCW/CW-H- 1011Y2280 (291/331) 213512341 (31"'340) 
0.30 &;W/CW·12 203Ql2300 (294/33() 216512370 (314/344) 

7. Hardnu1--QJrbon stcd cut wire particlcs sh.oll have a mini.muro hardness 
of 426 KHN {42 HRC). Staiolcss cut� sltot shall bave a minimwn hardaess 
oí 466 KHN (45 HRC). The hardness shall be detcrmiru:d pcr ASTM E 384 aod 
using a 500 gf load for sizes CW-28 and fincr or n 1000 gf lo.ad Cor sizes larger 
titan CW-28. Otber microhanlness test methods may be used as long ns a reliahle 
hanlness convcrsion can be obtaincd by calfüroting vnrious mru:hina against 
known stand'1J"ds. Appro,clmate conversions ro RockwcU C Hnn:lncss NumhcG 
(HRC) from Knoop Hnrdness Numbers (l(HN) rue obtnincd from ASTM A 370. 
Other bardness wlues cnn be specificd by the pun:hascr. 

8. Size Classification--Cut wim shot shnll be made from wire of the 
�JS shown in Table 1. The weight of raodom as-cut particles shnll be 
within the limits of Table 3. Toe wcight of mndom conditioned parrlcles shall 
be within lhc LimilS of Toble 4. Shot .izcs v¡uying from thosc shown are 
avoilahle and may be obtllined by aanngcment bctween shot nmnufacturec and 
purchaser. 

(R) TEST STRIP, HOLDER, AND GAGE
FOR SHOT PEENING-SAE J442 JAN95
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TABLE $-WElGHT UMITS FOR AS-CUT PAFmCLES 

Shot Biza Sho\Sln Walghl .oT 50 Raidom Pl•c;ea 
(mm) (In) <P*na) 

, .. SCW/CW-62 1.090- 1.330 
1.4 SCWICW-64 o.no -o.sao 
1.2 SCWJCW.-0 0.480 • 0.580 
1.0 GCW/QN-41 Q.310- 0.3ml 
().9 SCW/CW-35 0.200-0.2-40 
0.6 S<;N/CW-32 0.140-0.180 
0.7 SCW/CW·2B 0.100-0.120 
0.6 SCW/ON·'ZJ 0.050- 0.070 
0.5 SCW/CW-20 O.ll<40·0.050 

WeJsht of 100 R&ndom Plec.n 

(w-o) 

0.45 SCW/CW-17 0.040 - 0.060 
D.!15 SCW/CW•14 0.020 -0.040 
0.30 SON/CIN-12 O.D!0•0.025 

TASLE 4-WEIGHT UMITS FOR CONDITIONED CUTWIR"E SHOT 

Shot�ze Sho1Slu Walghl of 50 Random Pleca 

(mm) (In) <e..,..., 

1.8 SCWJCW-62 1.040-1.260 
1.4 SCWICW-54 0.880 • 0.840 
1.2 SCW/CW-47 0.460 • 0.550 
'·º SCWJCW-41 0.290· 0.370 
0.9 SCW/CW-35 0.190- 0.230 
º·" SCWJt:W-32 0.130-0.170 
0.7 SCWK::N-211 0.095 - 0.115 
0.6 SCW/CW-23 0.045 · 0.065 
0.6 SCW/CW-20 0.040- 0.050 

Walght ot, oo Ranctom Plues 
(gram•) 

0.45 SCW/CW-17 0.035 - 0.055 
0.35 SCWJCW-14 O.D20-O.t>Ul 
D.30 SCW/CW-12 0.010-0.025 

9. In.,peclion Proceáure--Shot particles to be che<:ked fer haniness are 10 ti, 
mounled. ground. and polished to the c.enterlinc. 

JO. Soumlness-As-cut shot particles shall be free of sbe4r cr:iclcs and hlps 
and shnll not contain excessive seruru; or burrs. Conditioncd particlcs shall be 
free of shear cracks ru,d •hall not conlain excessive seams. 

11. Packaglng-This material sbnl.l be puclcaged to prevent loss durm& 
s.bipping and storage. 

SAEStan�rd 

-otw Jroa aod Stocl Tcclullnl Comnm= "PP""'cd Iumuy 19Sl. -d � oh< Fad¡ue Doal¡n aod EYahJa-s-i.. Coaulúa« Mo,,,n,bc, 1971. 1'diloritl chmtat 
"-1979. C....,,ldely rovtsed b:y tho Sarfx< Edw>ccm<al Dlvislol! Gflbc SAE Fa�.De,lp. md E...Jmii<,n Olmml...,January 1995. 
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Mnngsnese: 0.30 ro 1.30 
Phosphorus: 0.040 mnx 
Sulphor. O.O.SO"""' 
Silicon: 0.15 to 0.35 
5.2 Stalnless Sleel 
Carbon: 0.15max 
Manganese: 2.00 max 
Pbospboros: 0.045 truU< 
Sulphor: 0.030 max 
Silicon: 1.00 max 
Cbrorniurn: 17.00 to 20.00 
Nick:d: 8.00 to 10.50 

6. Tmn"k PJ-opsties--Shat shall be mnde from wúe confoaoing to lhe 
tl:asile strengths showo in Table 2. In order to mcet purchnser specified 
hardncss �enlS, olhcr tensíle strengths moy be pemütted. 

TABLE 2-TcNSlL.E PROPERTI.ES OF CUT WlRE SlfOT 

Tenalla T•nafle TenaRa Ten1n. 
Slrang1h su.nvu, Sb-angth Stnngffl 
Calbon carbCJn Slalnle•• $,1101 ... 

s_, -· s, .. , SINI 
ShDIShe SllotSize wi .. - Wlro Wlnl 

(mm) (In) 1,1Pa (kol) MPa (ksQ 

1.6 SC>H/CW-62 18:J0/1880 (2371272) 1751!/1965 (255/2115) 
1.A SCWICW-54 1680/1920 (24YZnl) 1793/1999 (261W90) 
1.2 SCW/CW-47 1710/1970 (2481286) 1806/2013 (2621292) 
1.0 SGWICW-41 l76CY'2020 (2551.293) lBSS/2062 (21;9/299) 
0.9 SCW/CW� 1900/20BO (261/301) 188mae9 {2T-l/303) 
o.a SCW/CW-32 1830'2110 (266/306) 1910/2117 (277f.l07) 
0.7 SCW/CW-211 187G'2UO (;!711.111) 1972/2179 (286/316) 
0.6 SCW/CW-23 1920'2200 (279'319} 2013/2220 (2921322) 
0.5 SCWICW-20 1950/2230 (2113/323) 2ll6tl/2275 (30Qr.l30) 
0.45 SCW/CW-17 1980/2250 (2671327) 2095/2300 (:]04'334) 
O.SS SCWICW-14 20llY2280 (291/331) 2135/2341 (31""'40) 
0.30 SCW/CW-12 2030/2300 (294133') 2165fl370 (31"'344) 

7. Hardnus--cacbon sted cut w.irc partid es shalJ hnve a minimum hardncss 
of 426 KHN (42 HRC). Stnioless cut win, shot shall bave a mínimum hardocs.s 
oí 466 KHN (45 HRC}. The hardness shall be dcicnnincd per ASTM E 384 and 
using a 500 gf load for sizes CW-28 and fu= ar a 1000 gf load for sizes larger 
than CW-28. Other microhardness test melbods nuiy be uscd as long as a reliable 
hanlncss convcrsion can be obbiru:d by calibrnting vnrious machines agaioS1 
known standozds. Appro,timnte conve!Sioos to Roclcwcll C Hnnlness Numbe.is 
(HRC} from Knoop Hnrdne•s Numbers (KHN) nre obta.imd from ASTM A :no. 
Other banlncss values con be spccificd by !he purchaser. 

8. Size Clanification---Cut wire shot shall be made from wire of thc 
diameleli shown in Table l. Toe weight of random as-cut particlcs shnll be 
within the limits of T�lc 3. 1lte wcigbt of mndom coodltioned patticles shnll 
be within thc limits of Tnble 4. Sho-t sizes v;,.rying from lb.ose showo are 
available and may be oblllin<:d by armngemeot between sliot mrumfacturer and 
purchaser. 

(R) TEST STRIP, HOLDER, AND GAGE
FOR SHOT PEENING-SAE J442 JAN95
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TABLE 3-WEIGlfT UMITS FOR All-CIIT PAFmCLES 

SholS!zo 6h<>t81H Welghl at 50 Random Pleua 
(mm) (In) (gr-) 

1.6 SCWICW-62 1.ll90· 1..'.l30 
1.4 SCWICW-54 o.72.0 • 0.880 
1.2 SCWICW-47 o.•eo-o.5eo 
1.ll SCW/C"N-41 D.310-0.390 
0.9 OCWICW-30 0200-0.2-40 
0.8 SCW!CW-32. 0.140-0.180 
0.7 SDN/CW-2B 0.100-0.120 
0.6 SCW/CW·Zl 0.0!iO - 0.070 
0.5 SCW/CW-20 o.�o-o.05o 

W4.lght af 100 Random Plecaa 

(gramo) 

0.4$ SCVV/CW-17 0-0IO-O.OJ;O 
0.35 6CW/CW�14 0.020 · 0.040 
0.30 SCW/CW-12 0.01 O • 0.025 

TABLE 4-WEIGKT UMITS FOR CONDITIONED CUT WIRE SHOT 

ShotSfu ShotSlu Welght ar 50 Randcxn Placea 
{mm) (la) (grama) 

1.6 SCW.ICW�2 1.040-1.260 
1.4 SCWICW-54 0.680- 0.840 
1.2 SCW/CW-47 0.460 • 0.550 
1.0 SCW/CW-41 0.290 • 0.370 
o.s SCWJCW-36 0.190-0.230 
0.6 &CWICN-32 0.130-0.170 
o;r scw= 0.095 · 0.115 
0.6 SCW/DN-23 0.045 - 0.065 
0.5 SCW/CW--'2/J 0.040-o.oso 

Welght cd 1 DO Random Places 
(grama) 

0.45 SCWJCVV..17 0.035 - 0.055 
035 sc:.NJCW-14 0.020 - o.oicr 
D.30 SCW/CW-12 0.01 o- 0.025 

9. lnspection Procedure--Shot partlcles to be checked for llanlness ore to be 
mounted, ground. and polisbed to tbe centerline. 

10, Soundness-As-cut shot particles shall be free of shear craoo and Japs 
and shnll not contain el<CeSSive seam,; ar bUITS. Condilioncd particlcs sholl be 
free of sheM cmcks nnd •hall not contain cJ<CCSSive scams. 

11. Pac/r.aglng-This material sball be p•ck:nged to prevent loss duriag 
shlpping and storage. 
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11 superseded Gage Designation 

1°:J_ supcr,;cdcd ln!elWty Designation 
otJRE I TEST STRJPSPECIFICATIONS 

�Gl)RE 2 ASSEMBLED TEST STRIP ANO HOLDER 
f!Ot.lRE 3 ALMEN GAGE 

J. Seop..--Tb.is SAE Standm-d defines n:quin:me¡,ts for cquipment/supplics to, 
be uscd in me&Suring shot pccning interudty. Guidelines for the use or d>CSe 
a,:liclCS (u:st strip, holding fiiture, nnd gage) are also inclllded. 

1. hf•rtJJl:t!S 
:i.1 Appllcable Docmnenl5-The following publications foan a part of 

Ibis specification to the extent specified herein. The latest issue of SAi! 
o[icatioos shall apply. 

po2.J.l SAE PUBUCATI0N--Availablc from SAE. 400 Commonw=lth Drivc, 
waneodalc, PA 15096-000I. 

sAE .1443----Procedorc• for Using Standard Sbot Pecning T:.st Slrip 
2.1.2 ASTM Pul!UCATI0N-Avnilable fiom ASTM, 1916 Racc Strcet, 

Plo-¡.,de]phia. PA 19103-1187. 
AS1M E 111--Stnndard Test Method for Roclcwell fhniness and Roclcwcll 

Superficial Hanfnc:ss of Metallic Material& 
3. OutliM 1Jf Mabod of Co1117'ol--Tbe control of a pec,ing machinc 

oponition is primarily a malll:r of tbe colllrO! of !hc propertia of a stream of shot 
ÍJ1 ,elalion to tbe wodc being peened. Tho basís of mcasu:rcmellt of lhcoe 
propcrties is as follows: 

Jf O f1'!t piece of steel (the test strip) is clnm¡xd to a solid block (the 1est strip 
boldtt) ond thui exposcd IO a strcmn oí shot, it will be curved upon re,noval 
from the block. The curvorure is due to residual compressivc strcsses iruloccd 
by � sho< impaclS, causing !he pcened racc to be convex. The curvaru.e serves 
15 a me:ms of measming the cffect of thc sbot strcam. 1bc dcgrec of !he 
curvature dcpcnds upon the propcrtics of the shot stream, !he propetties and 
mountíng of the test strip, and the ex.posa= condltion. 
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:J.l Pn,pa1le,, 
:u .1 SHOT SIReAM--Tbe properties of the shot straun tue: shot material 

(include5 cbemical and physical charactemtics), siu, slupe, velocity, 
di=tional consi&tcocy, and shot tlow nm,. 

3.1.2 'l1!sT STRIP--Thc propcrties of tbc 1CSt strip are: mateñal (mclude< 
cbcmical and physiatl properties), hardness, phyrical dimensions, and thc CJ<tcDI 
of any intemal �- Thc proper!ÍC$ of the test strip mounting au, flalness, 
rigidlty, and lhe locatioo ami force of the holding means. 

3. 1 .l ExPoSUR.&--The propertics oí cxp(1� to lhe blast stream me Jength oí 
time, angle of impact, and the degree oí wtiformity "!l<I consisu:ncy of tbe 
geomdric relationship betwcen 1hc sbct stream ami test strip. 

3.2 StaJ>dard.-Based oo !bese principies, thc SAE has adopted thc 
· following standanls: test strips, holding block. end gagi,. SpecificatiODS for 
thc$c parts. � �diod of UJC, anda standard deslgmllon are: prcscotcd bcreln. 

4. Spedjka#ons r,f lnturrily MffJnUÍllg Eqvi¡nnad 
4.1 Test Strlps and 11.oldJoa Flxture-Standard �st strips, N, A, and C 

are shown in Figure I and test strip holder is shown in Figure 2. The 
apprmimare «elaliomhips bctwecn n:ading1 oí b:ll1 strips N, A, and C (for 
oondltions of idcntical blast ami expos�) are as follows: 

C sbi¡> n,ading x 3.S = A strip readmg 
A 1111ipreading,i 3.0 =N stripreading 
4.2 Ga¡¡e-The gage (Almc:n gagc:) for dciernJining !he curvatnre oí the 

test strip IJHISt inc<lIJ)Or.lte !he elements sbown in Figure 3. CnrvalnJc of lhc test
strip is clelermlned by a mcasuremtnt oí thc beigbt oí lhe combincd longitudinal 
and transvci:a: ate across standard choals. Tiüs are heigbt is obtaincd by 
measwiDg the displacemcnt of a <:entral point oo thc nonpeencd suñace from the 
plane oí fuor balls fomñng the oomt:rs oí a particolor rectanglc. To. use tlús 
gagc. thc test strip is locatcd so that lhc. indicator spindlc beaIB against: the oeater 
of thc NONPEENED surfaoe, oue long edge of !he strip bcaring apinst !he tw.o 
back stops. • The "'51 suip is lhen oenlered by placing the ends even wi th thc 
edges ofthe bru.e, or by resting the cods against built-in cnd stop(s). 

1
-L 

'-----------. 

_!:U_ 
--¡-

lffl 

\Am=: MeHured as the ,ea;mg on lhe Almen !IJl!le for each stnp lype Is as foiows: 
N • .025 
A· .025 
e - .03& 

1 ' Material: SAE 1070 cokt ro!ed sprtng steel 

Edge Typa: Numbef" 1 round.. 

Flnísh: Plain taml)M9d, aD bumi r"""""'4 

Heat Tmatméru: JU stñps must be unlfonnly l1anlened and tempered al a mlnlmum t,mpe,alun, of 371 
deg"""' e (700 degrees F) to produce ternpe,ad ,_ baving a bmdnesa. as meuured en tlle 
sur1-ca. of HRC .u�o (HRA 72.5-78.0 ro, the "N" s1rlp). 

Surface Cart>on: Strips ahatl be free from -:ot ...-faat carbon lo !he degr9e lhal any -.,...., In 
average hardness bcltween u,,. llJJ1ace ami 1ubs:ur1'8al shaD not exceed two ponts as meastaed on 
the - 30-N 5""1e. The average o! al ,_ tour re� In cacb n,gk>n should be used to 
make - compari--. Any such detem1inaüJn9 must be made on SIJips which haYe not -., ahol 
peened, and wil preclude other use of a strip •o leltad.. Surfac.e hardness readiitg.s ttwd are las:, than 
subsumiee noadfngw lr.cf,cale evklence of dm:mt>urizatl<>n. Surfaoe readlngo whlcll are highet !han 
corres ponding subswface values indkato carbultzation. 

� lf the avan,ge surfac:a -· is 625 on - Rod<wd 30.ff ocaJe end. efter carwful grindálg, a 
re9ion below the surtace is found to be 64.0 on the Rockwwll 30-H sea&. - lle strip is a::ceptabla. lf 
tne aubsurtac,, readinQ m,d been 65.D 0f1 U,a Rockwoll 30-N ocafe, the d� (2.5 poinlll) be;,,g 
ovar two points constltutes gn.wnc:fs lor �on. 

RGURE 1-TI:ST STIUP SPECIFICATIONS 
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1
--lEST smJP HOUJER 

7min 

SURFACE"X" 

- - �\.,."' 
1s::-r======-==i �

.,___ 1 I -�- re-= - � 

"- -- � D1A. lHRU, 4 PI.ACES 

Al1ERNATE: M5 x 0.8 or M5 x 0.5 TAPPED 
HOlE, 4 PI.ACES 

Recommended Matmia1 far Test Sbip Holder - Arly auoy or carbon 5teeJ, han:tened to 57 HRC rora minlrnum 
depth o1 O. 7 mm. Alternan, mateña1s and lhlcJcnases may be used wtwen thair" wear and detormal:ion 
cbaractedsücs do not .adversety .a:ffect thB peJforma:nce of ltte test .strip .  

Use M 5  sockat head bUUO n  o r  pan h ead  SC11WS ard !\ex o r  sq uani  nuts 

Alll!mate: Use s� onty in tapped hales. 

FIGURE 2--t\SSEMBLED TBST STRIP AND HOLDER 

S. Da1'frration Standard o/ lntuuily Meanuemenl !!.2 Tramition Stanclard--Oages utilizing lhe iru:b-pound syslem 
(Englisb units) may be eru:ou.nlaed dwing t.be period of traosition to SI. Tbe 
designation of intcnsity measurcment in Ibis tcmporary allemale is exp]aincd io 
!he cumple shown in Figwe 5: 

5.1 Prlmary Slan-The standnrd designation of lntcnsity 
measmemeot includes tbe gag,e rcndl.ng ancl tbc test strip oscd. Jt ma,y be 
explmncd by lbe exmnplc shown in Figwe 4: 

1 i t_ Teststrip(N,A,orC) 

� �IJllBlP rea<lng In mlllmeters 

Gage reading in miDimete"' 

Thls e,cample slgnllles thlll lhe Almen Gago readlng of 1he peened Almen A tes1 atrtp as 
measuf8d on lhe gage is 0.335 mm. 

FIGUR.E4-EXAMPLE OP STANDARD OESIGNATION OF INTENSITY 
MEASUREMENT 

T T 
,� ... �.,o,c, 

Oeolgna!es readlng In lnchos 

Gaga readlng In lnch••

Thla m1Bmple slgnlfles lhal lha Almen Gago readlng of lhe peened A strip as measured 
lhe gaga Is 0.0132 lnch. 

FIGURE 5-EXAMPLE OF DBSIGNATION OF INTENSITY MEASUREMJ!lll 
TI!MPORARY ALTERNATE 
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Notes: 

lndicatllr 

/
Slem 

120 Max. Tip Radius n:
·t 

r= 
7 Min. 

2 Places 

,�10 O.OS!AI B! 
4.76 � BALL - 3 PLACES 

6 Dia 2 Places 

DIMENSIONAL TOLERANCES 
± 0.5 mm Unle53 Otherwlsa 

Spec!fied 

lndicalor Point 
1�!01.00!A!B! 

-B-

3 Min. 

2 Min. 
4 Places 

1 ---'-

1.69. 
1.49 

Optional Configuration 
Wlth One orTwo 

End Stops 

IlÁ 

176.9 ¡ 

!JI;�� !b!
R�

Líi ,-- - o ID ffJ 7i 

8.09 

1. Four, 4. 76 mm diameter, precision balls are installed In the test strip locating base. Balls must be in the 
same plana (perpendicular to lhe lndicator stem) within .05 mm. 

2. Digital or analog iná1cator must have .0025 mm graduaUons {maxlmum). 
3. Maximum deslgn imficator contact force -25 gf. 

FIGURE 3-ALMEN GAGB 

� McinúntlJI.U, Calibratit,n tuul u,e 
6.1 Test Strips---Afta mnoval from the ICSt strip holder. test. sttipo 

•bou!d not be �ccd. rc--wcd, or shot peened for any additional lime. 
6.2 Holcliog Flxtnre-Thc test strip contacl orea of the holding fixturc 

cliaU be cbecked for fialDess on a peñodic basis. Flalncs� of tbe te,;I strip 
� vea •ball 001 ciu:ecd 0.1 mm. In addition ID a ·dimensional cbcck for 
;,¡::� . b?lding 6xtures sball be cl=ked visually for thc following 
-....cosncs: 

a. BUIQ or nbed mÁleri.al that can be causcd by damagc or ""cemve 
pecoing (particularly on !he holding 6x111n, cnd úu:eJ). 

b. Pan(clcs of shot or beads thnl could becomr: tmpped undcr lhe i.st strip 
durin' Ülstaj)ation. 

c. D�c lli·� tt,,,f' may ¡,revent one or mare =cws from 
adcquai,,¡y � tcot strip in p!Jicc.. 

rnr 4-3 C..�g bails and indicator lip ,hnll be cbeclced periodic.ally 
..,.., ""-· Ally visual .;gns �f wcar sball be cause for reprur of lhc pge ,roch that 

'111tnd lUrfaces are in cootact wilh !he tm stñp. Tbe indicator sbalJ be 

calibmted peñodically over the range uscd for IIICllSUru]g test saips. Toe 
calibration to� for tb,:; indic;ikJr shaD- not acttd 0.005 mm. The use of 
calibmtion blocks, cithcr llaJ, curvcd, or equipped w:ith su:ps, is iecommondcd. 

7. Nom 

7.1 Superseded Gagc Dt,sigua!lon-T'wo typcs of g,,ge< were formerly 
uscd to mcasure the are bcig)U of test saips. The nnmber 1 gage, wbich is 
obsolcte, cmploycd two lañfe edges to support thc tt:st_strip; !he nombcr 2 gage 
(dcveloped in 1943) """ four balls to locan, the test strip in Idation to !he 
indiC!l!!!r sú>m. So= a,gin=ring crlleria may COiitinue to ihow the nWllcnl "2" 
ufn:r lhe i.st SIIip Jener, desigoating !he use of a nwnber 2 gagc. This 
desigmlion (mch as A2) is acithcr "")1IÍRd nor n:commended. Toe gagc 
defined by Ibis SAE Standard uses lbc s:une loca!ing sclteme as lhe nwnbcr 2 
gag,c. ond lhaeforc will yield an equivalent teading. 

7.2 Snpeneded lnSeaslty Dml¡nallon-The pñor "dimeosionless" valuc 
relaling to !he numlicr of graduaüons rcad on !be dial indicator has bccn 
discontinuro in favor of diteCt rcnding in rnlllimetcn (inc!Jes). 
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APÉNDICE J 

ANÁLISIS DE LA MATERIA PRIMA DE LAS PROBETAS 



<,') JIANGYIN XING CHENG SPECIAL'STEEL WORKS CO LTD
N0.297 BINJIANG(E) ROAD,JIANGYIN CITY, JIANGSU PROVINCE,CHINA PC:214429 

XINGCHl!NO S'TEf\. 

CERTIFICATE OF ANALYSIS 

TO: INDUSTRIA PERUANA DEL ACERO S.A .. 
AV, REPUBLICA DE PANAMA4085 LIMA 34, PERU 

No. 11/33 R!J.003/1-02-E 
Date: OCT.27.2010 � 

DESCRIPT. OF GOODS: HOT ROLLED SPRING STEEL FLAT BARS 
rNVOíCENO.: XPE007C CONTRACTNO.:XPE007 UCNO. 732956 

Síze{Ml(): 9. OOX 70. 00 mm Grade: SAB5160H l 

JT-� /f'S' il:i"'Jlt--J ·IUx fill!t C(96í S1(1). 
-��fo� --x1Jr 

S00 Cr(i) 
Hoa\ No Prod No bund Not -xro1-- "XfQ!' --xw- ·xw-

-les w���1t 66 15 76 . o o 70 
65 35 110 25 25 90 

4 R31004E22VX Pl011088 16 28. 614 60 21 89 16 12 83 

- ··-·-··· ·-- .. ·-· ·-·---· ----·-- ---····- -··· --·-·· - ----- ·------ ---···---- -------- --- . . ·-·-- ----·--

/i''} l< e s IL"lll Aiffi ll!W lllll ¡;zw c!:ll u�u um ,r¡,:¡¡¡& ,..,,,.,;. J 1. � J3 Jb J7 J� J 11 Jl� J lb ,� 
No Thin Heavy Thin Heavy Thin Heavy Thin lloavy Groin Decarbu Hardnes 

W. � lit IJ! fJ1 IJ! ti! &! !a ir!! m: She rized HllC HRC IIRC IIRC HRC HRC HRC HRC s 
Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade Grade ti! Layer HBW 

G1·ade mlll 
MJN GO 
� � 
4 l. O l. O l. D 2. O O. O O. 5 O. O O. O O. O O, 6 O. 5 8 O. 1 62 61. 6 61 60. 5 59. 5 57. 6 56 54.5 306

l. O l. O l. O 2. O o. O o. 6 o. O o. O o. O o. 6 o. 5 o. ll 306 
l. 5 o. O o, 6 o. O o. O o. O o. 6 º· 5 o. i 304 
1.6 QO Q6 QO QO QO Q6 Q5 
1. s o. o o. s o. o o. o · o. o o. s o. a
l. 5 o. O o. 5 o. O o. O o. O l. O o. O

------· 

·--..... ,_ '�IF.i, /í l·'"l.ll!!, � :A,Jtl'f'·í'h11111:,�, ;.,;]J"!l>1<w:1,¡·.,,,,riw1 , 'w;1r\¡l\11, Jl(:1!J311.r1>,•9i'l11'.; m;1,, 11A!ffi, Zii::t!!l::JWJ, Im.tll, 1r K}:¡¡;i!J'lilt·;r¡,-¡. 
il/,1\fl No imponnissible macro-structurol dofects, such es flakes, subsurface bubbles and macro inclusions are avaílable. When there is any complaln, you are kindly requested to mar 

he SteeJ Grade, Heat No., Sizc, Oelivery Data, Causes and , matcrials In the condition. This certificate is wrrittcn according to EN 10204 3.1 
r-:111Hl'1:;j!iliím!lit:fll*m��J,S,:jj¡ Surface quality and shape size of Material are ali qualified .003L=O+N+H __ 

H � 

4 
f,-1 
O'\ 
� 



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORATORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS Nº: 094/1 0Lab. IFECHA: 22/12/2010 MUESTRA CODIGO Nº 271 

MATERIAL: 70 X 9 mm PROVEEDOR: Jiangyin Xingcheng Special Steel

PROCEDENCIA: Shanghai - CHINA VAPOR: LINGUE 

Nº COLADA: R3 l 004822VX Til'O DE E\º . .\LPACION, 

0/C': 156 2010 IN° ATADO: 822-2

TR-lLU\OENTO TERJ\IICO 

l\L\TERI...\. PRil\U : Barra Maciza de Acew SAE 5160H

ENSAYO DE TEMPLE ITEl\IP.ºC': - ITIEllIPO PERl\UN. : -

ENSAYO DE RE\"ENIDO ITE llIP.°C' : - ITIEl\IPO PERl\L..\N.: -

EXAJ\IEN l\IETALOGRU'ICO 

SEGREGACIONES: No Presenta 

DESC.\RBPRIZACIÓN: Presenta 0.051 mm de pwfündidad 

INC'Ll'SIONES NO l\IETALIC'AS OXIDO GLOB.:D-3 5 SILICATOS:C-3 
NORI\L.\ ASTl\I E-4:, 

TAllUÑO DE GR..\NO 
NORI\L.\ . -\STJ\I E-112 

l\IIC'ROESTRlTC'TllRA 

SERIE: Fina 

%PERLITA L..\.1\1 

SERIE: Fma 

8 

% FERRITA 

EYaluación de Materia Prima 

Recepción 

DlTREZ..\. (HB): 

DlTREZ..\. (HB): 

DlTREZ..\. (HB): 

AlTI\IENTO: 

AlTI\IENTO: 

ALlTI\IINA: SFLFllRO: 
AlTI\IENTO:

SERIE : - SERIE: 

.-UTI\IENTO: 

%111.\.RTEN. % C. C.U CFL. R . .\.TAQFE 

165 

301 

lOOX 

lOOX 

lOOX 

l{HJX 

AlTI\IENTO 
1) 59 Picral l OOOX 

OBSERYAC'IONES: 

• La muestra )ara la sección lonizitudinal se to1fü) de la xuie central ele la barra ele acero . 

• Tiene como micrlxontituYentes: Perlita Laminar y Ferrita 

• No se obserYó )resencia de se2reizacil)nes bande:,das en su micwestrnctura . 

• Resultack,s del analisis mmicL,: %{' = 0.59 

C'ONC'LFSIONES: 

Material cumple Cl)n especificaciones metak)graficas 

FOTO DE SEGREGACIONES B. 

¾S = O.O! 7

INSPEC'C'ION . .\.DO POR: lng.W. Magallanes H. REUSADO POR: Bach.fosé Ca1fos Valdiúew G. 
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APÉNDICE K 

CERTIFICADOS DE CALIBRACIÓN DEL STAGE MICROMETER PATRON Y DE 

LOS PATRONES DE CARBONO Y AZUFRE 



480 Charles Bancroft Highway, Litchfield, New Hampjhlre 03052 
reticles.com Email: sales@reticles.com\ 

Phone: 603/424-2401 800/252-2401 Fax: 603/424-0970 

CERTIFICATEOF CAUBRATION 

CUSTOMER Industria Peruana Del Acero S.A 
Av. Republica de Panama 

INSTRUMENT 

MAKE 

SERIAL NUMBER 

TESTNUMBER 

DATE CALIBRATED 

CONDITlON OF INSTRUMENT 

4085 Lima �4 - Peru 

Stage Micrometer PIN KR-851 

Klarmann Rulings, lnc. 

11371 

083109-01 

August 31, 2009 

_lLGOOD FAIR POOR 

This is to certify thai lhe above listed instrument has been cafibrated by Klarman n Rulings, lnc. 
Calibrated at 74.0 +l-2 Degrees F, Relativa Humidity 56+/-5% using Cal Pro 001(edge to edge method at the 
vertical mid point of lhe shortest line group) 

The Standard used is as follows: 
KLARMANN RULINGS, INC. STAGE MICROMETER SERIAL NUMBER 
5181 CALIBRATED BY THE N.1.S.T. TEST NUMBER 821/273087-06 

The Measuring lnstrument used is as follows: 
OL YMPUS STM MEASURING MICROSCOPE WITH AN OVERALL ACCURACY 
OF +/- .00002"f.0004MM WITH A TOTAL ESTIMATED UNCERTAINTY OF +/-.00003"/.0006MM 
Our measuring instrument was last calibrated on July 8, 2009 
our next calibration is due on October 8, 2009 

The Calibration Department of Klarmann Rulings, lnc. is accredited to ISOílEC 17025:2005 "General 
requirements for the competence of testing and calibration laboratories". Our calibration system is reviewed and 
tested by our Quality Control Manager in accordance with Klarmann Rulings, lnc. Quality Procedures. Our 
measuring instrument is calibrated four times yearly, using standards that are calibrated by the N.1.S.T and 
veñfied twice daily. 
This certificate of calibralion shall not be reproduced, except in full, without the written approval of Klarmann 
Rulings, lnc. 

The entire system is subject to re1tiew at any time by our Govemment Quality Assuranc resentative and/or our 
accrediling body. 
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Date Calibrated: August 31, 2009 

Serial Number: 11371 

Stage Micrometer per P/N KR-851 (1mm in 100 divisions) 

Glass: 1" x 3" 

Aqtual readings are as follows: 

o 10 Div. = 0.1004mm

o 20 Div. = 0.2000mm 

o 30Div. = 0.3004mm

o 40 Div. = 0.4004mm

o - 50 Div. = 0.5004mm

o 60 Div. = 0.5996mm 

o 70 Div. = 0.7000mm

o 80 Div. = 0.7996mm

o 90 Div. = 0.9000mm

o - 100 Div. = 1.0000mm

Unless otherwise stated, each reading has a total estimated uncertainty of +/-
0.0006mm. 
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Ca/ibration Sample 
Certificate of Traceability 

LEGO Calibration Samples are traceable to national and or internation�I standard 
reference materials whenever possible. When these reference materials do not exist ar 
are inadequate for calibration purposes. other reference materials or gas dosing 
methods are used. The accuracy of the LECO Calibration Sample is greatly influenced 
by the accuracy of the primary reference material(s) used. 

The average result reported is determined from a mínimum of three sets of data 
acquired over different days by different technicians on a variety of LEGO instruments. 

Part No: 502-809

Lot No: 0578

Description: 0.5 gram steel pin

Reference Materials: NIST SRM 2166, Low-Alloy Steel@ 0.015% Carbon 
NIST SRM 15h, Basic Open-Hearth Steel @ 0.019% Sulfur 
NIST SRM 343a, Stairiless Steel @ 0.078% Nitrogen 

Methods: Carbon: HigtfTemp�rature Cdmbustion - IR detectiori 
High Temperáture Combustion - IR detedion 
lnert gas fusion TC detection 

Average 
2s 

n 

Sulfur: 
Nitrogen: 

weight (al 
0;500 

0.003 
-

%Carbon 
·0.023

0.002 

30 

Date: September 21, 2007 

Approved by: 

% �ujfur, % Nitrpgen 
;(Jtlf30 0;{)74 

0.001 0.002 

30 30 

Technical Services Laboratory Director 

Additional information about this calibration samp/e is avaJ1abfe upon request. 
These calibration samples are manufactured using a proprietary process and are suitable for use 
directly from the bottle without add itional cleaning. 
No warranties of description, merc hantability, or fitness for a particular purpose or any other express 
or implied warranties arise out of LECO's sale of this product. Remedies far any c/aimed defect in t his 
product wi/f be /imiled to rep/acemenl of the productor refund of the purchase price. fn no event sha/1 
LEGO be /iabfe for incidental or consequential damages. 

LECO Corporation • Technical Services Laboratory , 3000 Lakeview Avenue • SL Joseph, MI 49085-2396 U.S.A. 
Phone: 269-985-5496 , Fax: 269-982-8977 • info@leco.com • www.leco.com • I.ECO is s,ragistorad trademarl< o/ LECO Co,poralirm. 
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Ca./ibration Sample 
Certificate of Traceability 

LECO Calibration Samples are traceable to national and or international standard 
reference materials whenever possible. When these reference materials do not exist or
are inadequate far calibration purposes, other reference materials or gas dosing
methods are u sed. The accuracy of the. LEGO Calibration SampJe is greatly influenced
by the accuracy of the primary reference material(s) used.

· Toe average result reported is dete·rmined from a mínimum of three sets of data
acquired over different days by different technicians on a variety of LECO instruments.

Part No: 501-678
Lot No: 0426-14 

Description: 1 gram steel pin 
Re.ference Materials: NIST SRM 13g, Carbon Steel @ 0.613% Carbon 

NIST SRM 15h, Basic Open-Hearth Steel@ 0.019% Sulfur
Method: High temperature combustion - IR detection

Wejaht (a) % Carb�n % Sulfur 
Ave·rage .0,995 0.56.0 o.OóS7

2s 0.005 0.006 - 0.0005

n 90 90 90. 

Date: February 3, 2005

Approved by:
,�et� 
Dennis Lawrenz � 
Technical Services Laboratory Director

• Additional .information about this calibration sample is available upon request. 
• No warranties of description, merchantBbility, or fitness for a particular purpose or any other express 

or implied warranties arise out of LECO"s sale of this product. Remedies far any claimed defect in lhis 
product wi/1 be /imffed to rep/acement of the productor refund of the purchase price. In no event s ha/1 
LEGO be /iable for incidental or consequential damages. 

LECO Corporatlon • Technical Services Laboratory • 3000 LaKeview Avenue • St. Joseph, Mi 49085-2396 U.S.A. 
Phone: 269-985-5496 • Fax: 269-982-8977 • info@leco.com • www.leco.com • LECO Is a n,glstored trademuk of LEGO Corporalion. 

Revissd: 7/06 
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APÉNDICE L 

INFORME METALOGRÁFICO DE IPASA A LA GRANALLA SAE S 330 



INDUSTRIA PERUANA DEL ACERO S.A. 
LABORATORIO DE CONTROL DE CALIDAD 

ANALISIS METALOGRAFICO 

ANALISIS Nº: 015/1 lLab. jFECHA: 14/04/2011 MUESTRA CODIGO Nº : 289 

MATERIAL: GRANALLA S-330 PROVEEDOR: IKK-BRASIL 

PROCEDENCIA: Brasil LOTE: 130211

Nº IRCC: 20892 TIPO DE EVALUACION: Evaluación de Granalla

0/C : - INº ATADO: 

TRATAMIBNTO TERMICO 

MATERIA PRIMA : Muestra de 121 Granallas de acero DUREZA (HB): 

ENSAYO DE TEMPLE ITEMP.ºC : !TIEMPO PERMAN. : - DUREZA (HB): 

ENSAYO DE REVENIDO ITEMP.ºC : !TIEMPO PERMAN. : - DUREZA (HB): 

EXAMEN MET ALOGRAFICO 

SEGREGACIONES: - AUMENTO:-

DESCARBURIZACIÓN: AUMENTO: 

ALUMINA: - SULFURO: INCLUSIONES NO METALICAS 
NORMA ASTM E-45 

OXIDO GLOB.: - SILICATOS: -1---------+--------l------l...------lAUMENTO: -

TAMAÑO DE GRANO 
NORMA ASTM E-112 

SERIE : SERIE : SERIE: SERIE: 

AUMENTO:-
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-

MICRO ESTRUCTURA %PERLITA LAM. % FERRITA %MARTEN. %C. CALCUL. R. ATAQUE AUMENTO 

ESPECIFICACIONES METALOGRAFICAS: 

ESPECIFICADO 

ORIFICIOS INTERNOS NO MAS DEL 10% 

GRIETAS NO MAS DEL 15% 

ENCONTRADO 

4.13% 

2.50% 

Nital 2% 1 000X 

MICROESTRUC.DESEABLE MARTENSIT A REVENIDA MARTENSIT A REVENIDA 

MICROESTRUC.INDESEABLES NO MAS DEL 15% 4.13% (PRESENTA REDES DE CARBURO Y PERLITA LAMINAR) 

CONCLUSIONES: 

Granallas de acero se encuentran dentro de las especificaciones requeridas por nuestro estandar(STD lPASA 0506003) 

INSPECCIONADO POR: lng.W. Magallanes H. REVISADO POR: Bach.José Carlos Valdiviezo G.




