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RESUMEN

TITULO:

DISENO Y CONSTRUCCION DE UN SISTEMA DE MORDAZAS
HIDRAULICAS PARA LA MAQUINA DE PRUEBAS UNIVERSAL
INSTRON 1323. ©

AUTORES:
Jhon Alexander Suarez Suarez
Omar Fernando Gémez Landazabal

PALABRAS CLAVES: Maquina de pruebas universal, sistema de agarre,
SOLID EDGE, ANSYS.

DESCRIPCION:

La finalidad de este proyecto de grado es proveer a la maquina de pruebas universal
INSTRON 1323; ubicada en el laboratorio de sistemas oleoneumaticos de la escuela
de ingenierfa mecdnica; un sistema de agarre versétil que agilice el proceso de
posicionamiento y retirada de la probeta (ASTM E8 y E9).

El proceso de disefio del sistema se desarrolld6 en cuatro etapas: 1. Bosquejo de
alternativas y seleccién de la alternativa definitiva, 2. Modelado en SOLID EDGE 14,
3. Simulacién en ANSYS Workbench 8.1, 4. Construccion y montaje del sistema;
dando como resultado un sistema adecuado a las necesidades.

El bosquejo de las alternativas se realiza tomando como base el sistema de mordazas
antiguo. Para la seleccién de la alternativa se utilizan métodos de disefio funcional y
la herramienta QFD (Quality Function Deployment), posteriormente se
dimensionan en base a la cinemaética del conjunto. En la simulacién en ANSYS se da
prioridad a los factores de seguridad que a los esfuerzos resultantes. La construccién
se realiza en un centro de mecanizado particular con acero 1045 para las piezas
menos solicitadas a esfuerzo y acero 4340 para las mordazas puesto que son las mas
solicitadas a esfuerzos. Para las pruebas se utilizaron 15 probetas obteniendo
resultados satisfactorios teniendo en cuenta las condiciones de funcionamiento de la
maquina.

© Trabajo de Grado
Facultad de Ingenierias Fisico-Mecénicas, Escuela de Ingenieria Mecanica, Director del
Proyecto Ing. Abel Parada, Codirector Ing. Isnardo Gonzalez



SUMMARY

TITLE:
DESIGN AND CONSTRUCTION OF A SYSTEM OF HYDRAULIC GAGS
FOR THE MACHINE OF UNIVERSAL TESTS INSTRON 1323. ¢

AUTHORS:
Jhon Alexander Suérez Suarez
Omar Fernando Gémez Landazébal

KEY WORDS: Universal test machine, system of grabs, SOLID EDGE,
ANSYS

DESCRIPTION:

The purpose of this grade project is to provide to the machine of universal tests
INSTRON 1323; located in the oleoneumatics systems laboratory of the school of
mechanical engineering; a versatile system of grabs that speeds up the positioning
and retreat process of the test tube (ASTM E8 and E9).

Design process of the system was developed in four stages: 1. Sketching of
alternatives and selection of the definitive alternative, 2. Modeling in SOLID EDGE
14, 3. Simulation in ANSYS Workbench 8.1, 4. Construction and assembly of the
system; giving as a result an appropriate system to the necessities.

The alternatives Sketches are made taking as base the old gripping system. To select
the appropriate alternative functional design methods were used and the QFD
(Quality Function Deployment) tool, after this, dimensions were calculated
according to the kinematics of the group. In the ANSYS simulation, priority was
given to the security factors over the resulting efforts. The construction was made
on a machining center using 1045 steel for the low efforts parts, and 4340 steel for the
jaws since these elements demand the most efforts. For testing, 15 probes were used,
obtaining satisfactory results if we consider the actual condition of the machine.

© Degree Work
Physical-Mechanical Engineering Faculty, Mechanical Engineering School, Proyect Director
Eng. Abel Parada, Co-director Eng. Isnardo Gonzélez



INTRODUCCION.

Con el transcurrir del tiempo la humanidad ha querido innovar y crear
nuevos instrumentos para realizar de una manera mas facil, sencilla y rdpida

sus actividades.

En el presente trabajo de grado, se busca la creaciéon de un nuevo sistema de
agarre de probetas para realizar pruebas de tensiéon y compresion a
materiales metalicos de una manera facil y rdpida sin que afecte la lectura
final de los ensayos, para ello se busca el aprovechamiento de la energia
hidraulica presente en la maquina (Instron 1323) de tal forma que esta tltima

sea un conjunto mas compacto.

Para dar solucién a esta necesidad se disefio y construyé un sistema
hidraulico de mordazas, que reemplazara el tradicional sistema de pernos
con que hoy se cuenta en esta maquina; para ser posible este trabajo se
cuenta con el apoyo de las herramientas tecnolégicas idoneas en cada fase del
desarrollo, podemos mencionar algunas software de disefio CAD y de
analisis ingenieria CAE. Los programas CAD facilitan el desarrollo de
elementos o conjuntos en cuanto a la geometria y por consiguiente al aspecto
tisico de los mismos, nos ayudan a visualizar con anterioridad como han de
ser fisicamente o que semblante tendrd lo disefiado. Esto no es suficiente en
disefio de ingenieria y para un 6ptimo producto final también se necesita
conocer la respuesta del disefio a las posibles condiciones de trabajo en las
que se desenvolveran los diferentes elementos disefiados. Para esto los

software CAE nos permiten simular dichas condiciones, con el fin de

15



observar y analizar entre otras la repuesta cinética a fuerzas que el disefiador
impone, ademas de facilitar el analisis de esfuerzos y fatiga en el prototipo
virtual a los que muy posiblemente se encuentre sometido el conjunto a
construir y poner en funcionamiento; permitiendo asi que el disefiador
observe el comportamiento de la geometria y los materiales con los que

finalmente se podra fabricar.
Para la ejecucion final de este trabajo, se utilizaron las herramientas CAD

“Solid Edge V 18” y CAE “Ansys Workbench V 10”. Su construccion se

realiz6 en un centro de mecanizado.

16



1. ENSAYOS EN PROBETAS DE MATERIALES METALICOS

1.1 ENSAYOS DE TRACCION

La prueba de tracciéon es uno de los métodos mas ttiles que se emplean para
determinar las propiedades mecénicas mas importantes de los materiales
utilizados en ingenieria. El procedimiento a seguir en cada prueba varia de
acuerdo al tipo de material; sin embargo, en la prueba de tensién ordinaria,
aun cuando se trate de distintos materiales, se deben cumplir una serie de

normas bésicas:

+  Debe realizarse a una temperatura ambiente o cercana a ésta.

+  Lacarga sobre la probeta debe ser aplicada lentamente y totalmente
axial.

Hay ademas otras pruebas que son efectuadas a diferentes temperaturas y a

niveles de carga muy elevados, pero estas no son consideradas como prueba

de tensién ordinaria.

1.1.1 Probetas de ensayo. Existen varios perfiles de probetas las cuales
deben ser labradas simétricamente a maquina a lo largo de su eje longitudinal
con el fin de obtener una carga uniformemente distribuida en su seccién
transversal y cuya geometria varia de acuerdo a la operaciéon de la maquina

de ensayo encontrando entre estos:

+  Placa rectangular
+  Cilindrica

+  Tubular

17



Figural. Perfil de placa rectangular

Tabla 1. Dimensiones del perfil de placa rectangular

Dimensions, mm

Standard Specimens  Subsize Specimen

Nominal Width Plate Type Sheet Type 6
40 12,5

G— Gage length 200+0,2 50+0,1 25+0,1

W — Width 40£2 125+0,2 60,1

T— Thickness Thickness of material

R — Radius of fillet, min 25 12,5 6
L— Overall length 450 200 100
A — Length of reduced section, min 225 57 32
B — Length of grip section 75 50 30
C— Width of grip section, approximate 50 20 10
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Figura 2. Perfil cilindrico

Tabla 2. Dimensiones del perfil cilindrico

Dimensions, mm

Standard Small-Size Specimens Proportional To

Specimen Standard

12,5 9 6 4 2,5

G—Gage length 625+ 01 45+01 3001 20+01 12501
D —Diameter 125+ 02 9+01 6% 01 4+ 01 25%01
R —Radius of fillet, min 10 8 6 4 2
A —Length of reduced section, min 75 54 36 24 20

De estos ultimos el redondo es el mas comin y usado de todos.
Adicionalmente estos ultimos cuentan con varios tipos de extremos

dependiendo del sistema de agarre de la maquina:
+  De extremo liso

¥+  De extremo bordeado

* De extremo roscado

19



Figura 3. Perfil cilindrico de extremo liso
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Figura 5. Perfil cilindrico de extremo roscado
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Figura 6. Perfil cilindrico de extremo bordeado

Tabla 3. Clases de extremos en probetas cilindricas estandar

Dimensions, mm

Figura3 Figura4 Figura5 Figura6 Figura?

G- gage length 625+0,1 625+0,1 625+0,1 625+01 625+0,1
D- diameter 125+0,2 125+0,2 125+0,2 125+0,2 125+%0,2
R- radius of fillet, min 2 10 10 10 10

A- length of reduced section 100 75 75 75 75

L- overall length, aprox. 140 145 155 140 255

B- length of end section 20 35 25 15 75

C- diameter of end section 20 20 20 22 20
E-length of shoulderand = 15 20 15
fillet section, approx.

F- diameter of shoulder ... ... 15 15 15
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1.1.2 Aplicacién de la carga. La aplicacion de la carga puede ser de tipo
hidraulica o mecanica de acuerdo a cual de los dos tipos de méaquinas de
pruebas existentes se este utilizando para tal fin. Las cargas de tipo mecanico
tienen la ventaja que proporcionan un medio conveniente para controlar la
velocidad de deformacién, aunque generalmente se prefiere usar las de tipo

hidréulico por su bajo costo y mayor capacidad de operacion.

1.1.3 Medicién de la deformacion. Esta puede ser medida por métodos
mecanicos, eléctricos, electromecdnicos u Opticos. Entre los métodos
mecanicos encontramos el extensémetro H. F. Moore, el cual al trabajar con
una probeta estdndar de 2 pulgadas los pares de puntos con que se sujeta el
extensdmetro se ajustan con una separacion de 2 pulgadas; los puntos del
medidor se colocan a 1 pulgada del punto de apoyo y este debe estar a su vez
a 5 pulgadas de la caratula del medidor. Un aumento en la longitud de escala
del extensémetro de 0.0003 pulgadas hara que la aguja indicadora de la

cardtula registre una lectura de 0.0015 pulgadas. La deformacion estard

definida como A% , es decir 0-00032 =0.00015.

Figura 8. Extensometro H. F. Moore
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1.1.4 Interpretacion de resultados. La lectura de datos consta de las
longitudes inicial y final Lo y Ly, los didmetros inicial y final Doy D¢, ademas
de las lecturas del extensémetro (en pulgadas) y las de carga (en libras). Las
lecturas del extensémetro se transforman en datos de deformacién al ser
divididas por 10 y las lecturas de carga se transforman en esfuerzos al ser
divididas por el 4rea de la seccion transversal de corte original.

Con estos datos se realiza la gréfica de esfuerzo-deformacion en la cual se
aprecian dos tipos de comportamiento definidos por cambios drasticos en la
continuidad de la linea de tendencia los cuales identifican conceptos tales

comao:

+  Limite proporcional: esfuerzo maximo hasta el cual el esfuerzo y la
deformacioén son directamente proporcionales.

+ Limite eléstico: esfuerzo maximo que puede soportar el material sin
sufrir deformacién plédstica o permanente, para su determinacién se
requiere un aumento sucesivo de la carga anterior a sus respectivas
descarga y medicion para detectar la mas minima deformacion
permanente.

+ Esfuerzo de fluencia: esfuerzo que produce en un material una
deformacion especifica, permanente y limitadora. Debido a que para
valores inferiores al limite eldstico la relacion esfuerzo-deformacién
puede considerarse idéntica, no se requiere descargar sucesivamente
una probeta para determinarlo; para esto se construye una linea paralela
a la seccion recta de la curva desplazada del origen en una cantidad
igual a la deformaciéon permanente especificada. La interseccion entre
esta y la curva esfuerzo-deformacién nos da la resistencia del punto de
fluencia. El desplazamiento mas comdn es un 0.2 % de la resistencia en

el punto de fluencia, es decir, 0.002 pulg. def./pulg.
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Punto de fluencia: propiedad que tienen los aceros blandos no

4

endurecidos y algunas otras aleaciones; es también un indicador del
limite de comportamiento elastico del material.

+  Resistencia a la traccién: conocida también como esfuerzo ultimo, se
calcula dividiendo la carga maxima soportada por la muestra entre el
area de la seccién transversal original de la misma.

+  Resistencia a la ruptura: se determina dividiendo la carga soportada
entre el area de la seccion transversal original de la muestra en el

momento de la ruptura.

1.2 ENSAYOS DE COMPRESION

Algunos materiales tienen comportamientos dramaticamente diferentes bajo
esfuerzos de compresiéon que de tensién y en algunos casos estos materiales
son usados principalmente para soportar esfuerzos compresivos. Los ensayos
de compresién son muy similares a los de tensién en la forma de conducir la
prueba asi como de analizar e interpretar los resultados de la misma. Las
ratas de desplazamiento uniforme en las pruebas de compresién son

similares a las de tension excepto por supuesto por la direccién de la carga.

1.21 Procedimientos en ensayos de compresion. Las probetas son
cominmente un cilindro con una relacién L/d (longitud-didmetro) dentro de
un rango de 1 a 3 sin embargo valores de L/d mayores a 10 son usados en
ocasiones cuando el principal objetivo es determinar con exactitud el modulo
elastico. También son usadas probetas de seccién rectangular o cuadrada.

La eleccién de la longitud adecuada de la probeta es critica puesto que si la
relacion L/d es relativamente alta puede presentarse pandeo y si esto sucede

el resultado de la prueba no tendria significado como una medida

24



fundamental del comportamiento compresivo del material. El pandeo es
afectado por pequefias imperfecciones inevitables en la geometria de la

probeta y por la alineacion de esta con respecto a la méquina de pruebas.

Por el contrario si L/d es bajo el resultado de la prueba se vera afectado por
los detalles de las condiciones en los extremos de la probeta.

Como la probeta es comprimida el didmetro se incrementa debido al efecto
POISSON pero la friccion retarda este movimiento en los extremos resultando
una deformaciéon en forma de barril. Aunque este efecto puede ser
minimizado con una apropiada lubricacién de los extremos, es dificil eludirlo
por completo. Como resultado en materiales con capacidad de grandes
cantidades de deformacién bajo esfuerzos de compresion, la elecciéon de un
L/d bajo puede traer como consecuencia un comportamiento de la probeta

dominado por los efectos de los extremos.

Considerando las dos alternativas; L/d bajo para evitar pandeo y L/d alto
para evitar los efectos de los extremos; una determinacién razonable a la hora
de realizar el test es escoger un L/d = 3 para materiales ductiles. Valores de
L/d = 1,5 o 2 son apropiados para materiales fragiles debido a que las bajas
deformaciones que sufren se ven menos afectadas por los efectos de los

extremos.

1.2.2 Tendencias del comportamiento compresivo. La ingenieria de los
metales ddctiles tiene una afinidad en cuanto a comportamiento esfuerzo-
deformacién en los tramos iniciales de las curvas de tensiéon y compresion
(ver figura 9). Luego de cantidades relativamente grandes de deformacién,

las curvas pueden coincidir si estos son graficados.
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Figura 9. Tramos iniciales de curva esfuerzo-deformacién para aluminio

7075 - T651

7075 - T651 Al

Muchos materiales que son fragiles bajo tension tienen este comportamiento
debido a que contienen grietas o poros que crecen y combinan las causas de
falla a lo largo de los planos de méxima tensién, o sea perpendicular al eje de
la probeta. Estos defectos tienen un efecto menor bajo esfuerzos de
compresiéon, de modo que materiales que llegan a comportarse de forma
fragil bajo tension usualmente tienen una resistencia considerablemente alta a

esfuerzos de compresiéon. Un comportamiento completamente ductil puede
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presentarse a menudo en materiales que son fragiles en tensién como

polimeros (ver figura 10).

Figura 10. Curva de esfuerzo deformacion para plexiglas bajo tension y

compresion
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Al ocurrir una falla por compresion generalmente se asocia con un esfuerzo
cortante, de modo que la fractura se observa relativamente inclinada con
respecto al eje de la probeta. Este tipo de fractura es evidente para

fundiciones de hierro gris, aleaciones de aluminio y concreto.
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1.3 ENSAYOS DE FATIGA

Los ensayos sobre materiales para obtener curvas S-N (Esfuerzo-Vida) se han
convertido en una practica muy generalizada. Varios articulos de la ASTM
direccionan tales pruebas para metales; como el No. E466; y para plasticos
(polimeros); como la D671. Un entendimiento de las bases de estas pruebas es

muy util para un efectivo uso de sus resultados con propdsitos ingenieriles.

Magquinas de prueba. Una de las maquinas empleadas por Wéhler utilizaba
un par de especimenes rotatorios, sujetos como una viga en voladizo (ver
figura 11). Los resortes suministran una fuerza constante a través de un
rodamiento, el cual permite la rotaciéon del espécimen de tal modo que el
momento flector varia linealmente con la distancia desde el resorte. En este
tipo de prueba cualquier punto sobre el espécimen es sometido a un esfuerzo
sinusoidal que varia de tensién a compresion en cada extremo del espécimen

(superior e inferior) a medida que rota durante un ciclo completo de 360°.

Figura 11. Maquina para prueba de fatiga con viga en voladizo rotativa
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Equipos para pruebas sobre vigas rotativas que operan sobre principios
similares con pocas variaciones son usados aun hoy en dia.

Una de las més usadas incluye una variacién que consiste en 4 puntos de
apoyo (ver figura 12); los 2 cojinetes proximos a los extremos de la probeta
permiten que la carga sea aplicada mientras la probeta rota y los 2 cojinetes
externos a la probeta proveen soporte. Una masa colgante provee una fuerza
constante. Esta variacién tiene la ventaja que suministra un momento flector

constante y cero cortante a lo largo de la probeta.

Figura 12. Maquina para prueba de fatiga con viga rotativa de Moore
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Otra variaciéon que garantiza un esfuerzo ciclico con niveles cortantes nulos se
puede conseguir por excitacion de una vibracién resonante en un sistema

elastico tal como la méquina de prueba axial (ver figura 13).
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Figura 13. Maquina para prueba de fatiga axial basada en vibracién

resonante causada por masa excéntrica rotativa

En la mayoria de las maquinas de prueba la frecuencia se mantiene constante
por la velocidad de un motor eléctrico o por la frecuencia natural de un
mecanismo resonante vibratorio. Esta frecuencia fija esta generalmente en un
rango de 10 a 100 Hz. A este ultimo valor una prueba de 107 ciclos tomaria 28
horas, una de 108 tomaria 12 dias y una de 10° ciclos casi 4 meses. Estos
largos tiempos de prueba limitan en forma practica el rango de vida que
puede ser estudiado.

Si se estd interesado en estudiar elementos de larga vida una posibilidad es
usar mecanismos resonantes vibratorios con una alta frecuencia; sin embargo
esto puede afectar los resultados de la prueba por lo que no es seguro decir
que una curva obtenida a una frecuencia de 20 kHz pueda ser aplicada para

analisis ingenieriles.
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2. DESCRIPCION DE LA MAQUINA DE PRUEBAS UNIVERSAL
INSTRON 1323

La maquina de pruebas universal INSTRON 1323 es una méaquina hidrdulica

cuya méxima presién de trabajo es de 4000 [psi]. Esta méquina es utilizada

para realizar pruebas de ensayo de materiales a tracciéon, compresién y fatiga.

Esta formada por cuatro médulos principales:

¥

¥
*
-

Modulo de suministro de potencia hidraulica
Manifold de control de fluido
Marco de carga

Consolas de control y lectura

Figura 14. Maquina de pruebas universal Instron 1323




21 MODULO DE POTENCIA

Este moédulo ha sido disefiado para el uso con un alto grado de
funcionamiento, utilizando un servo-sistema electro-hidraulico. Esta unidad
ofrece un alto grado de versatilidad y exactitud asi como también una facil
operacion. Ademas el médulo cuenta con la instrumentacion necesaria para
su operacion. Sus dimensiones son 135[cm.] de altura, 154[cm.] de largo y
105[cm.] de ancho y su peso aproximado es de 955[Kg.] .Se encuentra

compuesto basicamente por los siguientes elementos (ver figura 8):

+ Bomba: unidad de desplazamiento positivo con capacidad de 10
[g.p.m.] a 3000 [p.s.i] con alimentaciéon por gravedad para maxima
eficiencia. Es accionada por un motor eléctrico trifasico de 20[hp], 230-
460[V], 55[Amp], y que gira a 1200[r.p.m.]; el cual es activado

directamente desde la consola de control y lectura.

Figura 15. M6dulo de Suministro de Potencia Hidraulica.
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4

4

Manifold de control: unidad que lleva internamente una vélvula de
seguridad y un filtro; externamente presenta los puertos de presién y
retorno cuyas conexiones son de diferente tamafio para evitar un
intercambio accidental de las lineas respectivas ademas puertos para la
conexion de dos presostatos.

Acumuladores: su funcién es amortiguar las pulsaciones de la bomba
en los diversos modos de operacion.

Sistema de enfriamiento: consiste en un intercambiador de calor que
toma el aceite caliente de retorno y le extrae calor por medio de agua de
enfriamiento, antes de su llegada al depésito.

Conector eléctrico: es usado para unir todos los componentes de
control eléctrico de la unidad.

Interruptor de control de temperatura: controla la temperatura del
aceite del tanque, trabajando en un rango de temperaturas de 80[°F] a
240[°F]. Se encuentra normalmente abierto y se cierra si la temperatura
de ajuste es alcanzada apagando la maquina.

Interruptor de control de presion maxima: controla la presiéon maxima
que se puede desarrollar en la maquina. Puede ser ajustado en un rango
de presion entre 190 [psi.] y 3200 [psi.], se activa apagando la maquina
cuando se alcanza la presion de ajuste.

Interruptor de presién diferencial: controla la caida de presion que se
presenta en el filtro que se encuentra internamente en el manifold.
Puede ser ajustada dentro de un rango de caida de presion de 20[psi.] a
140[psi.]. La maquina se apaga si la caida de presién sobrepasa el valor

ajustado.
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+  Interruptor de control de nivel: verifica el nivel minimo de aceite en el
depésito; en caso de estar por debajo del valor ajustado la méquina se

apagara.

22 MANIFOLD DE CONTROL

Tiene como funcién controlar el paso del fluido desde el moédulo de
suministro de potencia hacia el actuador hidraulico que se encuentra ubicado
en el marco de carga, mediante una electrovédlvula direccional 3/2
reposicionada por resorte que se activa desde la consola de control. Tiene
ademas dos acumuladores cuya funcion es amortiguar las pulsaciones y una
reguladora de caudal a la entrada de la valvula direccional.

En su entrada identificamos tres puertos; presiona, retorno y drenaje. A su
salida ademds de los anteriores encontramos un cuarto puerto de presion
piloto (ver figuras 10 y 11). Sus dimensiones son 41[cm.] de altura, 27[cm.]

de largo y 31[cm.] de ancho y un peso de 34[kg.] aproximado.

Figura 16. Manifold de Control de Fluido.




Figura 17. Circuito Hidraulico del Manifold de Control de Fluido

Opcional Presion
piloto

Retorno P
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23 MARCO ESTRUCTURAL

Es un conjunto rigido conformado por dos columnas principales con sus
bases sobre las cuales descansan las vigas superior e inferior, siendo esta
altima la que sirve de apoyo al actuador hidrdulico de trabajo (ver figura 12).
La viga superior se desplaza a lo largo de las columnas principales por medio
de dos actuadores hidraulicos de simple efecto para permitir una longitud
variable de probetas a utilizar y posicionar las mismas.

En la viga superior se encuentra una celda o transductor de carga, mientras
que a la viga inferior se encuentra fijo el actuador hidrdulico de precision de
doble efecto. Sobre este se encuentra montada una servovélvula, la cual es un

amplificador de potencia que regula el flujo de aceite al actuador, en
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proporcion a la sefial de comando del servoamplificador. Tiene la capacidad
de llevar aceite dentro o fuera de los dos lados del actuador o permanecer en
posicion de no flujo o cierre total.

Es el elemento en donde se lleva a cabo el ensayo, para lo cual dispone de un
actuador de doble efecto cuya éarea efectiva es de 40.5 [in?] y un sistema de
sujecion, formado por unos platos compactos para la prueba de compresion.
Los utilizados en la prueba de traccion tienen una superficie conica interna en
donde se introducen las mordazas correspondientes a su medida que
sostendran la probeta durante el transcurso del ensayo.

Las dimensiones de la estructura compacta son 366[cm.] de alto, 122[cm.] de

largo y 129[cm.] de ancho; su peso total es de 160[kg.] aproximadamente.

24 CONSOLA DE CONTROL DE LECTURA

En ella se encuentran ensamblados los dispositivos necesarios para un
sistema de control servohidraulico. Los controladores son unidades que
trabajan basicamente con corriente directa con excepcién de una excitacion
de corriente alterna para los transductores.

Las consolas cuentan con una unidad de alta ganancia para controlar la
velocidad y carga del actuador, la cual esta disefiada para una gran exactitud;
es muy sensible y posee un control de circuito cerrado para posicion y carga
de un actuador hidraulico. Ademas, posee un control de deformacion.

El panel de control indica las funciones de bloqueo, las cuales interrumpen la
accion de la unidad de potencia hidrdulica. Los indicadores de falla indican
bajo nivel en el tanque de aceite, alta temperatura del aceite, y baja presiéon a

la salida de la bomba.
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2.5 SISTEMA DE MORDAZAS ACTUAL
Los didmetros del orificio de las mordazas actuales fueron determinados a

partir de las dimensiones de las probetas a ensayar (ver figura 12 y tabla 4)

Figura 18. Dimensiones de probetas actuales
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Tabla 4. Dimensiones de probetas actuales

PROBETA B Lo Lc D R
1 9+0,3 35+0,2 45 12 10
2 12+0,4 50+0,2 57 20 10
3 20+0,8 50+0,2 57 25 10
4 20+0,8 100+0,2 115 25 10

La prensa dispone de dos platos de diferente seccion que se acoplan
perfectamente y en medio de los cuales se alojan las mordazas de agarre (ver

tiguras 19 y 20). Las dimensiones aparecen en las tablas 5 y 6.
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Figura 19. Dimensiones del Plato Inferior
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Tabla 5. Dimensiones de platos

PLATO
B C D E h L
No
1 95 41 30 20 38 19
2 130 57 41 31 38 19
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Figura 20. Dimensiones de las mordazas

- -

Tabla 6. Dimensiones de mordazas

No D C ® H
1 33 22 12 25
2 33 22 20 25
3 43 32 20 25
4 43 32 25 25

Analisis de resistencia. Para el andlisis de resistencia es necesario tener en
cuenta que el numero de mordazas es de tres cubriendo cada una un angulo
de 120° y que cuentan con un ranurado interno para mejorar la fuerza de

friccién y por lo tanto el agarre de la probeta.
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Tomando como base para los célculos una carga critica que es la maxima que
esta en capacidad de efectuar la prensa y conociendo los diametros del
actuador hidraulico:

Diametro del piston :  8.75 pulgadas

Diametro del vastago: 5 pulgadas

Area efectiva :  40.5 pulgadas

F=PxAe= 3000[%111552 ]*40.5[pulg?®]=121500[1b]
F =55.2[ton]
En donde
F :Fuerza maxima ejercida por el actuador
P :Presion méaxima de trabajo
Ae : Area efectiva
A partir de F se obtienen las cargas a las cuales se encuentra sometido el
sistema de agarre, tomando como caso critico cuando se trabaja con el sistema

de agarre N° 2, del diagrama de cuerpo libre del plato inferior(ver figura 21):

Figura 21. Diagrama de Cuerpo Libre del Plato Inferior
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> Fy=0
N, cos«¢+F,, *seng=F Ecuacionl
Fep=pu*N, Ecuacion 2

Reemplazando Ecuacién 2 en Ecuacion 1:
N, cos« ¢+ u*N, *seng=F Ecuacion3

En donde

Ni: Fuerza normal entre el plato y la mordaza de agarre
Fpi: Fuerza de friccién entre el plato y la mordaza de agarre
® : Angulo de inclinacion del plato

p : Coeficiente de friccion entre el plato y la mordaza

F : Fuerza ejercida por los tornillos

Despejando N1 de Ecuacién 3:

N F _ 55200
' cos@+pxsenp cos75+0.5%sen75
N, =74415.4[kg]

Haciendo el DCL para una de las tres mordazas teniendo en cuenta que son

simétricas axialmente (ver figura 22):
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Figura 22. Diagrama de Cuerpo libre de la Mordaza

N1/3

;
Y
‘ D> Fx=0

X

Len . .
N, + F;, *cos¢g = N, * % Ecuacion 4

Despejando N, :

_ seng /' p* N, *Cosg
N, = N, * A 1 A

N, = N, (seng — ycos¢% _ 74295.4% (sen75- 0.5+ cos75)/
N, = 20716.4kg]

3
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D> Fy=0
F1+Ff2_Ff1*Sen¢: Nl*COS%

Fio=p*N, Ecuacion5

entoncesreemplazando setiene:

F1+,U*N2 = Nlcos%-i-’u*leen%

despejando F, seobtiene:

F - N1>s=cos¢3 N Nl*,u*sen%_ﬂ* N,
F, = 74295.4+ 0057% 4 74295%0.5% sen?% — 0.5%20716.4
F, =8012.1kg]

En donde
Fr: Fuerza de fricciéon entre mordaza de agarre y probeta.
N2: Fuerza normal entre mordazas de agarre y probeta.

F1 : Fuerza ejercida por la probeta.
Despejando Ecuacion 2 se tiene:

F,, = 05% 742954/
F,, =12382.6kg]

Despegjando F,, de Ecuacion 5 tenemos:

F, =0.5+20716.4
F, =10358.2kg]
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En conclusién la mordaza se encuentra sometida a las fuerzas anteriores (ver
tigura 23).

Figura 23. Fuerzas Aplicadas a las Mordaza

F:z = 103852 kgl

y N2 = 207164 [kgl
Ni = 267651 kgl

———

F1= 123826 [kgl

o
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3. ANALISIS QFD PARA EL SISTEMA DE MORDAZAS HIDRAULICAS

3.1 PLANTEAMIENTO DEL SISTEMA DE MORDAZAS REDISENADO
Con el transcurrir del tiempo, nuestro mundo se ha visto afectado por la
competitividad y por el deseo de realizar las actividades de una manera mas
rapida y confiable. Para poder entrar en este mundo debemos de innovar y
mejorar nuestros equipos, de tal forma que se comporten como sistemas
rapidos y de pronta respuesta, aprovechando todas las variables que nos
puedan facilitar este comportamiento.

En miras de mejorar el procedimiento de anclaje de probetas realizado en la
maquina de pruebas universales Instron 1323 ubicada en el laboratorio de
sistemas oleoneumadticos; procedimiento que se realiza actualmente con
pernos y platos de acuerdo al tamafio de las probetas que se utilicen en donde
para cada prueba se deben soltar los seis tornillos con que cuenta cada
conjunto, haciendo de este un procedimiento largo, tedioso y con respuestas

lentas; se planteo la posibilidad de mejorar el sistema de anclaje .

Para subsanar este trabajo se requiere un disefio ingenieril que haga de esta

labor un procedimiento mas acorde a nuestra necesidad.

Requerimientos para desarrollo del nuevo sistema de anclaje:
+  FéAcil de operar.
+  Sirva para las pruebas de tensiéon y compresion.

+  Permita cambios rapidos de probetas.
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Féacil de armar.

4

¥  Facil de desarmar.

Facil montaje.

4

+  Sus repuestos sean facil de conseguir.
+  Limpia.
+  Segura.

¥  Peso moderado.

A continuacion se realiza una asociacion de los requerimientos en subgrupos

de criterios de evaluacion.

w Facil de operar
+ Operacion y uso w Para las dos pruebas

w+ Cambios rapidos de probetas

+ Facil de armar
w Fécil de desarmar
+ Mantenimiento w Facil montaje
+ Repuestos facil conseguir

+ Limpia

+ Seguro
w Seguridad
+ Peso
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Estos requerimientos se introducen en la matriz de la calidad en las celdas
verticales y son las necesidades del cliente; a estas se les asigna un valor de
importancia para el consumidor. En posiciéon horizontal se asignan los
requisitos del proyecto, paso que se realiza anteriormente con el método de

tormenta de ideas (ver tabla 7).

El relacionamiento se efecttia basado en los siguientes valores:

¥ 9 ( para un relacionamiento fuerte)
¥ 3 ( para un relacionamiento medio)
+ 1 ( para un relacionamiento débil)

Luego de ubicados los valores en cada recuadro, se procede a realizar la
sumatoria de cada una de las columnas con el fin de identificar los de mayor
valor enla matriz de la calidad, estos constituyen los indicadores mas fuertes
que mas adelante se ponderaran y que deberan influir en la proposicion de

las alternativas.
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Tabla 7. Matriz de la calidad

= E | g
E E R A
v =) B =] > 3
B 2} = @ o B
e |8 | s |52 | |8 |E|E |
E 5 9 o— 7] (] g ] (=3
E = g g z @ © v i
g g 8 2 5 e |2 35| 8 S 2
o =] = o =
g 18 | 2 | s |2 |5 |EZ|E |8 |
< p= = & * TR 2 . = o
Importancia 1 2 3 4 5 6 7 8 9 10
o Facil de operar 9 9 9 9 9 9
3
>
;g Para las dos pruebas 9 9 9 9 3 9 9 9
&
g
o
o Cambios rapidos 9 9 9 3 9 9
Facil de armar 9 9 9 3 3 3 3
° Facil de desarmar 9 9 9 3 3 3 3
-
it
£ | Facil montaje 3 3 9 9 3 3 3 3
[
E R tos facil
epuestos faci
= 9 9 9 3 9 9
conseguir
Limpia 3 3 9 3
g Segura 3 3 9 3 9 9 9
=t
5
& Peso 9 3 9 3 3
Totales 120 441 513 54 495 123 141 375 279 342

Luego de llenado la matriz de la calidad se procede a la seleccion de los

requisitos del proyecto con mayor puntuacion, estos requisitos seran el pilar

para la seleccion final de la alternativa.
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Para nuestro efecto se ha seleccionado los 5 con puntuacién més alta y se
mostrardn a continuacién en %. Para efectuar este célculo se toma el valor del
requisito y se divide en la sumatoria total de todas las columnas (ver tabla 8).

Tabla 8. Seleccién de requisitos

s

= 2 g | g

- 3}

g T E |2 |8

7] =1 = >~ 17

n @ % @ = H g

e S |g |E|g | § |8 |& |¢

2 & g g z v «: Y o
o = " ) o g o «: < 3
= S < ] ) = b= =]
g g g S | g g £ g g
< = = 5] @ o) = =) = o

TOtaleS 120 441 513 54 495 123 141 375 279 342 2883
% 4 15 | 18 2 16 4 5 13 | 10 | 12

Los requisitos que predominan de acuerdo a sus porcentajes son:

+ Pocas Piezas

+ Un solo conjunto

+ Mecanismo Sencillo
+ Unida a la maquina
+ Ocupe poco espacio

3.2 ALTERNATIVAS PROPUESTAS

Las alternativas presentadas a continuacion son el resultado de un estudio

basado en el funcionamiento de elementos hidraulicos tradicionales.

3.2.1 Sistema hidraulico con cilindros. Lo propuesta consiste en utilizar los
elementos existentes actualmente, adaptandoles un cilindro hidraulico que
ejecute la accién de agarre y unos resortes que permitan la reposiciéon de las

mordazas y la extraccién de la probeta.
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Montaje: Se adaptara un cilindro hidrdulico previamente seleccionado
al marco de la prensa y se acondicionara al vastago del cilindro el plato
superior del sistema de agarre, el plato inferior (plato con Ila
perforacion conica) estard apoyado fijamente a una estructura que se
disefara e ird soportada en el marco de la prensa. En su posiciéon
inicial el cilindro se encontrard retraido, y utilizando una vélvula
direccional 4/3 con centro cerrado se daran las respectivas 6rdenes
para la direccién del flujo. Adicional a esto las mordazas irdn sujetadas

lateralmente al plato superior por medio de resortes (ver figura 18).

Procedimiento para el agarre: Como el plato inferior se encuentra
independiente del conjunto vastago-plato superior, podemos colocar la
probeta de una manera fécil; luego de colocada la probeta en el plato
inferior, se dard la orden a la valvula direccional para que el cilindro se
empiece a extender, lo que quiere decir que el plato superior empieza a
descender lentamente hasta alcanzar la cabeza de la probeta, ajustando
de manera adecuada la probeta entre los dos platos mencionados(este

procedimiento se realizara de igual manera en la parte inferior).

Luego de realizada la prueba respectiva, se dara la contraorden a la
valvula direccional, reposicionando el cilindro a su estado actual y
liberando la probeta para realizar la siguiente prueba. Con el sistema
de resortes adaptado a cada una de las mordazas, garantizamos
siempre que estas suban de igual manera como lo hace el plato

superior, evitando que las mordazas no liberen la probeta estudiada.
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Figura 24. Sistema hidraulico con cilindros

Cilindro

Mordazas

3.2.2 Sistema hidraulico con placa mévil. Lo que proponemos en esta
solucion es el disefio y construccién de una camisa de doble seccién, con sus
agujeros laterales para realizar la respectiva conexién de las mangueras que
transportaran el fluido hidrdulico. Adicional a esto se disefiard y construiré
un disco de doble seccién que se acople perfectamente en la camisa nombrada

anteriormente (ver figura 19).

- Montaje: Dentro de la camisa se alojard el disco de doble seccién; cada

seccion del disco ird con sus respectivos sellos para evitar que el fluido
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pase de una cdmara a otra y asi crear dos cdmaras independientes con
diferente area efectiva.

Ademas en la parte interna de la camisa ird alojado el plato inferior
(plato con la perforacién cénica) que podré ser desmontado facilmente
para cualquier cambio de las dimensiones de la probeta a estudiar
(para cada dimensiéon de probeta habra un plato inferior con sus
respectivas mordazas).

El disco mévil llevara consigo un sistema de guia para las mordazas
que irdn montadas en éste, esto para garantizar que las mordazas se
desplacen verticalmente, adicional a esto las mordazas iran agarradas
lateralmente a la camisa por medio de resortes previamente

seleccionados, garantizando su desplazamiento radial.

Procedimiento para el agarre: Inicialmente el disco movil se
encontrard en su posicion mas elevada, lo que quiere decir que la
camara superior aloja el minimo volumen de fluido hidraulico, luego
se montan las mordazas en las guias del disco mévil y se aseguran
lateralmente con resortes a la parte interna de la camisa; siguiente a
esta operacion se montara el plato inferior, asegurando que quede el
espacio suficiente para introducir la probeta.

Por medio de una valvula direccional 4/3 con centro cerrado se daran
las respectivas 6rdenes para la direcciéon del flujo, de modo que se llene
de fluido hidraulico la cdmara superior (cdmara de seccién mayor)
desplazando el disco moévil, el cudl transmite el movimiento a las
mordazas que se deslizan libremente en la superficie cénica del plato
inferior hasta permitir el agarre de la probeta (este procedimiento se
realizara de igual manera en la parte inferior). Luego de realizada la

prueba respectiva se dara la contraorden a la valvula para el llenado de
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la cdmara inferior (cdmara de menor seccién), produciéndose un
desplazamiento del disco mévil y de las mordazas, que volverdn a su
posicion inicial por medio de la fuerza de los resortes, liberando la

probeta previamente estudiada.

Figura 25. Sistema Hidraulico con placa mévil

Camisa

Puerto de
alimentacion

Puerto de
alimentaciéon

Mordazas

< Plato inferior

3.2.3 Sistema hidraulico con rotacion del plato inferior. Lo que
proponemos con esta solucion es el disefio y construccion de una camisa con
perforaciones laterales para la conexiéon de las mangueras que transportan el
fluido hidraulico; dentro de la camisa se alojara un disco que crea dos
camaras independientes de igual seccién que al llenarse de fluido hidraulico
permitiran su rotacién en un sentido u otro transmitiendo este movimiento al
plato inferior para proporcionar el agarre o soltura de la probeta (ver figura

20).
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> Montaje: Dentro de la camisa construida se acondicionara un disco
que proporcionara dos cdmaras independientes de igual seccién que
proporcionan movimiento en los dos sentidos dependiendo del
direccionamiento del fluido. Solidario a este disco se acoplara el plato
inferior por medio de unas guias para garantizar que el movimiento
rotacional del disco se transmita al plato inferior (plato con
perforaciéon coénica). En el plato inferior iran alojadas las mordazas

que seran conectadas al disco por medio de resortes.

- Procedimiento para el agarre: Luego de realizar el montaje
previamente explicado direccionamos el fluido hidraulico por medio
de una valvula direccional 4/3 con centro cerrado de tal manera que
con una sola orden gire el conjunto convirtiendo el movimiento
rotacional del plato inferior en lineal de las mordazas para el ajuste de

la probeta.
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Figura 26. Sistema Hidraulico con Rotacién del Plato Inferior.

Camisa

Puertos de
entrada y salida
de aceite

Disco rotativo

Plato inferior

Luego de realizada la prueba se dara la contraorden a la valvula para que el
conjunto gire en sentido contrario liberando de este modo la probeta. La

funcién de los resortes es reposicionar las mordazas a su posicion inicial.
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3.3 SELECCION DE ALTERNATIVA

De acuerdo al andlisis realizado en el QFD y a las propuestas hechas

anteriormente, se llego a la conclusion de que el sistema que se va a

desarrollar y que cumple con las condiciones descritas es la opcién namero 2,

sistema hidrdulico con placa mévil, basado en el principio de embolo de los

cilindros convencionales; ademas este es un mecanismo sencillo que de

deslizamiento que cumple con las condiciones descritas anteriormente (ver

tabla 9).

Tabla 9. Seleccion de alternativa

Alternativa 1.
Sistema hidraulico

Alternativa 2.
Sistema hidraulico

Alternativa 3.
Sistema hidraulico
con rotacion del

con cilindros. con placa movil. olaio inferior,
pocas piezas Sistema mecanico |50% | 0,09 | 2 0,18 5 0,45 5 0,45
Sistema hidraulico | 30% | 0,054 | 2 0,108 5 0,27 4 0,216
0,18 Sistema eléctrico ] 20%]0,036] ° 0,18 5 0,18 S 0,18
Un solo Fécil de armar 40% 0,064 2 0,128 5 0,32 3 0,192
conjunto | il de desarmar | 40% | 0,064 2 0,128 5 0,32 3 0,192
0,16 Peso moderado 20%]0,032] 3 0,096 3 0,096 3 0,096
Mecanismo | Econémico 40% | 0,06 | 2 0,12 3 0,18 3 0,18
Sencillo Féacil de construir | 40% | 0,06 | 3 0,18 4 0,24 1 0,06
0,15 Seguro 20% | 0,03 5 0,15 5 0,15 5 0,15
Unido a Féacil montaje 40% | 0,052] 2 0,104 5 0,26 5 0,26
maguina Féacil desmontaje 40% 0,052 2 0,104 5 0,26 5 0,26
0,13 Presién maquina 20%]0,026] 5 0,13 5 0,13 5 0,13
Ocupe poco Compacto 40% | 0,048 1 0,048 5 0,24 4 0,192
espacio 1 Estético 30% |0,036| 1 0,036 5 018 5 018
0,12 Probeta Standard | 30% ] 0,036 | 4 0,144 5 0,18 S 0,18
Totales 1,836 3,456 2,918
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4. DISENO CAD-CAE
4.1. GEOMETRIA

Figura 27. Geometria de conjunto

535 — NN

El disefio de la geometria se bas6 en la seleccién de la propuesta realizada en
el capitulo anterior (ver figura 27).

4.2. ESTATICA

Los diagramas de cuerpo libre se realizan teniendo en cuenta: las operaciones
a realizar por el sistema de mordazas que en este caso son tensién y
compresion de probetas; y una presién de servicio para su operaciéon de 900

psi.

4.21 Tension.
DCL placa mévil (Ver figura 28).

Pa: Presion de aceite = 900 psi.
Fm; y Fmo: Fuerza ejercida por las mordazas sobre la placa moévil.
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A ef: Area efectiva de Presion de aceite.

a: 25°
Figura 28. DCL placa mévil
=uil} 5 =
“HH HHA
P;T
. 4 .
Fm =Fm,=Fm
a
Fm
Fmy
Fm,_ =Fm *sen25
Fmy Fm,, =Fm * cos25
S ty=0
Pa* Aef —2Fm, =0
Y
‘ 900* 7/, (5” — 4) - 2Fmcos25 = 0
X Fm=3510lb Ecuacion 6.

Fm, = 3510* sen25 = 1483Ib
Fm, = 3510* c0s25 = 3181b
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DCL Mordazas (Ver figura 29):

Fg: Fuerza ejercida por guias de seccion inferior.
Fp: fuerza ejercida por la probeta.= 56770 1b

N: Normal entre mordazas y probeta.

a:25°

Figura 29. DCL Mordazas.

> Fx=0

Fm,-N=0

N = Fm* sen25 = 3510* sen25
N =1483lb

> Fy=0

Fm, +2Fg—-Fp=0

Fm* cos25-2Fg-56770=0
_ 56770-3510* cos25

2
Fg = 2679%lb

Fg
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DCL Seccién inferior (Ver figura 30):

Fg: Fuerza de las guias. = 26794 1b.
Ft: Fuerza ejercida por cada tornillo.

Figura 30. DCL Seccion inferior

Il 1 I n 1 It ] I It n
Il 1 I n 1 I [ I I 1l
I 1 1 I il [ I 1 1 i
I 1l 1 I Il 1 I 1 1 I
Il 1 I n 1 I n I I n
Il 1 I n 1 It ] I It n
Il 1 I n 1 I [ I I 1l
I il 1 I il [ I 1 1 i
I 1l 1 I Il 1 I 1 1 I
Il 1 I n 1 I n I I n
I N b= IF—————————————— g ————————— —— H——— - ———- 1 I
Il n n n | | I [ n n
I il I il [ I 1 i
I 1l i I O I I [ i
Il 1 I 1 s I ] I n
Il 1 I 1 I [l I n
e ;*:::*‘ ‘*:::’1 -t

| 1

I 1

I 1

| I

| I

| I

| 1

I 1

| 1

__________________________________________________________________________________
4 ;
F . ’ F
\ ;
\ i
g \ ; g
\ ;
5 ;
4 ;
5 ;

,,,,,,,,,,,,,,,,,,,,,,,,

> Fy=0

Y 6Ft—4Fg=0
4* 26794 Ecuacion 9.
Fti=——

X 6
Ft =17863b

DCL Tapa (Ver figura 31):
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Figura 31. DCL Tapa.

*

45
Fs: fuerza ejercida por el soporte.
Y
‘ Z Fy=0
Fs-6Ft=0 Ecuacién 10.

X
Fs=107178b

61



4.2.2. Compresion. En compresion solo acttian los cuerpos seccién inferior y
tapa por lo tanto los otros dos no se tendran en cuenta para esta operacion.

DCL seccién inferior (Ver figura 32):

Fp: Fuerza de la probeta. 113538 1b.
Ft: Fuerza ejercida por la tapa.

Figura 32. DCL seccién inferior.

b — o

___________________________________________________________________________________

________________________

Y Y Fy=0
Fp-Ft=0

X Ft =113538b Ecuacién 11.

DCL tapa (Ver figura 33):

Fs: Fuerza del soporte.
Ft: Fuerza soportada por la tapa. = 113538 1b
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Figura 33. DCL Tapa.

Ecuacion 12.

————

ere——

0
113538lb

Ft—Fs

Fs

> Fy=0

E
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43 PARTES DEL SISTEMA MECANICO.

El sistema disefiado y descrito a continuacion (Ver figura 34) se realizo con la
ayuda de los paquetes CAD/CAE con los que cuenta la escuela de ingenieria

mecdnica: Solid-Edge V-14 y Ansys V- 8.1.

Figura 34. Conjunto de sistema de mordazas.

Mordaza

T
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4.3.1 Juego de mordazas. Constituido por dos piezas de acero AISI SAE
4340 y permitird agarrar o soltar la probeta a la que se va a realizar la
prueba.

En ellas se apoyard la cabeza de la probeta (Ver figura 35), cuando se

realicen pruebas a tension.

Figura 35. Mordazas.

4.3.2 Placa mévil. Es la pieza motora del conjunto, y es sobre donde recae
todo el éxito del sistema (Ver figura 36). Construida de acero AISI SAE 1045 y

su movimiento es debido a que el fluido proveniente de la presién piloto del
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sistema pega a las dos (2) areas (dependiendo de la orden dada a la vélvula),
permitiendo el desplazamiento vertical de la placa, a su vez este transmitira
el movimiento a las mordazas por medio de un sistema de guias espaciadas

cada una a 180° y mecanizadas al interior del cono.

Figura 36. Placa movil.

4.3.3 Seccién inferior. Es la base del sistema , y es por donde se desliza
tanto la placa moévil como el juego de mordazas, lleva internamente un apoyo
tijo para que alli descanse la probeta cuando se estén realizando las pruebas
de compresion; con esta base se garantiza siempre la misma ubicacién de la
probeta dentro del sistema (Ver figura 37).

Esta parte del sistema es la encargada de direccionar el movimiento de las
mordazas, debido a que radialmente se mecanizaron dos guias cada una a
180°, que es donde estan descansando las mordazas antes mencionadas.

En la periferia se mecanizaron dos puertos para la entrada y salida del fluido.

Su construccion es de acero AISI SAE 1045.
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Figura 37. Seccidn inferior.

4.3.4 Tapa. Parte que permite dar el hermetismo buscado para el sistema,
lleva consigo un tornillo roscado que va unido al marco de la méquina de
pruebas, se une a la seccién inferior por medio de 6 pernos de 2” grado 8

(Ver figura 38). Su construccion es de acero AISI SAE 1045.

Figura 38. Tapa.
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44  SIMULACION CINEMATICA

Funcionamiento. La operaciéon del sistema esta regida por cuatro fases o

tiempos:

+  Posicionamiento de la probeta

La orden para el inicio de la primer fase se da por medio de un accionamiento
de la vélvula direccional conduciendo el fluido hidraulico al puerto No. 1
localizado en la seccién inferior, ocasionando el desplazamiento de la placa
movil que a su vez induce la apertura de las mordazas proporcionando el

espacio necesario para introducir la probeta en la seccion inferior.

v  Agarre de la probeta
Una vez colocada la probeta en posicion de prueba se dard la contraorden a la
valvula para direccionar el fluido hidraulico hacia el puerto No. 2 induciendo

el cierre de las mordazas y por tanto la acciéon de agarre de la probeta.

+  Prueba
En esta fase la valvula direccional permanece en la posicién central mientras
que el actuador de la maquina aplica la fuerza de tracciéon o compresion

segln sea el caso, hasta producir la fractura de la probeta.
+  Retirada de la probeta

La dltima fase se ejecuta de forma similar a la primera con la diferencia de

que la apertura de las mordazas permite la extraccion de las partes falladas.
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4.5 SIMULACION GENERAL Y ANALISIS DE ESFUERZOS

Después de haber modelado previamente las ideas que se tenian sobre el
conjunto de mordazas se procede a analizar el sistema con el programa de

CAE ANSYS Workbench V8.1.

El proceso de realizacién del anélisis de ingenieria al modelo es el siguiente.
Luego de elaborar el conjunto en Solid Edge V18; el programa captura el
parasolido y lo deja disponible para agregar las cargas a las que se vera
sometido, estas cargas son externas y el mediante analisis de elementos
finitos realizara el calculo de el comportamiento interno de los materiales a
esos factores externos ya mencionados. Es importante recalcar que el analisis
(FEA acrénimo de Finite Element Analysis) del conjunto solo se le hace a los
elementos que estan comprometidos y afectados por las cargas externas
dentro del conjunto

Para cada una de las pruebas realizadas se ha construido un analisis diferente
con el fin de poder desarrollar nuestro prototipo. El anédlisis de esfuerzos se

ha realizado utilizando el software ANSYS workbench V 8.1.

4.5.1 Prueba a tensioén. Para realizar el modelo de esta prueba se ha tomado
como base la posiciéon donde se debe estar sujetando la probeta, en este
punto los elementos que soportan directamente los esfuerzos generados por

la probeta son las mordazas.
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Geometria

Figura 39. Seleccion de materiales
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El material seleccionado (ver figura 39) es un acero 1045 para todas las
partes del conjunto, excepto las mordazas para las que se utiliza acero
4340. Estos materiales aplican de igual forma para la prueba a

compresion.

Tipos de contacto
Los diversos tipos de contacto son seleccionados para cada pieza en
particular de acuerdo a las condiciones de trabajo existentes entre ellas

(ver figura 40).

Enmallado
Se selecciona con relevancia de 0, con el fin de lograr un punto de

equilibrio con la solucién (ver figura 41).
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Figura 40. Tipos de contacto
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Figura 41. Enmallado
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'1ir

Enviroment

Entorno en el cual se establecen las condiciones en que opera el
conjunto (ver figura 42). Para ello se define un soporte fijo representado
sobre la tapa, haciendo similitud con el marco de la maquina; la fuerza
de disefio aplicada es basada en la resistencia tltima (acero 4340) del
material de las probetas a ensayar teniendo en cuenta las dimensiones

dadas en la norma ASTM E 8.

Figura 42. Enviroment tensién
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+  Esfuerzos resultantes
La imagen muestra en gama de colores los esfuerzos resultantes a que
estan sometidos cada uno de los elementos que componen el sistema
disefiado resaltando igualmente los puntos en los cuales se presentan

los valores méximo y minimo (ver figuras 43, 44, 45, 46).
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Figura 43. Esfuerzos en la tapa
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Figura 44. Esfuerzos en la placa mévil
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Figura 45. Esfuerzos en mordazas.
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Figura 46. Esfuerzos en seccion inferior
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452 Prueba a compresion. Para realizar el modelo de esta prueba se ha
tomado como base la posicién donde se debe estar sujetando la probeta, en
esta posicion el elemento que soporta directamente los esfuerzos generados
por la probeta es la seccion inferior.

Para efectos de la simulaciéon los puntos mencionados anteriormente en

tensién como geometria, tipos de contacto y enmallado, permanecen iguales.

Enviroment

4

La fuerza de disefio es igual a la colocada en la prueba a tension, solo

que con sentido contrario; el apoyo sigue siendo el mismo (ver figura
47).

Figura 47. Enviroment compresion
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+  Esfuerzos resultantes
Debido a que el contacto de la probeta es directamente sobre la secciéon

inferior, se ha decidido mostrar en detalle la antes mencionada junto con
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la tapa, puesto que hay transmisién de fuerzas solo entre ellas (ver
figuras 48, 49).
Figura 48. Esfuerzos en la tapa

Fie Edt e nes Toois kep | % = Bl | @ | EInew anatysis - fsoe - | TE Wit
R AP EERRSESaqRE XX E MO
Resuk 23 (Auto Scale) - R
> compresion final y tension” L) - -
i AN SNES
Life s s

D Safety Factor
= (@] conjunto total a compresion

eweqenael | | augull

BB Mesh
=, [=] Environment
7N Analysis Settings
/B Farce
/B, Fixed Support

= Solution

Solution Information

3,9401e7
2,010167
8,0189e5 Min

M Equivalent Stress 2

B Enuivalent Stress 3

B Equivalent Stress 4

v M8 Equivalent Stress 5

BB Equivalent Stress 6
Stress Tool

Details of "Equivalent Stress’ L

=1 Scope
Geometry |1 Body

Type [Equivalent (von-Mises) Stress
Display Time |End Time
z
Minimum_[8,01895-+005 Pa
Masdimum | 1,745e-+008 Pa [ ®
= n
v
0.000 0.100 0.200 (m)
]
0,050 0.150

Geometry 400 |- WPrint Preview jReport Preview, |
|8 § messages o Selection [metric (m, ka, M, °C, 5, ¥, A) #

| 2 mirc || (23 s documentos ] DISEFO ¥ CONSTRU. . ) 02| DM 12142 p.m

|Press Fi for Help [

rkbench [A...

Figura 49. Esfuerzos en seccién inferior
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4.6 RESULTADO DE LA SIMULACION

4.6.1 Tension. Luego de realizado el analisis se evidencia que la probeta
falla primero. Presentando un factor de seguridad de 0,11103; el resto de

componentes se comportan de manera satisfactoria (ver figura 50).

Figura 50. Factor de seguridad a tension
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4.6.2 Compresion. En el comportamiento a compresion se evidencia que la
rotura de la probeta ocurre primero, antes de que cualquier otra parte del
conjunto falle (ver figura 51).
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Figura 51. Factor de seguridad a compresion
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Para efectos de cualquier otro analisis, referirse a Anexo 3 Reporte Ansys.
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5. CIRCUITO ELECTROHIDRAULICO DEL SISTEMA DE MORDAZAS
DISENADO

El circuito hidraulico del sistema disefiado se alimenta de la linea de presion
piloto del manifold de control la cual maneja un rango de presiones de 750
psi a 900 psi cuando la presion maxima del sistema estd dentro de un rango
de 1600 a 2000 psi respectivamente (ver figura 16).

Consta de una valvula reductora de presiéon que proporciona una presion
acorde a la necesidad del disefo (500 psi), una valvula direccional 4/3 centro
tdindem accionada por solenoides a 110 Voltios; los cuales se energizan por
medio de una perilla de 3 posiciones con dos contactos normalmente abiertos;
para dirigir el fluido al conjunto de mordazas disefiado (representado por los
cilindros en este esquema) los cuales se encuentran conectados entre si por

medio mangueras R1 (ver figura 52).

Para la alimentacién a partir del puerto de presion piloto del manifold se uso
una “T” de ¥4 rosca NPT conectada al manifold por medio de un adaptador
de % a 9/16. De las dos salidas restantes una va conectada a la valvula

reductora y da la otra sale una manguera hacia la servo valvula de la prensa.

El drenaje de la vélvula reductora y el puerto de tanque de la valvula
direccional se conectan al drenaje del manifold principal.
Los puertos A y B de la valvula direccional se conectan a los puertos de

entrada y salida de cada una de las mordazas.
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Figura 52. Esquema hidraulico
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Para la apertura del sistema de mordazas se gira la perilla de control a la

posicion 3 (ver figura 53).

Figura 53. Esquema hidraulico de apertura de mordazas
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Para el cierre del sistema de mordazas se gira la perilla de control a la

posicion 1 (ver figura 54).

Figura 54. Esquema hidraulico de cierre de mordazas
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A continuacién se muestra el montaje de las conexiones hidraulicas y
eléctricas para el funcionamiento del sistema de mordazas disefiado (ver

tiguras 55, 56, 57 y 58).

Figura 55. Conexion de valvula reductora a manifold

A: Manguera de presion para valvula direccional
B: Manguera de tanque de la vélvula direccional
C: Manguera de presion piloto a servo valvula

D: Drenaje de valvula reductora a manifold
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Figura 56. Conexion de electro valvula direccional
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Figura 58. Conexion a puertos de mordazas

z
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6. MANTENIMIENTO Y MONTAJE

El mantenimiento requerido por el sistema disefiado consta de principios
basicos que hacen de su ejecucién un procedimiento facil de llevar a cabo.
Debido a que los tnicos elementos que sufren un deterioro considerable son
los sellos ubicados en la placa moévil y la tapa, se requiere una revision
periddica de los mismos en intervalos semestrales, considerando su
reemplazo dependiendo del desgaste sufrido por cada uno de ellos el cual se
evidencia con fugas o deformacion.

Se debe considerar adicionalmente el desgaste sufrido por las piezas en
contacto directo metal-metal (guias de las mordazas) para lo cual se
recomienda el uso periddico de grasa que facilite su deslizamiento.

Cabe resaltar el chequeo constante del estado de las mangueras, puntos de

acople y vélvulas para detectar posibles fugas de aceite hidraulico.

El montaje de las piezas que componen el sistema disefiado consta de los

siguientes pasos:

+  Deslice las mordazas sobre las guias de la seccién inferior hasta que
hagan contacto.

+  Verifique visualmente por la cara superior de la seccion inferior que las
guias inclinadas de las mordazas se encuentren centradas.

+ Introduzca la placa moévil; con sus respectivos sellos instalados; por la
cara superior de la seccién inferior rotandola si es necesario hasta que
coincidan las guias inclinadas de las mordazas con las guias de la placa

movil.
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4

Presione hacia abajo la placa mévil de modo que las guias de las
mordazas entren en las guias de la placa moévil hasta encontrar la
restriccion de la seccién inferior; esto ocasionara un desplazamiento
radial de las mordazas sobre la seccion inferior.

Ubique la tapa sobre la secciéon inferior con su sello previamente
instalado y haga coincidir las perforaciones de los tornillos.

Coloque los tornillos ajustandolos en cruz hasta lograr hermeticidad.
Tome el conjunto e instélelo en el marco de la maquina de pruebas.
Repita los pasos anteriores para ensamblar el siguiente conjunto.

Luego de ubicar los conjuntos en la maquina, conecte las mangueras
correspondientes al puerto 2.

Con la maquina en funcionamiento y verificando las conexiones de las
valvulas reductora y direccional, accione la valvula direccional de tal
forma que el fluido se dirija al puerto 2 de cada conjunto.

Conecte la manguera correspondiente al puerto 1 de cada conjunto.
Accione la contraorden de la vélvula direccional y verifique el correcto

funcionamiento de los conjuntos (apertura y cierre de mordazas).
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7. PRUEBAS

La realizaciéon de las pruebas se llevo a cabo teniendo en cuenta las
disposiciones de la norma vigente y las condiciones de la maquina al
momento del montaje, ya que esta no cuenta con la totalidad de los

dispositivos que se requieren para tener un control preciso de la misma.

71 EVALUACION DEL ESTADO ACTUAL DE LA MAQUINA PARA
EFECTOS DE LAS PRUEBAS

71.1 Control y lecturas. Para tener un optimo control de la maquina se
requiere de dispositivos que evalien constantemente y con precisiéon
diferentes aspectos tales como posiciéon del actuador, velocidad de avance
del actuador, deformacion de las probetas y esfuerzos.

Como sabemos la maquina cuenta con una consola de control de lecturas (ver
tigura 59) en la cual se encuentran montados los controladores que junto con
los transductores controlan de forma precisa los aspectos mencionados
anteriormente; desafortunadamente estos no estan en capacidad de operacion
debido a que la tarjeta de control de posiciéon de la consola se encuentra
averiada motivo por el cual los demds dispositivos no funcionan
correctamente.

7.1.2 Alineacién de los ejes. Inicialmente se procedi6 a verificar la
alineacion de los ejes de los dos conjuntos encontrando que habia un desfase
de aproximadamente 5 mm. Al realizar un andlisis méas exhaustivo se
encontr6 que la causa de este desfase es una deformacion de la camisa del eje
que sostiene al conjunto superior producida tiempo atrds por una

manipulacién inadecuada de la maquina.
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Para corregir este problema se procedi6 a dar un ajuste diferente a los pernos
que se encuentran ubicados en la parte superior de la viga del marco de carga
logrando reducir este desfase a ITmm.

Figura 59. Consola de control

¥ B008ko4/1p

-

7.2 ELABORACION DE PRUEBAS

Para los ensayos finales fue necesario coordinar las acciones entre 3 personas;
entre las cuales se encuentra el profesor Abel Parada, Director del proyecto.
Debido a que el movimiento del actuador se controla por medio de una
perilla ubicada en la consola de control (por las razones expuestas en la
seccién anterior), se requeria de alguien que posicionara la probeta mientras
el actuador avanzaba, al tiempo que otra persona debia accionar en el
momento preciso la electrovalvula direccional que controla la apertura y

cierre de las mordazas hidraulicas.
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Como primera medida se procedi6é a mover el actuador de manera tal que se
pudiera posicionar la probeta en medio de los dos conjuntos verticalmente,
posteriormente se accioné la electrovdlvula hidrdulica para abrir las
mordazas y permitir la libre entrada de los extremos de la probeta en cada
conjunto. En ese momento con la perilla se ponia el actuador de nuevo en
movimiento tratando de detenerlo en el preciso instante en que los extremos
de las probetas encajaban en los espacios correspondientes de cada conjunto
para en ese mismo instante dar la orden de cerrado de las mordazas por
medio de la electrovalvula.

La dificultad de sincronizar todas estas acciones hizo que en varias ocasiones
no se alcanzara a detener el avance del actuador sometiendo la probeta a
esfuerzos de compresion y produciendo en ella la consecuente deformacién

(ver figura 60).

Figura 60. Probetas averiadas
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Las probetas utilizadas fueron fabricadas de acuerdo a la tabla de
dimensiones que se encuentra en la norma, utilizando solo las que se
muestran en la tabla. Se realizaron pruebas con probetas de 6 mm, 9mm y
12.5 mm de didmetro segin Norma ASTM E8 (ver figuras 61, 62 y tabla 10),
seccion 3.

Figura 61. Probetas utilizadas para pruebas

m2008/04/18

Figura 62. Probetas recomendadas
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Tabla 10. Dimensiones de probetas a utilizar

Dimensions, mm
Ssgzzidnﬁg Small-Size Specimen Proporcional to Standard
12.5 9 6 4 25

G- gage length 625+0,1 45+0,1 30+x0,1 20+0,1 125%0,1
D- diameter 12,5+0,2 9+0,1 60,1 4+0,1 2,510,1
R- radius of fillet, min 10 8 6 4 2
A- length of reduced section 75 54 35 24 20
L- overall length, aprox. 150 150 150 150 150
B- length of end section 10 10 10 10 10
C- diameter of end section 22,5 22,5 22,5 22,5 22,5
E- Iength_ of shoulder and 30 30 30 30 30
fillet section, approx.
F- diameter of shoulder 20 20 20 20 20

Para poder observar el comportamiento de las mordazas se realizaron
pruebas con 3 tipos de probetas de diferente seccion escogiendo para ello

diametros de 6mm, 9mm y 12.5mm (ver tabla 11).

Tabla 11. Tabla de pruebas

PRUEBA N° DIAMETRO(mm) ROTURA
OK NO OK

1 6 ¢

2 6 ¢

3 6 ¢
4 6 ¢
5 6 ¢

6 9 ¢
7 9 ¢
8 9 ¢
9 9 ¢
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10 9 +
11 12.5 ¢
12 12.5 ¢
13 12.5 ¢
14 12.5 ¢
15 12.5 ¢

Anadlisis de pruebas 1 a 5(6 mm). Se efectuaron 5 pruebas de las cuales
3 probetas presentaron falla satisfactoria con las caracteristicas propias
de fractura por esfuerzos de tension (ver figuras 63 y 64), las 2 probetas
restantes presentan la averia tipica por falta de coordinacién entre las
ordenes mostrada en la figura 60. Se observo un correcto
funcionamiento del sistema de mordazas realizando un agarre
adecuado sin presencia de fugas de aceite hidraulico en ninguna de las
conexiones realizadas.

Figura 63. Prueba con probeta 6 mm
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Figura 64. Rotura de probeta 6 mm

Anadlisis de pruebas 10 a 16(9 mm). Se efectuaron 5 pruebas de las
cuales presentan la averia tipica por falta de coordinacién entre las
ordenes mostrada en la figura 60. Se observa un incorrecto
funcionamiento del sistema de mordazas realizando un agarre
inadecuado, puesto que no se aloja la cabeza de la probeta
perfectamente en la seccién inferior, en la prueba ahi ausencia de fugas

de aceite hidraulico en las conexiones realizadas.
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Figura 65. Prueba con probeta 9 mm

Figura 66. Falla de probeta 9 mm
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Anadlisis de pruebas 11 a 15(12.5 mm). Se efectuaron 5 pruebas de las
cuales ninguna presentaron falla satisfactoria debido a que sufre un
desgarramiento de material en la cabeza de la probeta (ver figuras 67 ).
Esto debido a que por la robustez de su geometria no permite el
pequefio pandeo generado por el desalineamiento, que si aceptaron las
dos geometrias anteriores; este desalineamiento impide un correcto
agarre del cuello de la probeta puesto que a medida que se cierran las

mordazas la probeta se inclina.

Figura 67. Prueba con probeta de 12.5 mm
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8. CONCLUSIONES Y RECOMENDACIONES

+ Se logra construir un conjunto de mordazas, reemplazando el
tradicional de pernos por uno hidraulico como se propuso (ver figura
60).

Figura 68. Conjunto de mordazas

! INSTRON

v Lavida atil de la seccion inferior estd limitada a un niamero de ciclos o
pruebas a realizar cuyo valor corresponde a 12752 segun los resultados

del anélisis realizado en ANSYS.
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+ La presion de disefio para la apertura y cierre de las mordazas es de
750 psi la cual se obtiene por medio de una valvula reductora ubicada
en la salida de presién piloto del manifold principal, sin embargo un
andlisis posterior demostr6 que el sistema de mordazas funciona de la
misma forma si se trabaja con la totalidad de la presién piloto por lo

cual se obvio el uso de la valvula reductora.

+ La prueba de compresion se efecttia con probetas cuya relacion L/d =
3, siendo el didmetro mayor de 22 mm, teniendo cuidado de alojar
perfectamente la probeta en la seccién inferior para evitar resultados

erréneos.

+ El montaje de cada uno de los conjuntos se realiza de acuerdo a los
lineamientos mencionados en el capitulo de mantenimiento y montaje,
cabe resaltar que el ensamble de la placa moévil se debe realizar con los
tornillos extractores que se enroscan en los orificios que se encuentran

en la parte superior de la misma.

+ La apertura y cierre de las mordazas dependen dtnica y

exclusivamente de las 6rdenes dadas a la valvula.

+ No se deben usar probetas que excedan el limite de fluencia del
material de las mordazas (Acero AISI SAE 4340), utilizando las tres
dimensiones menores para probetas de acuerdo a la norma ASTM

seccion 3.
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Se debe verificar siempre que los pernos de unién de tapa y seccién
inferior, sean 6 para evitar posibles fugas de aceite hidrdulico por cada

uno de ellos.

Se debe verificar después de cada montaje la no existencia de fugas de
aceite hidrdulico, para garantizar el buen funcionamiento de los

conjuntos.

Se deben llevar registros de pruebas realizadas con el fin de no exceder
el namero maximo de ciclos permitidos para el elemento critico

seccidn inferior.

Asegurese que las conexiones de las mangueras estén a los mismos

puertos de cada conjunto.

Se debe de garantizar la linealidad de los dos conjuntos para evitar

posibles aplastamientos de la seccion inferior.

Se recomienda el montaje de valvulas reguladoras de caudal a la salida
de los puertos A y B de la electro vélvula, esto con el fin de poder

controlar la velocidad de apertura y cierre de las mordazas.

Por seguridad se recomienda conectar a la salida de los puerto A y B
de la electro valvula, anti retornos pilotados para evitar la apertura de

mordazas.

Se recomienda alinear la estructura de la maquina, esto para garantizar

la exactitud de la prueba (ver anexo E).
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+ Se recomienda realizar un cambio en el didmetro de alojamiento,
pasando de 22 mm actual, a 25 mm de didmetro (ver figuras 69 y 70),

con el fin de poder sostener la probeta de manera adecuada.

Figura 69. Diametro actual alojamiento de probeta en seccién inferior

Figura70. Diametro recomendado alojamiento de probeta en secciéon

inferior
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ANEXO A. Norma ASTM E8 Pruebas a tensién

Designation: E 8M - 04

W
INTERNATIONAL

METRIC

Standard Test Methods for

Tension Testing of Metallic Materials [Metric]’

This standard 15 issued under the fixed designation E 8M: the number immediately following the designation indicates the year of
origimal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 These test methods cover the tension testing of metallic
materials in any form at room temperature, specifically, the
methods of determination of yield strength, yield point elon-
gation, tensile strength, elongation, and reduction of area.

Note 1—These test methods are the metric companion of Test Methods
E 8 Committee E-28 was granted an exception in 1997 by the Committee
on Standards to maintain E8 and E8M as separate companion standards
rather than combining standards as recommended by the Form and Style
manual.

Nore 2—These mefric test methods are essentially the same as those m
Test Methods E 8, and are compatible in technical content except that gage
lengths are required to be 5D for most round specimens rather than 4D as
specified in Test Methods E 8. Test specimens made from powder
metallurgy (P/M) materials are exempt from this requirement by industry-
wide agreement to keep the pressing of the material to a specific projected
area and densify.

Note 3—Exceptions to the provisions of these test methods may need
to be made m ndividual specifications or test methods for a particular
matertal. For examples, see Test Methods and Definitions A 370 and Test
Methods B 557M.

Note 4—Room temperature shall be considered to be 10 to 38°C unless
otherwise specified.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards: >

! These test methods are under the jurisdiction of ASTM Committee E28 on
Mechanical Testing and are the direct responsibility of Subcommittee E28.04 on
Uniaxial Testing.

Current edition approved April 1, 2004. Published May 2004. Onigmnally
approved in 1984. Last previous edition approved in 2003 as E 8M - 03.

2 For referenced ASTM standards, wisit the ASTM website, www astm org, or
contact ASTM Customer Service at service@astm.org. For dnnual Book of ASTM
Standards volume information. refer to the standard’s Document Summary page on
the ASTM website.

A 356/A356M Specification for Steel Castings, Carbon,
Low Alloy, and Stainless Steel, Heavy-Walled for Steam
Turbines

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

B 557TM Test Methods of Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products [Metric]

E 4 Practices for Force Verification of Testing Machines

E 6 Terminology Relating to Methods of Mechanical Test-
ing

E 8 Test Methods for Tension Testing of Metallic Materials

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

E 83 Practice for Verification and Classification of Exten-
someters

E 345 Test Methods of Tension Testing of Metallic Foil

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E 1012 Practice for Verification of Specimen Alignment
Under Tensile Loading

3. Terminology

3.1 Definitions—The definitions of terms relating to tension
testing appearing in Terminology E 6 shall be considered as
applying to the terms used in these test methods of tension
testing. Additional terms being defined are as follows:

3.1.1 discontinuous yielding—in a uniaxial test, a hesitation
or fluctuation of force observed at the onset of plastic defor-
mation, due to localized yielding. (The stress-strain curve need
not appear to be discontinuous.)

3.1.2 lower vield strength, LYS [FL™*]—in a uniaxial test,
the minimum stress recorded during discontinuous yielding,
ignoring transient effects.

3.1.3 upper vield strength, UYS [FL™*}—in a uniaxial test,
the first stress maximum (stress at first zero slope) associated
with discontinuous yielding.

3.1.4 yield point elongation, YPE—in a uniaxial test, the
strain (expressed in percent) separating the stress-strain curve’s
first point of zero slope from the point of transition from

*A Summary of Changes section appears at the end of this standard.
Copyright @ ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

102



4l € 8m - 04

discontinuons yielding to vmiform strain hardening. If the
transition occurs over a range of strain, the YPE end point 15
the intersection between (a) a horizontal line drawn tangent to
the curve at the last zero slope and { b) a line drawn tangent to
the strain hardening portion of the stress-strain curve at the
point of inflection. If there is no point at or near the onset of
vielding at which the slope reaches zero. the material has 0 %
YPE.

3.1.5 uniform elongation, EI,. [%o]—the elongation deter-
mined at the maximum force sustamed by the test piece just
pricr to necking or fracture, or both.

3.1.5.1 Discussion—Uniform elongation includes both elas-
tic and plastic elongation.

4. Significance and Use

4.1 Tension tests provide information on the strength and
ductility of materials under uniaxial tensile stresses. This
information may be useful in comparisons of materials, alloy
development, quality control, and design under certamn circum-
stances.

42 The results of tension tests of specimens machined to
standardized dimensions from selected portions of a part or
material may not totally represent the strength and duetility
properties of the entire end product or ifs in-service behavior in
different environments.

4.3 These test methods are considered satisfactory for ac-
ceptance testing of commercial shipments. The test methods
have been used extensively in the trade for this purpose.

5. Apparatus

5.1 Testing Machines—Machines used for tension testing
shall conform to the requirements of Practices E 4. The forces
used in determining tensile strength and yield strength shall be
within the verified force application range of the testing
machine as defined in Practices E 4.

5.2 Gripping Devices:

521 General—Varicus types of gripping devices may be
used to transmit the measured force applied by the testing
machine to the test specimens. To ensure axial tensile stress
within the gage length. the axis of the test specimen should
coincide with the center line of the heads of the testing
machine. Any departure from this reguirement may introduce
bending stresses that are not included in the usuval stress
computation (force divided by cross-sectional area).

NomE 5—The effect of this eccentric force application may be illus-
frated by calculating the bending moment and stess thus added. For a
standard 12.5-pum diameter specimen, the strass increase 13 1.5 % for each
0.025 mm of eccentricity. This ervor inecreazes to about 2.5 %2/0.025 mm
for 3 9-mom diameter specimen and to about
diameter specimen.

Mo 6—Alignment methods are ziven in Practica E 1012,

2 %/0.025 mm for a f-mm

522 Wedge Grips—Testing machines nsually are equipped
with wedge grips. These wedge grips generally furmish a
satisfactory means of gripping long specimens of ductile metal
and flat plate test specimens such as those shown 1 Fig. 1. If
however, for any reason, one grip of a pair advances farther
than the other as the grips tighten an undesirable bending
stress may be introduced. When liners are used behind the
wedges, they must be of the same thickness and their faces

must be flat and parallel. For best results, the wedges should be
supported over thewr entire lengths by the heads of the testing
machine. This requires that liners of several thicknesses be
available to cover the range of specimen thickness. For proper
gripping, it is desirable that the entire length of the serrated
face of each wedge be in contact with the specimen. Proper
alignment of wedge grips and liners is 1llustrated in Fig. 2. For
short specimens and for specimens of many materials, it is
generally necessary to use machined test specimens and to use
a special means of gripping to ensure that the specimens. when
under load, shall be as nearly as possible i uniformly
distributed pure axal tension (see 523, 5.2.4, and 5.2.5).

5.2.3 Grips for Threaded and Shouldsred Specimens and
Brittle Materials—A schematic diagram of a gripping device
for threaded-end specimens is shown in Fig. 3. while Fig. 4
shows a device for gripping specimens with shouldered ends.
Both of these gripping devices should be attached to the heads
of the testing machine through properly lubricated spherical-
seated bearings. The distance between spherical bearings
should be as great as feasible.

5.2.4 Grips for Sheet Marerials—The self-adjusting grips
shown in Fig. 5 have proved satisfactory for testing sheet
materials that cannot be tested satisfactorily in the usual type of
wedge grips.

323 Grips for Wire—Grips of either the wedge or snub-
bing types as shown in Fig. 5 and Fig. 6 or flat wedge grips
may be used.

5.3 Dimension-Measuring Devices—Micrometers and other
devices used for measuring linear dimensions shall be accurate
and precise to at least one half the smallest unit to which the
individual dimension is reguired to be measured.

5.4 Extensemsters—Extensometers used in tension testing
shall conform to the requirements of Practice E 83 for the
classifications specified by the procedure section of this test
method. Extensometers shall be used and verified to include
strains corresponding to the yield strength and elongation at
fracture (if determined).

5.4.1 Extensometers with gage lengths equal to or shorter
than the nominal gage length of the specimen (dimensions
shown as “G-Gage Length” in the accompanying figures) may
be used to determine the yield behavier. For specimens without
a reduced section (for example, foll cross sectional area
specimens of wire, rod. or bar). the extensometer gage length
for the determination of yield behavior shall not exceed 80 %
of the distance between grips. For measuring elongation at
fracture with an appropriate extensometer the gage length of
the extensometer shall be equal to the nominal gage length
required for the specimen being tested.

6. Test Specimens

6.1 General:

6.1.1 Specimen Size—Test specimens shall be either sub-
stantially full size or machined, as prescribed in the product
specifications for the material being tested.

6.1.2 Location—Unless otherwise specified, the axis of the
test specimen shall be located within the parent material as
follows:

6.1.2.1 At the center for products 40 mm or less in thick-
ness, diasmeter, or distance between flats.
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Dimensicns. mm

Standard Specimens Subsize Specimen

Mominal Width Flate-Type Sheet-Type —
40 mm 12.5 mm

G— Gage length (Mote 1 and Note 2) 2000 =02 500 = 0.1 250 =041
W— Width (Mote 3 and Mote 4) 400 = 2.0 125 =02 8.0 =01
T— Thickness (Mote 5) thickness of material

R— Radius of fllet, min (Mote 8) 25 125 ]

L— Cweral length, [Mote 2, Mote 7 and Mote B) 450 200 100

A— Length of reduced section, min 225 57 3z

E— Length of grip seciion, (Mote 3) 78 50 30

C— Width of grip section, approximate (Mote 4 and Note 2) 50 20 10

Note 1—For the 40-mem wide specimen, punch marks for measwing elongation after fracture chall be made on the flat or on the edze of the spacimen
and within the reduced ssction. Either a set of nine or more punch marks 25 mm apart, or one or meore pairs of punch marks 200 mm apart, may be used.

NoE 2—When elongation measwements of $0-mm wide specimens are not required, a miniroum length of reduced section (4) of 75 mm may be used
with all other dimensions simclar to the plate-type specimen.

NomE 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by meve than 0.10, .05 or 0.02 mm, respectively.
Alsg, thers may be a gradual decrease in width from the ends to the center, but the widih at each end shall not be more than 1 % larger than the widih
at the center.

Mot 4—For each of the three sizes of specimens, narrower widths { 7 and O mav be used when necessary. In such cases the width of the reduced
section should be as lavge as the width of the material bemng tested permuts; however, unless stated spectfically, the requirements for elongation in 2 product
spactfication shall not apply when thase narrower specimens are used.

NorE 5—The dmensien T is the thicknass of the test speeimen 25 provided for in the applicable material speetfications. Mintmum thickness of 40-mm
wide specimens shall be 5 mm. Maximum thickness of 12 5-mm and f-mom wide specimens shall be 19 mm and § mm, respectively.

Wore 6—For the 40-mom wide specimen, a 13-mm meinimum radius at the ends of the reduced section 13 permitted for stesl specimens under 630 MPa
in tensile strangth when a prefile cutter is used to machine the reduced section.

NomE 7—The dimension shown is suggested as 2 minimum. In defermuning the minimum length, the grips must not extend in fo the fransiton section
between Dimensions A and B, see Note 9.

Mo 8—To aid m obtaining axial force application durmg testing of S-mm wids specimens, the overall lenzth should be as large as the material will
permit, up to 200 mm.

Nore 0—It1s desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance squal
to two thids or mors of the length of the grips. If the thickness of 12.5-mm wids speoimens is over 10 mre, longer zups and comespondingly longer
zrip sections of the specimen may be necessary to prevent failure m the grip section

Note 10—For the three sizes of specimens, the ends of the specimen shzll be symmetricz] in width with the center line of the radneced section within
25,025 and 0.13 mm, 1espectively. However, for refaree testing and when required by product specifications, the ends of the 12.5-mm wide specimen
shall be symmetrical withm 0.2 mm.

Note 11—Fer each specimen type, the radu of all Allets shall be equal to each other within a telerance of 1.25 mm, and the centers of curvature of
the two fillets at a particular end shall be located across from each other (on a line paipendicular to the centerling) within a2 tolerance of 2.5 mm.

Wore 12—Specimens with sides paralle] throughout their lenzth are permitted, except for referes testing, providad: (@) the above tolerances are nsed;
(k) an adequate number of marks are providad for determination of elonzation: and () when vield strenzth 15 dstermined, 2 suitable extensometer i3 uzed.
If the fracture ccowrs at a distance of less than 277 from the edge of the zipping device, the tensile proparties deternuined may not be representative of
the matenial. In acceptance testng, if the properties meet the minimum requirements specified, no further testing 15 required. but if they are less than the
minimum requirements, discard the test and retast.

FIG. 1 Rectangular Tension Test Specimens

Wedge Grips Upper Heod of

Testing Moching

f{?ﬁ.‘ﬁ
f \\\\
_-‘-','s.'\ oy
W
Liners-Thichness Vared
According 1o Specimen Thick
rEsY fo Keep Wodge Grips
i frem Protruding Above of
Helow Heod of Tesling

L_I Moching

FIG. 2 Wedge Grips with Liners for Flat Specimens

6.1.2.2 Midway from the center to the surface for products
over 40 mm in thickness, diameter, or distance between flats. )

6.1.3 Specimen Machining—Improperly prepared test &‘:_‘1\_ A\Ef
spectmens often are the reason for unsatisfactory and incorrect -
test results. It is important, therefore, that care be exercised in
the preparation of specimens. particularly in the machining, to
maximize precision and minimize bias in test results.

Flob Spacimen =

6.1.3.1 The reduced sections of prepared specimens should
be free of cold work. notches. chatter marks. grooves, gouges,
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FI5. 3 Gripping Device for Threaded-End Specimens

burrs, rough surfaces or edges, overheating, or any other
condition which may deleteriously affect the properties to be
measured.

Mo T—Punching or blanking of reduced section may preduce siz-
nificant cold work ov shear burrs, or both, along the edzes which should
be removed by machming.

6.1.3.2 Within the reduced section of rectangular speci-
mens. edges or comers should not be ground or abraded m a
manner which could cause the actual cross-sectional area of the
specimen to be significantly different from the calculated area.

6.1.3.3 For brttle materials, large radius fillets at the ends of
the gage length should be used.

6.1.3.4 The cross-sectional area of the specimen should be
smallest at the center of the reduced section to ensure fracture
within the gage length. For this reason. a small taper s
permitted in the reduced section of each of the specimens
described in the following sections.

6.1.4 Specimen Surface Finish— When materials are tested
with surface conditions other than as manufactured, the surface
finish of the test specimens shall be as provided in the
applicable product specifications.

Mo 3—Particular attention should be given to the wniformity and
quality of swface finish of specimens for high stength and very low
ductility materials, since this has besn shown to be a factor in the
vartability of test results.

Spherrcal
Bearing

o Ugpar Head

: S af
l..l ‘%}\\\%:\E\: .rejfrnrf'
- Machire
Spiit
Sochetem,
Solrd
f.l'ﬂ'rhp.lhg
Ring-

Specimen
with

Shouldered
Ends.

FIG. 4 Gripping Device for Shouldered-End Specimens
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Specimen

\
AR

Section ﬂ-:ﬂ—far Wire
FIG. 5 Gripping Devices for Sheet and Wire Specimens

R

i

o

6.2 Plare-Tipe Specimens—The standard plate-type speci-
men 13 shown in Fig. 1. This specimen 15 used for testing
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FIG. & Snubbing Device for Testing Wire

metallic materials in the form of plate, shapes, and flat material
having a nominal thickness of 3 mm or over. When product
specifications so permit, other types of specimens may be used,
as provided m 6.3, 6.4, and 6.5.

6.3 Sheet-Type Specimens:

6.3.1 The standard sheet-type test specimen 1s shown in Fig.
1. This specimen is used for testing metallic materials in the
form of sheet, plate, flat wire, strip, band, hoop, rectangles, and
shapes ranging in nominal thickness from (.13 to 19 mm.
When product specifications so permit, other types of speci-
mens may be used as provided in 6.2, 6.4, and 6.5

Motz 9—Test Methods E 345 may be used for tension testing of
matenials in thicknesses up to 0.15) mm.

6.3.2 Pin ends as shown in Fig. 7 may be used. In order to
avoid buckling in tests of thin- and high-strength materials, it
may be necessary to use stiffening plates at the grip ends.

6.4 Round Specimens:

6.4.1 The standard 12.5-mm diameter round test specimen
shown in Fig. 8 is used quite generally for testing metallic
materials, both cast and wrought.

6.4.2 Fig. 8 also shows small-size specimens propertional to
the standard specimen. These may be used when it is necessary
to test matenial from which the standard specimen or specimens
shown in Fig. 1 cannot be prepared. Other sizes of small, round
specimens may be used. In any such small-size specimen, it 1s
important that the gage length for measurement of elongation
be five times the diameter of the specimen.

6.4.3 The shape of the ends of the specimen outside of the
gage length shall be suitable to the material and of a shape to
fit the holders or grips of the testing machine so that the forces
may be applied axially. Fig. 9 shows specimens with various
types of ends that have given satisfactory results.

6.5 Specimens for Sheet, Strip, Flar Wire, and Flate—In
testing sheet, strip. flat wire, and plate. use a specimen type
appropriate for the nominal thickness of the material. as
described in the following:

6.5.1 For material with a nominal thickness of 0.13 - 5 mm,
use the sheet-type specimen described in 6.3.

6.5.2 For material with a nominal thickness of 5 - 12.5 mm,
use either the sheet-type specimen of 6.3 or the plate-type
specimen of 6.2.

- E- -—-—-—A—.I E ==

id—\l
f— g —

<
N

Dimensions, mm

G— Gage length

W— Width (Note 1)

T— Thickness, max (Note 2}

R— Radius of fitet, min (Mote 3)

L— Owerall length, min

A— Length of reduced section, min

B— Length of grip s=ction, min

&— Width of grip section, approximatz
D— Diameter of hole for pm, min (Nowe 4)
E— Edge distance from pn, approximate
F— Distance from hole fo fillet, min

500 =01
125 =02
1258

12
200

57

a0

a0

13

40

15

Wore 1—The ends of the reduced section shall differ in width by not more than 0.1 mm. There may be a gradual taper in width from the ends to the
canter, but the width at sach end shall be not more than 1 % greater than the width at the center.
Wiore 2—The dimension T is the thickness of the tast specimen as stated in the applicable product specifications.
Nore 3—For some materials, a fillet radins R larger than 13 mm may be needed.
otz 4—Hoeles must be on center line of 1educed section, withm £ 0.1 mm.
Note 5—Vanations of dimensions C, D), E, F, and L may be used that will permit failure withm the gage length.
FIG. T Pin-Loaded Tension Test Specimen with 50-mm Gage Length
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Dimensions. mm
Siandard Specimen

Smal-Size Specimens Proportional To Standard

125 a [i 4 25
G—Gage length 825 =01 45.0= 0.1 300 =01 200=01 125 =01
D—Diameter (Mote 1) 125=02 B0 =01 6.0 = 0.1 40 =01 25 =
R—Radius of fillet, min 10 B ] £ 2
A—Length of reduced section, mn [Mote 2) 75 54 ] 24 20

WorE 1—The reduced section may have 2 gradual taper from the ends toward the center, with the ends not more than 1 % larger in diameter than the
center (contrellng dimension).

Wore 2—If dasired, the length of the reduced section may be increased to accommodate an extensemeter of any convenient gage length. Refarence
marks for the measurement of elongaticn should, nevertheless, be spaced at the indicated zage length.

WomE 3—The zaze length and fillets shall be a5 shown, but the ends may be of any form to fit the holders of the testmz mackine in such a way that
the load may be axial (see Fig. 9). If the ands are to be held in wedge grips 1t is deswrable, if possible, to make the length of the grip section zreat snough
to allow the specimen to extend into the zrps a distance equal to two thids or more of the length of the zuips.

Note 4—0n the round specimens i Figs. § and 9, the gage lensths are equal to five times the nominal diameter. In some product specifications other
spacimens may be provided for, but the 5-te-1 ratic 1s maintamed within dimensional tolerances, the elongation values may not be comparable with these
obtamed from the standard test specimen.

WorE 5—The use of specimens smaller than & mare i diameter shall be restricted to cases when the material fo be tested 13 of insufficient size to obtain
larger spacimans or when all partiss zgree to their use for acceptance testing. Smaller specimens raquire suitable squipment and graater skill i both
machinmg and testmg.

FlG, & Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (50), and Examples of Small-Size
Specimens Proportional to the Standard Specimen

6.5.3 For material with a nominal thickness of 12,5 - 19
mm, use either the sheet-fype specimen of 6.3, the plate-type
specimen of 6.2, or the largest practical size of round specimen
described in 6.4.

6.5.4 For material with a nominal thickness of 19 mm, or
greater, use the plate-type specimen of paragraph 6.2 or the
largest practical size of round specimen described in 6.4,

6.5.4.1 If the product specifications permit. material of a
thickness of 19 mm or greater may be tested using a modified
sheet-type specimen conforming to the configuration shown by
Fig. 1. The thickness of this modified specimen must be
machined to 10 +/- 0.50 mm and must be vniform within 0.1
mm throughout the reduced section. In the event of disagree-
ment, a round specimen shall be used as the referee specimen.

6.6 Specimens for Wive, Rod, and Bar:

6.6.1 For round wire, rod, and bar, test specimens having the
full eross-sectional area of the wire, rod, or bar shall be used
wherever practicable. The zage length for the measurement of
elongation of wire less than 4 mm in diameter shall be as
prescribed i product specifications. In testing wire, rod, or bar
that has a 4 mm or larger diameter, unless otherwise specified.
a gage length equal to five times the diameter shall be used.
The total length of the specimens shall be at least equal to the
gage length plus the length of material required for the full use
of the prips employed.

6.6.2 For wire of octagonal. hexagonal, or square cross
section, for tod or bar of round cross section where the
specimen required in 6.6.1 s not practicable. and for rod or bar
of octagonal, hexagonal, or square cross section, one of the
following types of specimens shall be used:

6.6.2.1 Full Cross Section (INote 10)0—It 13 permissible to
reduce the test section slightly with abrasive cloth or paper. or
machme it sufficiently to ensure fracture within the gage
marks. For material not exceeding 5 mm in diameter or
distance between flats. the cross-sectional area may be reduced
to not less than 90 % of the original area without changing the
shape of the cross section. For material over 5 mm 1 diameter
or distance between flats, the diameter or distance between flats
may be reduced by not more than 0.25 mm without changing
the shape of the cross section. Square, hexagonal, or octagonal
wire of rod not exceeding 5 mm between fiats may be turned
te a round having a cross-sectional area not smaller than 90 %
of the area of the maximum inscribed circle. Fillets, preferably
with a radivs of 10 mm. but not less than 3 mum, shall be used
at the ends of the reduced sections. Sguare, hexagonal, or
octagenal rod over 5 mm between flats may be turned fo a
round having a diameter no smaller than 0.25 mm less than the
original distance between flats.

Maote 10—The ends of copper or copper alley specimens may be
flattened 10 te 50 % from the original dimension in a jig similar to that
shown in Fig. 10, to facilitate fracture within the zags marks In fattening
the cpposite ends of the test specimen, care shall be taken to ensure that
the four fiattened surfaces are parallel and that the two parallel sinfaces on
the same side of the axis of the test specimen lie m the same plana.

6.6.2.2 For rod and bar, the largest practical size of round
specimen as described in 6.4 may be used in place of a test
specimen of full cross section. Unless otherwise specified in
the product specification, specimens shall be parallel to the
direction of rolling or extrusion.
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Dimensions, mm

Specimen 1 Specimen 2 Specimen 3 Spacimen 4 Specimen 3
G—Gage length 62.5 =01 62.5= 0.1 626 =01 626 =01 62.5 = 0.1
D—Diameter (Mote 1) 125 =02 126 =02 125=02 125=02 126 =02
R—Radius of fillet, min 10 10 2 0 10
A—Length of reduced section T5, min TH, min 100, approximately 74, min TE, min
L—Cwverall length. approxmate 145 165 140 140 285
B—Length of end secbon [MNote 3) 35, approximately 25, approximately 20, approximately 13, approximately TE, min
C—Diameter of end s=ction 20 20 20 22 20
E—Length of shoulder and fillst - 15 . 20 15
section, approxmate
F—Diameter of shouldsr . 15 13 15

Mot 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 1 %% lavzer in diameter than the

centar.

NotE 2—0On Specimens | and 2, any standard thread is permussible that provides for proper alignment and aids in assuring that the specimen will break

within the reduced section.

NotE 3—0n Specimen 5 it 15 desirable, if possible, to make the length of the grip section zreat enough to allow the specimen to extend into the zrips

a distance equal to twe thirds or more of the length of the zrips.

FlG. 9 Various Types of Ends for Standard Round Tension Test Specimens

PRLSSURE
APFLIED

Fl. 10 Squeezing Jig for Flattening Ends of Full-Size Tension
Test Specimens

6.7 Specimens for Rectangular Bar— In testing rectangular
bar one of the following types of specimens shall be used:

6.7.1 Full Cross Section—It 15 permissible to reduce the
width of the specimen throughout the test section with abrasive
cloth or paper. or by machining sufficiently to facilitate fracture
within the gage marks, but in no case shall the reduced width
be less than 90 % of the oniginal. The edges of the midlength
of the reduced section not less than 20 mm in length shall be
parallel to each other and to the longitudinal axis of the
specimen within 0.05 mm. Fillets, preferably with a radius of
10 mm but not less than 3 mm, shall be used at the ends of the
reduced sections.

6.7.2 Rectangular bars of thickness small enough to fit the
grips of the testing machine but of too great width may be
reduced in width by cutting to fit the grips. after which the cut
surfaces shall be machined or cut and smoothed to ensure
failure within the desired section. The reduced width shall be
not less than the criginal bar thickness. Also, one of the types
of specimens described in 6.2, 6.3, and 6.4 may be used.

6.8 Shapes, Structural and Other—In testing shapes other
than those covered by the preceding sections, one of the types
of specimens described in 6.2, 6.3, and 6.4 shall be used.

6.9 Specimens for Fipe and Tube (Note 11):

6.9.1 For all small tube (Note 11), particularly sizes 25 mm
and under in nominal cutside diameter, and frequently for
larger sizes. except as limited by the testing equipment. it is
standard practice to use tension test specimens of full-size
tubular sections. Snug-fitting metal plugs shall be mserted far
encugh into the ends of such tubular specimens to permit the
testing machine jaws to grip the specimens propetly. The plugs
shall not extend into that part of the specimen on which the
elongation 1s measured. Elongation 15 measured over a length
of 3D ualess otherwise stated in the product specification. Fig.
11 shows a suitable form of plug, the location of the plugs m
the specimen. and the location of the specimen in the grips of
the testing machine.

Mote 11—The term “tube™ 15 used to indicate fubular products in
general, and include: pipe, tubs, and fubmg.

6.9.2 For large-diameter tube that cannot be tested i full
section. longitudinal tension test specimens shall be cut as
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Wore 1—The diameter of the plug shall have a slight taper fom the line
limiting the testing machine jaws to the cwved section,
FIG. 11 Metal Plugs for Testing Tubular Specimens, Proper
Location of Plugs in Specimen and of Specimen in Heads of
Testing Machine

indicated in Fig. 12. Specimens from welded tube shall be
located appromimately 90° from the weld. If the tube-wall
thickness 15 under 20 mm. either a specimen of the form and
dimensions shown in Fig. 13 or one of the small-size speci-
mens proportional to the standard 12.5-mm specimen. as
mentioned in 6.4.2 and shown in Fig. 8 shall be used
Specimens of the type shown in Fig. 13 may be tested with
grips having a surface contour corresponding to the curvamre
of the tube. When grips with curved faces are not available, the
ends of the specimens may be fHattened without heating. If the
tube-wall thickness 13 20 mm or over. the standard specimen
shown m Fig. 8 shall be used.

Moz 12—In clamping of specimens from pipe and tube (as may be
dene during machinmg) or m Hattening specimen ends (for znpping), cave
must be taken 50 as not to subject the reduced section to any deformation
or cold work, as this would alter the mechanical properties.

6.9.3 Transverse tension test specimens for tube may be
taken from rings cut from the ends of the tube as shown in Fig.
14. Flattening of the specimen may be either after separating as
i A4, or before separating as i B. Transverse tension test
specimens for large tube under 20 mm in wall thickness shall
be erther of the small-size specimens shown in Fig. 8 or of the

otz 1—The edzes of the blank for the specimen shall be cut parallal
to each other.
Fliz, 12 Location from Which Longitudinal Tension Test
Specimens Are to Be Cut from Large-Diameter Tube

form and dimensions shewn for Specimen 2 in Fig. 13, When
using the latter specimen, either or both surfaces of the
specimen may be machined to secure a uniform thickness,
provided not more than 13 % of the normal wall thickness is
removed from each surface. For large tube 20 mm and over in
wall thickness, the standard specimen shown in Fig. 8 shall be
used for transverse temsion tests. Specimens for transverse
tension tests on large welded tube to determine the strength of
welds shall be located perpendicular to the welded seams. with
the welds at about the nuddle of thewr lengths.

6.10 Specimens for Forgings—For testing forgings, the
largest round specimen described in 6.4 shall be used. If round
specimens are not feasible, then the largest specimen described
in 6.5 shall be vsed.

6.10.1 For forgings, specimens shall be taken as provided in
the applicable product specifications, either from the predomi-
nant or thickest part of the forging from which a conpon can be
obtamned, or from a prolongation of the forging. or from
separately forged coupons representative of the forging. When
not otherwise specified. the axis of the specimen shall be
parallel to the direction of grain flow.

6.11 Specimens for Castings—In testing castings either the
standard specimen shown in Fig. 8 or the specimen shown in
Fig. 15 shall be used unless otherwise provided in the product
specifications.

6.11.1 Test coupons for castings shall be made as shown in
Fig. 16 and Table 1.

6.12 Specimen for Malleable Iron—For testing malleable
iron the test specimen shown i Fig. 17 shall be used, unless
otherwise provided in the product specifications.

6.13 Specimen for Die Castings—For testing die castings
the test specimen shown in Fig. 1% shall be used unless
otherwise provided in the product specifications.

6.14 Specimens for Powder Metallurgy (P/M) Marerials—
For testing powder metallurgy (P/M) materials the test speci-
mens shown in Fig. 19 and Fig. 20 shall be used. unless
otherwise provided in the product specificaticns. When making
test specimens in accordance with Fig. 19, shallow transverse
grooves, or ridges, may be pressed in the ends to allow
gripping by jaws machined to fit the grooves or ridges. Because
of shape and other factors, the flat unmachined tensile test
specimen (Fig. 19) in the heat-treated condition will have an
ultimate tensile strength of 30 % to 83 % of that determined in
a machined round tensle test specimen (Fig. 20) of lLke
composition and processing.

7. Procedures

7.1 Freparation af the Test Machine— Upon startup or
following a prolenged period of machine inactivity, the test
machine should be exercised or warmed up to normal operating
temperatures to minimize errors that may result from transient
conditions.

1.2 Measurvement of Dimensions of Test Specimens:

7.2.1 To determine the cross-sectional area of a test speci-
men, measure the dimensions of the crozs section at the center
of the reduced section. For referee testing of specimens under
5 mm in their least dimension, measure the dimensions where
the least cross-sectional area is found. Measure and record the
cross-sectional dimensions of tension test specimens 5 mm and

109



4fly £8M- 04

L B — h— A — —d L B —J
- i | |
T e — — ¥ = s e -
— -I W — i —_— — + G - -[ T
E— T -t — T | 4 L I
. [ - - !
imensions, mm
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen §  Specimen & Specmen T
Maominal Width —
12.5 40 40 20 i} 25 25
G—Gage length 500 =01 500 =0.1 00=02 3500=04 100.0 = 0.1 50.0 = 01 100.0 =04
W—Width (Mote 1} 126 =02 40.0= 2.0 400 =20 200=07 200=07 250=15 250 =15
T—Thickness measured thickness of specmen
R—Radwus of fillet, min 125 25 25 25 25 25 25
A—Length of reduced section, mn &0 :11] 230 L&l 120 a0 121
B—Length of grip section, mn (Mote 2) K] 75 73 75 78 78 75
C—Width of grip section, approxmate (Note 3) 20 a0 a0 25 25 40 40

Noe 1—The ends of the reduced section zhall not differ mm width by mors than 0.1 mom for specimens 1-7. There may be a2 gradual taper mn width
from the ends to the center, but the width at each end shall be not more than 1 % greater than the width af the center.

Note 2—It iz desirable, if possible, to make the length of the srip section great enough to allow the specimen to extend into the grips a2 distance squal
to two thirds or more of the length of the gips.

Noe 3—The snds of the specimen shall be symmetrical with the center line of the reduced section within 1.0 mm for specimens 1, 4, and 5 and 2.5
mm for specimens 2, 3, 6, and 7.

Norz 4—Fer circular segments, the cress-sectional area may be caleulated by multiplying W and T If the ratic of the dimenszion T to the diameter
of the tubular section is larger than about Y% | the error in nsing this mathed to caleulate cross-sectional arez may be appraciable. In this case, the exact
agquaton (see 7.3.2) must be usad to determme the area.

NotE 5—For sach specimen fype, the radu of zll fillets shall be equal to sach other within a tolerancs of 1.25 mm, and the centers of curvature of the
two fillets at a particular end shall be located across from each other (en a line perpendicular to the centerline) within a tolerance of 2.5 mm.

NoTe 6—Specimens with sides parallel throughout their length are permitied, except for referee testing and where prehibited by product specification,
provided: (a) the above tolevances are nsed; (&) an adequate number of marks are provided for determunation of elongation; and () when yield strensth
15 determined, a suitable extenzometer is nsed. If the fracture ocowrs at a distance of lass than 27 from the edge of the zripping devica, the tensile
properiies determinad may not be representative of the matenal. If the properties meet the mmimum raguirements spacified, ne finther testmg is required,
but if they are less than the minimum requirements, diseard the test and retest.

FIG. 13 Tension Test Specimens for Large-Diameter Tubular Products

.i\
\\\ | =
7.2.2.2 The cross-sectional area 13 equal to the mass of the

v specimen divided by the length and divided by the density of
FIG. 14 Location of Transverse Tension Test Specimen in Ring the material
Cut from Tubular Products )

determining the mass of a length not less than 20 times longer
than the largest cross-sectional dimension.

7.2.2.1 Determine the weight to the nearest 0.5 % or less.

7.2.3 When vsing specimens of the type shown in Fig. 13

over to the nearest .02 mm: the cross-sectional dimensions
less than 5 mun and not less than 2.5 mm to the nearest 0.01
mm; the cross-sectional dimensions less than 2.5 mm and not
less than 0.50 mm to the nearest 0.002 mm; and when practical,
the cross-zectional dimensions less than 0.50 mm to at least the
nearest 1 % but in all cases to at least the nearest 0.002 mm.

Note 13—Aecurate and pracise measmement of specimen dimensiens
can be one of the most enifical aspects of tension testmg, depending on
specimean geometry. See Appendre X2 for additional mformation.

No= 14—Fough surfaces due to the manufacturing process such as hot
rolling, metallic coating, ete., may lead fo maccuracy of the computed
areas greater than the measured dimensions would indicate. Thevefare,
cross-zectional dimensions of tension test specimens with rough suwfaces
due to processmg mzy be measured and recordad to the nearsst 0002 mm.

Nowm 15—5=s 2.9 for cautionary information on measurements taken
from coated metal products.

7.2.2 Determine the cross-sectional area of a full-size test
specimen of uniform but nonsymmetrical cross section by

taken from tubes_ the cross-sectional area shall be determined
as follows:
If D/ = 6:

A= [T = (D7 = WO+ D7)
¥ avcsin (WD)]— [(A74) % ((D — - TI'EJ'-.-"J]
- [{ip— QD-'QJ: % arcsin (D — 2T0)]

(n
where:
A = exact cross-sectional area, mm?,
" = width of the specimen in the reduced section, mm,
D = measured outside diameter of the tube, mm, and
T = measwed wall thickness of the specimen. mm.

arcsin values to be in radians
If D/IF == @, the exact equation or the following equation may
be used:

A=TxT )

110



Dimensions, mm

Specimen 1 Specmen 2 Specimen 3
Morminal Diameter
125 20 an

G—Length of paraz| Shall be =qual o or greater than diameter O

D—Diameter 125 = 0.2 200 =04 30.0=08
R—Radws of fillet, min 25 28 5D
A—Length of reduced section, mn 32 38 2]
L—Crwerall length. min a5 100 160
E—Length of end secton, approximate 25 25 45
C—Diameter of end section. approxmaite 20 30 48
E—Length of shoulder, mn ] i1 B
F—Diarmeter of shoulder 16.0 = 0.4 240=04 B/E=04

Motz 1—The raduced section and shoulders (dimensions 4, D, E, F, G, and R) shall be as shown, but the ends may be of any form fo fit the holde
of the testing machine in such a way that the force shall be axial. Commonly the ends are threadsd and have the dimensions B and C given above.
F1i. 15 Standard Tension Test Specimen for Cast Iron
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(a) Design for Double Keel Block Coupon
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|b) Design for Multiple Keel Block Coupon (4 Legs) {c) Design for "Attached™ Coupon

FIG. 16 Test Coupons for Castings (see Table 1 for Details of Design)

111



4y E8m-04

TABLE 1 Details of Test Coupon Design for Castings (See Fig. 16)

NotE 1—Tesr Coupons jfor Large and Heavy Steel Castings: The test coupons in Fig. 16 are to ba used for large and heavy steel castings. However,
at the option of the foundry the cross-sectional area and length of the standard coupon may be mereased as desired. Tlos provision doss not apply to

Specification A 356/4 3561

Note 2—DBend Bar: If a bend bar is required, an altemate desizn (as shown by dotted lines m Fig. 16) is indicated.

Log Design (125 mm)

Riser Design

1. L {length) A 125-mm minirmurn length will b= used. This length
may be increased at the aption of the foundry to ac-
commodate additional test bars (see Mote 11

2. End tapsr Use of and size of end taper is at the option of the
foundry.

3. Height 32 mm

4. Width (at top) 32 mm isee Mote 1)

. Radius (at bottom) 13 mm max

5
A. Spacing between legs A 13-mm radius will be ussd between the legs.
7. Locaton of test bars
the lower portion of the leg (see Mote 2).

The number of legs attached fo the coupon is at the
option of the foundry providing they are equispaced

according o Hem &

4. Mumber of legs

The tensile, bend, and impact bars will be taken from

1. L (length) The length of the riser at the base will be the same as
the top length of the leg. The length of the rser a1 the
top therefore depends on the amount of taper added to
the riser.

The width of the riser at the base of 3 muftiple-leg cou-
pon shall be a (57 mm) - 16 mm where neguals the
number of legs attached to the coupon. The width of the
riser at the top is therefore dependent on the amount of
taper added 1o the riser.

2. Width

3. Tirizer taper)
Height

\J== of and size is at the option of the foundry.

The minimurm height of the riser shall be 51 mm. The
maximum height is at the option of the foundry for the
following reasons: (3) many rigers are cast open, (b)
different compasitions may require variation in risering
for soundness. or (¢) different pouring temperatures may
require variation in risering for scundness.

9. R: Radius from D to approcimately 2 mm
. — — L — _— -|
— - B — A - — B
o T
T T
'[ o —T — T i
— ~ — ] I I | 'Q' e
L |
.
Dimensicns, mm
O—Diameter 18
FR—Radwus of fillet a
A—Length of reduced section G4
L—0Owerall length 100
E—Length of end s=ction G4
C—Diameter of end section 2
E—Length of fillet g
FIG. 17 Standard Tension Test Specimen for Malleable Iron
where: 7.3.2 For materials where the specified elongation is 3 % or
A = approximate cross-sectional area, mmz: less, measure the original gage length to the nearest (.05 mm
" = width of the specimen in the reduced section, mm. prior o testing.
and 7.4 Zeroing of the Testing Machine:
T = measured wall thickness of the specimen. mm. 7.4.1 The testing machine shall be set up in such a manner

Mo 16—S2e 2.8 for cavtionary mformation on measmements and
caleulations for specimens tzken from large-diameter tubing.

1.3 Gage Length Marking af Test Specimens:

7.3.1 The gage length for the determination of elongation
shall be in accordance with the product specifications for the
material being tested. Gage marks shall be stamped lightly with
a punch, scribed lightly with dividers or drawn with mk as
preferred. For material that is sensitive to the effect of slight
netches and for small specimens, the use of layout ink will aid
in locating the original gage marks after fracture.

that zero force mdication signifies a state of zero force on the
specimen. Any force (or preload) imparted by the gripping of
the specimen (see Note 17) must be indicated by the force
measwring system unless the preload is physically removed
pricr to testing. Artificial methods of removing the prelead on
the specimen. such as taring it out by a zerc adjust pot or
removing it mathematically by software, are prohibited be-
cause these would affect the accuracy of the test results.

Mote 17—Preloads generated by gnpping of specimens may be either
tenstle or compressive in nature and may be the result of such things as:
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Dimensions, mm
G—Gage length 500 = 0.1
O—Diameter (see Note) 6.4 =0.1
R—Radius of fillet, min 75
A—Length of reduced secton, mn i1
L—werall length. min 230
E—Distance betwesn grips, min 15
C—Diameter of end section. approximate 10

Wore 1—The raduced saction may have a gradual taper from the ends
toward the center, with the ends net more than 0.1 mm larzer in diameter
than the center

FIG. 18 Standard Tension Test Specimen for Die Castings

Pressing Area = 645 mm?

Motz | —Dimensions specified, except & and T, are those of the die

Dimensions, mm

G—Gage length 2540 =08
O—Width at center 572 =0.03
W—Width at end of reduced section SE7T =0.03
T—Compact to this thickness 356 to B.35
R—Radius of filst 254
A—Ha'f-length of reduced section 15.88
B—Grip length 80.85 = 0.03
L—Cwerall length 8064 = 0.03
C—Width of grip section 8.71 =003
F—Ha'f-width of grip section 434 =003
E—End radius 434 =003

FIG. 19 Standard Flat Unmachined Tension Test Specimen for
Powder Metallurgy (P/M) Products

— zrip desizn

— malfunction of gripping apparams (sticking, bmding, efc)

— excessive gripping fores

— senzitivity of the control loop

Worz 18—1It 1= the operator’s responsibility to verify that an observed
preload 15 acceptable and to ensure that grips operate in a smooth manner.
Unless atherwise specified, it 15 recommended that momentary (dynamic)
forces dus to grippme not exceed 20 % of the material’s nominal vield
strength and that static preleads net exceed 10 %% of the material’s nommal
yield strength

7.5 Gripping of the Tast Specimen:

7.5.1 For specimens with reduced sections. gripping of the
specimen shall be restricted to the prip section, because
gripping in the reduced section or in the fillet can siznificantly
affect test results.

7.6 Speed of Testing:
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Approximate Pressing Area of Unmachined Compact = 752 mm?*
Machining Recommendations

1. Rough machine reduced section to 8.35 mm diameter

2. Finish tum 4.75:4.85 mm diameter with radii and faper

3. Polish with DD emery cloth

4. Lap with crocus cloth

Dimensions, mm

G—Gage length 2540 = DB

D—Diameter at center of reduced section 4. 75= 0.03
H—Diameter st ends of gage length 4.E86= 0.03
R—Radius of fillst 6.35 = 013
A—Length of reduced secton 4763 = 0.13
L—0Cvera’ length (die cavity length) 74, nominal

S—Length of end section 7.6 = 0.13
C—Compact to this end thickness 10,03 = 0.13
W—Dre cavity width 10,03 = D.08
E—Length of shoulder 635 =013
F—Diameter of shoulder T.BE =003
J—End fillet radius 127 =013

Note 1—The zage length and fillets of the specimen shall be as shown
The ends as shown are designed to provide a practical nunimure prassing
area. Other end designs are acceptabls, and m some cases are required for
high-strength sintered materials.

Note 2—1It 15 recommended that the test spaeimen be zripped with a
split collet and supported under the shoulders. The radius of the eollet
support circular edge 15 to be not less than the snd fillet radms of the tast
SpECIMEn.

Mot 3—Drameters D and  are to be concentric within 0.03 mm total
indicator runout (TIE.), and free of scratehes and tool marks.

Flz. 20 Standard Round Machined Tension Test Specimen for

Powder Metallurgy (P/M) Products

7.6.1 Speed of testing may be defined in terms of (a) rate of
straining of the specimen_ ( b) rate of stressing of the specimen,
(€) rate of separation of the two heads of the testing machine
during a test, (d) the elapsed time for completing part or all of
the test, or (£) free-running crosshead speed (rate of movement
of the crosshead of the testing machine when not under load).

T7.6.2 Specifying suitable numerical limits for speed and
selection of the method are the responsibilities of the product
committees. Suitable limits for speed of testing should be
specified for materials for which the differences resulting from
the use of different speeds are of such mapnitude that the test
results are unsatisfactory for determining the acceptabality of
the material In such mnstances. depending upen the material
and the use for which the test results are intended, cne or more
of the metheds described in the following paragraphs is
recommended for specifying speed of testing.

Mot 19—Spesd of testing can affect test values because of the rate
sensifivity of materials and the temperature-time effacts.

7.6.2.1 Rate of Straining—The allowable limits for rate of
straining shall be specified in metres per mefre per second.
Some testing machines are equipped with pacing or indicating
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devices for the measurement and confrol of rate of straiming,
but in the absence of such a device the average rate of straining
can be determined with a timing device by cbserving the time
reguired to effect a known increment of strain.

7.6.2.2 Rate of Stressing—The allowable limits for rate of
stressing shall be specified in megapascals per second. Many
testing machines are eguipped with pacing or indicating
devices for the measuwrement and comtrol of the rate of
stressing. but in the absence of such a device the average rate
of stressing can be determined with a timing dewvice by
observing the time required to apply a known increment of
stress.

7.6.2.3 Rate of Separation of Heads Dwring Tests—The
allowable limits for rate of separation of the heads of the
testing machine, during a test. shall be specified in metres per
metre of length of reduced section (or distance between grips
for specimens not having reduced sections) per second. The
limits for the rate of separation may be further qualified by
specifying different limits for various types and sizes of
specimens. Many testing machines are equipped with pacing or
indicating devices for the measurement and control of the rate
of separation of the heads of the machine during a test, but in
the absence of such a device the average rate of separation of
the heads can be experimentally determined by using suitable
length-measuring and timing devices.

7.6.2.4 Elapsed Time—The allowable limits for the elapsed
time from the beginning of force application (or from some
specified stress) to the instant of fracture. to the maximum
force, or to some other stated stress. shall be specified in
minutes or seconds. The elapsed time can be determined with
a timing device.

7.6.2.5 Free-Running Crosshead Speed—The allowable
limits for the rate of movement of the crosshead of the testing
machine. with no force applied by the testing machine, shall be
specified in metres per metre of length of reduced section (or
distance between grips for specimens not having reduced
sections) per second. The limits for the crosshead speed may be
further qualified by specifying different limits for various types
and sizes of specimens. The average crosshead speed can be
experimentally determined by using suitable length-measuring
and timing devices.

MNoE 20—For machmes not having crossheads or having stationary
croszheads, the phraze “free-nmnmeg crosshead speed” may be mterpreted
to mean the fee-rumming rate of zuip eparation.

7.6.3 Speed of Testing When Determining Iield
Froperties—Unless otherwise specified, any convenient speed
of testing may be used up to one half the specified yield
strength or up to one guarter the specified tensile strength,
whichever is smaller. The speed above this point shall be
within the limits specified. If different speed limitations are
required for use in determining yield strength yield point
elongation, tensile strength, elengation, and reduction of area,
they should be stated in the product specifications. In the
absence of any specified limitations on speed of testing, the
following general rules shall apply:

MNot= 21—In the previeus and fellowing paragraphs, the yield proper-
tes veferred to mclude vield strensth and visld point elongation.

7.6.3.1 The speed of testing shall be such that the forces and
strains used in obtaining the test results are accurately indi-
cated.

7.6.3.2 When performing a test to determine vield proper-
ties, the rate of stress application shall be between 1.15 and
11.5 MPa/'s.

Note 22— When a specimen being tested begins to yield, the sirassing
rate decreases and may even become negative i the case of a specimen
with discontimuous yielding. To mammtain a2 constant stressing rate i this
case would require the festing machine to operate at extremely high speeds
and, In many cases, this is not practical. The speed of the testing machine
shall not be increased im order to maintain a siressing rate when the
specimen begins to vield. In practice, it 1z simpler to usa erther a strain
1ate, a rate of separation of the heads, or a free-nmning crozshead spead
which appreximates the desired stressing rate. As an example, use a strain
1ate that 1s less than 11.5 MPa's divided by the nominal Young's Modulus
of the materizl being tested As ancther example, find a rate of separation
of the heads through experimentation which would approximate the
desiwad streszing rate pricy to the onzet of yieldng, and mamtam that rate
of separation of the heads through the region that visld properties are
determined. While both of these methods will provide similar rates of
stressing and straining prior to the onset of yielding, the rates of strassing
and straming may be diferent m the region whers vield properties are
determined. This differsnce is due to the change m the 1ate of elastic
deformation of the testing machine, before and after the onset of vielding.
In addition, the use of any of the metheds other than rate of staining may
result in different stressing and straining rates when wsing different testing
machines, due to diferences in the stiffness of the testing machines used.

7.6.4 Speed of Testing When Determining Tensile
Strength—In the absence of any specified limitations on speed
of testing. the following general rules shall apply for materials
with expected elongations greater than 5 %. When determining
only the tensile strength, or after the yield behavior has been
recorded, the speed of the testing machine shall be set between
0.05 and 0.5 m/m of the length of the reduced section (or
distance between the grips for specimens not having reduced
sections) per minute. Alternatively, an extensometer and strain
rate indicator may be used to set the strain between 0.03 and
0.5 m/m/min.

Note 23—For materials with expected elongations less than or equal to
5 ", the speed of the testing machine may be mamntained througheont the
test 2t the speed used to determine vield properties.

Note 24—Tensile strength and elongation are sensitive to test spead for
many materials (see Appendix 3I) to the extent that vardations within the
1ange of test speeds given above can significantly affect 1esults.

1.7 Determination of Iield Strength—Determine vield
strength by any of the methods deseribed in 7.7.1 to 7.7.4.
Where extensometers are employed, use only those which are
vetified over a strain range in which the yield strength will be
determined (see 5.4).

Note 25—For example, a vertfied stram range of 0.2 to 20% is
appropriate for use in determining the yield strensths of many metals.

NomE 26—Determination of vield behavior on materials which eannot
suppelt an appropriate extansometer (thin wire, for example) is problem-
atic and outside the scope of this standard.

T.7.1 Offset Method—To determine the yield strength by the
offset method. it is necessary to secure data (avtographic or
numerical) from which a stress-strain diagram may be drawn.

Then on the stress-strain diagram (Fig. 21) lay off Om equal to
the specified value of the offset. draw mn parallel to O4. and
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FlG. 21 Stress-Strain Diagram for Determination of Yield Strength
by the Offset Method

thus locate v, the intersection of mn with the stress-strain
diagram (MNote 32). In reporting values of wyield strength
obtained by this method, the specified valve of offset used
should be stated in parentheses after the term vield strength, as
follows:

vield strength (ofset = 0.2 %) = 360 MPa ()]

In using this method, a Class B2 or better extensometer (see
Practice E 83) shall be used.

Moo= 27—There are twe general types of extensometers, averaging and
nen-averaging, the use of which is dependent on the product tested. For
most machined specimens, there are minimal differences. However, for
some forgings and mube sections, significant differences mn measured yield
strength can ocour. For these cases, it is recommendad that the averaging
iype be used.

Wore 28— When there is a disagreement owver yield properties, the
offset methed for determining yield strength is recocmmended as the
referee methed.

7.7.2 Extension-Under-Load Method—TYield strength by the
extension-under-load method may be determined by: ( I) using
autographic or numerical devices to secure stress-strain data,
and then analyzing this data (graphically or using automated
methods) to determine the stress value at the specified value of
extension, or ( ) using devices that indicate when the specified
extension cccurs, so that the stress then cccurring may be
ascertained (Mote 30). Any of these devices may be automatic.
This method is illustrated in Fig. 22 The stress at the specified
extensicn shall be reported as follows:

vield strength (EUL = 0.5 %) = 360 MPa 4
Extenscmeters and other devices used in determination of
the extension shall meet Class B2 requirements (see Practice

E 83) at the strain of interest, except where use of low-
magnification Class C devices is helpful, such as in facilitating

T
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FIG. 22 Stress-Strain Diagram for Determination of Yield Strength

by the Extension-Under-Load Method
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measurement of YPE if observed. If Class C devices are nsed,
this must be reported along with the results.

Note 29—The approprizte value of the total extension must be speci-
fied. For steels with nominzl vield sirengths of less than 550 MPa, an
appropriate value 13 0.005 mm/mm (2.5 %) of the gage length. For lugher
strength steels, a greater extension or the offset method should be nzad.

NotE 30—When no other means of measuring elongation ara available,
a pair of dividers or similar device can be used to determine a point of
detzctable elongation between two gage marks on the specimen. The gage
length shall be 50 mm. The stress corresponding to the load at the mstant
of detectable elongation may be recordsd as the approximate extansion-
under-lead vield strength.

7.7.3 Autographic Diagram Method (for materials exhibit-
ing discontinuous yielding)—Obtain stress-stramn (or force-
elongaticn) data or coastruct a stress-strain (or load-
elongation) diagram using an autographic device. Determine
the upper or lower yield strength as follows:

7.7.3.1 Record the stress corresponding to the maximum
force at the onset of discontinuous vielding as the upper vield
strength. This is illustrated in Fig. 23 and Fig. 24.

Note 31—If multiple peaks are observed at the ouset of discontmueus
vielding, the first iz considered the upper yield strength. (See Fig. 24.)

7.7.3.2 Record the minimum stress observed during discon-
tinuons yielding (ignoring transient effects) as the lower vield
strength. This is illustrated in Fig. 24,

Note 32—7Yield properties of matenals exhibiting yield point elonga-
tion are often less repeatable and less reproducible than these of simlar
materials having ne YPE. Offset and EUL wvizld strengths may be
significantly affected by force fluctuations cecuning in the region where
the offsat or extension mtersects the stress-stain curve. Determination of
upper or lower yield strengths (or both) may therefore be preferable for
such matenials, zlthough these properties ave dependent on variables such
as test machme stiffness and alignment. Speed of testing may also have a
siznificant effect, regardless of the methed employved.

Note 33— Where low-magnification autographic recordings are needed
to facilitate measurement of yield point elengation for materials which
may have discontinueus yielding, Class C extensometers may be em-
ployed When this 15 done but the material exlubits ne discentmueus
vielding, the extension-under-load vield strength may be determined
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FIG. 23 Stress-Strain Diagram Showing Upper Yield Strength
Corresponding with Top of Knee

instead, using the autographic recording (see Extension-Under-Load
Method).

7.74 Halt-af-the-Force Method (for materials exhibiting
dizconfinuous yielding)—Apply an increasing force to the
specimen at a uniform deformation rate. When the force
hesitates, record the correspending stress as the wpper yield
strength.

Wote 34—The Halt-of-the-Force Meathod was formerly known as the
Halt-of-the-Pointer Methed, the Drop-of-the-Beam Method, and the
Halt-of-the-Load Method.

7.8 Iield Foint Elongation—Calculate the vield point elon-
gation from the stress-strain diagram or data by determining
the difference in strain between the upper yield strength (first
zerd: slope) and the onset of uniform strain hardening (see
definiition of YPE and Fig. 24).

Mo 35—The stress-stram curve of 3 material exhibiting only a hint of
the behavier causing YPE may have an mflection at the onset of yielding
with no peint where the slope reachss zero (Fiz. 25). Such a material has
ne YPE, but may be characterized as exhibiting an inflection. Materials
exhibiting inflections, like those with measwable YPE, may, in certamn
applications, acquire an unacceptable surface appearance during forming.

7.9 Uniform Elongation (if vequired):

7.9.1 Uniform elengation shall include both plastic and
elastic elongation.

7.92 Uniform elongation shall be determined using auto-
graphic methods with extensometers conforming to Practice
E 83 Use a class B2 or better extensometer for materials
having a uniform elongation less than 5 %. Use a class C or
better extensometer for materials having a uniform elongation
greater than or equal to 5 % but less than 50 %. Use a class D
or better extensometer for materials having a uniform elonga-
tion of 50 % or greater.

7.9.3 Determine the uniform elongation as the elongation at
the point of maximum force from the force elongation data
collected during a test.

7.9.3.1 Some materials exhibit a yield peint followed by
considerable elongation where the yield point 15 the maximum
force achieved during the test. In this case. umform elongation
15 not determined at the yield peint. but instead at the highest
force occurning just prior to necking (see Fig. 26).

7.9.3.2 Stress-strain curves for some materials exhibit a
lengthy, plateau-like regicn in the vicinity of the maximum
force. For such materials, determine the uniform elongation at
the center of the plateau as indicated in Fig. 27 (see also Note
36 below).

WNote 36—When uniferm elongation is being determined digitally,
noize m the stress-stram data generally canses many small local peaks and
vallays to be recordsd mn the plateau regzion. To accommodate thiz, the
following procedurs 15 recommended:

- Determine the maximum fores vecorded (after discontimious vielding).
- Evaluate the sequence of force values recorded before and after the
miaximm fores.

- Digitally define the "platean” as consisiing of all consscutive datz peinis
wherein the force value 1s within 0.5% of the magnitude of the peak force
value.

- Determine the uniform elongation as the straim at the mid-peint of the

“plataan.”

7.94 Discussion—The 0.3% wvalue of Note 36 has been
selected arbitrarily. In actual practice. the wvalue should be
selected 50 as to be the minimum figure that is large enough to
effectively define the force platean. This may require that the
percentage be about 3 times the amplitude of the force
fluctuations occuning due to notse. Values ranging frem 0.1%
to 1.0 % may be found to work acceptably.

710 Tensile Strength—Calculate the tensile strength by
dividing the maximum force carried by the specimen during
the tension test by the original cross-sectional area of the
specimen.

NotE 37—If the upper yield strength is the maximum stress recorded,
and if the stress-sirain curve resembles that of Fig. 26, 1t is recommended
that the maximum stress gfter discontinuous yielding be reported as the
tensile strength. Where this may ocoumr determmation of the tensile
strength should be m accordance with the agreement between the partiass

nvelvad.

711 Elongation:

7.11.1 In reporting values of elengation, give both the
original gage length and the percentage increase. If any device
other than an extensometer is placed in contact with the
specimen’s reduced section during the test. this shall also be
noted.

Example: elongztion = 30 % mecrease (50— mm gage length) (5}

Note 38—Flongation results are very sensitive fo varables such as:

{ a) speed of testing, () specimen geometry (gage length diameter, width,
and thickness), () heat dissipation (through grips, extensometars, or other
devices m contact with the reduced section), (d) smface finizh i reduced
section (especially bumrs or notches), (¢} aliznment, and {f} fAllets and
tapers. Parties invelved in comparizon or conformance testmg should
standardize the above ftems, and it 15 recommendad that use of ancillary
devices (such as extensemeter supports) which may remove heat from
specimans be aveordad See Appendix X 1. for additienal information on the
affects of these variables.

7.11.2 When the specified elongation is greater than 3 %, fit

ends of the fractured specimen together carefully and measure
the distance between the gage marks to the nearest 0.25 mm for
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FIG. 24 Stress-Strain Diagram Showing Yield Point Elongation and Upper and Lower Yield Strengths

gage lengths of 50 mm and under, and to at least the nearest
0.5 % of the gage length for gage lengths over 50 mm. A
percentage scale reading to 0.5 % of the gage length may be
used.

7.11.3 When the specified elongation is 3 % or less, deter-
mine the elongation of the specimen using the following
procedure, except that the procedure given in 7.11.2 may be
used instead when the measured elongation is greater than 3 %.

7.11.3.1 Prior to testing, measure the original gage length of
the specimen to the nearest 0.05 mm.

7.11.3.2 Eemove partly tom fragments that will interfere
with fitting together the ends of the fractured specimen or with
making the final measurement.

7.11.33 Fit the fractured ends together with matched sur-
faces and apply a force along the axis of the specimen sufficient
to close the fractured ends together. If desired, this force may
then be removed carefully, provided the specimen remains
intact.

Nore 39—The use of a force of approxdmately 15 MPa has been found
to give satizfactory results on test specimens of aluminum alloy.

7.11.3.4 Measwre the final gage length to the nearest 0.05
mm and report the elongation to the nearest 0.2 %4,

7.11.4 Elengation measured per paragraph 7.11.2 or 7.11.3
may be affected by location of the fracture, relative to the
marked gage length. If any part of the fracture occurs outside
the gage marks or is located less than 25 % of the elongated
gage length from either gage mark the elongation value
obtained using that pair of gage marks may be abnormally low

and non-representative of the material. If such an elongation
measwre is obfained in acceptance testing involving only a
minimun requirement and meets the requirement, no further
testing need be done. Otherwise. discard the test and retest the
material.

7.11.5 Elongation at fracture is defined as the elongation
measwred just prior to the sudden decrease in force associated
with fracture. For many ductile materials not exhibiting a
sudden decrease i force, the elongation at fracture can be
taken as the strain measured just prior to when the foree falls
below 10 % of the maximum force encountered duning the test.

7.11.5.1 Elongation at fracture shall include elastic and
plastic elongation and may be determined with autographic or
automated methods using extensometers verified over the
strain range of interest (see 3.4). Use a class B2 or better
extensometer for materials having less than 5 % elongation, a
class C or better extensometer for materials having elongation
greater than or equal to 5 % but less than 50 %, and a class D
or befter extensometer for materials having 30 % or greater
elengation. In all cases. the extensometer gage length shall be
the nominal gage length required for the specimen being tested.
Dwue to the lack of precision in fitting fractured ends together.
the elongation after fracture using the manual methods of the
preceding paragraphs may differ from the elongation at fracture
determined with extensometers.

7.11.5.2 Percent elongation at fracture may be calculated
directly from elongation at fracture data and be reported
instead of percent elongation as calculated in paragraphs 7.11.2
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FIG. 25 Stress-Strain Diagram With an Inflection, But Ho YPE

to 7.11.3. However, these two parameters are not interchange-
able. Use of the elongation at fractwre method generally
provides more repeatable results.

Mot 40— When disagreements arise over the percent elongation re-
sults, agreement must be reached on which methed to use to obtam the
razults.

712 Reduction aof Area:

7.12.1 The reduced area used to calculate reduction of area
(see 7.12.2 and 7.12.3) shall be the minimum cross section at
the location of fracture.

7.12.2 Specimens WWith Originally Circular Cross
Sections—F1t the ends of the fractured specimen together and
measure the reduced diameter to the same accuracy as the
original measurement.

Mo 41—Because of amisotropy, cveular cross sactions often do net
remamn circular during straining in tension. The shape 15 usually elliphical,
thus, the area may be calevlated by w d,-d2/4, where d | and d, are the
major and mmer diameters, respectively.

7123 Specimans With Originally Rectangular Cross
Sections—TFit the ends of the fractured specimen together and
measure the thickness and width at the minimum cross section
to the same accuracy as the original measurements.

Nom= 42—Because of the constramt to deformation that ccewrs at the
comers of rectangular specimens, the dimensions at the center of the
original flat smfaces are less than those at the comers. The shapes of thess
surfaces are often assumed to be parabolic. When this assumption is made,

an effective thickness, 7, may be caleulated by: (¢, + 4t , + 1,06, where 7,

and r, are the thicknesses at the comers, and #, 15 the thickness at the
mid-width. An effective width may be similarly caleulated.

T7.12.4 Calculate the reduced area based upon the dimen-
sions determined in 7.12.2 or 7.12.3. The difference between
the area thus found and the area of the original cross section
expressed as a percentage of the oniginal area is the reduction
of area.

T.A2.5 If any part of the fracture takes place outside the
middle half of the reduced section or in a punched or scribed
gage mark within the reduced section, the reducticn of area
value obtained may not be representative of the material. In
acceptance testing, if the reduction of area so calculated meets
the minimum requirements specified, no forther testing is
recuired, but if the reduction of area is less than the minimum
recuirements, discard the test vesults and retest.

7.12.6 Results of measurements of reduction of area shall be
rounded using the procedures of Practice E 29 and any specific
procedures in the product specifications. In the absence of a
specified procedure. it is recommended that reduction of area
test values in the range from 0 to 10 % be rounded to the
nearest 0.3 %0 and test values of 10 % and greater to the nearast
1 %.

7.13 Rounding Reported Test Data for Iield Strength and
Tensile Strength—Test data should be rounded using the
procedures of Practice E 19 and the spectfic procedures in the
product specifications. In the absence of a specified procedure
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FIG. 27 Load-Strain Diagram for Determination of Uniform
Elongation of Steel Sheet Materials Exhibiting a Plateau at
Maximum Load

for rounding the test data, one of the procedures described in
the following paragraphs is recommended.

7.13.1 For test values up to 500 MPa, round to the nearest 1
MPa; for test values of 500 MPa and up to 1000 MPa, round to
the nearest 3 MPa; for test values of 1000 MPa and greater,
round to the nearest 10 MPa.

Mote 43—For steel products, s2e Test Methods and Defirations A 370,

7.13.2 For all test values, round to the nearest 1 MPa.

NoE 44—For alummure- and magnesium-alloy products, see Mathods
B 337M.

7.13.3 For all test values, round to the nearest 5 MPa.

7.14 Replacement of Specimens—A test specimen may be
discarded and a replacement specimen selected from the same
lot of material in the following cases:

7.14.1 The original specimen had a poorly machined sui-
face,

7.14.2 The ongmal specimen had the wrong dimensions,

7.14.3 The specimen’s properties were changed because of
poor machining practice,

7.14.4 The test procedure was incorrect,

7.14.5 The fracture was ocutside the gage length,

7.14.6 For elongation determinations. the fracture was out-
side the middle half of the gage length, or

7.14.7 There was a malfunction of the testing equipment.

Wote 45—The tension specimen 1s inapprepriate for assessing some
types of mperfections n 2 material Other methods and specimens
emploving ultrasonics, dye penetrants, 1adiography, ete., may be consid-
ared when flaws such as eracks, flakes, poresity, ete., are revealed during
a t2st and soundness 15 a condition of acceptance.

8. Report

8.1 Test mnformaticn on materials not covered by a product
specification should be reported in accordance with 8.2 or both
82 and 83.
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8.2 Test information to be reported shall include the follow-
ing when applicable:

8.2.1 Material and sample identification.

822 Specimen type (Section 6).

8.2.3 Yield strength and the method used to determine yield
strength (see 7.7).

8.2.4 Yield point elongation (see 7.8).

825 Tensile strength (see 7.10).

8.2.6 Elongation (report original gage length, percentage
increase. and method vsed to determine elongation) (see 7.11).

8.2.7 Reduction of area, if required (see 7.12).

8.3 Test information to be available on request shall include:

8.3.1 Specimen test section dimension(s).

8§32 Formula used to calculate cross-sectional area of
specimens taken from large-diameter tubular produocts.

8.3.3 Speed and method used to determine speed of testing
(see 7.6).

8.3.4 Method vsed for rounding of test results (see 7.13).

8.35 Reasons for replacement specimens (see 7.14).

9, Precision and Bias *

9.1 Precision—An interlaboratory test program gave the
following values for coefficients of variation for the most
commonly measured tensile properties:

Coefficient of Variation, %

* Supporting daa can be found in Appendix I snd addifional dats are available
from ASTM Headguarters. Feguest BE: E2E-1004 and E28-1004.

Tensie Wield “field Elongation  Reduction
Strength Strength Strength  Gage Length of Arza
Off- Offeet=02% =5 Diam-
set = 0.02 % efers
0@ 27 14 30 28
13 435 23 6.4 4.8

CW% = repeatability coefficient of variation m percent within a laboratory
CV %y = repeatability coefficient of variation in percent between |aboratories

9.1.1 The values shown are the averages from tests on six
frequently tested metals, selected to include most of the normal
range for each property listed above. When these materials are
compared, a large difference in coefficient of variation 15 found.
Therefore, the values above should not be tightness; width;
workmanship used to judge whether the difference between
duplicate tests of a specific material 1s larger than expected.
The wvalues are provided to allow potential users of this test
method to assess, in general terms. its usefulness for a
proposed application.

9.2 Bias—The procedures in Test Methods E 8M for mea-
suring tensile properties have no bias because these properties
can only be defined in terms of a test method.

10. Keywords

10.1 accoracy; bending stress: discontinmous yielding: drop-
of-the-beam; eccentric force application; elastic exfension;
elongation; extension-under-load; extensometer; force: free-
ronning crosshead speed; gage length: halt-of-the force: per-
cent elongation; plastic extension; preload; rate of stressing;
rate of straining; reduced section; reduction of area; sensitivity;
strain; stress; taring: tensile strength: tension testing: vield
point elongation; yield strength

APPENDIXES

(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precision and bias of tension test strength and
ductility measurements depend on strict adherence to the stated
test procedure and are influenced by instrumental and material
factors. specimen preparation. and measuwrement/testing errors.

X1.2 The consistency of agreement for repeated tests of the
same material is dependent on the homogeneity of the material,
and the repeatability of specimen preparation, test conditions,
and measurements of the tension test parameters.

¥13 Instrumental factors that can affect test results in-
clude: the stiffness. damping capacity, natural frequency, and
mass of moving parts of the tensile test machine; accuracy of
force indication and use of forces within the verified range of
the machine; rate of force application, alignment of the test
specimen with the applied force, parallelness of the grips, grip
pressure, nature of the force control used. appropriateness and
calibration of extensometers, heat dissipation (by grips, exten-
someters, or ancillary devices), and so forth.

X14 Material factors that can affect test results include:

120

representativeness and homogeneity of the test material, sam-
pling scheme, and specimen preparation (surface finish, dimen-
sional accuracy. fillets at the ends of the gage length, taper in
the gage length, bent specimens, thread quality, and so forth).

X1.4.1 Some materials are very sensitive to the quality of
the surface finish of the test specimen (see Note 8) and must be
grouad to a fine finish. or polished to obtain correct results.

X1.4.2 Test results for specimens with as-cast, as-rolled,
as-forged, or other non-machined surface conditions can be
affected by the nature of the surface (see Note 14).

X1.4.3 Test specimens taken from appendages to the part or
component, such as prolongs or risers, or from separately
produced castings (for example, keel blocks) may produce test
results that are not representative of the part ot component.

X1.4.4 Test specimen dimensions can influence test results.
For cylindrical or rectangular specimens, changing the test
specimen size generally has a negligible effect on the yield and
tensile strength but may influence the upper yield strength, if

one is present, and elongation and reduction of area values.
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Comparison of elongation values determined using different
specimens reguires that the following ratio be controlled:

Ly/ tdg)*? (e B}
where:
Ly = original gage length of specimen, and
Ay = original cross-sectional area of specimen.

X1.4.4.1 Specimens with smaller Lo/ (Ag)'s ratios generally
give greater elongation and reduction in area values. This is the
case, for example, when the width or thickness of a rectangular
tensile test specimen is increased.

.31.4.42 Holding the Ly 4g) ratio constant minimizes,
but does not necessarily eliminate, differences. Depending on
miaterial and test conditions, increasing the size of the propor-
tional specimen of Fig. 8 may be found te increase or decrease
elongation and reduction in area values somewhat.

X1.4.5 Use of a taper 10 the gage length, up to the allowed
1 % limit, can result in lower elengation values. Reductions of
as much as 15 % have been reported for a 1 % taper.

X1.4.6 Changes in the strain rate can affect the yield
strength, tensile strength. and elongation values, especially for
materials which are highly strain rate sensitive. In general. the
vield strength and tensile strength will increase with increasing
strain rate, althowgh the effect on tensile strength iz generally
less prenounced. Elongation values generally decrease as the
strain rate increases.

X1.4.7 Bnttle materials require careful specimen prepara-
tion, high quality surface finishes, large fillets at the ends of the
gage length, oversize threaded grip sections, and cannot
tolerate punch or scribe marks as gage length indicators.

X1.4.8 Flattening of twbular products to permit testing does
alter the material properties, generally nonuniformity, in the
flattened region which may affect test results.

X153 Measuwrement ervors that can affect fest results in-
clude: verification of the test force. extensometers, microme-
ters, dividers, and other measurement devices. alignment and
zeroing of chart recording devices, and so forth.

X1.3.1 Measurement of the dimensions of as-cast, as-rolled,
as-forged, and other test specimens with non-machined sur-
faces may be imprecise due to the wregulanty of the surface
flatness.

X1.5.2 Materials with anisotropic flow characteristics may
exhibit non-circular cross sections after fracture and measure-
ment precision may be affected. as a result (see Note 37).

X1.5.3 The corners of rectangular test specimens are subject
to constraint during deformation and the originally flat surfaces
may be parabolic in shape after testing which will affect the
precision of final cross-sectional area measurements (see Note
42).

X1.5.4 If any portion of the fracture ocowrs outside of the
middle of the gage length, or in a punch er seribe mark within
the gage length, the elongation and reduction of area values
may not be representative of the material. Wire specimens that
break at cr within the grips may not produce test results
representative of the material.

X1.53.5 Use of specimens with shouldered ends (“button-
head” tensiles) will produce lower 0.02 % offset yield strength
values than threaded specimens.

X1.6 Because standard reference matertals with cestified
tensile property values are not available. it is not possible te
rigorously define the bias of tension tests. However, by the use
of carefully designed and controlled interlaboratory studies, a
reascnable definition of the precision of tension test results can
be obtained.

X1.6.1 An interlaboratory test program, (see footnote 7).
was conducted in which six specimens each, of six different
materials were prepared and tested by each of six different
laboratories. Tables X1.1-X1.5 present the precision statistics.
as defined in Practice E 691, for: tensile strength, 0.02 % yield
strength, 0.2 % vyield strength. % elongation in 5D, and %
reduction in area. In each table, the first column lists the six
materials tested. the second column lists the average of the
average results obtained by the laboratories, the third and fifth
columns list the repeatability and reproducibility standard
deviations, the fourth and sixth columns list the coefficients of
variation for these standard deviations, and the seventh and
eighth columns list the 95 % repeatability and reproducibility
limits.

X1.6.2 The averages (below columns four and six in each
table) of the coefficients of variation permit a relative compari-
son of the repeatability (within-laboratory precision) and
reproducibility (between-laboratory precision) of the tension

TABLE X1.1 Precision Statistics—Tensile Strength, MPa

MNoE 1— X is the average of the cell averages, that 15, the grand mean for the test parameter,

s, 15 the repeatability standard deviation (within-laboratory preeision),
57 15 the coefficient of variation in %o,

g 15 the reproducibility standard deviation (between-laboratory precision),

s/ 13 the coefficient of varnation, %,
1 15 the 95 % repeatability limits,
R 15 the 95 % reproducibility limigts.

Material X 5 5., % S SpiK, % r R
EC-H1B 176.8 4.3 245 43 245 121 124
2024-T351 4813 6.1 124 6.8 1.24 17.0 18.5
ASTM A105 506.8 4.1 0.68 87 147 1.8 245
AISI 316 G468 27 0.38 B4 1.21 78 234
Inconel 600 B85.8 28 0.43 50 D72 .2 124
SAE 51410 1253.0 3. 025 748 D.83 a8 221

Averages: 0. 1.30
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TABLE X1.2 Precision Statistics—0.02 % Yield Strength, MPa

Material X 5 5% S splX. % r R
EC-H1E s 458 4.00 82 737 125 230
2024-T351 3542 5.8 1.64 g1 1.73 16.3 17.2
ASTM A108 4114 83 202 131 3.18 232 38.6
AIS 316 3381 18.7 447 e p4p 46.1 g0
Inzenszl 600 2671 3z 1.18 52 1.96 38 147
SAE 51410 7232 18.8 2.2 218 3.02 46.4 61.2

Auerages: 268 4.48

TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa

Material X 5 5% Sp sl % r R
EC-H1E 158.4 33 2.08 13 207 .2 82
2024-T351 3628 5.1 141 54 148 14.3 15.2
ASTM AN05 4024 57 142 2.8 247 1592 2748
AISI 116 4811 8.6 1.36 10.5 4.06 B4 4.7
Inzenel 600 268.3 25 0.83 548 217 7.0 16.3
SAE 51410 9E7.5 8.8 0.82 15.9 1.64 24.8 445

Auerages: 1.38 232

TABLE X1.4 Precision Statistice— %: Elongation in 5D

Nome 1—Length of reduced section = 6D.

Material X 5 5. 0,% S spiK. % r R
EC-H1E 14.60 0.54 407 0.66 454 1.85 1.88
2024-T351 17.68 0.63 348 1.7 g5 1.81 4.8
ASTM A108 2563 077 289 1.30 5.06 218 3.63
AIS 316 35.83 0.m 1.08 268 745 2.00 748
Inzenszl 600 41.58 0.67 1.61 1.60 3.86 1.88 449
SAE 51410 12.28 045 38 0.88 778 1.25 2.68

Auerages: 206 6.36

TABLE X1.5 Precision Statistics— % Reduction in Area

Material X 5 5% Sp sl % r R
EC-H1E 78.15 1.83 243 2m 254 544 567
2024-T351 04 2.08 6.87 3.5 .79 572 10.01
ASTM A105 65.58 0.84 1.28 1268 1.82 235 353
AISI 116 7148 0.9 1.38 1.60 235 278 450
Inzensl 600 50.34 0.87 1.14 0.70 1.18 132 187
SAE 51410 50.48 1.88 369 385 7.81 51 11.08

Averages: 280 458

test parameters. This shows that the ductility measurements
exhibit less repeatability and reproducibility than the strength
measurements. The overall ranking from the least to the most
repeatable and reproducible 13: % elongation in 3D, % reduc-
tion in area, 0.02 % offset yield strength, 0.2 % offset vield
strength, and tensile strength. Note that the rankings are in the
same order for the repeatability and reproducibility average
coefficients of variation and that the reproducibility (between-
laboratory precision) 15 pooter than the repeatability (within-
laboratory precision), as would be expected.

X163 No comments about bias can be made for the
wterlaboratory study due to the lack of certified test results for
these specimens. However, examination of the test results
showed that one laboratory consistently exhibited higher than
average strength values and lower than average ductility values
for most of the specimens. One other laboratory had consis-
tently lower than average fensile strength results for all
specimens.
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X1. MEASUREMENT OF SPECIMEN DIMENSIONS

X211 Measurement of specimen dimensicns is critical in
tension testing. and it becomes more critical with decreasing
specimen size, as a given absolute error becomes a larger
relative (percent) error. Measuring devices and proceduses
should be selected carefully, so as to minimize measurement
error and provide good repeatability and reproducibility.

X22 Relative measurement etror should be kept at or
below 1 %. where possible. Ideally, this 1% error should
include not only the resclution of the measuring device but alse
the wvariability commeonly referred to as repeatability and
reproducibility. (Repeatability 1s the ability of any operator to
obtain similar measurements in repeated trials. Reproducibality
is the abality of multiple cperators to obtain sinular measuse-
ments.)

X2.3 Formal evaluation of gage repeatability and reproduc-
ibility (GR and R) by way of a GR and B study is highly
recommended. A GE and R study invelves having multiple
operators each take two or three measurements of a number of
parts—in this case, test specimens. Analysis, usually done by
computer, involves comparing the observed measurement
variations to a tolerance the procedure is to determine con-
formance to. High GR and B percentages (more than 20 %)
indicate much variability relative to the tolerance, whereas low
percentages (10 % or lower) indicate the oppostte. The analysis
also estimates. independently, the repeatability and reproduc-
ibility.

X24 GER and R studies in which neatechnical perscnnel
used different brands and models of hand-held micrometers
have given results varying from about 10 % (excellent) to
nearly 100 % (essentially useless), relative to a dimensional
tolerance of 0.075 mm. The user iz, therefore, advised to be
very careful in selecting devices, setting up measurement
procedures, and training personnel.

X235 With a 0.075 mm tolerance, a 10 % GR and R result
(excepticnally good, even for digital hand-held micrometers
reading to 0.001 mm) indicates that the total vanation due to
repeatability and reproducibility is around 0.0075 mm. This is
less than or equal to 1 %, only if all dimensions to be measured
are greater than or equal to 0.75 mm. The relative error in using
this device to measurs thickness of a 0.25 mm flat tensile
specimen would be 3 %, which is considerably more than that
allowed for load or strain measurement.

X2.6 Dimensional measurement errors can be identified as
the canse of many eut-gf-contrel signals, as indicated by
statistical process control (SPC) charts used to monitor tension
testing procedures. This has been the experience of a produc-
tion laboratory employing SPC methodology and the best
hand-held micrometers available (from a GR and R standpoint)
in testing of 0.45 mm to 635 mm flat-rolled steel products.

X2.7 Factors which affect GF. and E. sometimes dramati-
cally, and which should be considered in the selection and
evaluation of hardware and procedures include:

X2.7.1 Resclution,

X2.7.2 Vertfication,

X273 Zeroing.

X274 Type of anvil (flat, rounded. or pointed),

X275 Cleanliness of part and anvil surfaces,

X2.7.6 User-friendliness of measuring device,

X2.7.7 Stability/temperature variations,

X2.7.8 Ceating removal,

X2.7.9 Operator techique, and

X2.7.10 Ratchets or other features used to regulate the
clamping force.

X2.8 Flat anvils are generally preferred for measuring the
dimensions of round or fiat specimens which have relatively
smooth surfaces. One exception is that rounded or pointed
anvils must be used in measuring the thickness of curved
specimens taken from large-diameter tubing (see Fig. 13), to
prevent overstating the thickness. (Ancther concern for these
curved specimens is the error that can be introduced through
use of the equation 4 = W T: see 7.2.3)

X2.9 Heavy coatings should generally be removed from at
least one grip end of flat specimens taken from coated products
to permit accurate measurement of base metal thickness,
assuming (a) the base metal properties are what are desired, (b)
the coating does not contribute significantly to the strength of
the product, and (¢) coating removal can be easily accom-
plished (some coatings may be easily removed by chemical
stripping). Otherwise, it may be advisable to leave the coating
intact and determine the base metal thickness by an alternate
method. Where this issue may arise, all parties invelved in
comparison or conformance testing should agree as to whether
or not coatings are to be removed before measurement.

X210 As an example of how the considerations identified
above affect dimensional measurement procedures, consider
the case of measuring the thickness of 0.40 mm painted, flat
rolled steel specimens. The paint should be removed prior to
measurement, if possible. The measurement device used
should have flat anvils. must read to 0.001 mm or better, and
must have excellent repeatability and reproducibility. Since GR.
and B is a significant concern, it will be best to use a device
which has a feature for regulating the clamping force used, and
devices without digital displays should be aveided to prevent
reading errors. Before use of the device, and pericdically
during use. the anvils should be cleaned, and the device should
be verified or zerced (if an electronic display 15 used) or both.
Finally, perscnnel should be trained and audited pericdically to
ensure that the measuring device 1s being used correctly and
consistently by all.
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X3, SUGGESTED ACCREDITATION CRITERIA FOR LABORATORIES PERFORMING TENSILE TESTS

X3.1 Scope
X3.1.1 The following are specific features that an assessor
may check to assess a laboratory’s technical competence, if the

laboratery is performing tests in accordance with Test Methods
E 8 and/or E 8M.

X3.2 Preparation

X3.2.1 The laboratory should follow documented proce-
dures to ensure that machining or other preparation generates
specimens conforming to applicable tolerances and recuize-
ments of Test Methods E 8 er E 8M. Particularly important are
those requirements that pertain to the dimensions and finish of
reduced sections, as found in the text and in applicable figures.

X3.2.2 Where gage marks are uwsed. the laboratory should
employ decumented gage marking procedures to ensure that
the marks and gage lengths comply with the tolerances and
guidelines of Test Methods E 8 or E 8M.

¥3221 The gage marking procedure used should not
deletertonsly affect the test results.

Nore 33 1—Frequent eccurrence of fracturing at the gage marks may
indicate that gage marks have excessive depth or sharpness and may ke
affecting test results.

X3.3 Test Equipment

X331 As specified in the Apparatus sections of Test
Methods E 8 and E 8M, the axis of the test specimen should
coincide with the center line of the heads of the testing
machine, in order to minimize bending stresses which could
affect the results.

X3.3.2 Equipment verification requirements of Practices
E4 and E 83 shall be met. Documentation showing the
verification work to have been therough and technically correct
should be available.

X3.3.2.1 Vernfication reports shall demenstrate that force
and extension readings have been taken at the prescribed
intervals and that the prescribed runs have been completed.

X3.3.3 Extensometers used shall meet all requirements of
Test Methods E 8 or E 8M as to the classification of device to
be used for the results determined. For example, an extensom-
eter not meeting the Class B2 requirements of Practice E 83
may not be used in determination of offset vield strengths.

X3.3.4 Before computerized or antomated test equipment is
put into rovtine service, or following a software revision, 1t 1s
recommended that measures be taken to venfy proper opera-
tion and result interpretation. Guide E 1856 addresses this
concern.

X335 Micrometers and other devices used in measurement
of specimen dimensions should be selected, mamntained and
used in such a manner as to comply with the appendixes of Test
Methods E8 and E 8M on measurement. Traceabality to
national standards should be established for these devices, and
reasonable effort should be employed to prevent errors greater
than 1% from being generated as a result of measurement
etror, resolution. and rounding practice.

X34 Procedures

X3.4.1 The test machine shall be set up and zeroed in such
a manner that zero force indication signifies a state of zero
force on the specimen, as indicated in the Zercing of the Test
Machine sections of Test Methods E 8§ and E 8M.

Motz H3 . 2—Provisions should be made to ensure that zere readings are
properly mamtained from test to test. These may include, for example,
zeroing after a predstermined number of tests or each time, under zero
force conditiens, the indicator exceeds a pradetermined value.

X342 Upen request, the laboratory should be capable of
demonstrating (perthaps through time. force, displacement or
extensometer measurements, or both) that the test speeds used
conform to the requirements of Test Methods E 8 or E 8M. or
other standards which take precedence.

X343 Upon request, the laboratory should be capable of
demonstrating that the offsets and extensions used in determin-
ing vwield strengths conform to the requirements of Test
Methods E 8 or E 8M and are constructed so as to indicate the
forces corresponding to the desired offset strain or total strain.

MNote X33 —TUse cantion when parforming ealeulations with extan-
someter magnification, because the manufacturer may report soain mag-
nification, which relates the strain (net the elongation) to the x-aws
displacement on the stress stram diazram. A user or assessor intevested in
an extensometer's magnification may use calibration equipment to deter-
mine the ratic between elongation and chart travel or may venfy a
reported magnification by caleulating the Young's modulus from tests of
specimens of a known nominal modulus.

X344 Measwement of elongation shall conform to re-
quirements of Test Methods E 8 or E 8M.

Mot H3.4—Test Methods E £ and E 80 permat the measurament and
reporting of elonzation at fracture in place of elongation, as 15 often done
i zutomated testiz.

X345 Reduction of area. when reguired, shall be deter-
mined in accordance with the requirements of Test Methods
E 8 or EBM.

X3.4.6 Procedures for recording, calculating. and reporting
data and test results shall conform to all applicable require-
ments of Test Methods E 8 or E 8M. In addition, wherever
practical, the procedures should also be in accordance with
widely accepted provisions of good laboratery practice, such as
those detailed below.

X3.4.6.1 When recording data, persennel should record all
figures that are definite, plus the best estimate of the first figure
which is uncertain. (If a result is known to be approximately
midway between 26 and 27, 26.5 should be the result recorded
(not 26. 27, or 26.475).

X3.4.6.2 When performing calculations. personnel should
aveid compounding of rounding errors. This may be accom-
plished by performing one large calculation, rather than several
calculations using individual results. Alternatively, if multi-
step calculations are done. intermediate results should not be
rounded before use in subseguent calculations.

X34.63 In rounding, no final result should retain more
significant figures than the least-significant-figure measure-
ment or data point used in the caleulation.
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X315 Retention

X3.35.1 A retention program appropriate for the nature and
frequency of testing done in the laboratory should be main-
tained. Items that may warrant retention for defined time
periods include:

X3.3.1.1 Raw data and forms,

¥3.5.1.2 Force-elongation or stress-strain charts,

X3.3.1.3 Computer printouts of curves and test results,
X3.5.1.4 Data and results stered on computer discs or hard

.5 Broken specimens,

X3.5.1.6 Excess material,

X3.3.1.7 Test reports, and

X3.5.1.8 Verification reports and certifications.

5

X3.6 Environment

X3.6.1 All test equipment should be located and connected
to power sources in such a manner as to mimimize the effects
of vibrations and electrical disturbances on raw data collected.
stress-strain charts, and operation of equipment.

X317 Controls

X3.7.1 Controlled procedures and work instructions should
cover all aspects of specimen preparation, tensile testing. and
result reporting. These documents should be readily available
to all involved in the decumented tasks.

X3.7.2 Clear. concise, operating instructions should be
maintained for equipment used in specimen preparation and

tensile testing. These instructions should be readily available to
all qualified operators.

X373 All applicable verification requirements shall be
met, as detailed 1n X3.3.2.

X3.7.4 It is recommended that special studies and programs
be employed to monitor and control tensile testing, because
tensile test results are easily affected by operators. measuring
devices, and test equipment. Examples of such programs
inchude but are not limited to:

¥3741 Round-robin studies. proficiency tests, or other
cross-checles.

X3.7.4.2 Repeatability and reproducibility (R and ) stud-
1es,

X3.74.3 Control charting, and

¥3.7.44 Determination of typical lab uncertainties for each
result typically reported.

MNote H3.5—For nondestiuctive testing, repeatability and reproducibal-
ity are often measured by conducting zags K and R studies, as discussed
in Appendix X2 of Test Matheds E £ and E 8M. Thesa smdies mvelve
repeated determination of a test result, using a single part or specimen, so
gaze R and Rs are not directly applicable to mechanieal properties, which
are obtammed through deshuctive testing. (True differences batween even
the best duplicate specimens manifest themszelvas in the form of poover B
and B rasults than would be obtained for perfect duplicates.) MNevertheless,
quasi-FE. and R smdies conducted with these limtations taken into
consideration may be helpful in analyzing sewees of error and mmpreving
reliability of test results.

SUMMARY OF CHANGES

Committee E28 has identified the location of selected changes to this standard since the last issue (E 8M —03)
that may impact the use of this standard. (Approved July 10, 2003)

(1) Section 7.9.3.2 was revised. Note 36 and a discussion were
added following this revised section.

Committee E28 has identified the location of selected changes to this standard since the last 1ssue (E 8M — 01) that may
impact the use of this standard. (Approved Oct. 10, 2001)

(1) Section 6.5 and it subsections were revised.
(2} Mote 10 was deleted and the remaining notes were
repmmbered.

(3) Appendix X3 was added.
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ANEXO B. Norma ASTM E9 Pruebas a compresion

qﬂn') Designation: E 9 — 89a (Reapproved 2000)

Standard Test Methods of

An American Mateonal Standard

Compression Testing of Metallic Materials at Room

Temperature’

This standard is tssued under the fined desiznation E 9; the number immeadiarely following the desiznation indicates the year of original
adeption o, in the case of revizion, the vear of 1ast revision. A munber in parentheses indicates the vear of last reapproval. A superscript
epsilon (g) indicares an editorizl change since the last revision or reapproval.

This stamdard haz been approved for wre by agencies gf the Daparmment of Dgfense.

1. Scope

1.1 These test methods cover the apparatus, specimens, and
precedure for axial-load compression testing of metallic mate-
rials at room temperature (Note 1). For additional reqguirements
pertaining to cemented carbides, see Annex Al

Wotze |—For compression tests at elevated temperatures, see Practics
E 205.

1.2 The values stated in inch-pound waits are to be regarded
as the standard. The metric eguivalent values cited in the
standard may be approximate.

1.3 This standard does not purpert to address all of the
safety concarns, i any, associated with its wse It is the
responsibility of the user of this standard to establish appro-
priate safety and health practicas and detevmine the applica-
bility of regulatory limitations priov fo use

1. Referenced Documents

2.1 ASTM Standards:

B 357 Test Methods for Tension Testing Wrought and Cast
Alumimum- and Magnesium-Alloy Products?

E 4 Practices for Force Verification of Testing Machines®

E&6 "]Eem:.iuolog}-‘ Eelating to Methods of Mechanical Test-
ng

E 83 Practice for Verification and Classification of Exten-
someter’

E 111 Test Method for Young's Modulus, Tangent Modulus,
and Chord Modulus®

E 171 Specification for Standard Atmospheres for Condi-
tioning and Testing Flexible Barrier Materials*

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods~

E 209 Practice for Compression Tests of Metallic Materials
at Elevated Temperatures with Conventional or Rapid
Heating Rates and Strain Rates®

" Thess test mesnods are vmder the jurisdicrion of ASTM Conunires E23 on
MMechanical Testing and are the direct responsibility of Subcomnumes E22.04 on
Unizial Testing.

Current edition approved March 31, 1989, Published May 1939, Onginally
publizhed 2z E9 - 24 T. Last previous edition E 9 - 39,

* Amnual Book of ASTM Standards, Vol 02.02.

* dmnual Book of ASTM Standards, Vol 03.01

* dmnual Book of ASTM Swandards, Vol 13.09.

* Amnual Book of ASTM Standards, Vol 14.02.

Copynight @ ASTK, 100 Eam Harbor Drive, Weet Conshonocian, PA 18428-2353, United States.

E 251 Test Metheds for Performance Characteristics of
Metallic Bonded Resistance Strain Gage53

3. Terminology

3.1 Definitions. The definitions of terms relating to com-
pression testing and room temperature in Terminelogy E 6 and
Specification E 171, respectively, shall apply to these test
methods.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 buckling—In addition to compressive failure by
crushing of the material, compressive failure may occur by (1)
elastic instability over the length of a column specimen due to
nenaxiality of loading, () inelastic instability over the length
of a column specimen, (3) a local instability, either elastic or
inelastic, over a small portion of the gage length, or (4) a
twisting or torsional failure in which cross sections rotate over
each other about the longitudinal specimen axis. These types of
failures are all termed buckling.

3.2.2 column—a compression member that 13 axially loaded
and that may fail by buckling.

3.23 radius of gyration—the seuare root of the ratio of the
moment of inertia of the cross section about the centroidal axis
to the cross-sectional area:

p=(I4)" (0]
where:

p = radius of gyration,

I = moment of inertia of the cross section about centroidal
axis (for specimens without lateral support, the smaller
value of I is the critical value), and

A = ctoss-sectional area.

324 erifical stress—the axial vniform stress that causes a
column to be on the verge of buckling. The critical load is
calculated by multiplying the critical stress by the cross-section
area.

3.2.5 buckling equations—If the buckling stress is less than
or equal to the proporticnal limit of the material its value may
be calculated vsing the Euler equation:

5, = Cw*ELp)* @
If the buckling stress is greater than the proportional limit of

the material its value may be calculated from the modified
Euler equation:
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5, = Cn E/Lip)? (3)
where:
54 = critical buckling stress.
E = Young's modulus,
E, = tangent modulus at the buckling stress,
L = column length, and
C = endfixity coefficient.

Methods of caleulating the critical stress using Eq 3 are
given in Ref (1).°

3.2.6 end-fixity coefficient—There are certain ideal speci-
men end-fizity conditions for which theory will define the
value of the constant C (see Fig. 1). These values are:

. A_P
% 7
(al

e
FIG. 1 Diagrams Showing Fixity Conditions and Resulting
Buckling of Deformation

Freely rotating ends (pinned or hinged) C=1{a
One end fixed, the other fres to rotate C=2(h
Both ends fusd C=4ic

Motz 2—For flat-end specimens tested batween Hat rizd anvils, 1t was
shown m Ref (1) that a value of & =373 1z appropriate.

3.2.7 barreling—restricted deformation of the end regions
of a test specimen under compressive load due to friction at the
specimen end sections and the resulting nonuniform transverse
deformation as shown schematically and in the photograph in
Fig. 2. Additional theoretical and experimental information on
barreling as illustrated m Fig. 2 1s given n Ref (2).

4. Summary of Test Methods

4.1 The specimen is subjected to an increasing axial com-
pressive load: both load and strain may be monitored either
comtinuously or in finite increments. and the mechanical
properties in compression determined.

5. Significance and Use

5.1 Significance—The data obtained from a compression
test may include the yield strength. the yield peint, Young's
modulus, the stress-strain curve, and the compressive strength
(see Termunclogy E §). In the case of a material that does not
fail in compression by a shattering fracture, compressive
strength is a value that i3 dependent on total strain and
specimen geometry.

* The boldface munbers in parenthesas rafer to the list of raferences ar the end of
this standard.

3.2 Lse—Compressive properties are of interest in the
analyses of structures subject to compressive or bending loads
or both and in the analyses of metal wotking and fabrication
processes that mvolve large compressive deformation such as
forging and rolling. For brittle or nonductile metals that
fracture in tension at stresses below the yield strength. com-
pression tests offer the possibility of extending the strain range
of the stress-strain data. While the compression test is not
complicated by necking as is the tension test for certan
metallic materials, buckling and barreling (see Section 3) can
complicate results and should be minimized.

6. Apparatus

6.1 Testing Machines—Machines used for compression test-
mg shall conform te the requirements of Practices E 4. For
universal machines with a common test space, calibration shall
be performed in compression.

6.1.1 The bearing surfaces of the heads of the testing
machine shall be parallel at all times with 0.0002 in/in. (m/m)
unless an alignment device of the type described in 6.3 is used.

6.2 Bearing Blocks:

6.2.1 Both ends of the compression specimen shall bear on
blocks with surfaces flat and parallel within 00002 in/in
(m/m}). Lack of initial parallelism can be overcome by the use
of adjustable bearing blocks (Note 3). The blocks shall be made
of. or faced with, hard material. Current laboratory practice
suggests the use of tungsten carbide when testing steel and
hardened steel blocks (55 HRC or greater) and when testing
nonferrous materials such as aluminum, copper, etc. The
specimen must be carefully centered with respect to the testing
machine heads or the subpress if used (see 6.3, Alignment
Device/Subpress).

Note 3—1It should be remembered that the object of an adjustable
bearing block 15 to give the specimen as even a distrbution of mitial load
a5 pessibla. An adjustable bearimz block cannot be relied on to companszate
for any tilting of the heads that may ocouwr duving the test.

6.2.2 The bearing faces of adjustable bearing blocks that
contact the specimen shall be made parallel before the load i
applied to the specimen. One type of adjustable bearing block
that has proven satisfactory is illustrated in Fig. 3. Ancther
atrangement involving the use of a spherical-seated bearing
block that has been found satisfactory for testing material other
than in sheet form is shown in Fig. 4. It is desirable that the
spherical-seated bearing block be at the upper end of the test
specimen (for specimens tested with the load axis vertical). The
spherical swface of the block shall be defined by a radivs
having its point of origin in the fiat surface that bears on the
specimen.

6.3 Alignment Device/Subpress:

6.3.1 It is wsually necessary to use an alignment device,
unless the testing machine has been designed spectfically for
axial alignment. The design of the device or subpress is largely
dependent on the size and strength of the specimen. It must be
designed so that the ram (or other moving parts) does not jam
or tilt the device or the frame of the machine as a result of
loading. The bearing blocks of the device shall have the same
requirements for parallelism and flatness as given in 6.2.1.

6.3.2 The primary requirements of all alignment devices are
that the load is applied axially, uniformly, and with negligible
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Mot 1—A cylmdrical specimen of AIST 4240 steel (HRC = 40) was compressed 57 % (s2e upper diagram). The photo macrograph was made of 2
pelished and stched eross section of the tested specimen. The highly distorted flow linas are the result of friction betwean the specimen ends and the
loadmg fixture. Wote the tiiangular regions of restricted deformation at the ends and the eross-chaped zene of severe shear

FIG. 2 llustration of Barreling

Spherial Seat--
- Gpafer of
Spherwel Surface
B Jpecimen -
~ . Beaving Block
e Testing Machine

. |L‘°,i‘;"_'1 FIG. 4 Spherical-Seated Bearing Block

6.4 Compression Testing Jigr—In testing thin specimens,
§reocan §+oeaEm such as sheet material, some means should be adopted to

FIG. 3 Adjustable Bearing Block for Compression Testing prevent the specimen from buckling during loading. This may

be accomplished by using a jig confaining sidesupport plates

“slip-stick™ friction. An alignment device that has been found  that bear against the wide sides of the specimen. The jig must
suitable is shown in Fig. 5 and described in Ref (3). Other afford a switable combination of lateral-support pressure and
devices of the subpress type have also been used successfully. spring constant to prevent buckling, but without interfering
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with axial deformation of the specimen Although suitable
combinations vary somewhat with variations in specimen
material and thickness, testing temperatures. and accuracy of
alignment, acceptable results can be obtained with rather wide
ranges of lateral-support pressure and spring constant. Gener-
ally, the higher the spring constant of the jig, the lower the
lateral-support pressure that is required. Proper adjustments of
these variables should be established during the qualification of
the equipment (see 6.6).

6.4.1 It 1z not the intent of these methods to designate
specific jigs for testing sheet materials. but merely to provide a

few illustrations and references to jigs that have been used
successfully, some of which are cited in Table 1. Other jigs are
acceptable provided they prevent buckling and pass the guali-
fication test set forth in 6.6. Compression jigs generally reguire
that the specimen be lubricated on the supported sides to
prevent extraneons friction forces from occurring at the support
points.

6.5 Strain Measurements:

6.5.1 Mechanical or electromechanical devices used for
measuring strain shall comply with the requirements for the
applicable class described in Practice E 83. The device shall be
verified i compression.

6.5.2 Electrcal-resistance strain gages (or other single-nse
devices) may be used provided the measuring system has been
verified and found to be accurate to the degree specified in
Practice E 83. The characteristics of electrical resistance strain
gages have been determined from Test Metheds E 251.

6.6 Qualification of Test Apparatus— The complete
compression-test apparatus, which consists of the testing ma-
chine and when applicable. one or more of the following: the
alignment device, the jig and the strain-measurement system,
shall be qualified as follows:

6.6.1 Conduct tests to establish the elastic modulus or five
replicate specimens of 2024-T3 aluminum alloy sheet or
2024-T4 aluminum alloy bar in accordance with Test Method
E 111. These qualification specimens shall be machined from
sheet or bar in the location specified in Test Methods B 357.
The thickness of the sheet or diameter of the bar may be
machined to the desired thickness or diameter. It is essential
that the extensometer be properly seated on the specimens
when this test is performed. When the qualification specimens
each provide a modulus value of 10.7 ¥ 10% psi (73.8 GPa)
+3 %o, the apparatus gqualifies.

6.6.2 The gualification procedure shall be performed using
the thinnest rectangular specimen or smallest diameter round
specimen to be tested in the apparatus.

7. Test Specimens

1.1 Specimens in Selid Cylindrical Form—It 1s recom-
mended that, where feasible, compression test specimens be in
the form of solid circular cylinders. Three forms of solid

TABLE 1 Representative Compression Jigs and Specimen Dimensions for Testing of Thin Sheet*

Thickness Width Length Gage Length
Type of Jig Ref - - -

in, mnm in. mim in_ mm in. mm

Menigermery-Templin: 14 and

3)
General use 0.018 and over 0.40 and over 0.825 16.0 2.64 67.0 1 25
Magnesium alloys 0.018 and over 0.40 and owver 0.750% 200 284 &67.0 1 25
MACA [Kotanchik et al) (1] 0.020 and over 0.50 and over 0.53 138 2453 G4.5 1 25
Moore-McDeonald (K] 0.032 and over 0.80 and owver 0.75% 200 284 &67.0 1 25
LaTour-Wilford 8) 0.010 te 0.020 0.25 to 0.50 050 12.5 1.85 405 1 25
0.020 and over 0.50 and over 0.50 125 2.00 510 1 25
Miller (9-11) 0.006 to 0.010 0.15to 0.25 044 i22 2 5.5 1 28
0.010 te 0.020 0.25 to 0.50 050 2.5 22 56.5 1 25
0.020 and over 0.50 and over 050 125 225 570 1 25
Sandorf-Dillon: (12)

Genera uss 0.010 and over 0.25 and over 050 125 412 1045 2 50
High-sirength steel 0.010 and over 0.25 and over 0.50 125 3.10 785 2 50

4 See Ref (13) for sdditional fgs and specimen dimensions.
Y Reduced o 0.625 in. [18.0 mm) for 1.25 in. (30 mm} at the mid-length.
 Reduced to 0,650 in. (18.5 mm) for 1.25 in. (30 mm} at the mid-length.
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cylindrical test specimens for metallic materials are recog-
nized, and designated as short. medium-length. and long (Note
4). Suggested dunensions for solid compression test specimens
for general use are given in Table 2.

MoTE 4—Short specimens typieally are used for compression tests of
such materials as bearmg metals, which in servics are uzed in the form of
thin plates to cary load papendicular to the surface. Medium-length
specimens typically are used for determming the zeneral compressive
strength properties of metallic materials. Long specimens are best adapted
for detemuming the modulus of =lasticity in compression of metallis
matenials. The specimen dimensicns given m Table 2 have been used
suceessfully. Specimens with a LD (length/diameter ratio) of 1.5 or 2.0
are best adapted for determining the compressive strength of high-strength
materials,

7.2 Rectangular or Sheet-Tipe Specimens— Test specimens
shall be flat and preferably of the full thickness of the material.
Where lateral support is necessary, the width and length are
dependent upon the dimensions of the jig used to support the
specimen. The length shall be sufficient to allow the specimen
to shorten the amount required to define the vield strength or
vield point, but not long encugh to permit buckling in the
vnsupported portion. Specimen dimensions and the various
types of jigs are given in Table 1.

7.3 Preparation of Specimens—Lateral surfaces in the gage
length shall not vary in diameter, width, or thickness by more
than 1% or 0.002 in (0.05 mm) whichever is less. (If a
reduced section is used, this requirement applies only to the
surface of the reduced section) Also, the centerline of all
lateral surfaces of the specimens shall be coaxial within 0.01
in. (0.23 mm).

7.3.1 Surface Finish—Machined surfaces of specimens
shall have a surface finish of 63 pin (1.6 pm) or better
Machined lateral surfaces to which lateral support is to be
applied shall be fimshed to at least 40 microinches (1.0 um)
arithmetic average.

7.3.2 Flatmess and Parallelism—The ends of a specimen
shall be flat and parallel within 0.0005 in/in (mm/mm) and
perpendicular to the lateral surfaces to within 3° of arc. In most
cases this requirement necessitates the machining or grinding
of the ends of the specimen.

7.3.3 Edges of Rectangular Specimens— A width of mate-
rial equal to at least the thickness of the specimen shall be

TABLE 2 Suggested Solid Cylindrical Specimens®

Motz 1—Mstric umts represent comverted specimen dimensions clozs
to, but not the exact conversion from meh-pound units.

Diameter Length Approx
Spec- i
Mmens X O Ra-
n. mim in. mm fio
Short 112=0M 3D0=02 100 =008 6= 1 0.8
050 =001 130=02 100=005 25 =1. 20
Medium 050 =001 130=02 180 =005 33 =1 30
080 =001 200=02 238=012 60 =3 30
1.00=00 250=02 30D=012 75 =z3 3.0
112=00 30=02 33E =012 B85 =3 3.0
Long 080 =001 200=02 638=012 160.=3. B0
12500 220=02 1250 min 220 min 10.0

# Dther length-to-diameter ratios may be used when the test is for compressive
yield strength.

machined from all sheared or stamped edges in order to remove
material whose properties may have been altered. (If a reduced
section 15 used, this requirement applies only to the edges of
the reduced section) Specimens shall be finished so that the
surfaces are free of nicks, grooves, and burrs.

7.4 Gage Length Location—The ends of the gage length
shall not be closer to the ends of the specimen or ends of the
reduced section than one half of the width or diameter of the
specimen.

8. Procedure

8.1 Specimen Measurement—Nleasure the width and thick-
ness, of the diameter of the specimen with a micrometer along
the gage section. Specimen dimensions greater than 0.10 in.
(2.5 mm) should be measured to the nearest 0.001 m. (0.02
mm). and those less than 0.10 . (2.5 mm) should be
determined fo the nearest 1% of the dimension being mea-
sured. Calculate the average cross-sectional area of the speci-
men gage section.

8.2 Cleaning—Clean the ends of the specimen and fixmure
bearing blocks with acetone or another swtable solvent to
remove all traces of grease and oil.

8.3 Lubricarion—DBearing swface friction can affect test
results (see section 3.2 and Fig. 2). Friction has been success-
fully reduced by lubiicating the bearing surfaces with TFE-
fluorocarbon sheet, molybdenum disulfide, and other materials
summarized in Ref (3).

8.4 Specimen Installation—Place the specimen in the test
fixture and carefully align the specimen to the fixture to ensure
concentric loading. Also, check that the specimen loading/
reaction surfaces mate with the respective surfaces of the
fixture. If the fixture has side supports, the specimen sides
should contact the support mechanism with the clamping
pressure recommended by the fixture manufacturer, or as
determined during the fixture vertfication tests. If screws are
used to adjust side support pressure, it is recommended that a
torque wrench be utilized to ensure consistent pressure.

8.4.1 Transducer Attachment—If required, attach the exten-
someter or other transducers, or both, to the specimen gage
section. The gage length must be at least one half or preferably
one diameter away from the ends of the specimen (see 7.4).

8.5 Load-Strain Range Selaction—=Set the load range of the
testing machine so the maximum expected load is at least one
third of the range selected. Select the strain or deflection scale
so that the elastic portion of the load-versus-strain or load-
versus-deflection plot on the autographic record, is between
30° and 60° to the load ams.

8.6 Strain Measurements—Devices used for measuring
strain shall comply with the requirements for the applicable
class of extensometer described in Practice E 83. Electrical
strain gages, if used, shall have performance characteristics
established by the manufacturer in accordance with Test
Methods E 251.

8.7 Testing Speed—For testing machines egquipped with
strain-rate pacers, set the machine to strain the specimen at a
rate of 0.005 in/in -min (m'm-min). For machine with load
control or with crosshead speed control. set the rate so the
specimen is tested at a rate equivalent to 0.003 in/in.-min
(m/m-min) strain-rate in the elastic portion. A rate of 0.003
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in/in-min (m/m-min) can be used if the material is strain-rate
sensitive.

8.7.1 For machines without strain-pacing eguipment or
automatic feedback control systems. maintain a constant cross-
head speed to obtain the desired average strain-rate from the
start of loading to the end point of the test. The average
strain-rate can be determined from a time-interval-marked
load-strain record, a time-strain graph, or from the time of the
start of loading to the end point of test as determined from a
time-measuring device (for example, stopwatch). It should be
recognized that the use of machines with constant rate of
crosshead movement does not ensure constant strain rate
throughout a test.

§.7.2 It should also be noted that the free-running crosshead
speed may differ from the speed under load for the same
machine setting, and that specimens of different stiffnesses
may also result in different rates, depending upon the test
machine and fixturing. Whatever the method. the specimen
should be tested at a uniform rate without reversals or sudden
changes. The test rate must also be such that the rate of lead
change on the specimen being tested. will be within the
dynamic response of the measuring systems. This 15 of particu-
lar importance when testing short specimens of high-modulus
materials.

8.8 Test Conduct—After the specimen has been installed
and aligned. and the strain- or deflection-measuring transducer
installed. activate the recording device(s) and initiate the test at
the prescribed rate. Continue the test at a uniform rate until the
test has been completed as stated below.

8.8.1 Ductile Materials—For ductile materials, the yield
strength or yield point. and sometimes the strength at a strain
greater than the yield strain. can be determined. The conduct of
the test to determine either the onset of yielding or the
compressive strength or both is the same. Materials withont
sharp-kneed stress-strain diagrams will require that the strain
or deflection at yield be initially estimated. and the specimen
tested sufficiently beyond the initial estimation to be sure the
vield stress can be determined after the test (see 9.3). For
materials, exhibiting a sharp-kneed stress-strain curve or a
distinctive yvield point. the test can be terminated either after a
sharp knee or after the drop in lead is obzerved.

8.8.2 Brinle Materials—Burittle materials that fail by crush-
ing or shattering may be tested to failure.

8.9 Number of Specimens—Specimen blanks shall be taken
from bulk materials according to applicable specifications. The
number of specimens to be tested should be sufficient to meet
the requirements as determined by the test purpose, or as
agreed upon between the parties involved The larger the
sample, the greater the confidence that the sample represents
the total population. In most cases, between five and ten
specimens should be sufficient to determine the compressive
properties of a sample with reasonable confidence.

8.10 Precautions:

8.10.1 Buckling—In compression tests of relatively long.
slender specimens that are not laterally supported. the speci-
mens may buckle elastically and fiy from the test setup. A
protective device should be in place to prevent injury.

8.10.2 Shattering Fracture—Some materials may fail in a
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shattering manner which will cause pieces to be expelled as
shrapnel. A protective device should be in place to prevent
LY.

9. Caleulations

0.1 Determine the properties of the material from the
dimensions of the specimen and the stress-strain diagram as
described in the following paragraphs. For testing machines
that record load units instead of stress, convert the load-versus-
strain diagram to uvnits of stress by dividing the load by the
orginal cross-sectional area of the specimen gage section.

9.2 Modulus of Elasticity—Calculate the modulus of elas-
ticity as specified 1 Test Method E 111. If the elastic modulus
is the prime guantity to be determined, the procedure given in
Test Method E 111 must be followed. Again, the calculation of
the modulus shall be according to Section 7 of Test Method
E 111

9.3 Iield Strength—To determine the yield strength by the
offset method it is necessary to secure data (autographic or
numerical) from which a stress-strain diagram may be drawn.
Then on the stress-strain diagram (Fig. 6) lay off Om equal to
the specified value of offset (conventional offset 1s 0,002 m./in.
(m/m)), draw mn parallel to Od4. and thus locate r. the
intersection of mn with the stress-strain diagram The stress
corresponding to the point # 1s the wyield strength for the
specified offset.

9.3.1 Inreporting values of vield strength obtained by these
methods, the specified value of offset used should be stated in
parentheses after the term yield strength. Thus:

Yield strenzth (offset = 0.2 %) = 52.0 ksi (359 MPa) @

932 In vsing these methods, a Class B-2 extensometer, as
described in Practice E 83, 15 sufficiently sensitive for most
materials.

MoTE 5—Automatic devices ave available that determine offset vield

Stress

Sirain
“Orr= Sper fied OfFaet
FIG. & Stress-Strain Diagram for Determination of Yield Strength
by the Offset Method
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strength without plotting a stress-strain curve. Such devices may be used
if thewr accuracy has been demonstrated to be satisfactory.

Note 6—If the load drops before the specified offsst 15 reached,
teclmically the material does not have a yield stength (for that offset). In
this case, the stress at the maximum load before the specified offset is
rezched may be reportsd instead of the vield stength and shall be
designated as the yield point.

04 Teld Point—Materials that exhibit a sharp-kneed stress-
strain diagram may exhibit a distinct drop in stress with
increasing strain. The vield point is the maximum stress
attained just prior to the sudden drop m stress. For testing
machines without strain- or deflection-recording capabilities,
the vield point can be determined by noting the load at which
the load dial indicator needle suddenly drops with the testing
machine running at a steady rate.

9.5 Compressive Strength—For a material that fails in
compression by crushmng or fractunng, the compressive
strength is the maximum stress at or before fracture, as
determined by dividing the maximum load by the cross-
sectional area. For ductile materials, compressive strength may
be determined from the stress-strain diagram at a specified total
strain. The strain at which this stress was determined must be
specified.

10. Report

10.1 Include the following information in the test repost:

10.1.1 Specimen Material—Describe the specimen mate-
rial, alloy. heat treatment. mall batch number, gram direction,
etc., as applicable.

10.1.2 Specimen Configurafion—Include a sketch of the
specimen configuration or reference to the specimen drawing.

10.1.3 Specimen Dimensions—State the actual measured
dimensions for each specimen.

10.1.4 Test Fixture and Lubricant—Describe the test fixture
or refer to fixture drawings, specifying lubricant used if any.

10.1.5 Testing Machine—Include the make, model, and load
range of testing machine.

10.1.6 Speed of Testing—Fecord the test rate and mode of
control.

10.1.7 Smress-Strain Diagram—Include, if possible, the
stress-strain diagram with scales, specimen number, test data,
rate, and other pertinent information.

10.1.8 Modulus of Elasticity—Report the modulus of elas-
ticity when required, as determined according to 9.2.

10.1.9 Tield Strength—Feport the yield stress or yield point
when required and the method of determination, as calculated
93 and 9.4,

10.1.10 Compressive Strength—Feport the compressive
strength for matenal exibiting brittle failure. A compressive
strength at a specified total stramn may be reported for ductile
materials. If so, report the strain at which the compressive
stress was determined.

10.1.11 Tipe of Failure—When applicable, describe the
type of specimen failure.

10.1.12 Precision and Biar—State the precision and accu-
racy of the data reported as applicable in a manner consistent
with Practice E 177.

10.1.13 4nomalies—State any anomalies that occnrred dur-
ing the test that may have had an effect on the test results.

10.2 For commercial acceptance testing the following sec-
tions of 10.1 are considered sufficient: 10.1.1 and 10.1.2, and
10.1.9 and 10.1.11.

11. Precision and Bias

11.1 Precision—The following parameters are reported to
impact upon the precision of the test methods: specimen
buckling, loading surface friction, specimen barreling, and
specimen size. The subcommittee is in the process of quanti-
fying these effects.

11.2 Bias—Thete are no available reference standards for
destructive type tests such as compression. Therefore, the bias
of this test method 15 an unknown.

11, Keywords

12.1 axial compression; barreling; bearing blocks; buckling;
compressometer; sheet compression jig; stress-strain diagram;
sub-press; testing machine

ANNEX

(Mandatory Information)

Al. SPECTIAL REQUIREMENTS IN THE DETERMINATION OF THE COMPRESSIVE STRENGTH OF CEMENTED
CARBIDES

All Characteristics of Cemented Carbides

A111 Cemented carbides are manufactured in a range of
compositions having hardness from 81.0 to 93.0 HEA and
compressive strengths from 300 to over 800 ksi (2100 to 5300
MPa). They fail by shattering fracture (see 8.7.2 and section
§8.10.2).

AlL2 Apparatus and Fixtures

A121 Bearing Blocks— Cemented carbide bearing blocks
shall be used. They shall be of a hardness such that the block
faces will not suffer significant permanent deformation dunng

test (suggested hardness of 92 HEA).

A1.22 Bearing Block Freparation—The block diameter
shall be at least three times the diameter of the specimen. Its
thickness shall be at least two thirds the block diameter. Faces
of the bearing blocks shall be flat within =0.0002 in./in. (m/m).
parallel within 0.0005 in./in. (m/m), and have a surface finish
of & pin. (0.2 pm) arithmetic average (aa). The blocks shall be
used in conjunction with devices such as those shown in Figs.
35

A1.23 The total accumulated lack of parallelism in the test
assembly shall not exceed 0.0005 in/in. (m/m).
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A124 In order to minmmize detrimental end effects, a shim
of 0.001 in. (0.025 mm) in thickness, of standard cold-rolled
steel shim stock, shall be interposed between each specimen
end and the bearing block. Each shim shall be used only once
(see Ref 14).

AL3 Test Specimens

A131 Size and Shape— The specimens shall be in the form
of circular eylinders 0375 = 0.01 in (100 £ 0.2 mm) in
diameter and 1.00 * 0.05 m. (25.0 = 1.0 mm) long.

A13.2 Preparvation af Specimens—The ends of a specimen
shall be plane and normal to its longitudinal axis. They shall be
parallel within a maximwm of 00003 in/in. (m'm), flat
within +0.0002 in/in. (m/m), and have a surface finish of 8
pin. (0.2 pm) aa.

Al4 Speed of Testing

Al41 Speed of testing shall be specified in terms of rate of
stressing the specimen, and shall not exceed 50.0 ksi (345
MPa)/min.
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Conjunto total a tensién

Geometry
TABLE 2
Conjunto total a tensidén > Geometry
Object Name Geometry
State Fully Defined

E:\Oscar no borrar\Omar Gomez\sist hidr

SClllEs final\Definitivos\ensamble final modificadol.asm
Type Solid Edge
Length Unit Meters
Element Control Program Controlled
Display Style Part Color
.~ BoundingBox

Length X 0,2286 m

Length Y 0,2286 m

Length Z 0,27151'm

Volume 6,8657e-003 m3
Mass 53,895 kg
. statistes
Bodies 6
Active Bodies 6
Nodes 44657
Elements 28326
. preferences
Import Solid Bodies Yes
Import Surface Bodies Yes
Import Line Bodies Yes
Parameter Processing Yes
Personal Parameter Key DS
CAD Attribute Transfer No
Named Select!on No
Processing
Material Properties

Transfer No
CAD Associativity Yes
Import Coordinate Systems No
Reader Save Part File No
Import Using Instances Yes
Do Smart Update No
Attach File Via Temp File No
Analysis Type 3-D

Mixed Import Resolution None
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Enclosure and Symmetry

Processing Yes
TABLE 3
Conjunto total a tension > Geometry > Parts
Object plgca . |mordazanueva.par: | mordazanueva.par: | . seccion .| probeta.par:
movil.par: inferior.par:
Name 1 1 2 1 1
State Meshed
Graphics Properties
Visible Yes
Transparenc 1
y
Definition
Suppressed No
.| SAE-AISI SAE-AISI | Structural
Material 1040 SAE-AISI 4340 1040 Steel
Stiffness .
Behavior Flexible
Nonlinear
Material Yes
Effects
Bounding Box
Length X| 0,127 m 4,6-002 m 02286 m | 92036-002
Length Y| 0,127 m 8,5e-002 m 02286 m | 92036-002
Length z 8:7107€- 6,711e-002 m 0,15011m | 8,e-002 m
002 m
Properties
6,7241e- 3 4,6774e- |1,8529e-005
Volume 004 m@ 1,7622e-004 m 003 m? me
Mass| 5,2784 kg 1,3833 kg 36,717 kg | 0,14545 kg
. 6,2779e- 6,6368e- -9,6758e-
Centroid X 009 m 4,5057e-010 m -4,5057e-010 m 005 m 012 m
. -3,6416e- -1,8419e- | -4,0273e-
Centroid Y 008 m -5,3745e-002 m 5,3745e-002 m 010 m 012 m
Centroid Z 0,10834 3,3837e-002 m 7,4476e- |9,6221e-004
m 002 m m
Moment of| 6,5421e- S 0,21796 |9,1027e-006
Inertia Ip1 | 003 kg-m?2 6,4538e-004 kg:m kg-m?2 kg-m?2
Moment of| 6,7771e- i S 0,19997 |8,3251e-005
Inertia Ip2 | 003 kg-m?2 1,1939e-003 kg-m kg-m2 kg-m2
Moment of| 7,0403e- i 2 0,28238 |8,3251e-005
Inertia Ip3| 003 kg-m?2 8,825€-004 kg:m kg-m2 kg-m2
Statistics
Nodes| 4739 2015 25289 5389
Elements| 2923 1109 16875 3334
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Contact

TABLE

4

Conjunto total a tensidon > Geometry > Parts

Object Name tapa.par:1
State Meshed
Graphics Properties
Visible Yes
Transparency 1
Definition
Suppressed No
Material| Structural Steel
Stiffness Behavior Flexible
Nonlinear Material Effects Yes
Bounding Box
Length X 0,2286 m
Length Y 0,2286 m
Length Z 7,04e-002 m
Properties
Volume| 1,1449e-003 m3
Mass 8,9875 kg
Centroid X| -4,9514e-012 m
Centroid Y| -2,8961e-010 m
Centroid Z 0,16593 m

Moment of Inertia Ip1

2,7537e-002 kg-m?

Moment of Inertia Ip2

2,7537e-002 kg-m2

Moment of Inertia Ip3

5,2482e-002 kg-m2

Statistics
Nodes 5210
Elements 2976
TABLE 5
Conjunto total a tensién > Connections
Object Name Contact
State| Fully Defined
Auto Detection
Generate Contact On Update Yes
Tolerance Type Slider
Tolerance Slider 0,
Tolerance Value | 1,0555e-003 m
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority| Include All
Same Body Grouping Yes
Revolute Joints Yes
Fixed Joints Yes
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Transparency

Enabled Yes
TABLE 6
Conjunto total a tensién > Contact > Contact Regions
placa
placa placa movil.par:
Object| movil.par:1 To | movil.par:1 To 1To n;?rltjiza::f;gh mord:rz_?nTuoeva.
Name| mordazanueva. | mordazanueva. | seccion pa 'f . ) pb : )
par:1 par:2 inferior.pa inferior.par:1 probeta.par:1
r:l
State Fully Defined
Scope
Scoping .
Method Geometry Selection
Contact 2 Faces 1 Face
Target 2 Faces 1 Face
seccion
Contact . ) L )
Bodies placa movil.par:1 inferior.pa mordazanueva.par:1
r:l
Target| mordazanueva. | mordazanueva. ion inferi 1 b 1
Bodies par:1 par:2 seccion inferior.par: probeta.par:
Definition
Type No Separation
Scope
Mode Manual
Behavior Symmetric
Suppress No
ed
Advanced
Formulatlg Pure Penalty
Normal
Stiffness Program Controlled
Update
Stiffness Never
Thermal
Conducta Program Controlled
nce
Pmt_)all Program Controlled
Region
TABLE 7
Conjunto total a tensi6on > Contact > Contact Regions
mordazanueva.par:2 ) _Seccion ) seccion
. . mordazanueva.par:2 | inferior.par:l | . . )
Object Name To seccion ) inferior.par:1
Lo i To probeta.par:1 To .
inferior.par:1 . To tapa.par:1
probeta.par:1
State Fully Defined
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Sl\;lzgtil)ﬂ:gg Geometry Selection
Contact 2 Faces 1 Face 2 Faces
Target 2 Faces 1 Face 2 Faces
CBOOrE?:; mordazanueva.par:2 seccion inferior.par:1
ggg?:st seccion inferior.par:1 probeta.par:1 tapa.par:1
Type No Separation Bonded No Separation
Scope Mode Manual Automatic
Behavior Symmetric
Suppressed No
Formulation Pure Penalty
S{\ilfcf)r:renssl Program Controlled
Update
Stiffness Never
Thermal
Conductance Program Controlled
RP;Z?S:: Program Controlled
Mesh
TABLE 8
Conjunto total a tensién > Mesh
Object Name Mesh
State Solved
Physics Preference Mechanical
Relevance 0
Relevance Center Coarse
Element Size Default

Shape Checking | Standard Mechanical
Solid Element Midside Nodes| Program Controlled

Straight Sided Elements No
Initial Size Seed| Active Assembly
Smoothing Low
Transition Fast
Nodes 44657
Elements 28326
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Environment

TABLE 9

Conjunto total a tension > Analysis
Object Name| Environment
State| Fully Defined

Structural
Static Structural

Physics Type
Analysis Type

|

Reference Temp 22,°C

TABLE 10

Conjunto total a tensién > Environment > Analysis Settings

Object Name

Analysis Settings

State Fully Defined
Number Of 1
Steps ’
Current Step 1
Number ’
Step End Time 1s
Auto Time Program Controlled
Stepping

Solver Type Program Controlled

Weak Springs Program Controlled
Large Deflection Off
Inertia Relief Off

Force Program Controlled
Convergence
Moment Program Controlled
Convergence
Displacement Program Controlled
Convergence
Rotation
o Program Controlled
Line Search Program Controlled

Calculate Stress Yes
Calculate Strain Yes
Calculate . .
Results At All Time Points
Solver Files D:\J. ALEXANDER SUAREZ\Mis documentos\PROYECTO\Omar
Directory| Gomez\sist hidr final\Definitivos\ARCHIVO ULTIMOS\ANSY S\prueba de
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compresion final y tension Simulation Files\Environment\
Future Analysis None
Save ANSYS db No
Delete
Unneeded Files Yes
Nonlinear
Solution No
TABLE 11
Conjunto total a tensién > Environment > Loads
Object Name Force | Fixed Support
State Fully Defined
Scoping Method Geometry Selection
Geometry 1 Face
Define By Vector
Type Force Fixed Support
Magnitude | 2,12e+005 N (ramped)
Direction Defined
Suppressed No
FIGURE 1
Conjunto total a tensién > Environment > Force
2;12e+5 —
1,6e+5
1,2e+5
50000 —
40000 —
o,
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Solution

TABLE 12

Conjunto total a tensién > Environment > Solution

Object Name

Solution

State

Max Refinement Loops

Solved

1,

Refinement Depth

2:

TABLE 13

Conjunto total a tensién > Environment > Solution > Solution Information

Object Name

Solution Information

State

Solution Output

Solved

Solver Output

Newton-Raphson Residuals 0
Update Interval 25s
Display Points All
TABLE 14
Conjunto total a tensién > Environment > Solution > Results
Object| Equivalent Equivalent Equivalent Equivalent Equivalent
Name Stress Stress 2 Stress 3 Stress 4 Stress 5
State Solved

Type Equivalent (von-Mises) Stress
Display End Time
Time

Minimum 8,8348e+005 517.28 Pa 8,2275e+005 | 4,153e+005 | 4,2215e+005
Pa Pa Pa Pa
Maximum 1,7311e+008 | 6,8765e+007 | 3,8039e+008 | 2,5815e+008 | 2,6107e+008
Pa Pa Pa Pa Pa
Time 1,s
Load Step 1
Substep 1
Iteration 1
Number
TABLE 15
Conjunto total a tensién > Environment > Solution > Results
Object Name Equivalent Stress 6
State Solved

143



Geometry 1 Body

Type

Equivalent (von-Mises) Stress

Display Time

End Time

Minimum 1,7862e+007 Pa
Maximum 2,2516e+009 Pa
Time 1,s

Load Step 1

Substep 1

Iteration Number 1

TABLE 16
Conjunto total a tensién > Environment > Solution > Stress Safety Tools
Object Name Stress Tool
State Solved

Theory

Max Equivalent Stress

Stress Limit Type

Tensile Yield Per Material

TABLE 17
Conjunto total a tensién > Environment > Solution > Stress Tool > Results

Object Name | Safety Factor SafetyZFactor SafetysFactor Safety4Factor SafetySFactor
State Solved

All Bodies 1 Body

Oon

Time

probeta.par:1

Type Safety Factor
Display Time End Time
Minimum| 0,11103 1,4442 >10 1,8851 6,1429
Minimum Occurs

Load Step

Substep

Iteration Number

N

TABLE 18
Conjunto total a tensién > Environment > Solution > Stress Tool > Results

Object Name

Safety Factor 6 | Safety Factor 7

State

Solved

Geometry 1 Body
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Type Safety Factor

Display Time End Time

_ Minimum| _ 6,0741 0,11103

Time 1,s

Load Step 1

Substep 1

Iteration Number 1

TABLE 19
Conjunto total a tensién > Environment > Solution > Stress Safety Tools
Object Name Stress Tool 2
State Solved

Theory| Max Equivalent Stress
Stress Limit Type | Tensile Yield Per Material

TABLE 20
Conjunto total a tensién > Environment > Solution > Stress Tool 2 > Results

Object Name | Safety Factor
State Solved

~ Scope

Type | Safety Factor
Display Time| End Time
Minimum 1,4442

Minimum Occurs On| tapa.par:1l

Time 1,s
Load Step 1
Substep 1
Iteration Number 1
TABLE 21
Conjunto total a tensién > Environment > Solution > Fatigue Tools
Object Name Fatigue Tool g_‘
State Solved
Fatigue Strength Factor (Kf)
Type Zero-Based
Scale Factor 1,
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1,5

1,2

0,8

0,4

Display Time | End Time
Options
Analysis Type Stress Life
Mean Stress Theory Goodman
Stress Component | Equivalent (Von Mises)
Life Units
Units Name cycles

1 cycle is equal to 1, cycles

FIGURE 2

Conjunto total a tensién > Environment > Solution > Fatigue Tool
Constant Amplitude Load
Zero-Based

AVAVAVAVAVR
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FIGURE 3
Conjunto total a tensién > Environment > Solution > Fatigue Tool

Mean Stress Correction Theory

SM-Mone — GoOdman - Soderberg - Gerber
Endurance 2
T
I
0 Yield Llltimate
TABLE 22
Conjunto total a tensién > Environment > Solution > Fatigue Tool > Results
Object Name Life | Safety Factor
State Solved
Scope
Geometry | 5 Bodies
Definition
Type Life Safety Factor
Design Life 1,e+006 cycles
Results
Minimum | 12752 cycles|  0,41201
Minimum Occurs On seccion inferior.par:1

Conjunto total a compresién

Geometry
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TABLE 23

conjunto total a compresion > Geometry

Object Name

Geometry

State

Fully Defined

E:\Oscar no borrar\Omar Gomez\sist hidr

SClllEs final\Definitivos\ensamble final modificadol.asm
Type Solid Edge
Length Unit Meters
Element Control Program Controlled
Display Style Part Color
.~ BoundingBox

Length X 0,2286 m

Length Y 0,2286 m

Length Z 0,27151'm

Volume 6,8657e-003 m?3
Mass 53,895 kg
- statses
Bodies 6
Active Bodies 6
Nodes 44657
Elements 28326

Processing

Import Solid Bodies Yes
Import Surface Bodies Yes
Import Line Bodies Yes
Parameter Processing Yes
Personal Parameter Key DS
CAD Attribute Transfer No
Named Select!on No
Processing
Material Properties
Transfer No
CAD Associativity Yes
Import Coordinate Systems No
Reader Save Part File No
Import Using Instances Yes
Do Smart Update No
Attach File Via Temp File No
Analysis Type 3-D
Mixed Import Resolution None
Enclosure and Symmetry Yes
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TABLE 24

conjunto total a compresion > Geometry > Parts

- placa ) .| seccion )
Object movil.par: mordazanueva.par: | mordazanueva.patr: inferior.par: probeta.par:
Name 1 1 2 1 1

State Meshed
Graphics Properties
Visible Yes
Transparenc 1
y
Definition
Suppressed No
.| SAE-AISI SAE-AISI | Structural
Material 1040 SAE-AISI 4340 1040 Steel
Stiffness .
Behavior Flexible
Nonlinear
Material Yes
Effects
Bounding Box
Length X| 0,127 m 4,6-002 m 02286 m | >9203¢:002
Length Y| 0,127 m 8,5e-002 m 0,2286 m 3’920519'002
Length z 8:7107€- 6,711€-002 m 0,15011m | 8,-002m
002 m
Properties
6,7241e- 3 4,6774e- |1,8529e-005
Volume 004 m? 1,7622e-004 m 003 m? me
Mass | 5,2784 kg 1,3833 kg 36,717 kg | 0,14545 kg
- 6,2779e- 6,6368e- -9,6758e-
Centroid X 009 m 4,5057e-010 m -4,5057e-010 m 005 m 012 m
- -3,6416e- -1,8419e- | -4,0273e-
Centroid Y 008 m -5,3745e-002 m 5,3745e-002 m 010 m 012 m
Centroid Z 0,10834 3,3837e-002 m 7,4476e- |9,6221e-004
m 002 m m
Moment of| 6,5421e- ) 0,21796 |9,1027e-006
Inertia Ip1 | 003 kg-m? 6,4538e-004 kg:m kg-m? kg-m?
Moment of| 6,7771e- ) 2 0,19997 |8,3251e-005
Inertia Ip2 | 003 kg-m2 1,1939e-003 kg:m kg-m? kg-m?
Moment of| 7,0403e- i . 0,28238 |8,3251e-005
Inertia Ip3| 003 kg-m? 8,825e-004 kg-m kg-m? kg-m?
Statistics
Nodes| 4739 2015 25289 5389
Elements| 2923 1109 16875 3334
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Contact

TABLE 25

conjunto total a compresion > Geometry > Parts

Object Name tapa.par:1
State Meshed
Graphics Properties
Visible Yes
Transparency 1
Definition
Suppressed No
Material| Structural Steel
Stiffness Behavior Flexible
Nonlinear Material Effects Yes
Bounding Box
Length X 0,2286 m
Length Y 0,2286 m
Length Z 7,04e-002 m
Properties
Volume| 1,1449e-003 m3
Mass 8,9875 kg
Centroid X| -4,9514e-012 m
Centroid Y| -2,8961e-010 m
Centroid Z 0,16593 m

Moment of Inertia Ip1

2,7537e-002 kg-m?

Moment of Inertia Ip2

2,7537e-002 kg-m2

Moment of Inertia Ip3

5,2482e-002 kg-m2

Statistics
Nodes 5210
Elements 2976

TABLE 26

conjunto total a compresiéon > Connections

Object Name Contact
State| Fully Defined
Auto Detection
Generate Contact On Update Yes
Tolerance Type Slider
Tolerance Slider 0,
Tolerance Value | 1,0555e-003 m
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority| Include All
Same Body Grouping Yes
Revolute Joints Yes
Fixed Joints Yes
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Transparency

Enabled Yes
TABLE 27
conjunto total a compresion > Contact > Contact Regions
placa
placa placa movil.par:
Object| movil.par:1 To | movil.par:1 To 1To n;?rltj:%a::f;gh mord:rz_?nTuoeva.
Name| mordazanueva. | mordazanueva. | seccion par.L 1 ) par: )
par:1 par:2 inferior.pa inferior.par:1 probeta.par:1
r:l
State Fully Defined Suppressed
Scope
Scoping .
Method Geometry Selection
Contact 2 Faces 1 Face
Target 2 Faces 1 Face
seccion
Contact . ) L )
Bodies placa movil.par:1 inferior.pa mordazanueva.par:1
r:l
Target| mordazanueva. | mordazanueva. ion inferi 1 b 1
Bodies par:1 par:2 seccion inferior.par: probeta.par:
Definition
Type No Separation
Scope
Mode Manual
Behavior Symmetric
Suppress No Yes
Advanced
Formulatlﬁ Pure Penalty
Normal
Stiffness Program Controlled
Update
Stiffness Never
Thermal
Conducta Program Controlled
nce
Pmt_)all Program Controlled
Region
TABLE 28
conjunto total a compresion > Contact > Contact Regions
mordazanueva.par:2 ) _Seccion ) seccion
. . mordazanueva.par:2 | inferior.par:l | . . )
Object Name To seccion ) inferior.par:1
. - ] To probeta.par:1 To ;
inferior.par:1 . To tapa.par:1
probeta.par:1
State Fully Defined Suppressed Fully Defined
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?\;I:gtil)":gg Geometry Selection
Contact 2 Faces 3 Faces 1 Face 2 Faces
Target 2 Faces 5 Faces 1 Face 2 Faces
C;g';::; mordazanueva.par:2 seccion inferior.par:1
;:(;?:st seccion inferior.par:1 probeta.par:1 tapa.par:1
Type No Separation Bonded No Separation
Scope Mode Manual | Automatic Manual Automatic
Behavior Symmetric
Suppressed No Yes No
Formulation Pure Penalty
S{\ilf?r:LnSiI Program Controlled
Update
Stiffness Never
Thermal
Conductance Program Controlled
Rpgé?::: Program Controlled

Mesh

TABLE 29
conjunto total a compresion > Mesh

Object Name Mesh
State Solved
Physics Preference Mechanical
Relevance 0
Relevance Center Coarse
Element Size Default
Shape Checking | Standard Mechanical
Solid Element Midside Nodes| Program Controlled
Straight Sided Elements No
Initial Size Seed| Active Assembly
Smoothing Low
Transition Fast
Nodes 44657
Elements 28326
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Environment

TABLE 30
conjunto total a compresion > Analysis
Object Name| Environment

State| Fully Defined

Structural
Static Structural

Physics Type
Analysis Type

|

Reference Temp 22,°C

TABLE 31

conjunto total a compresion > Environment > Analysis Settings

Object Name

Analysis Settings

State Fully Defined
Number Of 1
Steps '
Current Step 1
Number ’
Step End Time s
Auto Time Program Controlled
Stepping

Solver Type Program Controlled

Weak Springs Program Controlled
Large Deflection Off
Inertia Relief Off

Force Program Controlled
Convergence
Moment Program Controlled
Convergence
Displacement Program Controlled
Convergence
Rotation
_— Program Controlled
Line Search Program Controlled

Calculate Stress Yes
Calculate Strain Yes
Calculate . .
Results At All Time Points
Solver Files D:\J. ALEXANDER SUAREZ\Mis documentos\PROYECTO\Omar
Directory| Gomez\sist hidr final\Definitivos\ARCHIVO ULTIMOS\ANSY S\prueba de
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compresion final y tension Simulation Files\Environment (2)\
Future Analysis None
Save ANSYS db No
Delete
Unneeded Files Yes
Nonlinear
Solution No
TABLE 32
conjunto total a compresion > Environment > Loads
Object Name Force | Fixed Support
State Fully Defined
Scoping Method Geometry Selection
Geometry 1 Face
Define By Vector
Type Force Fixed Support
Magnitude | 2,12e+005 N (ramped)
Direction Defined
Suppressed No
FIGURE 4

conjunto total a compresion > Environment > Force

2,12e45
1,68+5

1,2e+5 ~

0000 —

40000 —
o,

1,
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Solution

TABLE 33

conjunto total a compresion > Environment > Solution

Object Name

Solution

State

Max Refinement Loops

Solved

1,

Refinement Depth

2:

TABLE 34

conjunto total a compresion > Environment > Solution > Solution Information

Object Name

Solution Information

State

Solution Output

Solved

Solver Output

Newton-Raphson Residuals 0
Update Interval 25s
Display Points All
TABLE 35
conjunto total a compresion > Environment > Solution > Results
Object| Equivalent Equivalent Equivalent Equivalent Equivalent
Name Stress Stress 2 Stress 3 Stress 4 Stress 5
State Solved

1 Body

Type Equivalent (von-Mises) Stress
Display End Time
Time

Minimum 8'018F?§+005 312,17 Pa 4’84°§§+005 22682 Pa 22955 Pa
: 1,745e+008 | 4,2201e+007 | 5,1501e+008 | 1,112e+008 | 1,0952e+008
Maximum
Pa Pa Pa Pa Pa
Time 1,s
Load Step 1
Substep 1
Iteration 1
Number

155



TABLE 36
conjunto total a compresion > Environment > Solution > Results
Object Name Equivalent Stress 6

State Solved

.~ scope

1 Body
|

Type | Equivalent (von-Mises) Stress
Display Time End Time
Minimum 1,1041e+007 Pa
Maximum 2,2335e+009 Pa
Time 1,s
Load Step 1
Substep 1
Iteration Number 1
TABLE 37
conjunto total a compresién > Environment > Solution > Stress Safety Tools
Object Name Stress Tool
State Solved

Theory| Max Equivalent Stress
Stress Limit Type | Tensile Yield Per Material

TABLE 38
conjunto total a compresién > Environment > Solution > Stress Tool > Results
Object Name Safety Factor

State Solved

Type Safety Factor
Display Time End Time

Minimum 1,3923
Minimum Occurs On | seccion inferior.par:1
~ nformation
Time 1,s
Load Step 1
Substep 1
Iteration Number 1
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Material Data

SAE-AISI 1040

TABLE 39
SAE-AISI 1040 > Constants
Structural
Young's Modulus| 2,e+011 Pa
Poisson's Ratio 0,3
Density| 7850, kg/m3

Thermal Expansion

1,2e-005 1/°C

Tensile Yield Strength

7,1705e+008 Pa

Compressive Yield Strength

7,1705e+008 Pa

Tensile Ultimate Strength

8,6184e+008 Pa

Compressive Ultimate Strength

8,6184e+008 Pa

Thermal

Thermal Conductivity| 60,5 W/m-°C
Specific Heat| 434, J/kg-°C
Electromagnetics
Relative Permeability 10000

Resistivity

1,7e-007 Ohm-m

FIGURE 5

SAE-AISI 1040 > Alternating Stress

5,87e+9

2,34e+9

9,3e+d

3,7e+8

Alternating Stress Pa

1,45e+5

5,87e+7
3,16

o0,1 94

1,26e+4 £,e45 3, 10e+0

Cycles
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SAE-AISI 1040 > Alternating Stress > Alternating Stress Curve Data
Mean Value Pa

0,

TABLE 42
SAE-AISI 1040 > Alternating Stress > Alternating Stress vs. Cycles
Cycles |Alternating Stress Pa

10, 3,999e+009
20, 2,827e+009
50, 1,896e+009
100, 1,413e+009
200, 1,069e+009
2000, 4,41e+008
10000 2,62e+008
20000 2,14e+008
1,e+005 1,38e+008
2,e+005 1,14e+008
1,e+006 8,62e+007
FIGURE 6

0,644

SAE-AISI 1040 > Alternating Stress > Property Attributes

TABLE 40

Interpolation| Log-Log

Mean Curve Type|Mean Stress

TABLE 41

SAE-AISI 1040 > Strain-Life Parameters

4,77e-2

3,53e-3

2,62e-4

Strain Amplitude, (log scale)

1,94e-5

1,44e6

Elastic
Plastic
Total

1,8-1

25,1 6,31e+3

158246

Reversals to Failure, 2N (log scale)
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TABLE 43
SAE-AISI 1040 > Strain-Life Parameters > Property Attributes
Display Curve Type | Strain-Life

TABLE 44
SAE-AISI 1040 > Strain-Life Parameters > Strain-Life Parameters

Strength Coefficient Pa|9,2e+008

Strength Exponent| -0,106

Ductility Coefficient| 0,213

Ductility Exponent| -0,47
Cyclic Strength Coefficient Pa| 1,e+009

Cyclic Strain Hardening Exponent 0,2

SAE-AISI 4340
TABLE 45
SAE-AISI 4340 > Constants
Structural
Young's Modulus| 2,e+011 Pa
Poisson's Ratio 0,3

Density| 7850, kg/m3

Thermal Expansion| 1,2e-005 1/°C
Tensile Yield Strength | 1,5858e+009 Pa
Compressive Yield Strength | 1,5858e+009 Pa
Tensile Ultimate Strength | 1,7237e+009 Pa
Compressive Ultimate Strength | 1,7237e+009 Pa

Thermal
Thermal Conductivity| 60,5 W/m-°C
Specific Heat| 434, J/kg-°C
Electromagnetics
Relative Permeability 10000

Resistivity | 1,7e-007 Ohm-m

159



5,87e+9

FIGURE 7
SAE-AISI 4340 > Alternating Stress

2,34e+9

9,Je+d

3,7e+8

Alternating Stress Pa

1,45e+5

5,87e+7
316 50,1

794

Cycles

TABLE 46

1,26e+4

2,845

SAE-AISI 4340 > Alternating Stress > Property Attributes

Interpolation

Log-Log

Mean Stress

Mean Curve Type

TABLE 47

3,10e+6

SAE-AISI 4340 > Alternating Stress > Alternating Stress Curve Data

Mean Value Pa

0,

TABLE 48
SAE-AISI 4340 > Alternating Stress > Alternating Stress vs. Cycles
Cycles |Alternating Stress Pa

10, 3,999e+009
20, 2,827e+009
50, 1,896e+009
100, 1,413e+009
200, 1,069e+009
2000, 4,41e+008
10000 2,62e+008
20000 2,14e+008
1,e+005 1,38e+008
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2,e+005 1,14e+008

Elastic
Plastic
Total

1,e+006 8,62e+007
FIGURE 8
SAE-AISI 4340 > Strain-Life Parameters
0,644
54,??&2
[14]
&
g
= 3,533
2
=
g'z,szm
E=
m
B
0 1,94e-5
1,449e-6

1,e-1 25,1 6,31e+3 158246 1,2+l
Reversals to Failure, 2N (log scale)

TABLE 49
SAE-AISI 4340 > Strain-Life Parameters > Property Attributes
' Display Curve Type | Strain-Life

TABLE 50
SAE-AISI 4340 > Strain-Life Parameters > Strain-Life Parameters
Strength Coefficient Pa|9,2e+008
Strength Exponent| -0,106
Ductility Coefficient| 0,213
Ductility Exponent| -0,47
Cyclic Strength Coefficient Pa| 1,e+009
Cyclic Strain Hardening Exponent 0,2

Structural Steel

TABLE 51
Structural Steel > Constants
Structural
Young's Modulus| 2,e+011 Pa
Poisson's Ratio 0,3
Density| 7850, kg/m3
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Thermal Expansion| 1,2e-005 1/°C
Tensile Yield Strength| 2,5e+008 Pa
Compressive Yield Strength| 2,5e+008 Pa
Tensile Ultimate Strength| 4,6e+008 Pa
Compressive Ultimate Strength 0, Pa

Thermal

Thermal Conductivity| 60,5 W/m-°C

Specific Heat| 434, J/kg-°C

Electromagnetics
Relative Permeability 10000

Resistivity | 1,7e-007 Ohm-m

FIGURE 9
Structural Steel > Alternating Stress
E,87e+9
2,34e+9
m
(-
@
g 9,3e48
w
[=2]
£
—_
S 53,7648
e
[+1]
e}
<
1,45e+5
5,87e+7
3,16 50,1 794 1,26e+4 2,845 3,16e46
Cycles
TABLE 52

Structural Steel > Alternating Stress > Property Attributes
Interpolation| Log-Log
Mean Curve Type | Mean Stress

TABLE 53

Structural Steel > Alternating Stress > Alternating Stress Curve Data

Mean Value Pa
01

TABLE 54
Structural Steel > Alternating Stress > Alternating Stress vs. Cycles
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0,644

4,77e-2

(log scale)

3,53e-3

-

2,62e-4

Strain Amplitude

H
3
o

1,44e-6

Elastic
Plastic
Tota

Cycles |Alternating Stress Pa
10, 3,999e+009
20, 2,827e+009
50, 1,896e+009
100, 1,413e+009
200, 1,069e+009
2000, 4,41e+008
10000 2,62e+008
20000 2,14e+008
1,e+005 1,38e+008
2,e+005 1,14e+008
1,e+006 8,62e+007

FIGURE 10
Structural Steel > Strain-Life Parameters
1,e-1 25,1 6,31e+3 1,58246 1,e+11

Reversals to Failure, 2N (log scale)

TABLE 55
Structural Steel > Strain-Life Parameters > Property Attributes

| Display Curve Type | Strain-Life |

TABLE 56
Structural Steel > Strain-Life Parameters > Strain-Life Parameters

Strength Coefficient Pa|9,2e+008
Strength Exponent| -0,106
Ductility Coefficient| 0,213
Ductility Exponent| -0,47
Cyclic Strength Coefficient Pa| 1,e+009
Cyclic Strain Hardening Exponent 0,2
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ANEXO E. Calibracién de
alineacion.

¢lLa alineacién afecta los resultados de mis
ensayos?

Probablemente; Si

Seria erroneo pensar que, simplemente porque su
sistema de ensayo de materiales es calibrado
periodicamente en cuanto a fuerza, deformacion

y desplazamiento, usted tiene la garantia de obtener
resultados correctos y fiables. La alineacion del
bastidor puede cambiar por diversos mativos, entre
los que se incluyen:

= El cambio de mordazas.

= La instalacion de soportes nuevos o la sustitucion
de los antiguos.
m El cambio de posicién de la cruceta fija.

m El desgaste o la rotura de los soportes o de los
componentes del bastidor.

Como resultado de ello, la importancia de una correcta
alineacion esta siendo reconocida cada dia mas por:

= Los organismos de acreditacion.
» Las principales corporaciones aeroespaciales.

En el sector aeroespacial, cada dia aumenta mas la
necesidad de demostrar que los sistemas de ensayo
cumplen los requisitos de alineacion especificados en
numerosas normas ASTM gue hacen referencia a los
esfuerzos de flexion o a la alineacion.

Calibracion de alineacion

£Qué es alineacién?

m Concentricidad.
= Angularidad (paralelismo).

1 \

¢Por qué es necesaria una buena alineacion?

La manera mas facil de someter una probeta a esfuerzos
no deseados es flexionandola. La manera mas facil de
flexionarla es colocandola inicialmente en una alineacion
incorrecta y/o de manera no uniforme, mediante:

= La aplicacion de un desplazamiento angular -
flexion tipo C.

= La aplicacién de un desplazamiento concéntrico -
flexion tipo S.

Muchas normas expresan la calidad de los ensayos en
términos de % de flexion, p.ej. < 5% de deformacion
nominal o de amplitud de deformacion (ver pagina
siguiente).

INSTRON SERVICES
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Normas ASTIM con requisitos de alineacion

$| EEEE B

;
:

8z

150/TC164/

Cualguiera de los extremos de la seccion
paralela, en dos puntos de una probeta testigo

Cualquiera de los extramos de |a seccion
paralela, en dos puntos de una probeta testigo

Centro de la seccién paralela de una
probeta testigo

Centro de la seccidn paralela y en diferentes
puntos de una probeta testigo

No especificado

Centro de la seccién paralela de una
probeta de seccion transversal circular

Cualguiera de los extremos de la seccion paralela
de una probeta testigo o de la probeta real

Cualquiera de los extremos de la seccion
paralela de una probeta testigo

Cualquiera de los extremos de la seccion paralela
¥ en cuatro puntos de una probeta testigo, sea
una probeta simulada o una probeta real

Cualquiera de los extremos de la seccion paralela
¥ en cuatro puntos de una probeta testigo, sea
una probeta simulada o una probeta real

Uno de los tres planos instrumentados de una
probeta testigo

Uno de los tres planos instrumentados de una
probeta testigo

Cualguiera de los extremos de la seccion paralela
¥ en del diferentes puntos de una probeta testigo

No especificado

No especificado

Verificacion recomendada de acuerdo con la
norma ASTM E 1012

No especificado

Verificacion recomendada de acuerdo con la
norma ASTM E 1012

Ejemplar de obsequio del Cédigo de practicas del HTMTC de 1995
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Ceriificado de verificacion de allneacién

CERTIFICATE OF CALIBRATION
Issued by: INSTRON CALIBRATION LABORATORY

Los certificados de Instron® han
sido disefiados para ayudarle

a cumplir los requisitos de su
programa de calidad. Todos llevan
un ndmero de certificado dnico

y su fecha de expedicién.

El informe del trabajo es
comprobado y verificado por un
signatario autorizado.

[Date of lssue: 1-Feb-2006 Cerifieats No: E123458
isonLiming | —
Ceronation Road
HIGH WYCOMBE Approved Signalory
INerON Bucks. HP12385Y | Willmott
Tei; +44 (D) 1494 455615
Fac: +44 (0) 1404 456687
E Mail: extra-uk@instron,com
High Technology Allays Ple
123 Satelite Avenue
Recket City
Rosshire  RU1 4ME
Urited Kingdam
Cantact: Buzz Lightysar Date of Varification 34-lan-2008
Machine
Manufacturer.  Instron Grip Type: eI
Model: 6025 Description: Wedge Astion Grips
Sorlal No: 6025 H1Z34 Grip eapatity: 100k
C Electro-mechanical
1

Cal 3 I00KN
‘Year of Manufacture: 1982

AP-USE-350-0118]

insrument 1D: Spedi
Das H 18 Bit Multi-channel Strain gauge condifoner Unit Description:

eription:

men Identification:  Flat Thin 8000-174 SN 0001

in Rectangular - 8 Gauge
Specimen parameters:  see Fig 2(Page )

N A N

El procedimiento es aplicable
a cualquier sistema, y la
descripcion detallada de la
mégquina elimina toda duda
acerca de los pardmetros que
han sido verificados.

The above machine and aripoing system was ftted wih a thin fat specimen
wonfigured with 2 sets of 4 skain gauge s=nsors mesting the requirements of
ASTM E1012-05. A photograph showing the machine and gripping configuration is
shown in Fig 3

The strain gauged alignment was pl L grip system
and loaded to a force agreed with the customer that was within the elasfic range of
the specimen. Readings from the st of eight strain gauges were then recorded.
The spatimen was than unloaded. The specmen was then ralosdad o further §
times to provide 6 sets of strain gauge reading data.

The specimen was then rotated threugh 180 degrees and subjectedte a repeal
Ioading and recording cyelé 10 Produce 3 TUrMer 6 sets of data.

The data was then computad using the equations provided by ASTM E101Z 10
provide Bending Stran and Percent Bending results as shown in the resuits
section later in this certifiate.

The computed cata pravides information on bending strans resuting Tom tne
alignment ofthe machina and grip string. The repeating of the tests & times
provides information on the variability of such bending strains from cne test to
angther.

Schematic diagram showing configuration of machine and
strain gauged specimen

Se define el alcance detallado del
método de verificacion.
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Ceriificado de verificacion de alineacion

El nimero del certificado se

imprime en todas las péginas
para facilitar las consultas.
CERTIFICATE OF CALIBRATION
Issued by: INSTRON CALIBRATION LABORATORY
Cortficate No: E123456
Page 3cf4
Resuts
Temparature during the calibration: Start: 204°C Specimen width, W : 15 mm
Finigh: 2147°C Gauge insal, d: 25 mm
Strain data in unite of micreetrain
Te lied Force: 8 kN
ASTM E1017 eakulabons
P | e
"N
El procedimiento proporciona
miiltiples series de ensayos par
e | oo e o Fer brindar suficiente informacién
12553 7 £ 3" a fin de determinar la repetibilidad
T r ¥ y el alcance de los resultados.
1350 82
1344 ;
134823 h
Maan Farcant Banding (FH| TEH &
‘Stardard Devigtion ol B 146 %
Basa mounted G: ied Force: B kN
M £1017 calcuiabons.
[Fouied e Thl ol & s macine.
Forcs. : [ 1 [ [ 1] [13 [3] [}
1458 77| 1457 83| 1249.10) 124762 1357 67| 146259 1326.04] 1246.87|
1] 1 X 1! 1
1441 15] 1437 12| 1351 64) 1383 o) 1441 3] 1398 03] 1235 o] 1284 08
& 1 0 ¥ M 1243 07] RE
14530 141740} 12 (AN 1472 197 122897}
1828 9 1413 39] 1247 10] 1301 2] B3 4 1420 14] 134011 1301 21

Calibrator: Calin Easden

Waxsenang]  Percant
3l b ] Strain (B) |Bend
13528 THil 6 ETH] 1500 4031
13802 ) T 615 ] TE:
135208 T JEET] 3 7
13353 Y X [0 3 [EET
134731 243 -1.11 548 1 I¥
T 558 B
E
‘Stardare Devistion of FE 1iE%
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Ceriificado de verificacion de alineacion

CERTIFICATE OF CALIBRATION
Issued by: INSTRON CALIBRATION LABORATORY

Cartficate No:

E123486
Pﬂ_ﬁﬂdd

Figure 2 details the sirain gauged spacimen used duning these measurements

Specimen ldentfication Flat Thin 5000-174 SN 0001
Specimen Description: Thin Rectanguler - 8 Gauge

Meterial Stoel

Aligneent load: LR

Dimansicns: Total lengh (it 213 mm.
Width 15 nm
Length (): 60 mm
Distance (d]: 25mm

Gauges: No. oft: 8
Gaugs Factor 2080

yps: 350 ohen

Separation (10) 45 nm
Atachment Hotcure

Slempre se entrega una lista
detallada de todos los equipos
de comprobacién utilizados.
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+Como puede saber si la alineacién de su
méquina de ensayo es correcta?

La flexidn de la probeta es un pardmetro clave para
conocer la alineacion de una maquina de ensayo. Para
ello, usted puede:

n Utilizar una célula de alineacion con deformacion
calibrada para realizar la verificacion de la maquina
y la alineacion de la linea de carga; o

n Utilizar una probeta tipica con deformacion
calibrada.

A continuacion, es necesario que realice una serie de
ensayos y algunos cdlculos minuciosos. La ASTM ha
establecido la norma ASTM E 1012, en la que describe
los requisitos y los célculos que deben realizarse. Con
frecuencia se menciona esta norma como método
aceptable para la comprobacion y cuantificacion de la
alineacion de una maquina de ensayo de materiales.

Parece complicado; ;Puede Instron: brindar
este servicio?

iSi! Le complaceré saber que Instron Extra™ ofrece un
servicio de medicion de alineacion. Realizamos la
verificacion siguiendo las directrices y utilizando los
calculos que se detallan en la norma ASTM E 1012,

y emitimos un certificado. Estos certificados han sido
utilizados por muchos de nuestros clientes, ante
organizaciones de evaluacion externas, por ejemplo la
NADCAP, como evidencia objetiva de que la alineacion
de sus maquinas ha sido comprobada recientemente.

CERTIFICATE GF CALBRATON
swory: NSTAGH CALIBRATION LAEGRATORY
Cemtera e )
Pxeit
Seracn]
Fo b s g o vl AT E1313 i o
s 5,06 o7 0w i g e
s, (€5 4eg+eq +eg)  dhmnsmsbon tutin b simnonoes
a= e guiges G110 G4 te R otine
4 it o 08 0 Gt oo .
ncmen.

Eavatwenntn o o [o—Cey+e,) 2wl bu—2eh)] e switholsmcnm
e ofthe fou tacas, it 4 tH
v 0 = a-[a- Gt ) 2]nitn-2a)] L et
cnguiar pacinen: @ =ledeg) 2
@ =lopre)ia

Lol barcieg s we
calcdeed as-

DI by ~byJj2 4y -ByJr2

Fervant Beeding P

s <2 | | as ecuaciones caracteristicas para
calcular el porcentaje de flexion

varian en dependencia de la
geometria de la probeta y del
nimero de extensometros utilizados.

=
=

Sede corporativa
825 University Avenue Norwood, MA 02062:2643

Oficinas en Europa
Coronation Road, High Wycombe, Bucks HP12 35 Reino Unido

www.instron.com

INSTRON'  Tel: +1800 4737838 6 +1781575 5000 Fax: +1781575 5725  Tek +44 1498 456815 Fax: +04 1484 456814

Productos industriales Instron
900 Liberty Street, Grove City, PA 16127-9969, EEUL.
Tel: +1724 458 9610 6 +1 8007263 8378 Fux: +1 724 4789614

175

Instron es una marca comercial registrada de Instron Corporation. Los oiros nombres, logo tipes, iconos, y marcas
que identifican a los productos y servici alos que i
ales de | L tion y o pueden ser utilzados sin of
los ductos y nombres d k h a son marcas ales o nombres
comerciales de las respectivas empresas. Copyright & 2005 Instron Corporation. Todos los derechos reservados.
Todas las i id ok dan sujatas a iones sin previo avi

WB1235B_ES




q b Designation: E 1012 — 99

Standard Practice for

Verification of Specimen Alignment Under Tensile Loading’

This standard is issued under the fixed designation E 1012; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 Included in this practice are methods covering the
determination of the amount of bending that oceurs during the
loading of notched and unnotched tensile specimens in the
elastic range and to plastic strains less than 0.002. These
methods are particularly applicable to the foree application
rates normally used for tension testing, creep testing, and
uniaxial fatigue testing.

2. Referenced Documents

2.1 ASTM Standaids:
E 6 Terminology Relating to Methods of Mechanical Test-

. 2
ing-

3. Terminology

3.1 The terms in Terminology E 6 apply. Other terms used
in connection with specimen alignment are defined as follows:

3.2 Definitions:

3.2.1 alignment—the condition of a testing machine and
load train (including the test specimen) which influences the
introduction of bending moments into a specimen during
tensile loading.

3.2.2 appararus—the load-train, strain gages, and other
details of the equipment to be used for testing, excluding the
test specimen.

3.2.3 axial srrain—the average of the longitudinal strains
measured at the surface on opposite sides of the longitudinal
axis of symmetry of the specimen by two strain-sensing
devices located at the mid-length of the reduced section.

3.2.4 bending strain—the difference between the strain at
the surface and the axial strain (see Fig. 1). In general, the
bending strain varies from point to point around and along the
reduced section of the specimen. Bending strain is calculated
as shown in Section 11.

3.2.5 eccentricity—the distance between the line of action
of the applied foree and the axis of symmetry of the specimen
in a plane perpendicular to the longitudinal axis of the
specimen.

3.2.6 maximum bending strain—the largest value of bend-
ing strain at the position along the length of the reduced section

! This practice is under the jurisdiction of ASTM Committee E-28 on Mechanical
Testing and 1s the direct responsibility of Subcommittee E28.04 on Uniaxial Testing

Current edition approved August 10, 1999, Published September 1999, Origi-
nally published as E 1012 — 89_ Last previous edition E 1012 -97.

2 dnnual Book of ASTM Standards, Vol 03.01.

Copynight © ASTM, 100 Bamr Harbor Drive, West Conshohocken, PA 13428-2553, United States.

of a straight unnotched specimen at which bending is mea-
sured. (For notched specimens, see 4.9.)

3.2.7 notched section—the section perpendicular to the
longitudinal axis of symmetry of the specimen where the
cross-sectional area is intentionally at a minimum value in
order to serve as a stress raiser.

3.2.8 nominal percent bending in notched specimens—the
percent bending in a hypothetical (unnotched) specimen of
uniform cross section—equal to the minimum cross section of
the notched specimen, the eccentricity of the applied foree in
the hypothetical. and the notched specimens being the same.
(See 11.5.) (This definition is not intended to define strain at
the root of the notch.)

3.2.9 percent bending—the bending strain times 100 di-
vided by the axial strain.

3.2.10 rated force—a force at which the alignment is being
measured.

3.2.11 reduced section—that part of the specimen length
between the fillets.

4. Significance and Use

4.1 Tt has been shown that bending stresses that inadvert-
ently occur due to misalignment between the applied force and
the specimen axes during tensile forces can affect the test
results. In recognition of this effect, some test methods include
a statement limiting the misalignment which is permitted. The
purpose of this practice is to provide a reference for test
methods and practices that require tensile loading under
conditions where alignment is important. The objective is to
implement the use of common terminology and methods for
verification of alignment of loading fixtures and test speci-
mens.

4.2 Axiality requirements and verifications should be op-
fional when testing is performed for aceeptance of materials for
minimum strength and ductility requirements. This is because
the effects, if any. especially excessive bending, would be
expected to reduce strength and ductility properties and give
conservative results. There may be no benefit from improved
axiality when testing high duetility materials to determine
conformance with minimum properties. Whether or not to
improve axiality, should be a matter of negotiation between the
material producer and the user.

5. Verification of Alignment

5.1 For ease of reference in other practices, test methods,
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Note 1—A bending strain, =38, is superimposed on the axial strain, a, for low-axial strain (or stress) in (a) and high-axial strain (or stress) in (5). For
the same bending strain *5. a high-percent bending is indicated in (z) and a low-percent bending is indicated in (5).
FIG. 1 Schematic Representations of Bending Strains (or Stresses) That May Accompany Uniaxial Loading

and produet specifications, the most commeonly used methods
for verifying alignment are listed in Section 6.

5.2 A numerical requirement for alignment should specify
the foree, specimen dimensions, and temperature at which the
measurement is to be made.

5.2.1 The force at which the bending strain is specified may
be stated in terms of a yield strength or other nominal specimen
stress.

Note 1—For an offset-load tramn, percent bending decreases with
increasing applied force. (See Curves A, B. and C 1n Fig. 2.) However, in
some instances, percent bending may increase with increasmg appled
force. (See Curve D 1 Fig. 2)

5.3 Alignment requirements can refer to the apparatus (Type
A) or to a single test (Type T). Those applied to the test
apparatus should be referred to as follows: ASTM Standard
Practice E 1012, Type A, Method (followed by the suitable
number from 6.1). Those applied to a specific test should be
similar with a “T” substituted for the “A.”

5.3.1 Verifications of Type A shall be made using a speci-
men and apparatus made to the same drawing and of the same
materials as those that will be used during testing, except that
any specimen notches be eliminated. The same specimen may
be used for successive verifications. The materials and design
should be such that only elastic strains occur at the rated force.

Note 2—To avoid damage to the verification specimen, the sum of the
axial strain (see section 4.4 ) and the maximum bending strain (see section
4.8 ) should not exceed the elastic limit.

5.3.2 Verifications of Type T shall be made on the specimen
to be tested just prior to or during the testing and without
removing the specimen from the testing machine or making
any other adjustments that would affect alignment during the
period between verification and testing.

Nore 3—Maintaining a small force on the specimen between venfica-
tion and testing is necessary to retain alignment.

6. Methods of Verification of Alignment

6.1 The following methods may be applied to either the
verification of alignment of the apparatus or during a specific
test. (In general., they are in order of decreasing rigor and cost.)

6.1.1 Method 1—The specification measure of alignment is
determined either at the test conditions (Type A) or during the
test (Type T). This requires an array of strain sensors (for
example, see Fig. 3 and 10.6) at two or more longitudinal
positions along the reduced section. The strain sensors or
components of the strain sensors must be attached to the
specimen. Position the strain sensors so as to minimize the
portion of the measured strain due to notches or fillets. (If a
specific specimen configuration is required, specify the loca-
tion of the strain sensors.)

Note 4—When verifying alignment for apparatus (Type A), bending
values may be considered to vary linearly with temperature at tempera-
tures between those at which alignment was measured.

6.1.2 Method 2—Identical to Method 1, with the following
exceptions:

6.1.2.1 An array of strain sensors are centered at the
mid-length of the reduced section of an unnotched specimen,
or over the notch of a notched specimen (Note 2 applies).

6.1.2.2 If an extensometer is used on a notched specimen,
the gage length should be at least 1.5 times the distance from
the notch to the nearest fillet, but no closer to the tangent point
of the nearest fillet than one-half of the reduced section
diameter or width.

6.1.2.3 Note 4 does not apply.

6.1.3 Method 3—Test fixtures, machine, and specimens are
dimensionally inspected for compatibility with good alignment
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Note 1—Curve A: Machine 1, threaded grip ends (11)
Note 2—Curve B: Machine 2, buttonhead grip ends (11)
Note 3—Curve C: Machine 3, grips with universal couplings (7)

Note 4—Curve D: schematic representation of a possible response from an offset load train (16)
FIG. 2 Effects of Applied Force on Percent Bending for Different Testing Machines and Gripping Methods

4
(a)

Note 1—w equals width of specimen.

L Tk
l ]

8 7

(b)

Note 2—d equals distance from edge of specimen to centerline of strain sensor
FIG. 3 Locations of Strain Sensors oh Specimens of Rectangular Cross Section (Numbers Indicate Positions of Strain Sensors)

and are examined visually or with suitable instrumentation to
establish that wear, distortion, or other damage do not signifi-
cantly affect alignment.

Note 5—When there is disagreement over the results of this test.

Methods 1 or 2 for verifying alignment are recommended as the preferred
method.

7. Apparatus

7.1 The readings from the individual strain sensors shall be

178

repeatable at the rated force within 10 % of the permitted
bending strain, during five successive foree applications made
after the first foree application without reducing the applied
force to less than 5 % of the rated force.

7.2 When multiple strain sensors are used as in 6.1.1 and
6.1.2, specimen size limitations may dictate the use of electri-
cal resistance strain gages rather than extensometers employing
mechanical linkages. Strain sensors, such as mechanieal, opti-
cal, or electrical extensometers, as well as wire resistance or
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foil strain gages, can provide useful displacement data. The
sensitivity of displacement measurement required by an appli-
cable standard or specification depends on the amount of
bending permitted.

7.3 For vertfication by Method 2. a single extensometer of
the nonaveraging type may be used by rotating 1t to various
positions around the perimeter during successive force appli-
cations and repeating the measurements as deseribed in 10.5. In
general, repeated force applications are not permitted in Type
T tests (see 5.3) because they may affect the subsequently
measured results.

Note 6—Repositioning the extensometer around the specimen does not
usually give ighly precise and reproducible results. but nevertheless 1s a
technique which is useful for detecting large amounts of bending.

7.4 For determining maximum bending strain during Type T
Tests (see 5.3), the use of three or four separate extensometers
or an extensometer with multiple strain sensors which reads
strain at three or more positions about the perimeter is
recommended.

7.5 Inmost cases, the strain sensors will reference displace-
ments between points on the specimen surfaces. However, it is
also possible to reference displacements of surfaces attached to
the specimen. Such an arrangement might consist of two plates
firmly fixed to each end of the gage length of a specimen which
is free of initial bending. Displacement measurements are
made between corresponding pairs of points on these plates.
Each pair of points is in a plane containing the specimen axis
and is equally distant from this axis. For specimens of circular
cross section, it is recommended that three or four pairs of
points be used. A suitable extensometer may then be used to
measure the displacement of the pairs of points as foree is
applied to the specimen. The strain at the specimen surface in
the plane containing the paimrs of pomts may, for small
displacements, be taken equal to the strain computed at the
measurement points multiplied by the ratio of the distance
between the specimen applied force axis and the specimen
surface to the distance from this axis to the measurement
points. An apparatus that measures displacements at points
external to the specimen surfaces should be qualified by
showing that the bending strains calculated from these mea-
surements agree with those calculated from strains measured
directly on the specimen surface using the same application of
foree.

Note 7—When multiple extensometers are used. the stramn may be
determined by arithmetically averaging outputs. Electrical outputs are
thought to be more accurate and reproducible than mechanical outputs.

8. Test Specimen

8.1 This practice refers to cylindrical specimens, thick
rectangular specimens, and thin rectangular specimens.

8.2 This practice is valid for metallic and nonmetallic test
specimens.

8.3 Quality of machining of test specimens is critical, for

example, straightness, concentricity, flatness, and surface fin-
ish.

Note 8—Geometry and dimensions of test specimens taken from
different product forms are described in the Test Specimen section of Test
Methods E 8.

9, Calibration and Standardization

9.1 When three or more strain measurements are made at
one or more longitudinal positions, the bending strains are
determined from ratios of strain measurements. Consequently,
the absolute accuracies of the extensometers are not significant.
The sensitivities and reproducibilities of the instruments used
are significant. All sensors should be calibrated by the same
means (see Method E 83) and correction factors should be
applied. 1f necessary, to bring their readings into agreement.

10. Procedure

10.1 Temperature variations during the verification test
should be within the limits specified in the methods or practices
which require the alignment verification.

10.2 The zero-force reference value of the strain sensors
should be measured at a force no greater than approximately
1 % of that force at which the alignment verification is to be
made.

10.3 To werify the alignment of the testing apparatus,
repeated force applications are necessary. The amount of
bending introduced by the load-train depends on the relative
position of the various components which transmit foree to the
specimen and also on the care with which these parts are
machined and assembled. Aspects of the test specimen, such as
straightness and concentricity, are critical.

10.4 Repeated loadings should include assembly and disas-
sembly of the components of the load-train, including the test
specimen. Rotation in 90° inerements (0°, 90°, 180°, 270°,
repeat 0°) are recommended for a systematic study of the
effects of rotational position of components of the load-train.
Calculate the bending value for each combination of the
components of the load-train. The maximum value should not
exceed the specified values in the standard practices, testing
methods, or material specifications.

10.5 When usmng a single, nonaveraging extensometer to
evaluate apparatus (Type A), move the extensometer from one
side of the specimen to the opposite at the rated force. then
rotate 90° at the lower force limit (see 10.2), and repeat the
process. Calculate a bending value from the four readings, that
is, the readings from two applications of force and two
removals of force. Remove the specimen from the grips, and
repeat the loading force application sequence for systematic
rotations of the components of the load-train as deseribed in
10.3. The largest bending strain resulting from this procedure
should not exceed the walues permitted by the standard
practices, testing methods or material specifications.

10.6 Location of Strain Sensors:

10.6.1 Cvlindrical Specimens—To measure strain, place the
strain sensors at equally spaced positions around the cireum-
ference of specimens of circular cross section.

10.6.2 Thick Rectangular Specimens—If the specimen is of
sufficient thickness, to measure strain, place the four strain
sensors at the center of each side of the specimens of the
rectangular cross section (see Positions 1 through 4 in Fig. 3a).

10.6.3 Thin Rectangular Specimens—If the specimen thick-
ness is not sufficient, then place the four strain sensors on
opposite sides of the wide faces, near the edges, and equidistant
from them (see Positions 5 through 8 in Fig. 3b).
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10.6.4 If eight strain gages are used for determination of
maximum bending strain, place the gages opposing each other
across the specimen longitudinal axis, with two pairs near the
upper end of the reduced portion and two pairs near the lower
end. The errors in the bending strains are less than the
difference between the highest and the lowest value of the four
values of axial strain.

Note 9—For sheet specimens where the foregoing placement of strain
sensors cannot be made, axial stram can be determined using two sets of
back-to-back sensors which are equidistant from the longimdinal midpoint
of the specimen. (For example, see Fig. 3b.)

Note 10—DMechanical hysteresis in the strain sensor may influence the
strain measurement,

11. Calculation and Interpretation of Results

11.1 Results of interest usually include axial strain, local
bending strains, maximum bending strain, and percent bend-
ing.

11.1.1 Cylindrical Specimens, Three Strain Sensors—For
three strain gages or extensometers, equally spaced around the
circumference of a specimen of circular-cross section in a place
perpendicular to and at the center of the gage length. see the
following equations:

axial strain. a = (e, + e, + &;)/3 (1)
where:
). e;. and e3 = measured strains at the three locations, and
where e;= e;= e.

by=e —a (2)
by=e,—a
3= 8 —a
where:
b = bending strain.
0 = tan '[(2/\/3)(By/B; + 1/2)] 3)
where:
6 = direction of maximum bending and is measured from

the highest-reading strain sensor toward the next
highest-reading strain sensor. Finally,

B =bhcosf 4
where:
B = maximum bending strain.
PB = (Bla) % 100 (s)
where:

PB = percent bending.

11.1.2 Cylindrical Specimens, Four Strain Sensors—For
four strains gages or extensometers, equally spaced around the
circumference of specimens of circular cross section, see the
following equations:

axial strain, a = (e, + &, + &, + )4 (6)
where e;. e, e, and e, are the measured strains at the four

locations and the subscript indicates the order around the
specimen.

local bending strain, b, = ¢, — a (7

by=e,—a

bhy=e;—a
by=es—a
and maximum bending straim,
B=1/12 (bl—b3)2+(b2—b_,)2 (8
and
PB = (Bla) X 100 )
11.1.3 Thick Rectangular Specimens, Four Strain
Sensors—
11.1.3.1 For thick specimens of rectangular cross section
with strain sensors placed as described in 10.6.2 and Fig. 3a,
see the following equation:
axial strain, a = (e; + &, + &; + e)/4 (10)
where e; and e; are measured strains at the center of the
specimen thickness on opposite faces, and e, and e; are
corresponding values for the wide faces.
11.1.3.2 The local bending strains by, by, by, by are caleu-
lated by the equations in 11.1.2.
11.1.3.3 The maximum bending strain, B, 1s calculated from
the following equation:

B=by—by|/2 +|By—b,| 12 an
11.1.3.4 Percent bending, PB, is calculated as follows:
PB = (Bla) ¥ 100 )

11.1.4 Thin Rectangular Specimens, Four Strain Sensors—

11.1.4.1 For thin specimens of rectangular cross section
with straim sensors placed as described in 10.6.3 and shown
Fig. 3b, see the following equation:

axial stramn, a = (g5 + g5 + e; + g)/4 (13)
11.1.4.2 Equivalent strains at the center of the four faces, if
strain sensor placement were possible as shown in Fig. 3a, are
given by:
e, = a— [a— (es + eg)2[w/(w — 2d)] (14)
e; = a—[a— (g + e )2 wiw — 2d)]
e, = (s +¢,)2

e, =le; + g2

where, as shown in Fig. 3b:

w = width of the broad face, and

d = distance from edge of specimen to position of strain
sensor.

11.1.4.3 The maximum bending strain B, and the percent
bending, PB, are calculated from the equations in 11.1.3.3 and
11.1.3.4.

11.1.44 The equations for the rectangular cross section,
given in 11.1.3. are used to complete the calculation.

11.1.5 For tests on notched specimens of circular cross
section, the nominal percent bending at the root of the notch 1s
obtained by caleulating the percent bending in the reduced
section as described in 11.1.1 or 11.1.2 and multiplying the
result by the ratio of the diameter of the reduced section to the
diameter at the root of the notch.

11.1.6 For tests on notched specimens of rectangular cross
section with the notch root axis in the thickness direction. the
nominal percent bending is caleulated as follows:
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[By(h") + B,] % 100 3)
a
where:
h = the distance between the notched sides adjacent to the
notch,
h" = the distance between notch roots, and by, by are

defined in 11.1.2.

11.1.6.1 Sinularly, when the notches are in the width face,
the nominal percent bending is calculated as follows:

il CAULD)| ['EU”“] X 100 (16)

12. Report

12.1 Report the following information:

12.1.1 Values of bending strain or percent bending. and
method used, including the location of the strain sensors. (See
Section 6.)

12.1.2 Test temperature.

12.1.3 Rated maxinmum foree used in verification.

12.1.4 Deseription of specimen (material and dimensions).

12.1.5 Deseription of strain measuring equipment, including
precision and sensitivity and method of fastening strain sensors
to specimens.

12.1.6 Description of load-train, including method of grip-

ping, dimensions of pull bars, types of couplings and joints,
and length of load train.

12.1.7 Sample calculation.

12.1.8 Estimate of precision and bias, if strains were mea-
sured at four locations. (See Section 13.)

13. Precision and Bias

13.1 The precision of the measurement of specimen align-
ment under applied tensile forces varies with such test condi-
tions as temperature, stress, configuration of load train. and
material. At present, the available data are not of a type that
permits meaningful analysis of the precision of the measure-
ment. It is the intention of Committee E-28 to obtain the
necessary data from an interlaboratory test program based on
this practice.

13.2 The bias of the measurement of specimen alignment
under tensile loading varies with such test conditions as
temperature, stress, quality of machining of test specimens, and
load-train components and material. Since the bending strains
used to measure alignment are determined from ratios of strain
measurements from three or more strain sensors, the absolute
accuracy of the strain sensor calibration is not important (see
9.1). No direct measure of bias is available, because the
identical test conditions cannot be duplicated during a calibra-
tion run and an actual test.

APPENDIX

(Nonmandatory Information)

X1. SOURCES AND EFFECTS OF MISALIGNMENT UNDER TENSILE LOADING

X1.1 Source of Misalignment

X1.1.1 The usual procedure in a uniaxial tension test is to
apply a tensile force to a specimen through grips attached to a
load-train and then correlate the strain response of the speci-
men. as measured with an appropriate extensometer, with the
applied stress. In the case of ideal alignment. the top and
bottom grip centerlines are precisely in line with one another
and with the centerlines of other components of the loading
train. Morecover, they are precisely in line with the specimen
centerline. Finally, the specimen is symmetric about its center-
line. Departures from the ideal situation are caused by poor
alignment of the top and bottom grip centerline, poor conform-
ance of specimen centerline to top and bottom grip centerlines,
and asymmetric machining of the test specimen itself. A
combination of these three sources of misalignment always
operates in any test under tensile forces. The occurrence of
misalignment is recognized in the ASTM standards referenced
in Section 2.

X1.1.2 The characteristic elastic stram gradients resulting
from misalignment are such that the extreme clastic strains
occur at the surface. These gradients can significantly influence
the results of a tension test, especially results at strains less
than 0.002 where significant plastic strain and accompanying
strain hardening have not yet contributed to evening out the
gradients. Therefore, it is important to recognize the effects of

misalignment on the stresses and strains measured in studies of
the fracture strength of materials in a brittle state, stress-rupture
life, creep, notched-tensile specimens, fatigue, plastic micros-
train, alloy strengthening, and surface-sensitive strength.

X1.1.3 The objective of any effort to improve alignment is
to bring the centerlines of all load-train components into
precise alignment. Logically, the first piece of hardware on
which to focus attention is the testing machine itself. Testing
machines as-received from manufacturers may have deviations
between top and bottom grip centerline positions of 0.001 to
0.125 in. (0.03 to 3.18 mm). Moreover, further misalignment
may develop as applied forees cause machine frame deflection
or as nonaxial crosshead separation occurs. In the worst case,
deviations in this range have been reported to lead to eccen-
tricities resulting in a 50 to 100 % difference between extreme
surface bending strains and average strain.

X1.1.4 After the testing machine comes a consideration of
the tolerances specified for the machining of load-train com-
ponents and test specimens. In ordinary machine shop practice,
tolerances usually range from *0.002 to =0.010 in. (*£0.05 to
*0.25 mm). These tolerances may cause poor alignment when
the components of a loading train are assembled, for example,
in the worst case, these tolerances have been reported to lead to
eccentricities resulting in a 50 to 100 % difference between
extreme surface bending strains and average strain.
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X1.1.5 There are two further considerations for the devel-
opment of good alignment. One deals with the type of
couplings in the load-train. such as threaded-versus-
nonthreaded joints, spherical seats and universal joints with
low friction, cross flexures, fluid couplings, and other cou-
plings which tend not to transmit a bending stress. The other
relates to specimen design, such as length and length-to-
diameter ratio. The approach to promoting good alignment has
been discussed in several papers (1-11).%

X1.2 Effects of Misalignment on Test Results

X1.2.1 Bending stresses associated with misalignment be-
tween the load-train and the specimen axes have been shown to
affect the results of tension tests (12-16). In routine tension
tests of most engineering materials, bending stresses will be
insignificant if sufficient plastic flow occurs during the test to
climinate the bending stresses. However, when testing under
conditions where plastic flow is limited by inherent brittleness
of the test specimen material, or by need for measurements
near the elastic limit. or when plasticity is confined to a small
volume (specimens with stress concentration such as notches),
small misalignment may give rise to variable bending stresses
which have noticeable effects on the test results. For example,
Morrison (8) noted that the yield stress of carefully machined
mild steel specimens tested in torsion exhibited a =1 %
variation from the mean, whereas the yield stresses of the same
steel specimens tested in tension exhibited a =5 % variation.
Morrison concluded that the larger variation in tensile yield
stresses resulted from misalignment rather than from micro-
structural variations, and he stated that “with the ordinary

® The boldface numbers in parentheses refer to the list of references at the end of
this practice.

standard of accuracy in cutting the serewed ends of the
specimens, the slackness in the thread was quite sufficient to
allow the specimen to take up and retain under load an
eccentricity in the shackles which would account for the
variation in results.”

X1.2.2 Schmieder et al (9, 10) found that bending ranged
from 5 to 27 % and depended on specimen coupling to the
load-tram, prior force application, and type of testing machine.
These authors coneluded that “most of the nonaxiality of
loading appears to be due to loose threads or machining
imperfections in the couplings.” Jones and Brown (11) dem-
onstrated that, at fixed stress, simply rotating a load-train
component through 360° about the longitudinal axis changed
the percentage of bending by a factor of more than 5, from 8 to
43 %. In an experiment with other equipment, Jones and
Brown (11) found that bending could be varied between about
2 and 14 %. depending on the relative rotational positions of
the specimen and of the top and bottom grips. Hence, a fourth
item which influences bending might be added to the three
cited by Schmieder et al, namely, the rotational registry of the
components of the load-train.

X1.2.3 Robinson (12) reported a 40 to 60 % decrsase in the
uniaxial tension—tension fatigue life of steel bolts when the
bending microstrain increased by a factor of two. Jones et al
(13) demonstrated a continuous decrease (ranging from 80 to
90 %) of notch-rupture life of a chrommum-molybdenum-
vanadium steel, at 60 ksi 1000°F (414 MPa 538°C), as
eccentricity inereased from a negligible value to 0.1 in. (2.5
mm). Christ (14) showed that results of plastic microstrain
studies and other pre-yield studies are ambiguous unless effects
of misalignment on the average microstrain are recognized.
Attention was directed to this point by McVetty (15) as early as
1928, but it has been frequently overlooked sinee then.
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Anexo F. Costos

COSTOS

DISEISIO Y CONSTRUCCION DE UN SISTEMA DE MORDAZAS
HIDRAULICAS PARA LA MAQUINA DE PRUEBAS UNIVERSAL

INSTRON MODELO 1323

Descripcion Cantidad |Valor unitario |Valor Total
é;lfulsmlon de software Solid Edge 1 5 70.000 | $ 70.000
Adquisicion de software Ansys
workbench 8.1. 1 $ 70.000 | $ 70.000
Fotocopias para bibliografia. 1 $ 100.000 || $  100.000
Compra de acero para construcciéon 5 $ 800.000 | $ 1.600.000
de conjuntos.

Construccién de conjuntos de 5 $ 2.000.000 | $ 4.000.000

mordazas.

Compra de electro valvula

direccional 4/3, centro tandem, 110 1 $ 312.000 | $ 312.000

v marca EQUS.

Construccion de probetas de 12,5 17 g 10.000 | $ 170.000

mm - 9 mm - 6 mm para pruebas.

Tortilleria grado 8, 1/2" * 2V," 18 $ 5.000 | $ 90.000

Compr.a de accesorios (raC(?res, T’s, 1 5 150.000 | 150.000

reducciones, teflon industrial).

Mangueras grafada R1 con acoples

de5/16" * 2 mts. 2 $ 100.000 || $ 200.000

Mangueras grafada R1 con acoples

de 1/4" *0,6 mts. 6 $ 65.000 | $  390.000

Impresiones. 7 $ 40.000 | $  280.000

Otros. 1 $ 150.000 | $  150.000
TOTAL $ 7.582.000
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