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RESUMEN

“CARACTERIZACION DE UN NUEVO PAVIMENTO BLANDO USANDO
COMO BASE CAUCHO RECICLADO Y POLIMERO DE ALTA DENSIDAD
(HDPE) RECICLADO”

Los pavimentos blandos son materiales que se obtienen de una mezcla éptima de
caucho reciclado y polietileno de alta densidad o baja densidad dependiendo del uso o

utilizacion del mismo.

En este trabajo realizamos mezclas a diferentes porcentajes de caucho y HDPE
reciclado paséndolo por diferentes tamices (mallas) aplicAndole diferentes pruebas
mecénicas como son:

e Rebote.

e Dureza.

e Traccion.

Quedando demostrado que el mejor porcentaje para este pavimento es 85 % de caucho
15 % de HDPE pasando por la malla N° 4 obteniendo como resultados un buen

comportamiento mecanico y un bajo costo.

Todos los parametros usados para la fabricacion de probetas y la realizacién de ensayos
estan basados en las Normas ASTM con designacion F 1487, ASTM D412, DIN 53504,
ISO 37, 1SO 1798, JIS K6251.
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ABSTRACT

"CHARACTERIZATION OF A NEW PAVEMENT USING AS BASE SOFT
RUBBER POLYMER RECYCLING AND HIGH DENSITY
(HDPE) RECYCLED"

The pavements are soft materials that are obtained from an optimal mix of recycled
rubber and polyethylene high density or low density depending on the use or use of the

same.

This paper made mixtures at various percentages of rubber and HDPE recycling by
passing it different strainers (meshes) by applying different mechanical tests such as:

e Rebound.
e Hardness.

e Traction.

It was demonstrated that the best percentage for this pavement is 85 per cent of rubber
15 per cent of HDPE passing through the mesh No. 4 obtaining as results a good

mechanical behavior and a low cost.

All parameters used in the manufacture of test specimens and testing are based on
standards with designation ASTM F 1487, ASTM D412, DIN 53504, 1SO 37, ISO
1798, JIS K6251.
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INTRODUCCION

Durante los ultimos afios se han implantado sistemas de calidad que controlan los
procesos y el material en la empresas que fabrican caucho; en este sentido las
empresas recicladoras ya han impuesto la misma filosofia de calidad, al igual que
en los materiales virgenes, de tal modo que las empresas recuperadoras con un
minimo de proyeccion futura ya expenden los materiales con determinada
certificacion. Por el contrario, no existen datos que den a entender que las
empresas recuperadoras apliquen la misma filosofia sobre los residuos que

recuperan.

En la dltima década, en muchos paises se ha acentuado la preocupacion por la
disposicion de residuos solidos, que por sus caracteristicas no biodegradables y
alto volumen en que se producen, constituyen un grave problema para el medio
ambiente; entre estos se encuentran los residuos de caucho como EVA (etileno
vinil acetato), PU (poliuretano), y SBR (hule estireno-butadieno), asi como los
productos fabricados con este ultimo material que al concluir su vida util vienen a
sumarse a la acumulacion de este tipo de residuos como es el caso de los
neumaticos; muchos de los cuales, son quemados en condiciones no controladas
generando un grave deterioro en la calidad del aire y agravando la contaminacion

ambiental excesiva.

Por otro lado el desarrollo de materiales alternativos empleados en la industria de
la construccion es un acontecimiento que se ha incrementado en los ultimos afos,
en donde el aprovechamiento de diferentes residuos generados en las ciudades es
el eje central de esta investigacion. Esta situacion obedece principalmente a dos
causas, una como estrategia para la disminucién de los altos volumenes de
residuos generados y la segunda al cumplimiento de las exigencias para poder
reciclar, en donde es factible el empleo del material o del pavimento blando a
desarrollarse.

Los neumaticos desechados constituyen un grave problema medioambiental en

nuestra ciudad y en el mundo entero. Las principales dificultades generadas por
este residuo, tienen que ver con su disposicion final, dado que la mayoria de los
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neumaticos fuera de uso, se encuentran desechados y juntados ocupando gran
espacio, 0 en casos extremos son quemados por algunas fabricas que lo usan
como combustible, también contribuye a la proliferacion de roedores, insectos y

otros posibles focos de infecciones.

Una vez que los plasticos y neumaticos han cumplido la mision para los que
fueron fabricados y termina la vida util de los mismos son simplemente
acumulados, es por esta razon que es necesario realizar estudios para poder

reutilizar los materiales desechados generando asi un nuevo producto.

Para poder realizar esta investigacion y viendo la necesidad que requeria el
Laboratorio de Materiales de Fabricacion del Programa Profesional de Ingenieria
Mecénica, Mecanica Eléctrica y Mecatronica, se vio por conveniente Disefiar y
Construir una Magquina Mezcladora de Cauchos con Resistencias Tipo
Brabender con su respectiva Termo Prensa de Conformado para Donacion de

nuestro Programa y Alma Mater.
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CAPITULO I

PLANTEAMIENTO METODOLOGICO
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1. PLANTEAMIENTO METODOLOGICO

1.1 JUSTIFICACION

El desarrollo del presente trabajo nos permite adoptar una nueva forma de
minimizar la contaminacion reutilizando productos que conlleven a la misma 'y

al mismo tiempo aprovechar de ellos.

Actualmente, el estudio sobre las posibilidades de utilizar los residuos, es uno
de los objetivos prioritarios de caracter medioambiental en la investigacion
cientifica y técnica, para ello es necesario alcanzar un conocimiento profundo
sobre los distintos tipos de residuos, el volumen de los mismos, las
posibilidades técnicas, la repercusién econdmica, las limitaciones de uso y las
precauciones que requiere su empleo. Ademas de asignar para cada residuo de
los diferentes tipos de caucho el mejor aprovechamiento entre los usos

posibles, a fin de obtener el mayor valor afiadido.

Parte de la solucién al problema que se va a plantear es la reutilizacion de
caucho reciclado para la obtencion de nuevos pavimentos blandos ya que el uso
de estos es muy diverso en parques infantiles, guarderias u otros, se pretende
desarrollar un enfoque que ayude a minimizar la contaminacién usando los
materiales reciclados que mediante la combinacién de polietilenos de alta
densidad (HDPE) reciclado y caucho granulado reciclado de neumaticos nos

proporcione un nuevo producto.

1.2 PROBLEMA OBJETO DE INVESTIGACION

En el desarrollo del presente trabajo de investigacion sobre pavimentos blandos
busca identificar el efecto de la mezcla en diferentes porcentajes del caucho
reciclado (triturado) y polietileno de alta densidad reciclado picado, asi como
evaluar las posibles modificaciones de las propiedades mecanicas del nuevo

producto segiin Normas ASTM.
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1.3 OBJETIVOS
1.3.1 Objetivo General.

Determinar la proporcion optima de mezcla y evaluar las propiedades
mecénicas, mediante ensayos mecanicos de acuerdo a las Normas
existentes ASTM con designacion F 1487, ASTM D412, DIN 53504,
ISO 37, 1ISO 1798, JIS K6251.

1.3.2 Obijetivos Especificos.

e Analizar el grado de dureza de estos pavimentos blandos.

e Determinar su resistencia a la elongacion de estos pavimentos blandos.

e Contribuir a la eliminacion de residuos solidos, para mejorar la calidad
de vida en la ciudad de Arequipa.

e Encontrar un nuevo pavimento blando, que en su produccién no se utilice
productos contaminantes, 0 procesos que contaminen el medio ambiente;
es decir un proceso y producto ecolégico.

e Contribuir dandole un valor agregado a los productos resultantes de la
preparacion de neumaticos en desuso reciclandolos con el polietileno de
alta densidad reciclado.

e Evaluar la posibilidad de producir un pavimento blando con menor costo

que el convencional.

1.4 HIPOTESIS

La union o combinacion de caucho reciclado triturado y polietileno de alta
densidad dardn como resultado un nuevo pavimento blando, con buenas

propiedades de acuerdo a Norma ASTM con designacion F 1487.
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15 PRODUCTOS DEL PROYECTO

Como productos se obtendréan:

v/ Una mezcla optima de caucho reciclado triturado y polietileno de alta
densidad reciclado, para la generacién de un pavimento blando que seran
utilizados en pisos de jardines, pisos de albergues, y centros de salud o
donde este sea necesario.

v/ Una mezcla optima de caucho reciclado, triturado y polietileno de alta
densidad reciclado para la generacién de un pavimento blando de menor
costo y que cumpla con los requerimientos especificados en las normas ya

expuestas.
1.6 IDENTIFICACION DE LAS VARIABLES

En estas mezclas o combinaciones se evaluaran los diferentes porcentajes,

tamafios de grano de caucho y polietileno reciclado triturado.

a. Variable Independiente: Ensayo de resiliencia, ensayo de dureza, ensayo
de traccion.

b. Variable Dependiente: Porcentajes de caucho y granulometria y costo.

1.7 IMPACTO MEDIO AMBIENTAL

Durante la elaboracion de este proyecto de investigacion, se han tomado las
medidas correspondientes para el cuidado del medio ambiente. Teniendo en
cuenta dos puntos importantes, en primer lugar, el impacto derivado durante la
realizacion del proyecto y en segundo lugar, el impacto que con lleva en

general el plastico y el caucho en la naturaleza.

1.8 IMPACTO DE LA REALIZACION DEL TRABAJO

Fueron tomadas en cuenta las medidas correspondientes durante la realizacion
de este proyecto como: reciclaje de residuos, buen manejo de residuos, ahorro
de energia durante los ensayos sin hacer un consumo excesivo de éstos; y sobre

todo la limpieza de los equipos usados.
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1.9 IMPACTO MEDIO AMBIENTAL DEL PLASTICO Y CAUCHOS

Los residuos son aquellos productos que ya no son utilizables por quien los
genero y que usualmente se tiran a la basura. Estos dos productos que se estan
utilizando para generar pavimentos blandos son generalmente desechados
indiscriminadamente. A diferencia de otros muchos materiales que llegan a los
vertederos, los plasticos y cauchos no se disuelven en el agua ni se pudren.

Trayendo consigo una ventaja y una desventaja:
e Una ventaja: Porque, al no descomponerse, no liberan ningun producto

nocivo.

e Desventaja o0 inconveniente: Porque se acumulan sin desaparecer.
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2. MARCO TEORICO
2.1 INTRODUCCION

Se denominan materiales plasticos a un numeroso grupo de materiales
poliméricos organicos (los compuestos por moléculas orgéanicas gigantes), que
son plasticos, es decir, poseen durante unintervalo de temperaturas
propiedades de elasticidad y flexibilidad que permiten moldearlas y adaptarlas
a diferentes formas y aplicaciones hasta conseguir una forma deseada por
medio de extrusion, moldeo o hilado. Las moléculas pueden ser de origen
natural (celulosa, cera, caucho, etc.), o sintéticas (polietileno, nylon).

Los plasticos se caracterizan por una relacion resistencia/densidad elevada,
unas propiedades excelentes para el aislamiento térmico y eléctrico y una
buena resistencia a la corrosion, a los &cidos, alcalis y disolventes. Las enormes
moléculas de las que estdn compuestos pueden ser lineales, ramificadas o
entrecruzadas, dependiendo del tipo de polimero. Las moléculas lineales y
ramificadas son termoplasticas (se ablandan con el calor), mientras que las

entrecruzadas son termoestables (se endurecen con el calor).

2.2 CLASIFICACION Y PROPIEDADES DE LOS POLIMEROS
Los polimeros son grandes agrupaciones de mondémeros unidos mediante un
proceso quimico llamado polimerizacion al ser obtenidos por un proceso
quimico su clasificacion es muy diversa esto lo desarrollaremos més adelante.
Los pléasticos proporcionan el balance necesario de propiedades que no pueden
lograrse con otros materiales por ejemplo: color, poco peso, tacto agradable y

resistencia a la degradacion ambiental y bioldgica.

Las propiedades y caracteristicas de la mayoria de los plasticos (aunque no
siempre se cumplen en determinados plésticos especiales) son estas:

o Faciles de trabajar y moldear,
e Tienen un bajo costo de produccién,
o Poseen baja densidad,

e Suelen ser impermeables,
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e Buenos aislantes eléctricos,

« Aceptables aislantes acusticos,

e Buenos aislantes térmicos, aunque la mayoria no resisten temperaturas
muy elevadas,

» Resistentes a la corrosion y a muchos factores quimicos;

« Algunos no son biodegradables ni faciles de reciclar, y si se queman, son

muy contaminantes.

2.2.1 Clasificacion de los polimeros
La clasificacion de un polimero dependera de diversos parametros:
método de sintesis, estructura, configuracion, composicion, uso final,

estado fisico, etc. Analizaremos al polimero segun su:

a) Composicion quimica
Atendiendo a su composicion quimica, los polimeros pueden clasificarse

en.

e Polimeros Inorganicos: Son polimeros en los que no intervienen
monémeros de hidrocarburo en su composiciéon. Se pueden clasificar
atendiendo a su composicion en siliconas (formadas basicamente por
silicio y oxigeno), azufres poliméricos, fosfacenos (fosforo y nitrégeno)
y fibras de carbono y de grafito, que si bien contienen carbono, éste no
se encuentra formando parte de moléculas de hidrocarburo.

e Polimeros Organicos: Son los plasticos convencionales, estando
formados por hidrocarburos o derivados de ellos. Se clasifican segun el
tipo de monomeros que intervienen en su formacion (poliamidas,

polivinilos, etc.).

b) Origen
En cuanto a su origen podemos distinguir tres tipos de polimeros:

e Polimeros naturales: Son los polimeros generados por la actividad de
los seres vivos, que los utilizan con fines estructurales, funcionales y de

reserva energética. A este grupo pertenecen las proteinas, los acidos
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nucleidos y los polisacéridos, siendo estos ultimos los que presentan un
mayor interés en cuanto a sus aplicaciones.

e Polimeros de transformacion: son polimeros obtenidos por
transformacion de polimeros naturales.

e Polimeros sintéticos: Son polimeros sintetizados mediante técnicas de
laboratorio o industriales, directamente a partir de las unidades de

mondmero.

¢) Mondmeros de partida
Segln los mondmeros que constituyen los polimeros, éstos pueden

clasificarse en:

e Homopolimeros: formados a partir de un solo tipo de unidades de
monomeros.

e Heteropolimeros o Copolimeros: formados a partir de dos o0 mas tipos
diferentes de monomeros. A este grupo pertenecen las proteinas, que

pueden contener hasta 20 unidades diferentes, y los acidos nucleidos.

Los polisacaridos y los polimeros sintéticos pueden ser tanto homo
como heteropolimeros, si bien en este caso el nimero de unidades

diferentes que participan no suele ser superior a 2 0 3.

d) Estructura de la cadena
Segun este criterio, los polimeros pueden clasificarse en dos grandes

grupos:

e Lineales: son aquellos en los que las cadenas estan formadas por
mondmeros que presentan sélo dos puntos de union con las otras
unidades monoméricas, dando lugar a estructuras unidimensionales.

e Ramificados: Los mondmeros presentan tres 0 mas puntos de union,
dando lugar a estructuras bidimensionales o tridimensionales.
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e) Segun el orden de las cadenas
Segun el orden se pueden presentar las cadenas poliméricas en el estado

solido podemos distinguir dos grupos:

e Cristalinos: este término no estrictamente correcto aplicarlo en el caso
de los polimeros ya que éstos no dan lugar a estructuras
tridimensionales ordenadas (estan mas proximas a los llamados cristales
liquidos), sin embargo se emplea para designar aquellos polimeros
cuyas largas cadenas se ordenan paralelamente unas a otras, uniéndose
entre ellas a través de enlaces (puente de hidrogeno, etc.) De esta forma,
el material resulta presenta una mayor resistencia a la traccion.

e Amorfos: En este tipo de polimeros, las cadenas no se alinean ni se
producen uniones transversales entre ellas. Esto hace que si se calienta
el material las cadenas pueden deslizar unas respecto otras, se ablandan
el polimero volviéndose pegajoso, pudiendo llegar a fundir. A
temperaturas inferiores a la que se produce el estado pegajoso, los
polimeros amorfos son blandos y elasticos, y, a temperaturas mas bajas,

se endurecen y adoptan un aspecto vitreo.

f) Respuesta al calor
Es quizas uno de los criterios mas empleados a la hora de clasificar a los

plasticos. Segun este criterio, los polimeros pueden clasificarse en:

e Termoplasticos: Son aquellos que al exponerlos al calor pueden
fundirse o reblandecerse varias veces sin que cambie su estructura y
propiedades, es decir, que pueden moldearse de nuevo. Son, en general,
polimeros con bajas temperaturas de fusion y solubles en disolventes
organicos. La mayoria de los polimeros con estructura lineal pertenecen
a este grupo.

e Termoestables: son polimeros que al calentarse sufren cambios
quimicos y estructurales que provocan su endurecimiento, y por tanto al
enfriarse 'y solidificar lo hacen de forma irreversible. Este
comportamiento se debe, generalmente, a que se producen un aumento

de la polimerizacion por reacciones de entrecruzamiento entre las
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cadenas. Son polimeros de punto de fusion elevado (aunque pueden
degradarse y descomponerse antes de fundir), e insolubles en disolvente
organicos. La mayoria de los polimeros con estructura bi o

tridimensionales pertenecen a este grupo.

2.3 PROPIEDADES DE LOS POLIMEROS

2.3.1 MASA MOLECULAR MEDIAY LONGITUD DE LAS CADENAS
Muchos polimeros no estadn constituidos por moléculas bien definidas,
sino mezclas de moléculas de diferente tamafio, ya que el proceso de
crecimiento de las cadenas poliméricas estd sujeto a las leyes de la
probabilidad; es decir, la polimerizacion puede progresar en diferente
grado en la misma reaccion. Por este motivo no se habla estrictamente de
masa molecular, sino de masa molecular promedio, que correspondera a

la longitud media de las cadenas poliméricas.

Hay que tener presente ademas que los polimeros presentan propiedades
fisicas y quimicas muy distintas de las que poseen los materiales
formados por moléculas sencillas. Asi, suelen presentar una mayor su
inercia quimica, que los hace inatacables por los &cidos, los alcalis y por
los agentes atmosféricos; una elevada resistencia mecanica, que los hace
resistentes a la rotura y al desgaste; un elevado poder dieléctrico; ademas
de su elasticidad, su facil tefiido, su baja densidad y su facil obtencion a

bajas temperaturas, que permite su fabricacion a gran escala.

2.3.2 DUREZAY FLEXIBILIDAD
La dureza o robustez que ofrece un material de naturaleza polimérica va
a depender esencialmente de las fuerzas de Van der Waals y de los
puentes de hidrégeno que puedan establecerse entre sus cadenas.
Recordemos que las fuerzas de Van der Waals aparecen entre moléculas
neutras como resultado de la polarizacion eléctrica y que su intensidad
aumenta con la masa molecular. No obstante, la dureza de los materiales

plasticos suele ser baja.
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Por su parte, la flexibilidad depende de la posibilidad de desplazamiento
de unas cadenas respecto a otras, aungue en conjunto estén empaquetadas
de un modo compacto. Esta facilidad de desplazamiento se encuentra en
mayor medida en polimeros no polares donde las uniones entre cadenas

son mas débiles.

2.3.3 CONDUCTIVIDAD TERMICA Y ELECTRICA
La conductividad térmica de los plasticos es muy baja, disminuyendo
cuanto mas desordenada sea la estructura molecular del mismo. Son por
tanto buenos aislantes, tanto del frio como del calor.
En cuanto a la conductividad eléctrica, ésta es muy pequefia ya que el
namero de electrones libres para la conduccion es practicamente nulo al

estar constituidos por compuestos covalentes.

2.3.4 RESISTENCIA:

La resistencia a la traccion, en general, no es pequefia en comparacion
con otros materiales, oscilando entre 4 y 10 Kg./mm2, siendo los
plasticos termoestables mas resistentes, debido a su estructura
tridimensional, que los termoplasticos. Dentro de estos Gltimos, los que
presentan cadenas rigidas son més resistentes que los que no presente
cadena rigida. En lo que se refiere a la resistencia al choque, existen
algunos tipos de plasticos que presentan valores muy altos.

2.4 OBTENCION DE POLIMEROS
Las reacciones por las que los monémeros se unen entre si para formar un

polimero son basicamente de dos tipos: de adicién y de condensacion.

2.4.1 POLIMEROS DE ADICION
La caracteristica fundamental de este tipo de reaccion es que el polimero
se forma por unidn directa de las unidades monoméricas entre si, sin que
se elimine ningun tipo de molécula residual. Estas reacciones se basan en
la existencia de uno o varios enlaces insaturados en el mondémero, que se
transforman en enlaces simples en el polimero. Hay que tener en cuenta

que, si el monémero posee mas de un enlace insaturado, la reaccion puede
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proceder de varias formas, dando lugar a diferentes polimeros con
propiedades que pueden llegar a ser totalmente diferentes. En cualquier
caso, los polimeros resultantes presentaran una estructura lineal, siendo en

general plasticos termoplasticos.

Se trata de reacciones en cadena en las que la primera adicién de un
monomero a otro, produce una especie intermedia muy reactiva que

promueve sucesivas adiciones.

2.4.2 POLIMEROS DE CONDENSACION

Mientras que la polimerizacion por adicion se basa en una reaccion en
cadena, cuyos eslabones son las moléculas en crecimiento, en la
polimerizacion por condensacion no se presenta tal cadena, sino que
procede paso a paso, por sucesivas condensaciones entre moléculas de
mondmero poli funcional, con eliminacion de una pequefia molécula
(generalmente agua). Esta liberacion constituye la caracteristica
fundamental de la polimerizacion por condensacion.

Este tipo de reacciones, a diferencia de las anteriores, presentan equilibrio
quimico, lo que hace que las longitudes de las cadenas formadas, que
también presentaran una estructura lineal, sean sensiblemente menores que

la de los polimeros de adicion.

2.5 PLASTICOS SINTETICOS

Los plasticos sintéticos se diferencian de los plasticos de origen natural en la
naturaleza de la materia prima. A diferencias de estos Ultimos, los sintéticos no
se preparan a partir de alguna sustancia polimérica, sino que parten de los
monomeros que van a constituir el polimero plastico. En la actualidad, la
fuente de dichos mondmeros es el petroleo, no obstante, dado que las
existencias mundiales de petréleo tienen un limite, se estan investigando otras

fuentes de materias primas, como la gasificacion del carbén.
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2.5.1 POLIETILENO (PE)

Se obtiene por polimerizacion del etileno, siendo el polimero de cadena
mas sencilla, mediante un proceso cuyo resultado depende de la presion a
la que éste se ha llevado a cabo. A presiones altas (entre 1.000 y 3.000
atm) se obtiene el llamado polietileno de baja densidad (0.915-0.935
gricc), y a presiones normales y a unos 70°C, en presencia de
catalizadores, se obtiene el polietileno de alta densidad (0.935-0.975
gr/cc). Sus caracteristicas varian ampliamente, segun su peso molecular.
Puede existir bajo la forma cristalina (elastico, oscuro, poco soluble,
deformable) o la forma amorfa (duro, resistente, més claro, mas soluble).
Tiene gran inercia quimica y es resistente a la corrosion y a los hongos.
Posee gran impermeabilidad a liquidos y vapores.

a) El polietileno de baja densidad (LDPE), Se obtiene por polimerizacién
del etileno a altas presiones (aproximadamente 1200 atm y 200° C)
con oxigeno o catalizador de peroxido y por mecanismo de radicales
libres. Es un s6lido mas o menos flexible, segun el grosor, ligero y
buen aislante eléctrico. Se trata de un material plastico que por sus
caracteristicas y bajo coste se utiliza mucho en envasado,
revestimiento de cables y en la fabricacion de tuberias. Los objetos
fabricados con LDPE se identifican, en el sistema de identificacion
americano SPI (Society of The Plastics Industry), con el siguiente

simbolo en la parte inferior o posterior:
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FIGURA N°2.1:

Nomenclatura y estructura del LDPE

Fuente:Libro de Quimica de Raymond Chang.

b) El polietileno de alta densidad (HDPE) presenta una mayor resistencia
mecanica y soporta temperaturas entre los —200°C y los 100°C. Se
obtiene por polimerizacion del etileno a presiones relativamente bajas
(1-200 atm), con catalizador alquilmetalico (catalisis de Ziegler) o un
6xido metalico sobre silice o alumina (procesos Phillips y Standard
Oil). Su resistencia quimica y térmica, asi como su opacidad,
impermeabilidad y dureza son superiores a las del polietileno de baja
densidad. Se emplea en la construccion y también para fabricar
prétesis, envases, bombonas para gases y contenedores de agua Yy

combustible y tuberias.
Los objetos fabricados con HDPE se identifican, en el sistema de

identificaciéon americano SPI (Society of The Plastics Industry), con el

siguiente simbolo en la parte inferior o posterior:
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FIGURA N°2.2:

Nomenclatura y estructura del HDPE

PE-HD

Ry E
C C—C

Fuente: Libro de Quimica de Raymond Chang.

2.6 COMPARACION DE PROPIEDADES:
CUADRO N°1

PROPIEDADES MECANICAS del HDPE - LDPE

PROPIEDADES HDPE LDPE
Modulo Elastico E (Nmm2) 1000 200
Coeficiente de friccion 629 | -
Modulo de Traccion (GPa) 0.5-1.2 0.1-0.3
Relacion de Poisson 046 | -
Resistencia a Traccion (MPa) 15-40 5-25
Esfuerzo de Rotura (Nmm2) 20-30 8-10
Elongacion a Ruptura (%) 12 20
Temperatura maxima de utilizacion(°C) 55-120 50-90
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Temperatura de reblandecimiento (°C) 140 110
Temperatura de cristalizacion (°C) 130-135 105-110

Resistencia a los acidos —concentrados

Buena - Aceptable

Buena - Aceptable

Resistencia a los acidos —diluidos Buena Buena
Resistencia — Alcalis Buena Buena
Resistencia a los Alcoholes Buena Buena

Resistencia a las Cetonas

Buena - Aceptable

Buena - Aceptable

Resistencia a las Grasas y Aceites

Buena - Aceptable

Buena - Aceptable

Fuente: Libro de James Shackelford de Ciencia de Materiales.

2.7 VENTAJAS Y DESVENTAJAS AL USAR HDPE Y LDPE:

CUADRO N° 2

COMPARACION DE PROPIEDADES DEL HDPE - LDPE

POLIETILENO DE ALTA DENSIDAD

POLIETILENO DE BAJA DENSIDAD

VENTAJAS

VENTAJAS

v' Elasticidad.

v No se deforma permanentemente.

v" Es un producto reciclable.

v' Facil de transportar.

v" Tiene una vida Util bastante larga.

v' Es flexible.

v' Es resistente a cualquier forma de
corrosion.

v" Su costo de adquisicion e instalacion es
sumamente reducido.

v" Se puede procesar en grandes laminas,
lo que reduce la necesidad de otros
materiales.

v" Resistencia a movimientos sismicos.

v" Resiste acidos, elementos
quimicosaltamente COrrosivos y
bacterias.

v' Alta resistencia quimica.
v/ Buena resistencia al impacto en

bajas temperaturas.

v' Caracteristicas eléctricas excelentes.
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DESVENTAJAS DESVENTAJAS
v’ Baja barrera a los gases, como oxigeno, v" Temperatura maxima de
didxido de carbono. funcionamiento baja.
v Baja barrera a los olores, sabores, v' Baja resistencia ultravioleta
aromas. v Inflamable.
v Baja — mediana transparencia, de los v' Poca resistencia a la tension
envases ambiental y a agrietarse.
v' Alta migracién de grasas y aceites

Fuente: Libro de James Shackelford de Ciencia de Materiales.

2.8 CAUCHOS
2.8.1 Origen.

El lugar de origen del caucho es el centro y sur de América, donde muchas
civilizaciones la usaron de diferentes formas, por ejemplo: como pelotas
de juego (en las civilizaciones Mesoamericanas), tipos de zapato de goma
(en la Cultura Maya) y como tiras para sostener productos de piedra y
metélicos.

El origen del nombre caucho se remonta hacia mucho antes de la primera
visita de Colén a América, en donde los indios peruanos conocian al
caucho como cauchue y es de este nombre de donde se deriva su nombre
actual. Debido a las visitas de los espafioles y otros europeos al continente
americano, surgié el impetu por conocer mas a fondo el caucho y es asi
que en 1736 Charles de La Condamine hizo los primeros estudios, luego le
siguieron otros cientificos como el britanico Joseph Priestley (1770),
quién descubrié que el caucho podia ser utilizado como borrador de trazos
hechos a lapiz. Sin embargo, la primera aplicacion comercial que se le dio
al caucho fue el de realizar un método de impermeabilizar tejidos al
tratarlos con caucho disuelto en trementina.

Actualmente el caucho es muy usado en numerosas industrias y constituye
una materia prima importante por sus diversas propiedades, las cuales

seran explicadas en puntos posteriores.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




REPOSITORIO DE UNIVERSIDAD

CATOLICA
TESIS UCSM e DE SANTA MARIA

2.8.2 Teoria del Caucho.

El caucho natural es una sustancia organica formada por moléculas
gigantescas que estan entrelazadas entre si. Dichas moléculas son
gigantescas porque el caucho se va formando a través de mondmeros, los
cuales representan eslabones que estan enlazados por cadenas moleculares.
Dependiendo de la fuerza de enlace de los monémeros, el caucho puede
adquirir distintos grados de resistencia al estiramiento o deformacion,
caracteristica que se conoce mayormente como viscosidad. Ademas el
caucho, sea natural o sintético, se caracteriza por su elasticidad, repelencia
al agua y resistencia eléctrica.

Generalmente el caucho posee altas fuerzas de atraccion intermoleculares
ya que al estirarse dichas moléculas, tienden a orientarse en la direccion
del esfuerzo. Las altas fuerzas de atraccion generan en el caucho un
comportamiento cristalino, cosa que no ocurre cuando las moléculas de
caucho se desordenan y lo vuelven amorfo.

Como ya mencionamos anteriormente, el caucho tiene distintos grados de
resistencia al estiramiento, para la cual es importante definir dos fases
dentro de todas sus caracteristicas ya mencionadas:

o Fase elastica: se da cuando las fuerzas de atraccion entre sus moléculas
son grandes y no permiten la deformacion del caucho. Por el contrario,
ante una fuerza de estiramiento, el caucho vuelve a su configuracion

inicial.

e Fase plastica: el resbalamiento de las moléculas de caucho, producto
de la aplicacién de una fuerza, genera una deformacion que permite

moldear, mezclar o extrusion al caucho.

Estas dos fases coexisten en el caucho y son importantes para el proceso
de vulcanizacion (que serd explicado mas adelante) que se pueda aplicar
en él. Por tanto ante la falta de estas fases, se utilizan diversas cargas

quimicas que generan en el caucho un comportamiento elastico y pléastico.
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2.8.3 Caucho natural

El caucho natural se obtiene de cierto tipo de arboles (especies Hevea,
Ficus y otras) que exudan una substancia blanca y lechosa, el “latex”,
cuando se hace una incision profunda en su corteza (el arbol no se dafia).
El latex contiene 30-36% de caucho en forma de pequefiisimas gotas en
suspension, el que es obtenido en forma sélida por “coagulacion” mediante
acido formico (HCOOH) o acético (CH3COOH) a un pH de 4,8 a 5,0.

2.8.3.1 Obtencién de caucho natural

Para recoger el latex de las plantaciones, se practica un corte
diagonal en &ngulo hacia abajo en la corteza del arbol. El corte tiene
una extension de un tercio o de la mitad de la circunferencia del
tronco. El latex exuda desde el corte y se recoge en un recipiente. La
cantidad de latex que se extrae de cada corte suele ser de unos 30 ml.
Después se arranca un trozo de corteza de la base del tronco para
volver a tapar el corte, normalmente al dia siguiente. Cuando los
cortes llegan hasta el suelo, se deja que la corteza se renueve antes

de practicar nuevos cortes.

2.8.3.2 Propiedades generales.
El caucho natural es un polimero lineal que tiene como principal
mondmero al Isopreno 2- metilbutadieno cuya formula quimica es

C5H8 el cual es un liquido de relativa volatilidad. En la figura 2.3 se

muestra la composicién quimica del caucho.
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COMPOSICION QUIMICA DEL CAUCHO.
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Fuente: Libro de Quimica de Raymond Chang.

La union de los enlaces de los mondmeros puede formar cadenas
cortas y largas, las cuales dependiendo de su variabilidad de tamafio
explican la viscosidad del caucho. A continuacion se describira a las
principales propiedades del caucho natural que influirdn en el
proceso de vulcanizacion:

e Resistencia mecanica: El caucho natural es el que presenta mas
marcadamente el fenémeno de cristalizacién, por tanto tiene una
buena resistencia mecanica que consiste en la resistencia contra todo
tipo de rotura que puede ser producida por fuerzas de traccion,
torque, flexion, compresion, desgarre y abrasion.

e Desgarramiento y fatiga: La resistencia al desgarre por parte del
caucho natural es buena. Esta se mide haciendo un corte inicial a una
probeta de caucho, luego se le realiza un estiramiento donde se
observa el grado de desgarre. La rotura o crecimiento del corte
(fatiga) inicial determinara la resistencia del caucho natural.

e Histéresis: El caucho es un material visco elastico, el cual consume
energia y retarda su deformacion ante una fuerza. La histéresis esta
representada por esa energia que no permite facilmente Ila
deformacion del caucho. Es importante indicar que a 200 ° C el
caucho natural es muy blando porque sus soluciones son menos
viscosas, por lo que a temperaturas entre 100 °C y 150 °C ya se
puede procesar facilmente.
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e Resiliencia: Es la medida de elasticidad ante la aplicacion de fuerzas
dinamicas. En el caso del caucho, ésta es medida mediante la
aplicacion de las fuerzas provenientes de péndulos que rebotan a
determinada altura sobre el caucho. La resiliencia del caucho
entonces estard entendida como la relacion de la elasticidad
producida por el choque de una fuerza proveniente de un péndulo a
determinada altura.

e Traccion: Las caracteristicas de Traccion son, junto con la dureza,
las que con mayor frecuencia se incluyen en las especificaciones
tanto de cauchos sintéticos como naturales.

Este ensayo se llevd a cabo de acuerdo a las dimensiones

establecidas por la norma ASTM D412. Se eligio la probeta tipo D.

CUADRO N°3
Dimensiones De La Probeta Para Ensayo De Traccion

Dimensions of Standard Dumbbell Dies* (Metric Units)

Dimension Units Tolerance Die A Die B Die C Die D
A mm +1 25 25 25 16
B mm miax 40 40 40 30
c mm min 140 140 115 100
o] mm +§& 32 a2 32 32
D-E mm =1 13 13 13 13
F mm +3 38 38 19 19
G mm =1 14 14 14 14
H mm =2 25 25 25 16
L mm +7 59 59 33 33
W mm =0.05, -0.00 12 & [} 3
z mm =1 13 13 13 13
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Fuente: Norma ASTM D412.

Para medir la traccion de un elastdmero, se utiliza un dinamémetro
(Instron). Se toma la muestra (probeta de forma halterio o anular), se
sujeta cada extremo y luego se procede a estirarla a velocidad
constante, hasta su rotura. La tension requerida para romper la

muestra representa la resistencia a la traccion del material. Mientras
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dura el estiramiento de la muestra, va midiendo la fuerza (F) que esta
ejerciendo. Cuando conocemos la fuerza que se esta ejerciendo sobre
la muestra, dividimos ese numero por el area (A) de la muestra.
El resultado es la tension que esta experimentando la muestra.

F / A = Esfuerzo.
Puesto que la carga de rotura es la fuerza aplicada sobre la muestra
dividida por el area de la misma, tanto la tension como la carga de
rotura se miden en unidades de fuerza por unidad de area,
generalmente N/cm2. La tension y la resistencia también pueden ser
medidas en mega pascales (MPa). Resulta sencilla la conversion
entre diferentes unidades, ya que 1 MPa = 100 N/cm2.
Otras veces, la tension y la resistencia se miden en las viejas
unidades del sistema ingles, libras por pulgada cuadrada, o psi. Para
convertir psi a N/cm2, el factor de conversion es 1 N/cm2 = 1.45 psi

Normas
ASTM D412, DIN 53504, 1SO 37, 1ISO 1798, JIS K6251.

e ASTM D412: Ensayo de traccion sobre caucho vulcanizado y
elastémeros termoplasticos.
La norma ASTM D412 especifica las condiciones de ensayo para
determinar las propiedades de traccion de elastomeros moldeados
y troquelados. Debido a la extensibilidad que los cauchos y
elastdbmeros exhiben, se requieren generalmente extensémetros
para medir con precision la elongacién o estiramiento durante la
carga aplicada. Anexo

e ISO 1798:1999: Resistencia a la Traccién y Alargamiento a la
Rotura de los materiales poliméricos flexibles celulares.
La I1SO 1798 investiga la resistencia a la traccion y las
propiedades de deformacion de los materiales poliméricos
flexibles celulares cuando se extienden a una velocidad constante
de desplazamiento hasta el fallo. En principio, la muestra de
ensayo esta soportada entre dos mordazas de sujecion y se instala
un extensémetro para una longitud de referencia dada. La muestra
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se estira hasta que rompe a una velocidad constante de
desplazamiento. La carga y la deformacidn se registran durante la
prueba, y se utilizan para determinar la resistencia a la traccion y

alargamiento a la rotura.

e Elongacién, Alargamiento a la Rotura

Las propiedades mecéanicas de un caucho no se remiten
exclusivamente a conocer cuan resistente es.

La resistencia nos indica cuanta tension se necesita para romper
algo. Pero no nos dice nada de lo que ocurre con la muestra
mientras estamos tratando de romperla. Ahi es donde corresponde
estudiar el comportamiento de Elongacion de la muestra

polimérica.

La Elongacién es un tipo de deformacion. La deformacion es
simplemente el cambio en la forma que experimenta cualquier cosa
bajo tension. Cuando hablamos de tensién, la muestra se deforma
por estiramiento, volviéndose mas larga. Obviamente llamamos a

esto elongacion.

Por lo general, hablamos de porcentaje de elongacion, que es el
largo de la muestra después del estiramiento (L), dividido por el
largo original (Lo), y multiplicado por 100. (L / Lo) x 100 = %

Elongacion.

Normas: ASTM D412, DIN 53504, ISO 37, EN I1SO 1798, JIS
K6251

Existen muchas cosas relacionadas con la elongacion, que
dependen del tipo de material que se esta estudiando. Dos
mediciones importantes son la elongacion final y la elongacion

elastica.
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La elongacion final es crucial para todo tipo de material.
Representa cuanto puede ser estirada una muestra antes de que se
rompa. La elongacidn elastica es el porcentaje de elongacion al que
se puede llegar, sin una deformacion permanente de la muestra. Es
decir, cudnto puede estirarsela, logrando que ésta vuelva a su
longitud original luego de suspender la tension. Esto es importante
si el material es un elastdbmero. Los elastdmeros tienen que ser
capaces de estirarse bastante y luego recuperar su longitud original.
La mayoria de ellos pueden estirarse entre el 200% y el 700% vy

volver a su longitud original sin inconvenientes.

e Propiedades de friccion y desgaste: el desgaste o abrasion del
caucho, se produce cuando éste, es sometido a una friccion contra
una superficie que provoca el desprendimiento de pequefias
particulas de caucho. Otras consideraciones a tomar en cuenta, es
que el caucho es insoluble en agua y a determinadas temperaturas

tiene distintas caracteristicas que son las siguientes:

2.84 CAUCHO SINTETICO
El caucho sintético es un tipo de elastdbmero, invariablemente
un polimero obtenida artificialmente por reacciones quimicas conocidas
como condensacién o polimerizacion a partir de determinados
hidrocarburos insaturados.
El caucho sintético tiene como compuesto basico al monémero, el cual
forma moléculas grandes al ir entrelazandose con mondmeros de su
mismo tipo.
Un elastdbmero es un material con la propiedad mecénica de poder sufrir
mucha mas deformacion eléstica bajo estrés que la mayoria de los
materiales y aun asi regresar a su tamafio previo sin deformacion
permanente. El caucho sintético sirve como un  sustituto
del caucho natural en muchos casos, especialmente cuando se requieren
propiedades mejoradas de los materiales.
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2.8.4.1 PRINCIPALES TIPOS DE CAUCHO SINTETICO.
A través del tiempo se han desarrollado numerosos tipos de caucho
con propiedades especificas, los cuales sirven para aplicaciones
especiales en la industria. A continuacion se mencionara y se hara una
breve descripcion de algunos tipos de caucho sintético utilizados en la

industria:

e Poliisoprenonatural (NR) y sintético (IR)
El caucho natural y el poliisopreno sintético ambos tienen una
histéresis extensible y buenas caracteristicas extensibles frente al
calor. La naturaleza muy especifica del poliisopreno sintético
proporciona un numero de factores que la distingan del caucho
natural. Hay una variacion minima en las caracteristicas fisicas. Las
condiciones de la polimerizacion se controlan bien para asegurar que
el polimero es altamente especifico quimicamente. Los non polimeros

son menos en el sintético que en el caucho natural.

En el proceso de fabricacion del poliisopreno sintético, se requieren
menos trabajo mecanico e interrupcién. Los ciclos de mezcla son mas
cortos lo que permite ahorros de tiempo, de energia y aumento del
rendimiento. Ademas, el poliisopreno sintético tiene mas
compatibilidad que el caucho natural en mezclas con soluciéon SBR y
EPDM. La uniformidad del poliisopreno sintético garantiza una
calidad constante.

e Butadieno estireno (SBR)

El caucho estireno-butadieno, frecuentemente abreviado SBR (del
inglés Styene-Butadiene Rubber) es un elastomero sintético obtenido
mediante la polimerizacién de una mezcla deestirenoy de butadieno.
Es el caucho sintético con mayor volumen de produccion mundial. Su

principal aplicacion es en la fabricacion de neumaticos.

Una de las ventajas era que su produccion tenia una muy buena
relacion costo-utilidad. El caucho sintético fue usado para disminuir el

consumo de las fuentes naturales de caucho, especialmente en el area
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de la fabricacion de neumaéticos, que en ese momento aun consistian
de caucho solido. Otros paises comenzaron a copiar los esfuerzos y a
la década siguiente, muchas naciones desarrolladas estaban en el
negocio de la creacion del SBR para ser usado en una variedad de

productos.

e Etileno - Propileno (EPDM)

Los elastdbmeros de EPDM, poseen excelente resistencia al calor, al
agua, al vapor, al ozono y a los rayos UV (estabilidad de color), a la
vez que tienen muy buenas propiedades de flexibilidad a bajas
temperaturas. Soportan los efectos de liquidos de frenos, medios
alcalinos, ambientes levemente acidos y disolventes oxigenados.
Poseen un inmejorable comportamiento frente al envejecimiento en su
uso a la intemperie a largo plazo. Los elastomeros de EPDM son
asimismo muy adecuados para su uso con agua caliente y vapor. Son
especialmente adecuados para trabajar con liquidos de freno a altas
temperaturas. Los compuestos de caucho EPDM no se recomienda su
uso con gasolinas, aceites y grasas a base de petroleo y con
disolventes a base de hidrocarburos.

e Policloropreno (CR)/Neopreno.
Neopreno es el nombre comercial con el que se conocen los polimeros
compuestos de cloropreno. Las caracteristicas fisicas generales del
neopreno lo sitian como un elastomero de uso de amplio espectro. Sus
excelentes caracteristicas de envejecimiento frente al ozono y los
agentes atmosféricos a la vez que su buena resistencia a la abrasion y a
la flexion, le otorgan la categoria de caucho de uso general. El
neopreno es resistente a los acidos y alcalis, retardador de llama y
adecuado para su uso con aceites con base de petroleo. Las grasas
animales y vegetales también proporcionan un entorno muy estable
para este polimero. Se caracteriza por una buena resistencia a la
flexion, excelente resistencia a la fatiga y amplia resistencia a la
intemperie y el ozono. Su excelente adherencia a los metales lo hace
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ideal para el moldeo con insertos metalicos. EI Neopreno no es eficaz

en contacto con disolventes aromaticos y oxigenados.

e Nitrilo carboxilico (XNBR)
Afos de investigacion para el desarrollo de nuevos compuestos han
dado como resultado un material Unico que captura los beneficios de
la resistencia al desgaste de los nitrilos carboxilados y a la vez
la resistencia a mayores temperaturas de los nitrilos altamente
saturados. Esta formulacion se llama XNBR (Nitrilo Hidrogenado).
Una muy alta resistencia a la traccion junto con una alta resistencia al
calor y una buena resistencia quimica al sulfuro de hidrégeno, a
inhibidores de corrosién, al vapor y al petréleo hace de este
elastomero un excelente puente entre los nitrilos comunes y los

fluorocarbonos.

e Poliacrilico (ACM)
Los compuestos de Poliacrilato (ACM) estan disefiados para soportar
altas temperaturas sin perder resistencia a los hidrocarburos.
Especialmente disefiados para aplicaciones en aceites sulfurados. Los
elastbmeros ACM son asimismo resistentes a la oxidacion, el
ozono, los disolventes alifaticos, la luz del sol y la intemperie y
poseen una baja permeabilidad a los gases. Los cauchos Poliacrilicos
son capaces de soportar altas temperaturas pero su resistencia a bajas

temperaturas es relativamente pobre.

e Polibutadieno (BR)

Es un gas incoloro de olor parecido al de la gasolina, producido en la
destilacion del petroleo y usado para la fabricacién de caucho sintético
SBS. El caucho fabricado por la polimerizacion de butadieno es duro
y a temperatura ambiente tiene un comportamiento elastomérico,
mientras que a altas temperaturas puede ser procesado como plastico.

Es dificil de tratar y presenta baja histéresis.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPOSITORIO DE CATOLICA

TESIS UCSM DE SANTA MARIA

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPQSITORIO DE CATOLICA
TESIS UCSM DE SANTA MARIA
FIGURA N°2.4
Estructura del Polibutadieno
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Fuente: Libro de Quimica Raymond Chang

e Poliisobutileno (IIR) Es conocido por su excelente resistencia al

agua, vapor, alcalis y disolventes oxigenados. Otra de su caracteristica
mas sobresaliente es su baja permeabilidad a los gases. El butilo es
capaz de proporcionar una alta absorcion de energia (amortiguacion)
y una buena resistencia al desgarro. Su buena resistencia al calor, la
abrasion, el oxigeno, el ozono y la luz solar dependen del nivel de
saturacion del polimero.
Muy buena resistencia a los &cidos fluidos y a los detergentes, asi
como los &cidos fuertes. El Butilo sin embargo, muestra una pobre
resistencia a aceites a base de petréleo, gasolinas y disolventes a base
de hidrocarburos.

e Polietileno Clorosulfonado (CSM)/HYPALON): Los compuestos
de Hypalon proporcionan una excelente resistencia al ozono, a la
oxidacion, a la luz solar (degradacion de color) y a la intemperie.
Poseen asimismo una excelente resistencia a los acidos y los alcalis y
una buena resistencia a gran variedad de productos quimicos con
excepcion de combustibles y disolventes. Poseen una muy buena

resistencia mecanica.
e Butadieno Acrilo-Nitrilo (NBR): EI NBR, conocido también como

Buna-N y Nitrilo es un elastomero basado en un copolimero de
acrilonitrilo butadieno. EI NBR es inherentemente resistente a los
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fluidos hidraulicos, aceites lubricantes, fluidos de transmision y otros
productos a base de petréleo no polar, debido a la estructura polar de
este elastomero. Los nitrilos también son resistentes a los agentes
atmosféricos y al agua. Con la utilizacion de la variedad de polimeros
de nitrilo y de otros ingredientes en su composicion, se pueden
obtener compuestos de caucho nitrilo para resistir entornos que
requieren baja compresion, resistencia a la abrasion, baja temperatura
de flexion, resistencia a la penetracion del gas y resistencia al ozono.
Por hidrogenacion (HNBR), adicion de &cidos carboxilicos (XNBR) o
mezcla de PVC (NBR/PVC), los polimeros de nitrilo pueden

satisfacer una gama mas amplia de necesidades fisicas o quimicas.

e Nitrilo Hidrogenado (HNBR): ElI HNBR ha sido desarrollado para
soportar temperaturas continuas de hasta 150 ° C, manteniendo la
resistencia a los aceites derivados del petréleo. Se obtiene por
hidrogeneracion del copolimero de nitrilo. EI HNBR llena el vacio
dejado por los elastomeros de NBR y FKM cuando las condiciones de
alta temperatura requieren una alta resistencia a la traccion,
manteniendo una excelente resistencia al aceite de motor, gas

amargo, mezclas de amina/aceite y aceites lubricantes

e Fluorocarbono (FKM)/VITON: Los elastomeros de Viton,
polimeros altamente fluorados con estructura de carbono, son
utilizados en aplicaciones que requieren una elevada resistencia al
ataque quimico, al ozono y que requieran de una elevada estabilidad
térmica (hasta 260°). Los fluorocarbonos poseen asimismo una baja
deformacion remanente por compresion 'y un excelente
comportamiento al envejecimiento. Proporcionan un excelente
servicio en contacto con aceites, gasolinas, fluidos hidraulicos,
disolventes de hidrocarburos y combustibles. En términos generales,
aumentando el contenido en fluor, la resistencia al ataque quimico se
mejora al mismo tiempo que se disminuyen las caracteristicas de baja

temperatura. Hay, sin embargo, algunos fluorocarbonos especialmente
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formulados con un alto contenido en fldor con muy buen

comportamiento a bajas temperaturas.

e Fluorsilicona (FVMQ): Las siliconas fluoradas poseen propiedades
quimicas similares a las de los elastomeros fluorados orgénicos. Esta
propiedad otorga una excelente resistencia a combustibles de
hidrocarburos, aceites de petréleo y aceites de silicona. Poseen
asimismo un mayor rango de temperatura operativa que los
fluorocarbonos (FKM) (de -57 °© C a 205 ° C). Se utilizan,
predominantemente, para aceites sintéticos, gasolinas

y combustibles.

e Silicona (VMQ, PMQ, PVYMQ): Estabilidad a temperatura extrema y
flexibilidad a bajas temperaturas son caracteristicas notorias de los
compuestos de silicona. Las siliconas poseen excelente resistencia a la
compresion, la luz solar, el ozono, el oxigeno y la humedad. Por su
caracter inerte se utilizan ampliamente en aplicaciones médicas,
farmacéuticas y alimentarias ya que no dejan olor ni sabor.
Las siliconas pueden ser formulada para ser eléctricamente
resistentes, conductoras o retardadoras de la llama.

e Poliuretano (EU/AU): Los poliuretanos se caracterizan por una
resistencia excepcional a la abrasion y al desgaste. Ofrecen la
resistencia a la traccion mas alta entre todos los elastomeros a la vez
que una buena resistencia al estiramiento. El ozono, la oxidacion, la
luz solar, los agentes atmosféricos y la exposicion eventual al petréleo
y la gasolina son ambientes adecuados para aplicaciones de este
compuesto. Los poliuretanos con base de poliéter estan
especificamente disefiados para su uso en aplicaciones que requieran
flexibilidad a baja temperatura. Los poliuretanos basados en poliéster
(AU) proporcionan una mejor resistencia a la abrasion, al calor y al
hinchamiento en fluidos derivados del petroleo. No son
recomendables para alcalis, &cidos y disolventes oxigenados. No se
recomienda el uso de los poliuretanos con base de poliéster para agua
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caliente, vapor y aplicaciones con alta humedad ambiental, pero estos
pueden ser formulados para incrementar la resistencia a estas

propiedades.

e Epichlorohidrina (ECO/CO): La epiclorhidrina se caracteriza por
una notablemente baja permeabilidad a los gases y unas muy buenas
propiedades fisicas en un amplio rango de temperaturas (de-40 ° C a
135 ° C) a la vez que posee una excelente resistencia a los aceites
derivados del petréleo. Resistencia al ozono, a la oxidacion, al
desgaste y a la luz del sol son otras cualidades tipicas de este
material.

e Etil-Acrilato (AEM)/VAMAC): Los compuestos de etil-acrilato
poseen una excelente resistencia al envejecimiento a altas
temperaturas (175 ° C), y unas buenas propiedades fisicas. Un alto
grado de resistencia al aceite, el ozono, los rayos UV y a la intemperie
asi como una buena flexibilidad a bajas temperaturas son también

atributos del Etil-acrilato.

2.8.5 Propiedades
Propiedades Fisicas

¢ A bajas temperaturas, se vuelve rigido, y cuando se congela en estado de

extension adquiere estructura fibrosa.

e Calentando a mas de 100 °C., se ablanda y sufre alteraciones

permanentes.

e El caucho bruto adquiere gran deformacion permanente debido a su
naturaleza plastica.

e La plasticidad del caucho varia de un &rbol a otro y también depende de
la cantidad de trabajo debido al caucho desde el estado latex, de las
bacterias que lo acompafian e influyen en su oxidacion y de otros
factores. La plasticidad puede modificarse dentro de ciertos limites por la

accion de productos quimicos.
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e Ladensidad del caucho a 0 °C es de 0.950 a 20 °C es de 0.934. El caucho
bruto deshelado después de la masticacion por cilindros frios no varia de

densidad.

e Cuando el caucho bruto ha sido estirado y deformado durante algln

tiempo, no vuelve completamente a su estado original.

¢ Si se calienta, la recuperacion es mayor que a la temperatura ordinaria.
Este fendmeno se denomina deformacién residual o estiramiento

permanente y es propio del caucho.

e EIl caucho bruto absorbe agua. Los coagulantes usados en el latex al
preparar el caucho afectan al grado de absorcion de agua; usando acido
clorhidrico, sulfarico o alumbre se obtienen cauchos con poder de
absorcion relativamente elevado. El poder de absorcion de agua del

caucho purificado es muy bajo.

e Gran variedad de sustancias son solubles o pueden dispersarse en caucho
bruto, tales como el azufre, colorantes, &cido estearico, N-fenil-2-

naftilamina, pigmentos, aceites, resinas, ceras, negro de carbono y otras.

o El efecto deteriorante de luz y el calor sobre el caucho se reconocié largo

antes del descubrimiento de la vulcanizacion.

Propiedades Quimicas

e La solubilidad del caucho bruto en sus disolventes mas comunes no es
muy elevada. Para hacer una solucion de 10% es necesaria cierta
disociacion, ya por medios quimicos, empleando un oxidante, ya por

medio fisicos, utilizando un molino.

e Los disolventes mas usados son el benceno y la nafta. Otros buenos
disolventes son el tricloroetileno, tetracloroetano, pentacloroetano,
tetracloruro de carbono, cloroformo, tolueno, xileno, keroseno y éter. El

caucho se hincha primero poco a poco hasta las consistencias de gel y
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después éste se dispersa formando una solucion. El caucho bruto aumenta
de 10 a 40 veces su propio peso en disolventes que a la temperatura

ordinaria forman gel con el caucho.
e Laviscosidad de la solucion del caucho bruto es grande.

e El caucho bruto calentado hasta 200 °C. se ablanda y sus soluciones
tienen menor viscosidad, pero el nimero de dobles enlaces se conserva

sin alteracién.

e Cuando la temperatura se eleva hasta 250 °C., los enlaces dobles se
separan Y tiene lugar la formacién de anillos. El cambio a caucho ciclico
eleva la densidad y la solubilidad, el producto obtenido es una dura y

fragil resina.

2.9 VULCANIZACION DEL CAUCHO
Concepto.

El proceso de vulcanizacion es aquel en donde algunos materiales de
composicion variable y malos conductores de energia calorifica son sometidos a
un calentamiento, con azufre u otro acelerante de composicion similar, que tiene
por finalidad producir un material uniforme que posea cualidades fisicas

mejoradas.

Este proceso se desarrolla durante un determinado periodo de tiempo, teniendo
en cuenta que los intervalos de tiempo de cura sean los adecuados para no

ocasionar ningun perjuicio al material que esta siendo vulcanizado.

Durante la vulcanizacion del caucho, que generalmente se calienta en presencia

de azufre durante un determinado periodo de tiempo, se generan dos fendmenos:

e El primero se da cuando los polimeros lineales paralelos cercanos constituyen
entre si puentes de entrecruzamiento generados por calor, por lo tanto el
proceso a de ser controlado para evitar una vulcanizacion prematura del

caucho.
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eEl segundo fendmeno se genera cuando los atomos de azufre encuentran
espacios atractivos a lo largo de la molécula del caucho (estos espacios son
Ilamados sitios de cura). En los sitios de cura los atomos de azufre se unen a si
mismos hasta formar una cadena que puede alcanzar el sitio de cura de otra

molécula.

Ambos fenémenos permiten que el caucho sea mas estable, que obtenga una
mayor dureza, durabilidad y resistencia al ataque quimico sin perder su
elasticidad natural. Ademas el proceso de vulcanizacion hace del caucho un
material termo rigido, ya que no se puede derretir en presencia de calor; es decir
el caucho es sometido a un proceso irreversible donde no solamente se puede
calentar en presencia de azufre, sino que también en presencia de otros aditivos
como carbono, silicio, telurio, selenio y cloruro de azufre en fase liquida o de

vapor.

El poder calorifico generado durante la vulcanizacion se crea mediante fuentes
que abarcan desde energia eléctrica por medio de resistencia de calentamiento,
induccion y dieléctricos; corrientes de aire caliente o de gases inertes, y

finalmente corrientes de agua caliente y vapor.

El azufre es un material con singulares propiedades. En determinadas
circunstancias, formara cadenas de sus propios atomos. El carbono y el silicio
pueden formar también esas cadenas. El proceso de vulcanizacion hace uso de

este fenémeno.

A lo largo de la molécula del caucho, hay un nimero de sitios que son atractivos
para los atomos de azufre. Son los llamados sitios de cura. En cada sitio de cura,
un atomo de azufre se puede unir a si mismo, y a partir de alli la cadena de
atomos de azufre puede crecer hasta que alcance el sitio de cura de otra
molécula. Estos puentes de azufre son usualmente de 2 a 10 atomos de largo, en
contraste con los polimeros mas comunes en los que la "columna vertebral™ de

carbonos puedes ser varios miles de veces de larga.
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FIGURAN°2.5
Estructura del Poliisopreno
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Fuente: Libro de Quimica Raymond Chang

Punto de fusion del azufre es de 113°C, su densidad es de 2.06, es soluble en
acetona el sulfuro de carbono, el cloruro de azufre, el benceno y la trementina;
cristaliza normalmente en el sistema rombico. Cuando se funde a 113°C, se
convierte en un liquido amarillo, y si la temperatura aumenta lentamente se
convierte en un liquido viscoso y rojizo oscuro, a medida que va alcanzando los
180 a 190°C, volviéndose negro a 230°C.

Cargas, la adicion de cargas al caucho se realizan por dos razones:

e Técnica, porque logra propiedades y cualidades determinadas al producto
final, en tal caso se denominan reforzante.
e Econdmica, porque abarata los productos elaborados, se denominan cargas

inertes o no reforzante.

Las cargas es activa o reforzante cuando:
e Mejoran resistencia a la traccion

e Mejoran la resistencia a la abrasion.

e Mejoran la resistencia al desgarre.

e Aumentan la dureza.

e Aumentan la rigidez y modulo.
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CUADRO N%

Clasificacion de las Cargas Usadas en Elastomeros

| CARGAS |
CARGAS MNEGRAS | | CARGAS BLANCAS |
| ]
| R —— | | REFORZAMNTES |
' [
NEGRO DE HUMO
| CAOLIN | | —— |

I
|  carsomaTO bE caLcro |
I
| suLFaTO DE BARIO |
I
| TALCO |
I

| WVIRUTA |
I

| DIOXTIDD DE TITANIO |

Fuente: Libré de James Shackelford de Ciencia de materiales.

Negro de Humo, es un pigmento negro obtenido por descomposicién térmica de
hidrocarburos liquidos o gaseosos. El diametro de una particula individual esta en
rango de los coloides, por debajo de 1200 A., la composicion de particulas es
carbono pseudo-grafitico amorfo, con variaciones de hidrogeno y carbono
absorbidos quimicamente. Mediante el microscopio electronico el negro de humo
aparece formando grupos o cadenas, el potencial reforzante de este pigmento esta
poco influenciado por el tamafio del agregado y més por el tamafio de particulas
dentro del mismo agregado. Cuanto menor sea el tamafio de las particulas méas
dificultoso es el procesado pero mayor el grado de reforzado alcanzado, cuando la
estructura del negro de humo (forma total de agregados: solidez y tamafio) es

mayor, corresponde compuestos crudos méas viscosos y con menos nervio.

Peptizantes.

La peptizacion puede ser de dos tipos:

e Peptizacion Fisica o Masticacion, es una rotura termo mecanica del caucho
a temperaturas relativamente bajas, reduciendo la viscosidad, se usan los

lubricantes y mejoran la procesabilidad de los compuestos.
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e Peptizacion quimica, describe la rotura mecénica termo-6Oxidativa, catalizada

del caucho a temperaturas elevadas, su uso esta restringido al caucho natural.

Homogenizantes. Son mezclas de resinas aromaticas y alifaticas de diferente
polaridad, se usan en caso de mezclas de cauchos dificiles de combinar, donde el
proceso es Solvatacion (asimilacion de oxigeno). Es importante tener en cuenta

los parametros de solubilidad.

Plastificantes. Provocan el deslizamiento entre moléculas inhibiendo la fuerza de
atraccion intermolecular, facilitando la incorporacion de los ingredientes al
caucho, se agregan basicamente para auxiliar en las operaciones de mezclado,
calandrado, extorsionado y molde. Influyen los parametros de solubilidad al

momento de mezcla.

Hay 2 formas de generar el movimiento interno molecular (resbalen unas
cadenas respecto a otras), primero acortando la longitud, esto logrado con
peptizantes, y la segunda provocar el deslizamiento de cadenas (lubricar) esto

origina la disminucion del médulo, dureza y también de su carga de rotura.

Promotores de adhesion. Son productos que se agregan a las formulaciones para
aumentar la adhesion en crudo o pegajosidad de los compuestos. Son resinas de
naturaleza termoplastica. Con su uso se logran mejoras en el procesado y moldeo
sin alterar significativamente el modulo y la dureza del vulcanizado ya que las

resinas endurecen nuevamente cuando el compuesto se enfria.

Lubricantes. Se usan en dosis relativamente bajas y permite mejorar la
procesabilidad de los compuestos. Existen lubricantes internos y externos un
lubricante interno servird principalmente como modificador de la viscosidad
especifica y mejorara la dispersion de la carga mientras que el comportamiento de
deslizamiento esta influenciado en un menor grado. Un lubricante con accion
predominantemente externa  (plastificante) mejorara en gran medida el
deslizamiento y reducira la friccion entre el elastomero y la superficie de metal de
los equipos de procesamiento, su influencia sobre la viscosidad del compuesto es
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marginal, altos niveles de dosis, sin embargo pueden llevar a una sobre
lubricacion y subsiguiente eflorescencia.

La lubricacién se logra a través de una reduccion de la friccion, en cuya fase
inicial el lubricante cubre al elastdbmero y otros compuestos reduciendo la friccion
contra las partes de metal del equipo de procesamiento, al elevar la temperatura, el
lubricante comienza a derretirse y es moldeado en la matriz por la accién cizallate
del mezclador. Tanto la velocidad y el grado de incorporaciéon del lubricante
dentro del elastomero estdn determinados por el punto de ablandamiento,
viscosidad de ablandamiento y solubilidad, estos factores dependen de su

estructura quimica y su polaridad.

Agentes de proteccion. El caucho sea natural o sintético esta sujeto a deterioro
por envejecimiento, que generalmente depende del grado de instauracion del
polimero, por lo que el caucho butilico, siliconas y algunos cauchos fluorados son
los més protegidos debido a su nula instauracion, caso contrario, son el butadieno,

SBRy al caucho natural.

Al diferenciar entre el envejecimiento del caucho natural, este, da compuestos
reblandecidos y pegajosos en su superficie, previamente a un cierto nivel de
endurecimiento y fragilidad, en cambio el SBR por envejecimiento da compuestos

quebradizos y endurecidos.

En ambos cauchos el deterioro por envejecimiento genera que la carga de rotura,
elongacion y resistencia al agrietamiento por flexion disminuyan progresivamente
a medida que el material envejece. En cambio el mddulo y dureza evolucionan de
forma diferente segun sea el caucho deteriorado.

Activadores de vulcanizacién. La accion conjunta de acidos grasos (acido

estearico y acido oleico) en combinacion con 6xidos metalicos como el éxido de

Zinc y el 6xido de Mg activan la reaccion del azufre y se denominan activadores.
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CUADRO 5:

Tipos de Activantes para Vulcanizacion de un Elastomero

ACTIVADORES
DE VULCANIZACIOM
I

|
| OXIDOS METALICOS ‘ ‘ ACIDOS ORGANICOS ‘ | ALCALIS ‘

_ ESTEARICO AMIMNAS (TEA)
—— |
GLICOLES

OLETCO (DEP/ PEZ)
PALMITICO

Fuente: Libro de James Shackelford de Ciencia de Materiales

La activacion es una reaccion entre el oxido metalico, el acido graso y el azufre
generando un jabon soluble en los polimeros, y con este aumento de solubilidad se

promovera la reaccion de vulcanizacion.

Retardantes. Existen casos, en que la accion retardada de los acelerantes
primarios no es suficiente para proteger al compuesto de un pre vulcanizacion

durante el proceso, es ahi donde se usan los retardantes.

La vulcanizacion es el proceso irreversible durante el cual un compuesto de
caucho, a través de un cambio en su estructura quimica (crosslink) se hace menos
plastico y mas resistente al hinchamiento por liquidos organicos; mientras que las
propiedades elasticas son mejoradas y extendidas a un amplio rango de
temperatura. Para generar esta vulcanizacion es necesario un agente vulcanizaste,

que puede ser, el Azufre.
2.9.1 Fundamentos del proceso.
a)Durante la etapa de vulcanizado.

Como ya se menciond en el punto anterior, el proceso de vulcanizacién
busca la uniformidad del caucho para poder generar otras propiedades

fisicas dentro de él.
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Para tal fin es necesario que se ejerza un control sobre aquellos factores
que puede influir en la composicion final del producto que se desea
vulcanizar.

El primero de los dos factores esta relacionado al control de la uniformidad
en la calidad de las materias primas y a la incorporacion uniforme del
azufre y otros aditivos durante las etapas del proceso de vulcanizacion. El
segundo factor consiste en el control de los tiempos, presiones y
temperaturas que se utilizan durante las operaciones.

Es importante mencionar que las condiciones pueden variar dependiendo
del vulcanizado que se quiera obtener y de los medios con que se cuenta
para éste.

Dichas condiciones generalmente son especificaciones previas del
producto que consisten en determinar la dureza requerida, la cantidad de
trabajo que es necesario realizar, el espesor del articulo y el tratamiento de
las cargas de caucho después del tratamiento de cura.

Para poder llegar a la uniformidad y especificaciones deseadas para el
producto, se hace imprescindible el uso de procedimientos que permitan
manejar el aspecto térmico referente al espesor de los articulos de caucho.
Uno de los procedimientos consiste en manejar de forma escalonada las
temperaturas. En un inicio se proporciona un calentamiento uniforme a
toda la masa del articulo; luego, se eleva la temperatura hasta que esté
préxima a la de vulcanizacion y finalmente, se calienta el caucho hasta
alcanzar la temperatura de cura.

El segundo procedimiento consiste en realizar un enfriamiento externo
lento (opuesto al procedimiento anterior donde el calentamiento era
lento). Para esto se interrumpe el suministro de energia calorifica antes de
llegar a la cura del caucho; luego, se sujeta a presion el molde que contiene
a la masa, teniendo cuidado en que no existan otros factores (como el
viento) que lo puedan enfriar. Finalmente, durante la etapa de sujecion, se
introduce la energia calorifica en el seno de la masa del articulo. Este
procedimiento de cura se denomina de “absorcion”. Cabe resaltar que si el
tamafo del producto a vulcanizar aumenta, es necesario disminuir la
temperatura de cura y aumentar la duracion para la misma de modo que se

logre una uniformidad en todo el producto.
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b) Después de la etapa de vulcanizado.

Asi como el caucho aumenta su temperatura para llegar a un estado de
cura, luego de ésta pasa a una etapa de enfriamiento en el cual la
vulcanizacion termina cuando la temperatura de cura se reduce hasta un
cierto nivel.

Cuando el caucho es calentado en presencia de azufre u otros acelerantes
es recomendable que se disponga de un periodo minimo de cura, ya que a
ciertas temperaturas menores a ésta el producto podria resultar poroso o
hincharse. Por eso es adecuado que la temperatura de enfriamiento llegue a
ser igual a la de ambiente, la cual a su vez debe ser mayor a las
temperaturas causantes de las porosidades en el caucho resultante del
proceso de vulcanizacion.

A continuacion se presenta el la Figura 2.6 en donde se muestra las
consecuencias de cura en la misma clase de articulos, empleando tres
periodos diferentes de moldeo.

FIGURA N° 2.6:
Consecuencias de Cura empleando Tres Periodos Diferentes de Moldeo para un

mismo Articulo.
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Fuente: Revista del plastico.
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En el primero, se ha pasado por escaso margen el limite que determina la
condicion porosa antes de sacarlos de los moldes, no obstante la
temperatura de enfriamiento normal hasta la temperatura ambiente ha
sobrepasado el limite de porosidad y se encuentra en estado de sobrecura.
Para el segundo caso, si bien es cierto se elimina la condicién porosa, se ha
llegado a un estado de sobrecura debido a un calentamiento excesivo. Por
altimo, en el tercer caso, la temperatura es mayor a la de porosidad y se
encuentra en un estado de cura 6ptimo.

Esté claro que de acuerdo al gréafico, las mejores curas se dan cuando los
productos se obtienen con temperaturas menores y con periodos mas
prolongados de vulcanizacion.

Los periodos minimos de cura son determinados por dos aspectos
importantes, el primero de ellos es la temperatura maxima a la cual puede
estar expuesto el caucho (150 °C para el caucho natural) y el segundo
aspecto esta determinado por las operaciones previas a las que son
sometidos los articulos de caucho antes del vulcanizado. Las temperaturas
a las que es sometido el caucho es un factor relevante en el resultado del
proceso de cura, ya que al producto no se le puede inspeccionar mientras
se estd vulcanizando. Por lo tanto, tener un control sobre la temperatura

ayudara a obtener un producto acorde con las propiedades deseadas.

2.9.2 Causas que generan un mal registro de temperaturas.

A continuacion se mencionardn  algunas causas que ocasionan

inadecuados controles de temperatura y que por lo general hacen obtener

productos defectuosos:

e Fallas en las calderas.

e Alargamientos innecesarios a las tuberias de vapor.

e Tuberias de vapor obstruidas por presencia de agua, esto ocasiona que
las relaciones directas entre la temperatura y la presion cambien debido
a que el vapor contenido en la tuberia no estd seco. La temperatura
determina la rapidez de cura y debe medirse y controlarse durante la

vulcanizacion.
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e Mala colocacion de los indicadores de presion y temperatura. En los
casos que el vapor recorre distancias apreciables puede producirse una
disminucion de la temperatura, la cual varia de la originalmente
pensada para el proceso de cura. Esto se debe a que las tuberias carecen
de aislamiento térmico y para compensar esta pérdida de energia
calorifica, es recomendable usar el vapor con algunos grados mas de
recalentamiento y reducir al minimo la condensacion antes de que el
vapor llegue al dispositivo de vulcanizacion.

e Moldes sucios que impiden un contacto adecuado con la superficie de
caucho. La energia calorifica transferida por conduccién no seria la
esperada.

e Disposicion, en paralelo o serie, de las tuberias de vapor. Las tuberias
colocadas en serie producen mayor diferencia de temperaturas entre sus
puntos de entradas y salidas. La uniformidad de la temperatura es mas
adecuada disponiendo paralelamente a las tuberias, pero puede que se
tenga una circulacion deficiente debido a una deficiencia en las lineas.
Cuando se tiene un alargamiento excesivo de las tuberias de vapor se
producen peérdidas de energia calorifica, y cuando son muy cortas la

circulacion de vapor se hace lenta.

2.9.3 CURA OPTIMA.

El curado 6ptimo del caucho se puede escoger tomando como base
propiedades adecuadas para el uso que se le quiera dar, por ejemplo: la
dureza, la resistencia al desgarre, la abrasion, el agrietamiento a la flexion
y otras propiedades. Ademas se debe tener en cuenta la vulcanizacion
probable que experimenten los articulos cuando estén en servicio,
especialmente cuando estén sometidos a calentamientos ocasionados por

rozamientos internos.

2.9.4 CONTROL DEL PROCESO.

El control del proceso de vulcanizacion puede realizarse a través de los

siguientes ensayos:
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a) Determinacion de la dureza, las lecturas que se pueda obtener de los

durémetros son veraces cuando el caucho ya estd enfriado, lo que
significa esperar de 4 a 24 horas después de haber sido vulcanizado.
La medicion de la dureza se puede realizar en el caucho caliente, pero
puede determinar el rechazo del articulo examinado que en frio, puede
ser aceptado. Es recomendable que las mediciones en caucho caliente
siempre se realicen a la misma temperatura, por ejemplo puede hacerse
después de que se saquen los moldes.

b) La comparacion de pares térmicos entre la superficie del caucho que
esta siendo vulcanizado, el interior del mismo y las partes internas de
autoclaves y prensas que influyen en el proceso, nos dan una idea de la
uniformidad del proceso. Para esto las partes de las prensas y autoclaves
deben de ser revisadas continuamente para comprobar la uniformidad
térmica en su interior.

c) Ensayos que determinen la fuerzade adhesion entre las superficies de
contacto de la porcion de caucho y la del material que no es caucho (por
ejemplo el material de los moldes metalicos).

d) Analisis quimicos que determinen el contenido de azufre sin combinar
proporcionan uno de los procedimientos mas usados para determinar el

grado de cura del caucho.

295 VALIDACION DEL PROCESO PRODUCTIVO DE
VULCANIZACION
La validacién es la verificacion del resultado final de un proceso, en el
cual no se puede ver, a simple vista, la transformacion de la materia prima
que formo parte de sus operaciones. Es asi que la validacion del proceso de
caucho consiste en analizar y verificar los resultados de la vulcanizacion,
para el cual no se puede observar directamente la transformacion del
caucho por intermedio de la transferencia de calor. Lo que si es posible es
medir, acorde a algun tipo ensayo y disefio de experimentos, las
propiedades del producto e ir haciendo algunos cambios pequefios, pero
significativos para los principales factores que forman parte del

procesamiento del caucho.
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Para la presente proyecto de mejora, el tipo de ensayo a realizar seré el de
dureza, en base al cual, como bien ya se ha mencionado, examinaremos el

proceso y sacaremos las conclusiones pertinentes al respecto.

210 REUTILIZACION DE LOS DESECHOS SOLIDOS EN LAS
INDUSTRIAS DE LLANTAS Y NEUMATICOS.
La reutilizacién de las llantas cuyo ciclo de vida ya ha finalizado, éstas
pueden ser utilizadas para la formacion de arrecifes para peces, para
muelles y proteccién para botes, como materas, para zonas de
recreacion (juguetes y columpios), utilizarlas para el control de la
erosion, como elementos de proteccion para los &rboles y como
revestimiento de corrales.
El potencial para solucionar el problema del desecho por el uso de estos
métodos es severamente limitado, es por esta razon que buscaremos una
mezcla optima entre el caucho de las llantas, con polietileno de alta
densidad, para darle un uso adecuado ademas estaremos colaborando en

la preservacion de nuestra ecologia.

2.10.1 REENCAUCHADO.
El renovado (reencauchado) del neumatico es un proceso mediante el
cual se vuelve a utilizar un neumatico gastado sustituyéndole la banda de
rodadura.

El reencauchado se presenta como el recurso mas eficaz para la

recuperacion de neumaticos con ahorro de material y energia. Se

requiere mas energia para fabricar un neumatico nuevo que para
reencauchado un neumatico usado.

Hay dos técnicas diferentes de produccion de un neumatico renovado:

v" Renovado en caliente: en este proceso la vulcanizacién se realiza en
prensas con moldes a una temperatura comprendida entre 150 °C y
160 °C. Existe el renovado integral, donde se renueva la banda de
rodamiento y los flancos (de talén a talén) y el renovado semi-
integral, donde se renueva la banda de rodamiento y parte del flanco.

v' Renovado en frio: en este proceso la banda de rodamiento esta

previamente vulcanizada y se adhiere mediante una goma (llamada
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“de unién™), vulcanizandose en autoclaves a una temperatura entre
98°Cy 125°C

v' Renovado de banda clasico: la banda se fabrica en tiras
longitudinales de unos 10 metros, que se cortan a la medida de la
circunferencia del neumatico.

v' Renovado de banda en anillo: la banda se fabrica formando ya el

anillo a la medida final de forma que no hay uniones.

2.11 TECNOLOGIAS DE REDUCCION DE TAMANO

Algunos de los procesos mas empleados para producir polvo de caucho
son: la molienda mecanica a temperatura ambiente, la molienda

criogénica y la molienda humeda.

2.11.1 MOLIENDA CRIOGENICA
A muy bajas temperaturas (-200°C) el caucho se fragiliza
desapareciendo su elasticidad caracteristica siendo posible, por tanto
desintegrarlo facilmente.
El proceso de molienda criogénica viene acompafiado por un primer
paso de enfriamiento de las piezas de caucho con nitrégeno liquido.
Este proceso produce la congelacion de las piezas.
Las piezas congeladas pasan por un molino de impacto (similar a un
percutor o martillo) donde son molidos en elementos mas finos. El
polvo obtenido se seca, se separan la fibra y el metal y se clasifica
segun los tamafios obtenidos.
La forma, tamafio, distribucion de tamafios y caracteristicas
superficiales de las particulas de caucho molidas obtenidas por
molienda criogénica son diferentes a las obtenidas por molienda a
temperatura ambiente. Estas Gltimas tienden a tener una forma irregular
con una considerable rugosidad superficial y el caucho es parcialmente
oxidado en la superficie debido al calor generado durante el proceso.
Sin embargo, las particulas del polvo obtenidas por molienda criogénica
a una temperatura por debajo de -70° C presentan una superficie

relativamente suave, un amplio rango de tamafio de particula asi como
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una minima oxidacion superficial. Estas diferencias en la naturaleza y

reactividad pueden producir diferentes propiedades en el producto final.

2.11.2 REGLA DE MEZCLAS
Con la regla de las mezclas se predicen propiedades como densidad,
conductividad térmica y eléctrica (sélo para la direccion de las fibras, si
son unidireccionales y continuas, ya que si no sabemos la direccion de

las fibras y no se predicen sus propiedades).

Ejemplo:
p:fm X Pm +fex Pf

p = Densidad del material fibroso.

fm = Fraccion volumétrica de la matriz.
pm = Densidad de la matriz.

fr = Fraccion volumétrica de las fibras.

pt = Densidad de las fibras.

El médulo de la elasticidad se predice también con esta regla (sélo para fibras
continuas y unidireccionales), pero solo a baja tension; a altas tensiones se
deforma la matriz y contribuye poco a la rigidez del compuesto, no

cumpliéndose la regla de las mezclas:

E=fx E¢

E = Modulo de la elasticidad.
ft= Fraccion volumétrica de las fibras.
E: = Mddulo de la elasticidad de las fibras.

Si la carga se aplica en direccion perpendicular a las fibras:

1E = (fy [E) + (F /Ey)

La resistencia de un material compuesto reforzado por fibras depende de la

unién entre las fibras y la matriz.
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Se puede predecir la resistencia con la regla de las mezclas para un material

con fibras continuas y paralelas:

6 =1, x om*fs x Of

o = Resistencia del material.
om = Tension que actua sobre la matriz cuando el compuesto esta
deformado hasta el punto donde se fractura la fibra

o = Resistencia de las fibras.
2.12 CONCEPTO DE MISCIBILIDAD.

Desde el punto de vista practico, una mezcla polimérica miscible se
define como una mezcla homogénea estable que exhibe propiedades
macroscopicas similares a las que se esperarian para un material
homogéneo. La homogeneidad no se define en este caso a nivel de
microscopio electronico; incluso se han observado estructuras

heterogéneas en polimeros amorfos.

La homogeneidad se define a un nivel tal que es similar al responsable de
propiedades macroscopicas tales como la transicion vitrea y la
transparencia optica (suponiendo que los dos polimeros tienen indices de
refraccion diferentes). Se postula por tanto, que cada mezcla polimérica
tiene un “tamafio de dominio critico” caracteristico por encima del cual la
mezcla exhibe propiedades heterogéneas y por debajo homogéneas.

Resaltemos también que el concepto del tamafio de dominio critico es
inatil para un investigador interesado en propiedades macroscopicas
atiles en problemas industriales practicos. Para ese investigador la
mezcla miscible (o compatible) es aquella que exhibe una transicion
vitrea Unica Tg y la miscibilidad implica homogeneidad de la mezcla
hasta una escala semejante a la responsable de los movimientos

cooperativos asociados con Tg.
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2.13 LA TRANSICION VITREA EN POLIMEROS.

Es la temperatura en el cual un polimero cambia de un estado rigido y
quebradizo a otro blando y maleable, estd presente solo en polimeros
amorfos y es diferente para cada polimero. Es comdn imaginar a la
transicion vitrea como a un tipo de fusion del polimero. Pero no es la
manera correcta. Hay muchas diferencias importantes entre la transicion

vitrea y la fusion.

Existe otra gran diferencia entre fusion y transicion vitrea. Cuando usted
calienta un polimero cristalino a velocidad constante, la temperatura
aumentara a velocidad constante. La cantidad de calor requerida para
incrementar un grado Celsius la temperatura de un gramo de polimero, se

denomina capacidad calorifica.

Sin embargo, la temperatura seguird aumentando hasta que el polimero
llegue a su punto de fusion. Cuando esto sucede, la temperatura se
mantendra constante por un momento, aun cuando se suministre mas
calor. Se mantendré constante hasta que todo el polimero haya fundido
completamente. Luego, la temperatura del polimero comenzara a
ascender nuevamente. El aumento se detiene porque la fusion requiere

energia.

Pero cuando se calienta un polimero amorfo hasta su Tg, sucede algo
diferente. Primero se calienta y la temperatura se eleva a una velocidad
determinada por la capacidad calorifica del polimero. Pero cuando se
alcanza la Tg ocurre algo divertido. La temperatura sigue aumentando,
no se detiene. No hay calor latente de transicion vitrea. La temperatura se

sigue incrementando.

Pero por encima de la Tg ya no lo hace a la misma velocidad que por
debajo. El polimero experimenta un incremento en su capacidad
calorifica luego de alcanzar la transicion vitrea. La temperatura de

transicion vitrea, es un incremento de la pendiente, lo que significa,
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obviamente, que tenemos un aumento en la capacidad calorifica.
Podemos observar un cambio en capacidad calorifica en la Tg, pero no
una ruptura, como si puede apreciarse en el caso de un polimero

cristalino.

2.14 ANALISIS MECANICO DINAMICO

La respuesta visco elastica de los materiales poliméricos es un tema de
Importancia tanto tedrica como practica. Como su nombre indica el
comportamiento frente a las fuerzas externas es intermedio entre un
solido elastico y un material viscoso. Es de notar la dependencia que con
el tiempo y la temperatura tienen las propiedades mecénicas de los
polimeros cuando se compara con otros materiales estructurales como los
metales.

La visco elasticidad es una materia de gran complejidad y es posible
distinguir dos aproximaciones basicas que se conocen como la
aproximacion mecéanica del continuo y la aproximacion molecular.

La primera pretende describir el comportamiento visco elastico de un
cuerpo mediante un esquema macroscopico, mientras que el ultimo
pretende deducir propiedades viscoelésticas macroscopicas a partir de la
arquitectura molecular.

La magnitud principal es el médulo del material y se define como la
relacion entre el esfuerzo aplicado y la deformacion resultante. En los
polimeros esta magnitud depende de la temperatura y del tiempo desde
que se aplico el esfuerzo. La variacion con la temperatura explica la
existencia de dos tipos de estado fisicos en los polimeros: tipo caucho y

vitreo.
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3. PROCEDIMIENTO EXPERIMENTAL

Este estudio se desarrolla en el Laboratorio de Ensayo de MaterialesdelPrograma
Profesional de Ingenieria Mecénica, Mecénica — Eléctrica y Mecatrdnica (R - 102) de
la Universidad Catélica de Santa Maria, donde realizamos nuestras mezclas
poliméricas y posteriormente se realizaran en instalaciones los ensayos respectivos

en las instalaciones de la Universidad Nacional de San Agustin Arequipa.

Aqui realizamos la preparacion y caracterizacion del polietileno reciclado, obtenido
de las recicladoras existentes en la ciudad y caucho reciclado obtenido de las llantas
del transporte urbano, y carga pesada, este caucho lo conseguimos triturado de las
reencauchadoras ubicadas en el Distrito de Cerro Colorado. Las mezclas fueron
preparadas en una mezcladora que se encuentra dentro del laboratorio esta tiene una
capacidad de 100gr.

Para las mezclas se tomara como base el disefio experimental 2 para medir cémo
influyen k factores en un proceso y descubrir si interaccionan entre ellos. Este disefio
permite explorar una zona escogida del dominio experimental y encontrar una
direccion prometedora para la optimizacion posterior. Tomaremos la granulometria y

el porcentaje de polietileno de alta densidad (PEAD).

1. Identificar los factores que pueden influir en la variable respuesta y proponer un
Modelo.

2. Realizar el experimento, tomando las observaciones necesarias.

3. Estimar los parametros del modelo.

4. Contrastar si los factores influyen en la respuesta.

5. Si los factores influyen en la respuesta, detectar donde radican las diferencias.

6. Si algun factor no influye, simplificar el modelo y repetir los pasos anteriores.

7. Realizar la diagnosis del modelo mediante el analisis de los residuos.

3.1 Caracterizacion de las muestras

Los materiales obtenidos, el polietileno de alta densidad fueron adquiridos,
lavado y picado en las recicladoras de Pachacutec en el distrito Cerro Colorado
listo para ser pasado por mallas. El caucho se obtuvo de las reencauchadoras y
de plantas industriales de caucho ubicadas en el Distrito de Cerro Colorado, el

caucho que conseguimos se encontrd triturado, limpio y listo para usarlo.
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FIGURA N°3.1

Caucho obtenido de las reencauchadoras

Fuente: Laboratorio Antonio Raimondi Universidad Nacional de San Agustin

FIGURA N°3.2

Polietileno de alta densidad

Fuente: Laboratorio Antonio Raimondi Universidad Nacional de San Agustin

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD
AT CATOLICA
TESIS UCSM < DE SANTA MARIA

REPOSITORIO DE

a) SECADO DE LOS MATERIALES
El Polietileno de alta densidad, como el caucho; antes de pasar al proceso de
mezclado fue secado en una estufa o secador que se encuentra dentro del
laboratorio de Polimeros de la Universidad Nacional De San Agustin a una
temperatura de 60°C durante una hora. Por debajo de la temperatura de
transicion vitrea (Tg), y por el cual no existirda alguna modificacion en la

estructura del material a utilizar.

FIGURA N°3.3

Secadora

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

b) GRANULOMETRIA DE LOS MATERIALES
En este proceso determinaremos la cantidad en porcentajes de diversos
tamafios que constituyen el polietileno de alta densidad, y posteriormente
mezclarlo con el caucho. Se utiliza tamices Malla # 10, Malla # 8, Malla # 6, y
la Malla #4.

Vaciaremos el polietileno de alta densidad directamente en el juego de tamices

previamente limpiados y ensamblados y dispuestos, de arriba abajo, en orden

decreciente de tamafios, de abertura con el fondo y la tapa.
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Aplicaremos un movimiento, este movimiento lo daremos con una zaranda que
se encuentra en las Instalaciones del Instituto Honorio Delgado Espinoza; el

tiempo de tamizado sera de 10 a 15 minutos.

3.2 PREPARACION DE LAS MEZCLAS

La preparacion de las mezclas comienza con la recoleccion del plastico
reciclado luego se procede a hacer limpieza y secado de polietileno de alta
densidad para posteriormente ser pasado por las mallas, al igual que el caucho.
El material seleccionado, es introducido en la mezcladora, este previamente
tiene que ser preparado, se quita las impurezas; para luego ser introducido el
caucho triturado; la mezcladora se calienta a 130° C, homogenizamos el
caucho y esperamos que se caliente, para introducir el PEAD (polietileno de
alta densidad). Mezclamos los dos polimeros para formar una mezcla, aunque
los polimeros no se mezclan facilmente.

El Tiempo total de mezclado es de 15 minutos, tiempo de homogenizado del
caucho es de 5 minutos, al minuto 6 introducimos el PEAD, esperamos 8
minutos mas para su homogenizacion de la mezcla.

El control reoldgico lo tomamos por medio de un amperimetro, tiempos

tomados a cada minuto.

FIGURA N°3.4
Mezcladora de caucho

Fuente: Laboratorio del Programa Profesional de Ingenieria Mecanica, Mecanica Eléctrica y Mecatronica de la Universidad Catélica

Santa Maria.
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FIGURAN°3.5

Mezcladora de Caucho con Resistencias

Fuente: Laboratorio del Programa Profesional de Ingenieria Mecanica, Mecanica Eléctrica y Mecatrénica de la Universidad Catélica

Santa Maria.

FIGURA N° 3.6

Pirémetro

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPOSITORIO DE CATOLICA

TESIS UCSM DE SANTA MARIA

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD
e CATOLICA
TESIS UCSM DE SANTA MARIA

REPOSITORIO DE

FIGURA N° 3.7

Amperimetro de Pinzas

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

3.3 PREPARACION DE LAS PLACAS

a) PICADO DE LAS MEZCLAS OBTENIDAS
La masa obtenida de la mezcladora, es aplanada por la fuerza de un rodillo y
prensa, posteriormente picado con la ayuda de tijeras y clter.
Una vez picado, es pesado en una balanza electrénica.

FIGURA N° 3.8
Mezcla Aplanado Caucho mas PEAD

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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FIGURA N° 3.9
Gréanulos de la Mezcla Caucho mas HDPE

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

FIGURA N° 3.10:
Pesado de la mezcla

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

34 ELABORACION DE LAS PLACAS
Los granulos obtenidos, previamente pesados, son llevados a unos moldes, que
estan dentro de la prensa de conformado, previamente acondicionado, con
resistencias de ceramicos, para poder calentar los moldes, el molde es calentado
a 170° C; es aqui cuando cargamos el molde, cerramos las placas, y le aplicamos

una presion progresiva hasta llegar a los 100 Bar. Por un tiempo de 5 minutos,
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pasado este tiempo se deja enfriar los moldes a temperatura ambiente para

posteriormente poder extraer las placas obtenidas en el molde.

FIGURA N°3.11

Termo Prensa de Conformado

Fuente: Laboratorio del Programa Profesional de Ingenieria Mecanica, Mecanica Eléctrica y Mecatronica de la Universidad
Catolica Santa Maria.

FIGURA N°3.12

Moldes para la Elaboracion de las Placas

Fuente: Laboratorio del Programa Profesional de Ingenieria Mecanica, Mecanica Eléctrica y Mecatronica de la Universidad Catolica
Santa Maria.
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FIGURA N°3.13

Placas Malla # 10

il valla # 10
Caucho 85%
PEAD 15%

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

FIGURA N°3.14

Placa Malla # 8

BRI
] Mallags
Caucho 75%

PEAD  25%

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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FIGURA N°3.15

Placa Malla #6

Malls #6
Caucho B5%

PEAD 5%

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

FIGURA N°3.16

Placa Malla # 4
TN TR M ETT W T

Malla #4 . Wl
Caucho B5% ' 2'1
FEAD  15% E

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Una vez retirado de los moldes, son etiquetados, para que no tengamos
confusiones, y realizar sus respectivos ensayos (Moldes Segin Norma
ASTM D3182).

Las placas obtenidas tienen la apariencia de caucho, con la resistencia suficiente

(primera impresién) para ser utilizado en aplicaciones de pisos (pavimentos
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blandos). Estos pavimentos son ecoldgicos por qué no contiene adicion de
componentes téxicos dafiinos para el medio ambiente. Se trabaja,

exclusivamente con material reciclado.

Los residuos producidos por los pavimentos de caucho reciclado no estan
considerados como toxicos ni peligrosos. Los residuos de recorte, o trozos no
utilizados pueden ser reutilizados. Nuestros pavimentos entonces pueden ser

reciclados.

Las muestras obtenidas son cuadrados de aproximadamente 10 cm de lado con
un espesor de 1.5 cm, deben tener unas superficies totalmente lisas para poder
obtener unos resultados méas precisos al momento de realizar las indentacion, al

realizar los ensayos de caida de bola (resiliencia), dureza y traccion.

3.5 ENSAYO DE IMPACTO DE CAIDA DE BOLA

En este andlisis tomamos como referencia de la Norma ASTM F1487. Se
menciona las especificaciones de desempefio de seguridad para equipos de
areas de juego para uso publico.

Este ensayo ha sido concebido con el fin de generar pautas que disminuyan el

riesgo al impacto resultante de caidas.

Veremos aqui el rendimiento de amortiguacion del material de superficie, la

altura critica del material de superficie.
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FIGURA N°3.17

Equipo para en Ensayo de Caida de Impacto de Bola

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Este equipo estd compuesto de una placa base de madera con tornillos
reguladores para poner nivel, una placa metélica con sujetadores fijadores de las
muestras de placas de caucho, un brazo de sujecién para el tubo de caida, el
tubo de caida estd provisto de una cinta métrica, adicionalmente de una camara
filmadora, donde registraremos y congelaremos cada caida de bola, para su
respectivo analisis.

Una vez que tenemos preparado el equipo, soltamos de la parte superior una bola
de acero de 0.40 metros de altura, hacemos esto en cinco repeticiones, sacamos

un promedio dentro de nuestro tablas de anélisis.

3.6 ENSAYO DE DUREZA

Este ensayo es para determinar la transformacién de la materia prima después
de realizar la mezcla. El ensayo de dureza a realizar corresponde al Método
Estdndar de Prueba para las propiedades del Cauchola cual pertenece
especificamente a la Norma ASTM D 2240- 03.
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El proposito de este ensayo serd el de poder medir la dureza basada en la
penetracion de un indentador de un tipo determinado sobre las muestras a
analizar. Teoricamente, los resultados de la dureza de indentacion deberan ser
inversamente proporcionales a la hendidura realizada y directamente
proporcional al médulo de elasticidad y a la viscosidad del material. Es
importante mencionar que los resultados de este ensayo dependeran en gran
medida de la geometria del indentador y la fuerza aplicada sobre el material
objeto de analisis; sin embargo, no existe una relacion entre los valores de
dureza determinados por diferentes durémetros sobre un mismo material. Las

unidades de dureza a utilizar en los ensayos sera la de Shore A.

FIGURA N° 3.17
Durdémetro Shore A

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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4. RESULTADOS Y DISCUSIONES

En este capitulo presentaremos los resultados obtenidos en la elaboracion de

pavimentos blandos, seguido con las interpretaciones, de cada ensayo realizado

4.1 CARACTERIZACION DE LAS MUESTRAS

a) GRANULOMETRIA DE LOS MATERIALES
El Polietileno fue pasado por mallas Malla # 10, Malla # 8, Malla # 6, y Malla
# 4. EIl caucho no lo pasamos por mallas ya que conseguimos un caucho
triturado en un tamafio muy pequefio. Esto principalmente para su respectivo

andlisis reoldgico, al momento de las mezclas.

CUADRO N° 6
DISTRIBUCION DEL ANALISIS GRANULOMETRICO

}A\JSS'IAI\/I? sééln{j_ g; Material Retenido (gr) %Retenido | %oAcumulado
4 2345 46.90 46.90
6 138.2 27.64 74.54
8 95.7 19.14 93.68
10 255 5.10 98.78
Fondo 3.4 0.68 99.46
Total 497.3 99.46
Perdidas (gr.) 2,7
Material retenido(gr.) + perdidas (gr.) 500
% de perdidas 0.54
% Acumulado + % de perdidas 100

Fuente: Laboratorio del Instituto Honorio Delgado Espinoza

Cantidad total de caucho utilizado fue de 500 gr.
Del Cuadro N° 6 observamos que la mayor cantidad de caucho encontrado en la malla
pasante # 4, aqui tenemos 46.90%; viendo los otros porcentajes, es también
recomendable trabajar con malla # 6 y malla # 8.
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FIGURA N°4.1
Malla # 4

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

FIGURA N° 4.2
Malla # 6

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

FIGURA N°4.3
Malla # 8

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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FIGURA N° 4.4
Malla # 10

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

4.2 RESULTADOS DE LA PREPARACION DE LAS MEZCLAS

Las mezclas se toman como base el disefio experimental 2, este disefio permite
explorar una zona escogida del dominio experimental y encontrar una direccion

prometedora para la optimizacion posterior.

Para la optimizacion de las mezclas, es necesario saber cuales son las variables
independientes (ensayo a la bola, Dureza) y las variables dependientes
(Granulometria medidos en mallas, y porcentaje de caucho en las mezclas).

CUADRO N° 7
Identificacion de las variables dependientes

FACTORES Nivel (-) Nivel (+)
Granulometria Malla N°4 | Malla N°10
Porcentaje de caucho 65 % 85 %

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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CUADRO N° 8
Matriz con Disefio Adicionandole masMezclas para una Mejor Evaluacion

Valores actuales
A B
Prueba # ) i
Granulometria Porcentaje de caucho

1
Malla #10 65

2
Malla#10 75

3
Malla#10 85

4
Malla #8 65

5
Malla #8 75

6
Malla #8 85

7
Malla #6 65

8
Malla #6 75

9
Malla #6 85

10
Malla #4 65

11
Malla #4 75

12
Malla #4 85

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin
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4.3 RESULTADOS DEL CONTROL REOLOGICO

CUADRO N°9

Datos Obtenidos durante el Mezclado usando Malla # 4

Malla # 4

85% de 85% de 75% de 75% de 65%0 de 65%0 de

Caucho, Caucho, Caucho, Caucho, Caucho, Caucho,

15% de 15% de 25% de 25% de 359% de 35% de

PEAD PEAD PEAD PEAD PEAD PEAD

Tiempo | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje

(min) (A) (A) (A) (A) (A) (A)
1 3,8 3,8 3,7 3,9 4,0 3,9
2 3,8 3,8 3,7 3,9 3,9 40
3 3,8 3,8 3,7 3,9 3,8 40
4 3,8 3,9 3,7 3,9 3,8 40
5 3,8 3,9 3,7 3,9 3,9 40
6 3,8 3,9 3,7 3,9 3,9 4,0
7 5,6 5,6 49 51 5,2 51
8 55 55 49 5,0 51 5,0
9 55 55 49 49 5,0 5,0
10 5.3 5,4 4.8 49 5,0 4.8
11 54 54 4.8 4.8 49 4.8
12 54 53 4.8 4.8 4.8 47
13 54 53 4.8 4.8 4.8 48
14 53 53 47 4.8 4.8 48

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPOSITORIO DE CATOLICA

TESIS UCSM DE S4ANTA MARIA

GRAFICA N°4.1:
Tiempo vs Amperaje Malla # 4
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Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Observamos, los primeros 6 minutos casi horizontal existiendo un consumo uniforme de
energia, al agregar el PEAD aumenta su consumo, a partir del minuto 7, para
posteriormente estabilizarse; ademas tenemos que todos los porcentajes usados para la
mezcla, tienen casi el mismo comportamiento, con pequefia diferencia, del caucho al

85%, y 15% de PEAD, estimamos que aqui existe un poco méas de consumo de energia.
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Datos Obtenidos durante el Mezclado usando Malla # 6

CUADRO N°10

Malla # 6

85% de 85% de 75% de 75% de 65% de 65% de

Caucho, Caucho, Caucho, Caucho, Caucho, Caucho,

15% de 15% de 25% de 25% de 35% de 35% de

PEAD PEAD PEAD PEAD PEAD PEAD
Tiempo | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje

(min) (A) (A) (A) (A) (A) (A)
1 3,8 3,8 3,8 3,7 3,7 3,6
2 3,8 3,8 3,8 3,8 3,7 3,6
3 3,8 3,8 3,8 3,8 3,7 3,6
4 3,8 3,8 3,8 3,8 3,7 3,6
5 3,8 3,8 3,8 3,8 B 7 3,6
6 3,8 3,8 3,8 3,8 3,7 3,6
7 53 51 51 4,9 5,0 4,9
8 S 51 5,0 4,9 4,9 4,9
9 L 5,0 51 4,8 4,9 4,8
10 51 5,0 5,0 4,8 4,9 4,8
11 51 5,0 5,0 4,7 4,9 4,8
12 5,0 4,9 4,9 4,7 4,8 4,7
13 5,0 4,9 4,9 4,7 4,8 4,7
14 5,0 49 4,8 4,7 4,7 4,7

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPOSITORIO DE CATOLICA

TESIS UCSM DE SANTA MARIA

GRAFICA N°%.2

Tiempo vs Amperaje Malla # 6
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Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Observamos, que los primeros 6 minutos casi horizontal; existiendo un consumo
uniforme de energia, al agregar el PEAD aumenta su consumo, a partir del minuto 7,
para posteriormente estabilizarse; ademas tenemos que todos los porcentajes usados
para la mezcla, tienen casi el mismo comportamiento, con pequeiia diferencia, del
caucho al 85%, 15% de PEAD, y uno de las mezclas de 75% caucho y 25% de PEAD;

estimamos gue aqui existe un poco mas de consumo de energia.
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CUADRO N°11

Datos Obtenidos durante el Mezclado usando Malla # 8

Malla # 8

85% de 85% de 75% de 75% de 65% de 65% de

Caucho, Caucho, Caucho, Caucho, Caucho, Caucho,

15% de 15% de 25% de 25% de 35% de 35% de

PEAD PEAD PEAD PEAD PEAD PEAD

Tiempo | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje

(min) (A) (A) (A) (A) (A) (A)
1 3,7 3,9 4,2 3,8 3,8 3,7
2 3,7 3,9 4,2 3,8 3,8 3,7
3 3,7 3.9 4,1 3,8 3,8 3,7
4 3,7 3,9 4,1 3,8 3,8 3,7
5 3,7 3,9 4,1 3,8 RN 3,7
6 3,7 3.9 4,1 3,8 3,7 3,7
7 4,9 4,8 254 5,0 5,0 50
8 4,9 4,7 5,3 5,0 5,0 50
9 4,9 4,7 5,3 5,0 5,0 50
10 4,9 4,7 o}y3) 4,9 5,0 5,0
11 4,8 4,7 5,2 4,9 4,9 4,9
12 4,8 4,7 5,2 4,9 4,8 4,9
13 4,8 4,7 5,2 4,8 4.8 49
14 4,7 4,6 51 4,8 4,8 4,9

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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GRAFICA N°4.3
Tiempo vs Amperaje Malla # 8
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Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Observamos, los primeros 6 minutos casi horizontal existiendo un consumo uniforme de
energia, al agregar el PEAD aumenta su consumo, a partir del minuto 7, para
posteriormente estabilizarse; ademas tenemos que todos los porcentajes usados para la
mezcla, tienen casi el mismo comportamiento, con pequefa diferencia, del caucho al
75%, 25% de PEAD, y uno de las mezclas de 65% caucho y 35% de PEAD; estimamos

que aqui existe un poco méas de consumo de energia.
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CUADRO N°12

Datos Obtenidos durante el Mezclado usando Malla # 10

Malla # 10

85% de 85% de 75% de 75% de 65% de 65% de

Caucho, Caucho, Caucho, Caucho, Caucho, | Caucho,

15% de 15% de 25% de 25% de 35% de 35% de

PEAD PEAD PEAD PEAD PEAD PEAD

Tiempo | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje | Amperaje

(min) (A) (A) (A) (A) (A) (A)
1 3,9 3,9 3,7 4,0 3,9 3,8
2 3,9 3.9 3,7 4,0 3,9 3,8
3 3,9 3,9 B.7 4,0 3,9 3,8
4 3,9 3,9 B.7 4,0 3,9 3,8
5 3,9 3,9 2 4,0 3,9 3,8
6 3,9 3,9 T 4,0 3,9 3,8
7 4,8 4,8 5,0 5,4 5,5 5,3
8 4,8 4,7 5,0 54 55 5,3
9 4,8 4,7 5,0 5,3 55 5,3
10 4,8 4,7 4,9 5,3 5,4 5,3
11 4,7 4,7 4,9 5,3 5,3 5,2
12 4,7 4,7 4,9 5,3 5,3 5,2
13 4,7 4,6 4,8 5,3 5,3 5,2
14 4,7 4,6 4,8 5,2 5,2 51

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.
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GRAFICA N°4.4
Tiempo vs Amperaje Malla # 10
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Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Observamos, los primeros 6 minutos casi horizontal existiendo un consumo uniforme de
energia, al agregar el PEAD aumenta su consumo, a partir del minuto 7, para
posteriormente estabilizarse; ademas tenemos que todos los porcentajes usados para la
mezcla, tienen casi el mismo comportamiento, con pequefa diferencia, del caucho al
65%, 35% de PEAD, y uno de las mezclas de 75% caucho y 25% de PEAD; estimamos

que aqui existe un poco méas de consumo de energia.
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4.4 ENSAYO DE IMPACTO DE CAIDA DE BOLA

FIGURA N°4.5

Fotografias Tomadas Después de la Filmacién

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Para este ensayo utilizamos una camara filmadora, para registrar las alturas
correspondientes, congelamos las imagenes cuando se encontraban en la parte superior,

haciendo el acercamiento respectivo, tenemos las lecturas, con un error de +- 0.1 cm.
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CUADRO N°13

RESULTADOS OBTENIDOS EN EL ENSAYO IMPACTO DEBOLA

) Altura Promedio
Prueba# | Granulometria | Porcentaje de Caucho
(cm) (cm)
145 146 14.8
1 Malla 4 65 14.60
145 14.6
159 16.0 16.3
2 Malla 4 85 16.06
15.8 16.3
13.4 135 13.6
3 Malla 10 65 13.56
13.5 13.8
15.2 14.8 155
4 Malla 10 85 15.12
15.115.0

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Observando los resultados, la mejor mezcla resultaria; de la mezcla de la malla #4 y
85 % de caucho, en la elaboracion de pavimentos. Sin embargo esta eleccion no
garantiza una evaluacion de las variables, cual es que tiene mayor efecto para su

posterior optimizacion.
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CUADRO N° 14

RESULTADOS OBTENIDOS EN EL ENSAYO IMPACTO A LABOLA CON
MATRIZ DE DISENO ADICIONANDOLE MAS MEZCLAS PARA UNA
MEJOR EVALUACION

A B Altura
Prueba # Promedio

Granulometria | Porcentaje de caucho (cm)
1 Malla 4 65 145 146 148 145 146 14.60
2 Malla 4 75 15.2 15.0 15.2 149 151 15.08
3 Malla 4 85 15.9 16.0 16.3 15.8 16.3 16.06
4 Malla 6 65 125 123 124 125 122 12.38
5 Malla 6 75 14.0 13.8 14.0 13.9 13.8 13.90
6 Malla 6 85 15.2 15.3 15.5 15.5 15.7 15.44
7 Malla 8 65 13.9 13.8 13.6 135 135 13.66
8 Malla 8 75 145 14.6 14.4 145 146 14.52
9 Malla 8 85 15.2 15.4 154 15.2 15.3 15.30
10 Malla 10 65 13.4 135 13.6 135 138 13.56
11 Malla 10 75 142 143 141 145 142 14.26
12 Malla 10 85 15.2 14.8 15.5 151 15.0 15.12

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Observando los resultados de este cuadro y para dar valides a los resultados hacemos
una comparacion de acuerdo de fichas técnicas de los fabricantes, donde nos dicen con
las caracteristicas similares a la mezcla realizada que deben de tener como minimo 15
cm de rebote, viendo los resultados podemos afirmar que las mezclas de Mallas: 4 con
75 % de caucho, Malla 4 con 85 % de caucho, Malla 6 con 85% de caucho, Malla 8 con

85 % de caucho y la Malla 10 con 85 % de caucho, estan dentro del rango de validez.

45 ENSAYO DE DUREZA

Tomando cinco lecturas diferentes y sacando un promedio como se muestra en los
siguientes cuadros vemos que estos valores estan dentro del rango establecido

segun las normas. La dureza aceptada es de 30 a 90 dureza Shore A.
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CUADRO N°15

Resultados Obtenidos en la Malla # 4

PORCENTAJE DUREZA PROMEDIO
85% caucho
15% PEAD 79.5,79.7,81,80.1,79.7 80
75% caucho
2504 PEAD 58.4,59.6,57,59.1,58 58.42
65% caucho
35% PEAD 35.1,34.9,35.4,36.1,37 35.7

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Observacion: Usando la Malla # 4 y a diferentes porcentajes de caucho y PEAD

y aplicando la prueba de dureza nos damos cuenta que a mayor porcentaje de

caucho reciclado el promedio de dureza Shore A aumenta.

CUADRO N° 16

Resultados Obtenidos en la Malla # 6

PORCENTAJE DUREZA PROMEDIO
85% caucho
15% PEAD 75.6,76.2,75.9,76.1,76 75.96
75% caucho
2506 PEAD 58.9,59.1,57.9,58.4,59 58.66
65% caucho
350% PEAD 32.1,32.9,31.4,32.1,33 32.3

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin.

Observacion: Usando la Malla # 6 y a diferentes porcentajes de caucho y PEAD
y aplicando la prueba de dureza nos damos cuenta que a mayor porcentaje de

caucho reciclado el promedio de dureza Shore A aumenta.
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CUADRO N° 17

Resultados Obtenidos en la Malla # 8

PORCENTAJE DUREZA PROMEDIO
85% caucho
15% PEAD 75.5,74.7,75,75.9,74.7 75.16
75% caucho
259 PEAD 59.4,60.6,59,58.1,60 59.42
65% caucho
35% PEAD 35.1,34.9,35.4,34.1,36 35.1

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Observacion: Usando la Malla # 8 y a diferentes porcentajes de caucho y PEAD
y aplicando la prueba de dureza nos damos cuenta que a mayor porcentaje de

caucho reciclado el promedio de dureza Shore A aumenta.

CUADRO N° 18

Resultados en la Malla # 10

PORCENTAJE DUREZA PROMEDIO
85% caucho
15% PEAD 745,74.7,75,73.9,74.7 74.56
75% caucho
2504 PEAD 54.4,53.6,54,55.1,54 54.22
65% caucho
35% PEAD 33.1,32.9,33.4,34.1,33 33.3

Fuente: Laboratorio Antonio Raimondi De La Universidad Nacional De San Agustin

Observacion: Usando la Malla # 10 y a diferentes porcentajes de caucho y
PEAD vy aplicando la prueba de dureza nos damos cuenta que a mayor

porcentaje de caucho reciclado el promedio de dureza Shore A aumenta.
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46 ENSAYO DE TRACCION:

El alargamiento en la rotura se expresa en porcentaje:

Elongacion= (L,- L1)/L; *100

Resultados de los Ensayos de Traccion

CUADRO N°19

UNIVERSIDAD

CATOLICA

DE SANTA MARIA

Malla #10 (75% - 25%) | Malla #6 (75% - 25%) | Malla #4 (75% — 25%)
SHORE 54.2 SHORE 58.6 SHORE 80
Lo(mm)  Li(mm) Lo(mm)  Li(mm) Lo(mm) Li(mm)
113 25 352% 119 25 376% 123 25 392%
114 25 356% 123 25 392% 125 25 400%
112 25 348% 122 25 388% 126 25 404%
352% 385.30% 398.60%

Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecanica, Mecanica Eléctrica Mecatronica De La Universidad
Catolica Santa Maria.

GRAFICA N°4.6

RESULTADOS OBTENIDOS EN EL ENSAYO DE ELONGACION
PORCENTUAL.

ENSAYO DE ELONGACION

wMalla # 10 w palla #6 = Malla #4

398.67 %

shore 54.2 shore 58.6 shore B0

Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecanica, Mecanica Eléctrica Mecatronica De La Universidad
Catolica Santa Maria.
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GRAFICA N° 4.7
Grafica Curva de Fuerza-Deformacién en Shore 54.2
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Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecanica, Mecanica Eléctrica Mecatrénica De La Universidad
Catolica Santa Maria.

GRAFICA N° 4.8

Grafica Curva De Fuerza-Deformacion En Shore 58.6
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Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecénica, Mecénica Eléctrica Mecatrénica De La Universidad
Catélica Santa Maria.
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GRAFICAN°4.9

Grafica Curva De Fuerza-Deformacion En Shore 80
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Fuente: Laboratorio Del Programa Profesional De Ingenieria De Mecénica Mecanica Eléctrica Y Mecatronica De La Universidad
Catélica Santa Maria.

CUADRO N° 20

FUERZA / AREA = Esfuerzo

ESFUERZO(FUERZA/AREA)
SHORE /A /A /A GiA GlA
PROBETA 1 | PROBETA 2 | PROBETA 3 | PROBETA 4 PROBETA 5
Mpa (N'mm2) | Mpa (N‘mm2) | Mpa (Wmm?2) | Mpa (N'mm2)| dpa (N‘mm2)
54.2 125 131 1.204 1.255 12296
386 147 17 143 1333 15027
&0 0.88 0.87 0.95 09 882

Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecanica, Mecanica Eléctrica Mecatronica de la Universidad
Catélica Santa Maria.
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GRAFICA N° 4.10

GRAFICO ESFUERZO
(Mpa (N/mm?) (fuerza/area)

B shore 54.2 W shore538.6 0 shore 80

1

Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecanica, Mecanica Eléctrica Mecatrénica de la Universidad
Catolica Santa Maria.

4.7.COMPARACION DE RESULTADOS:

4.7.1 PAVIMENTOS TRADICIONALES
Tradicionalmente las &reas de juegos para nifios las constituian las propias
calles cuyo pavimento era la tierra compactada. Su dureza hace que se
empiecen a utilizar otros materiales que de forma intuitiva y por la préactica,

parecia que podian absorber mejor los golpes.

e DEFICIENCIAS

Este tipo de pavimento presenta una serie de problemas tales como:
- Laabsorcion de impactos por caidas es insuficiente.
- La accesibilidad para dispositivos con ruedas (sillas adaptadas,

carritos de bebé) queda comprometida.
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- Los elementos del pavimento pueden ser utilizados como armas
arrojadizas, pudiendo causar dafios entre los nifios.

- El mantenimiento y la limpieza son muy complicados por las
razones expuestas con anterioridad.

- Elevado coste.

- La dificultad de extraccion de los materiales que constituyen el
pavimento, pues el uso de las graveras de rios y playas estd muy
limitado, hay pocas concesiones por parte de la Administracion y
la obtencidn de éstas exigen estudios de Impacto Ambiental que
las avalen.

De igual forma y a pesar de amortiguar en parte la caida de los nifios,

incumplen normas de seguridad tales como la Norma UNE-EN 1177.

“Revestimientos de las superficies de las areas de juego absorbentes

de impactos. Requisitos generales de seguridad y métodos de ensayo”

4.7.2 PAVIMENTOS BLANDOS RECICLADOS

Se trata de un pavimento constituido por una mezcla de grano de caucho
tipo SBR procedente del reciclado de neumaticos y HDPE de granulometria
1-6 mm.

El espesor es variable dependiendo de la HIC (Altura Critica de Caida), con
una capa superficial de terminacién de 10 mm de espesor quees mezcla de

grano de caucho de EPDM de color, con granulometria 1-4 mm.

e Ventajas:

- Elevada amortiguacion 'y absorciébn de impactos Son
antideslizantes.

- Aislamiento térmico y acustico.

- Fécil mantenimiento.

- No inflamable/ ni toxico.

- No tiene juntas.

- Bajo coste.

- Se puede reforzar y adaptar a nuevas situaciones de juego, como

la instalacion de elementos con altura de caida superior.
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- Admite practicamente cualquier disefio, por lo que la capacidad
de accesibilidad es mayor.
- Mejor adaptacion al terreno, se pueden crear suaves ondulaciones

y recubrirlas con este material.

e Desventajas:
- Su instalacion necesita especialistas y su acabado depende de una

buena ejecucion.
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CAPITULO V
COSTOS de EQUIPOS
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5. COSTOS

Para el desarrollo del Proyecto de Investigacion se realizo la donacién de los
maquinas para equipar el Laboratorioen la parte de Materiales no Ferrosos ya
gue no se contaba con estos equipos en el Laboratorio de Materiales de La
Universidad Catdlica de Santa Maria puesto que son herramientas importantes
para el analisis e investigacion de dichos materiales y para asi poder realizar y
desarrollar las probetas. Las maquinas a Donarse son:

a) Mezclador Tipo Brabender.
b) Termo prensa de Conformado.

GRAFICA 5.1: Mezclador Tipo Brabender

Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecénica, Mecénica Eléctrica Mecatrénica De La Universidad
Catélica Santa Marfa.
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GRAFICO 5.2:
TERMO PRENSA DE CONFORMADO

Fuente: Laboratorio del Programa Profesional de Ingenieria de Mecanica, Mecanica Eléctrica Mecatronica De La Universidad
Catolica Santa Maria.

Los costos de los equipos y de cada actividad realizada de los mismos estan en
tiempo estandar y en tiempo Optimo. Ambos costos deben ser proporcionados

por las personas responsables de la ejecucion.

Los costos se deben anotar en la matriz de informacion (Ver Cuadro N°21).
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CUADRO N° 21:
MATRIZ DE COSTOS

MAQUINA MEZCLADOR TIPO BRABENDER:

ITEM ACTIVIDADES CANTIDAD UIEI:IC')I'?ATRgO $8$TAE
ESTRUCTURA
1 Plancha de fierro de 1/8”. 1 300.00 300.00
2 Plancha de fierro de v4”. 1 100.00 100.00
3 Tubo de cuadrado de 4”. 1 50.00 50.00
4 Chapa de puerta. 1 10.00 10.00
5 Patas de caucho. 4 25.00 100.00
6 Eje para bisagra. 1 15.00 15.00
7 Servicio de corte, plegado, soldadura y armado. 400.00 400.00
8 Pintura. 100.00 100.00
SISTEMA MECANICO
9 Motorreductor. 1 2500.00 2500.00
10 |Eje de 6”x 3" acero inox. 1 200.00 200.00
11 | Disco de inox de 6” x %2". 1 50.00 50.00
12 |Eje de inox de 2”. 2 25.00 50.00
13 |Plancha de inox 8” x 10”x 5/8”. 1 100.00 100.00
14 |Pernos y turcas de acero inoxidable. 50.00 50.00
15 | Acople de motor. 1 100.00 100.00
16 | Caja reductora 1 entrada - 2 salidas. 1 300.00 300.00
17 | Plancha de fierro negro de 8” x 10”x 5/8. 1 50.00 50.00
18 |Angulode 2” x ¥4”. 1 20.00 20.00
19 | Servicio de maquinado. 2000.00 2000.00
SISTEMA ELECTRICO
20 | Tablero de control. 500.00 500.00
21 [Cables eléctricos. 200.00 200.00
22 [ Terminal de cable. 50.00 50.00
OTROS
23 | Servicio de armado y ensamble. | 80000 |  800.00
TOTAL S/. 8,045.00

En el Cuadro N° 21 se puede apreciar los costos de cada actividad realizada por el

fabricante presentandonos el costo real y total de las Maquinas que se donaron al

Laboratorio de Materiales de la Universidad Catolica de Santa Maria.
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CUADRO N°22:
MATRIZ DE COSTOS

MAQUINA TERMO PRENSA DE CONFORMADO:

COSTO COSTO
ITEMS ACTIVIDADES CANTIDAD UNITARIO| TOTAL
ESTRUCTURA
1 Plancha de fierro de 1/8”. 1 300.00 300.00
2 Plancha de fierro de ¥4”. 1 70.00 70.00
3 Tubo de cuadrado de 4”. 1 50.00 50.00
4 Chapa de puerta. 1 10.00 10.00
5 Patas de caucho. 4 25.00 100.00
6 | Eje para bisagra. 1 15.00 15.00
7 Servicio de corte, plegado, soldadura y armado. 1 400.00 400.00
8 Pintura. 1 50.00 50.00
SISTEMA HIDRAULICO
9 Motor eléctrico 1HP trifasico 380v. 1 400.00 400.00
10 | Bomba hidraulica. 1 500.00 500.00
11 | Acople de motor. 1 100.00 100.00
12 | Base de bomba hidraulica. 1 50.00 50.00
13 | Tanque de aceite. 1 100.00 100.00
14 | Pisténhidraulico de g 4". 1 500.00 500.00
15 Mandmetrohidraulico. 1 100.00 100.00
16 | Mangueras hidraulicas. 4 50.00 200.00
17 | Valvula de descarga hidraulica. 1 200.00 200.00
18 | Valvula de paso hidraulica. 1 100.00 100.00
19 | Conexiones varias hidraulicas. 1 150.00 150.00
SISTEMA ELECTRICO
20 |Tablero de control. 1 500.00 500.00
21 | Cables eléctricos. 1 200.00 200.00
22 | Terminal de cable. 1 50.00 50.00
23 | Resistenciaeléctrica. 1 40.00 40.00
SISTEMA MECANICO
24 | Ejes de 2" x 50cm 4 50.00 200.00
25 Plancha de 2" x 30x20cm. 2 100.00 200.00
26 Plancha de 2" x 20x20 cm. 1 75.00 75.00
27 Barra cuadrada de 1/2" x 6Mtrs. 1 35.00 35.00
28 Planchas de 1/2" x 20x 20 cm. 2 25.00 50.00
29 | Pernos de 1/2" con volanda de presion. 12 80.00 80.00
OTROS
30 [Servicio de armado y ensamble 1 | 2500.00 | 2500.00
TOTAL | S/.7325.00
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COSTO COSTO
ITEMS ACTIVIDADES UNITARIO TOTAL
1 Maquina Mezclador Tipo Brabender. 6695.00 8,045.00
2 Maquina Termo Prensa de Conformado. 5670.00 7,325.00
1.G.V. (18%) 2766.60
COSTO
TOTAL S/. 18,136.60
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CONCLUSIONES

e Después de ensayar varias combinaciones de caucho y polietileno se comprob6
que 85 % de caucho mas el 15 % de polietileno y con Malla N° 4; es la mejor
combinacion de mezcla para nuestro pavimento blando segun lo realizado en

el Proyecto de Investigacion.

e Con este estudio contribuimos a la reduccion de los residuos solidos, pues
estamos reutilizando productos desechados, como son el polietileno de alta
densidad como las bolsas de pléstico y el caucho proveniente de las llantas de

nuestro parque automotor.

e A los pavimentos obtenidos podemos agregar color, forma, dependiendo del
disefio del productor, agregandole mayor valor comercial, mejorando las

utilidades de su produccion.

e Al usar material reciclado disminuimos el costo de este producto en casi cerca a
un 50% vy vemos la importancia y el valor que podemos sacar de estos tipos de

materiales desechados.

e En la produccion del pavimento para zonas recreacionales, no utilizamos ningun
tipo de contaminantes o soluciones que contaminan nuestro medio ambiente,
todo por el contrario es una técnica limpia y el producto terminado puede ser

reutilizado para la produccion de mas pavimentos blandos.
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RECOMENDACIONES

e Se recomienda hacer ensayos de Desgaste y Abrasion segun normas ASTM
D2228 y ASTM D5963.

e Se recomienda hacer pruebas de permeabilidad para ver su comportamiento

frente a climas adversos.

e Se recomienda hacer ensayos de Envejecimiento Acelerado segin normas
ASTM D573y ASTM D1349.

e Se recomienda una mejor implementacion en laboratorios el cual mejoraria
enormemente los resultados generando mas seguridad en las acciones a realizar.

e Se recomienda evitar el reaprovechamiento energéticamente de los neumaticos
desechados como combustible alternativo, dentro de las ladrilleras de la ciudad,
sustituyendo parcialmente en sus hornos a los combustibles primarios fosiles

(coque de petroleo, carbon, fuel-oil, etc.). por ser altamente contaminante

e Se recomienda seguir estudiando con granulometrias para elaborar mezclas,
tanto con mas plasticos 0 mezclas con caucho virgen para analizar sus nuevas

propiedades, de los nuevos pavimentos.

e Se recomienda hacer nuevas mezclas con diferentes plasticos, para tener nuevos

pavimentos.

e Se recomienda hacer mezclas con caucho virgen, para pavimentos u otras
aplicaciones.
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[‘IM) Designation: D 412 — 98a (Reapproved 2002) <!
i’

INTERNATIONAL

Standard Test Methods for
Vulcanized Rubber and Thermoplastic Elastomers—
Tension *

This standard is issued under the fixed designation D 412; 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 (e) indicates an editorial change since the last revision or reapproval.

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

' Note—Section 9.2 was editorially updated in January 2003.

1. Scope E 4 Practices for Force Verification of Testing Machihes

1.1 These test methods cover procedures used to evaluate?-2 ASTM Adjunct:
the tensile (tension) properties of vulcanized thermoset rubbers Cut Ring Specimens, Method B (D 412)

and thermoplastic elastomers. These methods are not appli-2:3 SO Standards: _ _
cable to ebonite and similar hard, low elongation materials. SO 37 Rubber, Vulcanized and Thermoplastic Determina-

Test Method A—Dumbbell and Straight Section Specimens :
Test Method B—Cut Ring Specimens 3. Termlnology

3.1 Definitions:

o ) 3.1.1 tensile set—the extension remaining after a specimen
1.2 The values stated in either SI or non-SlI units shall bg,as heen stretched and allowed to retract in a specified manner,

regarded separately as normative for this standard. The Va'”‘é%pressed as a percentage of the original length. (D 1566)

in each system may not be exact equivalents; therefore each3 1  tensile set-after-break—the tensile set measured by

system must be used independently, without combining valuesiting the two broken dumbbell pieces together at the point of
1.3 This standard does not purport to address all of therupture.

safety concerns, if any, associated with its use. It is the 31 3tensile strength—the maximum tensile stress applied
responsibility of the user of this standard to establish appro-,, stretching a specimen to rupture. (D 1566)

priate safety and health practices and determine the applica- 31 4 tensile stress—a stress applied to stretch a test piece
bility of regulatory limitations prior to use. (specimen). (D 1566)
2 Referenced Documents 3.1.5 tensile stress at-given-elongatiesthe stress required
to stretch the uniform cross section of a test specimen to a
2.1 ASTM Standards: given elongation. (D 1566)
D 1349 Practice for Rubber—Standard Temperatures for' 3 1 g thermoplastic elastomers—a diverse family of rubber-
Testing _ like materials that unlike conventional vulcanized rubbers can
D 1566 Terminology Relating to Rubtser _ be processed and recycled like thermoplastic materials.
D 3182 Practice for Rubber—Materials, Equipment and 31 7 jimate elongation—the elongation at which rupture
Procedures for Mixing Standard Compounds and Prepalsecyrs in the application of continued tensile stress.
ing Standard Vulcanized Sheets 3.1.8 yield point—that point on the stress-strain curve, short

D 3183 Practice for Rubber—Preparation of Pieces for Tesg¢ jjiimate failure, where the rate of stress with respect to

Purposes from Products _ strain, goes through a zero value and may become negative.
D 3767 Practice for Rubber—Measurement of Dlmensﬁons(D 1566)

D 4483 Practice for Determining Precision for Test Method™ 3 1 g yield strain—the level of strain at the yield point.
Standards in the Rubber and Carbon Black Industries (D 1566)

Note 1—These two different methods do not produce identical results.

1 These test methods are under the jurisdiction of ASTM Committee D11 om———————
Rubber and are the direct responsibility of Subcommittee D11.10 on Physical *Annual Book of ASTM Standards, Vol 03.01.

Testing. 4 Detailed drawings are available from ASTM Headquarters, 100 Barr Harbor
Current edition approved Dec. 10, 2002. Published January 2003. Original\Drive, Conshohocken, PA 19428. Order Adjunct No. ADJD0412.

approved in 1935. Last previous edition approved in 1998 as D 412 — 98a. ° Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
2 Annual Book of ASTM Standards, Vol 09.01. 4th Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.10vyield stress—the level of stress at the yield point.applied force is measured with the requisite accuracy during

(D 1566) the extension of the specimen to rupture. If the testing machine
is not equipped with a recorder, a device shall be provided that
4. Summary of Test Method indicates, after rupture, the maximum force applied during

4.1 The determination of tensile properties starts with tesgXténsion. Testing machine systems shall be capable of mea-

preparation of the specimens and the testing of the specimer%f. 10 %.

Specimens may be in the shape of dumbbells, rings or StralghtNOTE 2—Arate of elongation of 100& 100 mm/min (40= 4 in./min)

pieces of uniform cross-sectional area. _ ~ may be used and notation of the speed made in the report. In case of
4.2 Measurements for tensile stress, tensile stress at a giv@Rpute, the test shall be repeated and the rate of elongation shall be at 500
elongation, tensile strength, yield point, and ultimate elongas= 50 mm/min (20= 2 in./min).

tion are made on specimens that have not been prestressed6 2 Test Chamber for Elevated and Low Temperatus@$e
Tensile stress, yield point, and tensile strength are based on tl&g )

o . : . st chamber shall conform with the following requirements:
original cross-sectional area of a uniform cross-section of the . :
specimen. 6.2.1 Air shall be circulated through the chamber at a

velocity of 1 to 2 m/s (3.3 to 6.6 ft/s) at the location of the grips

4.3 Measurement of tensile set is made after a previousl s : - s o
unstressed specimen has been extended and allowed to retré&?p!;?déets and sptemmens maintained within 2°C (3.6°F) of the
by a prescribed procedure. Measurement of “set after break” igPecihied temperature.

also described. 6.2.2 A calibrated sensing device shall be located near the
grips or spindles for measuring the actual temperature.
5. Significance and Use 6.2.3 The chamber shall be vented to an exhaust system or

5.1 All materials and products covered by these test methi© the outside atmosphere to remove fumes liberated at high

ods must withstand tensile forces for adequate performance ﬁqmperatures.. _ . .
certain applications. These test methods allow for the measure-6.2.4 Provisions shall be rr_1ade for suspean_g specimens
ment of such tensile properties. However, tensile propertie¥ertically near the grips or spindles for conditioning prior to
alone may not directly relate to the total end use performanctest. The specimens shall not touch each other or the sides of
of the product because of the wide range of potential perforthe chamber except for momentary contact when agitated by
mance requirements in actual use. the circulating air.

5.2 Tensile properties depend both on the material and the 6.2.5 Fast acting grips suitable for manipulation at high or
conditions of test (extension rate, temperature, humidity, speclow temperatures may be provided to permit placing dumbbells
men geometry, pretest conditioning, etc.); therefore materialer straight specimens in the grips in the shortest time possible
should be compared only when tested under the same condd minimize any change in temperature of the chamber.
tions. 6.2.6 The dynamometer shall be suitable for use at the

5.3 Temperature and rate of extension may have substanti®dmperature of test or it shall be thermally insulated from the
effects on tensile properties and therefore should be controlleghamber.

These effects will vary depending on the type of material being 2.7 Provision shall be made for measuring the elongation
tested. _ : . .of specimens in the chamber. If a scale is used to measure the

5.4 Tensile set represents residual deformation which igytension between the bench-marks, the scale shall be located
partly permanent and partly recoverable after stretching anfarajjel and close to the grip path during specimen extension
retraction. For this reason, the periods of extension andnq shall be controlled from outside the chamber.
recovery (and other conditions of test) must be controlled to 6.3 Dial Micrometer—The dial micrometer shall conform to

obtain comparable results. the requirements of Practice D 3767 (Method A). For ring
specimens, see 14.10 of these test methods.
6. Apparatus

. . . 6.4 Apparatus for Tensile Set Test—The testing machine
6.1 Testing Machine—Tension tests shall be made on ?1

; . ; , escribed in 6.1 or an apparatus similar to that shown in Fig. 1
power driven machine equipped to produce a uniform rate o ay be used. A stop watch or other suitable timing device

grip separation of 506- 50 mm/min (20+ 2 in./min) for @ measuring in minute intervals for at least 30 min, shall be

distance of at least 750 mm (30 in.) (see Note 1). The teSti”Brovided. A scale or other device shall be provided for
machine shall have both a suitable dynamometer and easuring tensile set to within 1 %.

indicating or recording system for measuring the applied force
within =2 %. If the capacity range cannot be changed for a tes
(as in the case of pendulum dynamometers) the applied force at
break shall be measured within2 % of the full scale value, 7.1 Consider the following information in making selec-
and the smallest tensile force measured shall be accurate #ons:

within 10 %. If the dynamometer is of the compensating type 7.1.1 Since anisotropy or grain directionality due to flow
for measuring tensile stress directly, means shall be provided tiotroduced during processing and preparation may have an
adjust for the cross-sectional area of the specimen. Thmfluence on tensile properties, dumbbell or straight specimens
response of the recorder shall be sufficiently rapid that theshould be cut so the lengthwise direction of the specimen is

Selection of Test Specimens
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FIG. 1 Apparatus for Tensile Set Test

parallel to the grain direction when this direction is known. 7.1.4 Straight specimens tend to break in the grips if normal
Ring specimens normally give an average of with and acrosextension-to-break testing is conducted and should be used
the grain properties. only when it is not feasible to prepare another type of
7.1.2 Unless otherwise noted, thermoplastic rubber or therspecimen. For obtaining non-rupture stress-strain or material
moplastic elastomer specimens, or both, are to be cut froomodulus properties, straight specimens are quite useful.
injection molded sheets or plaques with a thickness of23.0  7.1.5 The size of specimen type used will be determined by
0.3 mm. Specimens of other thickness will not necessarily givéhe material, test equipment and the sample or piece available
comparable results. Specimens are to be tested in directiofsr test. Alonger specimen may be used for rubbers having low
both parallel and perpendicular to the direction of flow in theultimate elongation to improve precision of elongation mea-
mold. Sheet or plaque dimensions must be sufficient to do thissurement.
7.1.3 Ring specimens enable elongations to be measured by o ) )
grip separation, but the elongation across the radial width of- Calibration of the Testing Machine
the ring specimens is not uniform. To minimize this effect the 8.1 Calibrate the testing machine in accordance with Proce-
width of the ring specimens must be small compared to thelure A of Practice E 4. If the dynamometer is of the strain-gage
diameter. type, calibrate the tester at one or more forces in addition to the
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requirements in Sections 7 and 18 of Practice E 4. Testers TEST METHOD A—DUMBBELL AND STRAIGHT
having pendulum dynamometers may be calibrated as follows: SPECIMENS
8.1.1 Place one end of a dumbbell specimen in the upper
grip of the testing machine. 10. Apparatus
8.1.2 Remove the lower grip from the machine and attach it, 10.1 Die—The shape and dimensions of the die for prepar-
by means of the gripping mechanism to the dumbbell specimeimg dumbbell specimens shall conform with those shown in

in the upper grip. Fig. 2. The inside faces in the reduced section shall be
8.1.3 Attach a hook to the lower end of the lower specimerperpendicular to the plane formed by the cutting edges and
grip mechanism. polished for a distance of at least 5 mm (0.2 in.) from the

8.1.4 Suspend a known mass from the hook of the lowegutting edge. The die shall at all times be sharp and free of
specimen grip mechanism in such a way as to permit the magtcks (see 9.2).

assembly to temporarily rest on the lower testing machine grip Note 4—The condition of the die may be determined by investigating
framework or holder (see Note 2). the rupture point on any series of broken (ruptured) specimens. Remove
8.1.5 Start the grip separation motor or mechanism, as imuch specimens from the grips of the testing machine, stack the joined-

normal testing, and allow it to run until the mass is free|ytogether specimens on top of each other, and note if there is any tendency
suspended by the specimen in the upper grip. for tensile breaks to occur at the same position on each of the specimens.

8.1.6 If the dial or scale does not indicate the force applie(g?upture consistently at the same place indicates that the die may be dull,

(or its equivalent in stress for a compensating type tester i
within specified tolerance, thoroughly inspect the testing ma- 10-2 Beénch Marker—The two marks placed on the speci-
chine for malfunction (for example, excess friction in bearings™€n apd used to measure elongation or strain are called “bench
and other moving parts). Ensure that the mass of the lower grif1a'ks” (see Note 4). The bench marker shall consist of a base
mechanism and the hook are included as part of the knowRlate containing two raised parallel projections. The surfaces of
mass. the raised projections (parallel to the plane of the base plate)
8.1.7 After machine friction or other malfunction has been®'® ground smooth in the same plane. The raised projection

removed, recalibrate the testing machine at a minimum of threg]arking surfaces shall be between 0.05 and 0.08 mm (0.002

points using known masses to produce forces of approximatefg'd 0-003 in.) wide and at least 15 mm (0.6 in.) long. The
10, 20 and 50 % of capacity. If pawls or rachets are used durin ngles between the parallel marking surfaces and the sides of

routine testing, use them for calibration. Check for friction in e projections shall be at 'e"%St 7.50' The dist_ance between the
the head by calibrating with the pawls up. centers of the two parallel projections or marking surfaces shall

be within 1 % of the required or target bench mark distance. A
Note 3—It is advisable to provide a means for preventing the knownhandle attached to the back or top of the bench marker base

icked, or bent at that location.

mass from falling to the floor in case the dumbbell should break. plate is normally a part of the bench marker.
8.2 A rapiq approxim_ate Ca"b_"ation (_3f th_e testing machine Nore 5If a contact extensometer is used to measure elongation,
may be obtained by using a spring calibration device. bench marks are not necessary.

10.3 Ink Applicato—A flat unyielding surface (hardwood,

9. Test Temperature metal, or plastic) shall be used to apply either ink or powder to
9.1 Unless otherwise specified, the standard temperature fthhe bench marker. The ink or powder shall adhere to the
testing shall be 23- 2°C (73.4+ 3.6°F). Specimens shall be specimen, have no deteriorating effect on the specimen and be

conditioned for at least 3 h when the test temperature is 23°Gf contrasting color to that of the specimen.

(73.4°F). If the material is affected by moisture, maintain the 10.4 Grips—The testing machine shall have two grips, one

relative humidity at 5G= 5 % and condition the specimens for of which shall be connected to the dynamometer.

at least 24 h prior to testing. When testing at any other 10.4.1 Grips for testing dumbbell specimens shall tighten

temperature is required use one of the temperatures listed automatically and exert a uniform pressure across the gripping

Practice D 1349. surfaces, increasing as the tension increases in order to prevent
9.2 For testing at temperatures above 23°C (73.4°F) preheatippage and to favor failure of the specimen in the straight

specimens for 1& 2 min for Method A and for 6= 2 min for ~ reduced section. Constant pressure pneumatic type grips also

Method B (see Note 3). Place each specimen in the testre satisfactory. At the end of each grip a positioning device is

chamber at intervals ahead of testing so that all specimens ofrecommended for inserting specimens to the same depth in the

series will be in the chamber the same length of time. Thegrip and for alignment with the direction of pull.

preheat time at elevated temperatures must be limited to avoid 10.4.2 Grips for testing straight specimens shall be constant

additional vulcanization or thermal agingiarning—In ad-  pressure pneumatic, wedged, or toggle type designed to trans-

dition to other precautions, suitable heat or cold resistanmit the applied gripping force over the entire width of the

gloves should be worn for arm and hand protection whergripped specimen.

testing at other than 23°C (73.4°F). A mask for the face is very

desirable for high temperature testing to prevent the inhalatiodl. Specimens

of toxic fumes when the door of the chamber is open.) 11.1 Dumbbell SpecimersWhenever possible, the test
9.3 For testing at temperatures below 23°C (73.4°F) condispecimens shall be injection molded or cut from a flat sheet not
tion the specimens at least 10 min prior to testing. less than 1.3 mm (0.05 in.) nor more than 3.3 mm (0.13 in.)
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FIG. 2 Standard Dies for Cutting Dumbbell Specimens

thick and of a size which will permit cutting a specimen by one 11.1.1 Marking Dumbbell SpecimersDumbbell speci-

of the standard methods (see Practice D 3182). Sheets may beens shall be marked with the bench marker described in 10.2,
prepared directly by processing or from finished articles bywith no tension on the specimens at the time of marking. Marks
cutting and buffing. If obtained from a manufactured article,shall be placed on the reduced section, equidistant from its
the specimen shall be free of surface roughness, fabric layersenter and perpendicular to the longitudinal axis. The between
etc. in accordance with the procedure described in Practickench mark distance shall be as follows: for Die C or Die D of

D 3183. All specimens shall be cut so that the lengthwisd-ig. 2, 25.00+ 0.25 mm (1.00= 0.01 in.); for any other Die
portion of the specimens is parallel to the grain unlesf Fig. 2, 50.00+0.5 mm (2.00%= 0.02 in.).

otherwise specified. In the case of sheets prepared in accor-11.1.2 Measuring Thickness of Dumbbell Specimens
dance with Practice D 3182, the specimen shall be22.0.2  Three measurements shall be made for the thickness, one at the
mm (0.08 £ 0.008 in.) thick died out in the direction of the center and one at each end of the reduced section. The median
grain. Use Die C, Fig. 2 (unless otherwise noted) to cut theof the three measurements shall be used as the thickness in
specimens from the sheet with a single impact stroke (hand aralculating the cross sectional area. Specimens with a differ-
machine) to ensure smooth cut surfaces. ence between the maximum and the minimum thickness
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Dimensions of Standard Dumbbell Dies* (Metric Units)

Dimension Units Tolerance Die A Die B Die C Die D Die E Die F
A mm +1 25 25 25 16 16 16
B mm max 40 40 40 30 30 30
C mm min 140 140 115 100 125 125
D mm +65 32 32 32 32 32 32
D-E mm *1 13 13 13 13 13 13
F mm *2 38 38 19 19 38 38
G mm +1 14 14 14 14 14 14
H mm *2 25 25 25 16 16 16
L mm *2 59 59 33 33 59 59
w mm +0.05, —0.00 12 6 6 3 3 6
z mm *1 13 13 13 13 13 13

A Dies whose dimensions are expressed in metric units are not exactly the same as dies whose dimensions are expressed in U.S. customary units. Dies dimensioned
in metric units are intended for use with apparatus calibrated in metric units.

B For dies used in clicking machines it is preferable that this tolerance be +0.5 mm.

FIG. 2 a (continued)

Dimensions of Standard Dumbbell Dies” (U.S. Customary Units)

Dimension Units Tolerance Die A Die B Die C Die D Die E Die F
A in. +0.04 1 g iy 0.62 0.62 0.62
B in. max 1.6 1.6 1.6 1.2 1.2 1.2
C in. min 55 55 4.5 4 5 5
D in. +0.258 1.25 1.25 1.25 1.25 1.25 1.25
D-E in. +0.04 0.5 0.5 0.5 0.5 0.5 0.5
F in. +0.08 15 15 0.75 0.75 15 15
G in. +0.04 0.56 0.56 0.56 0.56 0.56 0.56
H in. +0.08 ¥ 1 bl 0.63 0.63 0.63
L in. +0.08 2.32 2.32 131 131 2.32 2.32
W in. +0.002, —0.000 0.500 0.250 0.250 0.125 0.125 0.250
z in. +0.04 0.5 0.5 0.5 0.5 0.5 0.5

A Dies whose dimensions are expressed in metric units are not exactly the same as dies whose dimensions are expressed in U.S. customary units.
B For dies used in clicking machines it is preferable that this tolerance by =0.02 in.
FIG. 2 b (continued)

exceeding 0.08 mm (0.003 in.), shall be discarded. The widtlsection. This avoids complications that prevent the maximum
of the specimen shall be taken as the distance between tlsérength of the material from being evaluated. Unless otherwise
cutting edges of the die in the restricted section. specified, the rate of grip separation shall be 3080 mm/min

11.2 Straight Specimens—Straight specimens may be prg20 + 2 in./min) (see Note 6). Start the machine and note the
pared if it is not practical to cut either a dumbbell or a ring distance between the bench marks, taking care to avoid
specimen as in the case of a narrow strip, small tubing oparallax. Record the force at the elongation(s) specified for the
narrow electrical insulation material. These specimens shall bgst and at the time of rupture. The elongation measurement is
of sufficient length to permit their insertion in the grips used formade preferably through the use of an extensometer, an
the test. Bench marks shall be placed on the specimens @gitographic mechanism or a spark mechanism. At rupture,
described for dumbbell specimens in 11.1.1. To determine thgyeasure and record the elongation to the nearest 10 %. See
cross sectional area of straight specimens in the form of tubegection 13 for calculations.
the mass, length, and density of the specimen may be required.
The cross sectional area shall be calculated from these meaXNote 7—For materials having a yield point (yield strain) under 20 %
surements as follows: elongation when tested at 5050 mm/min (20= 2 in./min), the rate of
elongation shall be reduced to 305 mm/min (2.0 0.2 in./min). If the
material still has a yield point (strain) under 20 % elongation, the rate shall
be reduced to 5 0.5 mm/min (0.2 0.002 in./min). The actual rate of
separation shall be reported.

A= M/DL 1)

where:

A = cross-sectional area, ém
M = mass, g,

D = density, g/cm, and

L = length, cm.

12.2 Determination of Tensile SetPlace the specimen in
the grips of the testing machine described in 6.1 or the
apparatus shown in Fig. 1, and adjust symmetrically so as to
distribute the tension uniformly over the cross section. Sepa-
rate the grips at a rate of speed as uniformly as possible, that
12. Procedure requires 15 s to reach the specified elongation. Hold the

12.1 Determination of Tensile Stress, Tensile Strength angpecimen at the specified elongation for 10 min, release
Yield Point—Place the dumbbell or straight specimen in thequickly without allowing it to snap back and allow the
grips of the testing machine, using care to adjust the specimespecimen to rest for 10 min. At the end of the 10 min rest
symmetrically to distribute tension uniformly over the crossperiod, measure the distance between the bench marks to the

NoTe 6—A in square inches A (cm?) X 0.155.
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nearest 1 % of the original between bench mark distance. Use 13.8 Test Result—A test result is the median of three

a stop watch for the timing operations. See Section 13 foindividual test measurement values for any of the measured

calculations. properties as described above, for routine testing. There are
12.3 Determination of Set-After-BreakTen minutes aftera two exceptions to this and for these exceptions a total of five

specimen is broken in a normal tensile strength test, carefullgpecimens (measurements) shall be tested and the test result

fit the two pieces together so that they are in good contact oveeported as the median of five.

the full area of the break. Measure the distance between the 13.8.1 Exception 1—If one or two of the three measured

bench marks. See Section 13 for calculations. values do not meet specified requirement values when testing
for compliance with specifications.
13. Calculation 13.8.2 Exception 2—If referee tests are being conducted.
13.1 Calculate the tensile stress at any specified elongation  +EgT METHOD B—CUT RING SPECIMENS
as follows:
T(xxx) = F(xxx)/A (2) 14. Apparatus

14.1 Cutter—A typical ring cutter assembly is illustrated in

where: . g . :

T = tensile stress at (xxx) % elongation, MPa (Ibf/ Fig. 3. This is used for cutting rings from flat sheets by
(0 in.?) ’ mounting the upper shaft portion of the cutter in a rotating
Foowy = force at specified elongation, MN or (Ibf), and ng:ijsilnng tg?é (;asnsgiv:/%\lﬁrli(ij °2t° a sheet held by the rubber

A = cross-sectional area of unstrained specimefi, m g g. 4 _ _
(in.2). 14.1.1 Blade Depth Gage—This gage consists of a cylin-
13.2 Calculate the yield stress as follows: drical disk having a thickness of at least 0.5 mm (0.02 in.)
' ; greater than the thickness of the rubber to be cut and a diameter
Yistress) = Fy/A () less than the inside diameter of the specimen used for adjusting
where: the protrusion of the blades from the body of the cutter. See
Yeressy = Yield stress, that stress level where the yield Fig. 3. _ _
point occurs, MPa (Ibf/irf), 14.2 quber H_oldlng Plate—The apparatus for holding the
Fo) = magnitude of force at the yield point, MN (Ibf), sheet during cutting shall.hlave plane parallel upper and lower
and surfaces and shall be a rigid polymeric material (hard rubber,
A = cross-sectional area of unstrained specimen, m polyurethane, polymethylmethacrylate) with holes approxi-
(in.2). mately 1.5 mm (0.06 in.) in diameter spaced 6 or 7 mm (0.24

13.3 Evaluate the yield strain as that strain or elongatio" 0-32 in.) apart across the central region of the plate. All the
magnitude’ where the rate of Change of stress with respect {aples shall connect to a central internal caV|ty which can be

strain, goes through a zero value. maintained at a reduced pressure for holding the sheet in place
13.4 Calculate the tensile strength as follows: due to atmospheric pressure. Fig. 4 illustrates the design of an
- @ apparatus for holding standard sheets (approximatelyx150
B8) 150 X 2 mm) during cutting.
where: 14.3 Source of Reduced Pressuréd\ny device such as a
TS = tensile strength, the stress at rupture, MPa (Ibf/ vacuum pump that can maintain an absolute pressure below 10
in.?), kPa (0.1 atm) in the holding plate central cavity.
Fegy = the force magnitude at rupture, MN (Ibf), and 14.4 Soap Solutior-A mild soap solution shall be used on
A = cross-sectional area of unstrained specimefi, m the specimen sheet to lubricate the cutting blades.
(in2). 14.5 Cutter Rotato—A precision drill press or other suit-
13.5 Calculate the elongation (at any degree of extension) s&ble machine capable of rotating the cutter at an angular speed
follows: of at least 30 rad/s (approximately 300 r/min) during cutting
E— 10qL L JL 5) shall be used. The cutter rotator device shall be mounted on a
(0)1=(0) ; P ; i
horizontal base and have a vertical support orientation for the
where: shaft that rotates the spindle and cutter. The run-out of the
E = the elongation in percent (of original bench mark rotating spindle shall not exceed 0.01 mm (0.004 in.).
distance), 14.6 Indexing Table—A milling table or other device with
L = observed distance between bench marks on theypical x-y motions shall be provided for positioning the sheet
extended specimen, and and holder with respect to the spindle of the cutter rotating
Lo = original distance between bench marks (use samejevice.
units forL andL ). 14.7 Tensile Testing MachireA machine as specified in

13.6 The breaking or ultimate elongation is evaluated wherg.1 shall be provided.
L is equal to the distance between bench marks at the point of 14.8 Test Fixture—A test fixture as shown in Fig. 5 shall be
specimen rupture. provided for testing the ring specimens. The testing machine
13.7 Calculate the tensile set, by using Eq 5, wHeris  shall be calibrated as outlined in Section 8.
equal to the distance between bench marks after the 10 min 14.9 Test Chamber—A chamber for testing at high and low
retraction period. temperatures shall be provided as specified in 6.2.
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TYPICAL RING
( SEE SECTION 15)

C & SEE
| NOTE |

—
1

Eporm e —

5_%,

BLADE SETTING
GAUGE

SURGICAL
BLADES SPRING PLUNGER
BP I5

Note 1—DimensionC to be 2 mm (0.08 in.) less than the inside diameter of the ring.
FIG. 3 Typical Ring Cutter Assembly

14.9.1 The fixtures specified in 14.8 are satisfactory forl5. Ring Specimen
testing at other than room temperature. However at extreme 15.1 ASTM Cut Rings-Two types of cut ring specimens

temperatures, a suitable lubricant shall be used to lubricate thﬁay be used. Unless otherwise specified, the Type 1 ring

spindle bearings. . specimen shall be used.
14.9.2 The dynamometer shall be suitable for use at the 15.1.1 Ring Dimensions:

temperature of test or thermally insulated from the chamber.

14.10 Dial Micrometer—A dial micrometer shall be pro- . mm -
vided that conforms to the requirements of Practice D 3767. Circumference (inside) 50.0 = 0.01 2.0 * 0.004
14.10.1 The base of the micrometer used to measure thé;iaéhe;ter, d(iESidE) 15693 5001'003 g-g% - 8-88(1)4
radial width shall consist of an upper cylindrical surface (with 71 es minimum 0 0ot
its axis oriented in a horizontal direction) at least 12 mm (0.5 maximum 33 0.13
in.) long and 15.% 0.5 mm (0.61* 0.02 in.) in diameter. To Type 2
accommodate small diameter rings that approach the 15.5 mng;:,gg;;i“ggg?d;;ea“ 200002 10O
(0.61 in.) diameter of the base and to avoid any ring extensionradial width 2.0 + 0.02 0.08 = 0.0008
in placing the ring on the base, the bottom half of the Thickness, minimum L0 0.04

indri i i i 3.3 0.13
cylindrical surface may be truncated at the cylinder centerline, ™™™

that is, a half cylinder shape. This permits placing small rings 15.2 ISO Cut Rings—The normal size and the small size
on the upper cylindrical surface without interference fit prob-ring specimens in ISO 37 have the following dimensions given
lems. Curved feet on the end of the dial micrometer shaft to fitn mm. See 1SO 37 for specific testing procedures for these
the curvature of the ring(s), may be used. rings.
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Dimension mm in. Dimension mm in.
A 178 7.0 F 19 0.75
B 152 6.0 G 23 0.90
C 89 3.5 H 15 0.062
D 229 9.0
E 6 0.25

FIG. 4 Rubber Holding Plate
Hovsing
I ;'u'
_Siéi - CouvlAar,
Tyee 300 ST.S&\_\\ L A “ﬂ‘fg/ -
) a— I
4{ //_E‘\-.'IS mwm (0187 ) Dia,

FIG. 5 Assembly, Ring Tensile Test Fixture

Reorar Vv, (2)

i

Normal Small blade depth gage. Place the cutter in the drill press and adjust
B?ame:eﬂ i"Stid_z g‘z‘-g - 8-; mm lg-g N 8-1 mm the spindle or table so that the bottom of the blade holder is
Thickeas e 80 0 mm 10 oLme about 13 mm (0.5 in.) above the surface of the holding plate.

Set the stop on the vertical travel of the spindle so that the tips

15.3 Rings Cut from Tubing—The dimensions of the ring ; :
specimen(s) depend on the diameter and wall thickness of ﬂ%f the cutting blades just penetrate the surface of the plate.

tubing and should be specified in the product specification. lace the sheet on the holding plate and rgduce the pressure in
15.4 Preparation of Cut Ring Specimen#lace the blades th? cavity to 10 .kPa (0.1 atm) or less. Lubricate the sheet \.N'Fh
in the slots of the cutter and adjust the blade depth using thgnld soap solution. Lower the cutter at a steady rate until it
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reaches the stop. Be sure that the blade holder does not contéemperature. For below room temperature tests cool the speci-

the sheet. If necessary, readjust the blade depth. Return tieens at the test temperature for at least 10 min prior to test.

spindle to its original position and repeat the operation orlUse test temperatures prescribed in Practice D 1349. Place

another sheet. each specimen in the test chamber at intervals such that the
15.5 Preparation of Ring Specimens from Tubing—Placerecommendations of 9.2 are followed.

the tubing on a mandrel preferably slightly larger than the inner

diameter of the tubing. Rotate the mandrel and tubing in a7. Calculation

lathe. Cut ring specimens to the desired axial length by means 17.1 Stress-strain properties for ring specimens are in gen-

of a knife or razor blade held in the tool post of the lathe. Layg ) caiculated in the same manner as for dumbbell and straight
thin wall tubing flat and cut ring specimens with a die or ghecimens with one important exception. Extending a ring
cutting mechaplsm havmg two parallel blades. specimen generates a nonuniform stress (or strain) field across

15.6 ng Dimension 'V'easufeme”ts_ the width (as viewed from left to right) of each leg of the ring.

15.6.1 Circumference—The inside circumference can Deryg jnitia) inside dimension (circumference) is less than the
determined by a stepped cone or by "go-no go” gages. Do nQj ;ysiqe dimension (circumference), therefore for any extension
use any stress in excess of that needed to overcome apy iq grips, the inside strain (or stress) is greater than the
eII|p§|C|ty of the ring specimen. The jpean C|rc1_Jmference Soutside strain (or stress) because of the differences in the initial
obtained by adding to the value for the inside cwcumference(unstrained) dimensions.

the product of the radial width anal (3.14). . :
. . : * A 17.2 The following options are used to calculate stress at a
15'.6'2 Rf?‘d'?" Width—The radial .W'dth IS measurt_ad g three.specified elongation (strain) and breaking or ultimate elonga-
locations distributed around the circumference using the mi:

crometer described in 14.10 tion.
15.6.3 Thickness—For cut rings, the thickness of the disk 17.2.1 Stress at a Specified Elongation—The mean circum-

cut from the inside of the ring is measured with a microme’[erferfence i r'ing > yseq for GQgEMMining the elongation. The
described in Practice D 3767 rationale for this choice is that the mean circumference best

15.6.4 Cross-Sectional Area-The cross-sectional area is [ERpFEnts t_he 4 s_,tram I each leg of t h(_e rng.
calculated from the median of three measurements of radial 17-2-2 Ultimate (Breaking) Elongation—This is calculated
width and thickness. For thin wall tubing, the area is calculate@? the basis of the inside circumference since this represents

from the axial length of the cut section and wall thickness. (1€ maximum strain (stress) in each leg of the ring. This
location is the most probable site for the initiation of the

rupture process that occurs at break.
17.3 Calculate the tensile stress at any specified elongation

16. Procedure

16.1 Determination of Tensile Stress, Tensile Strength

Breaking (Ultimate) Elongziiiv vl PORIARIESHNg byll;S;n? I'El'ﬁeztlarlloiséltion to be used to evaluate the force as
ring specimens, lubricate the surface of the spindle with a ~ '=° 9

suitable lubricant, such a mineral oil or silicone oil. Select oneSpec'f'ed HpEq2y(] SRl g as follows:

with documented assurance that it does not interact or affect the E = 20(qL/MCg) (7)
material being tested. The initial setting of the distance

between the spindle centers may be calculated and adjust < = elongation (specified), percent
according to the following equation: L = increase in grip separation at specified elonga-
IS = [Crs) — Cispl/2 (6) tion, mm (in.), and
where: MCsy = mean circumference of test specimen, mm (in.).
IS = intial separation of spindle centers, mm (in.) 17.3.2 The grip separation for any specified elongation can
Cqsy = circumference of test specimen, inside circumfer- be found by rearranging Eq 7, as given below:
ence for Type 1 rings, mean circumference for L = E X MCy5/200 )

_ Type 2 rings, mm (in.), and _ , 17.4 Calculate the yield stress by using Eq 3 in 13.2.

Cpy = circumference of either (one) spindle, mm (in.). 17.5 Evaluate the yield strain as given in 13.3. Since yield

Unless otherwise specified the rate of spindle separatiof .in ma ;
; . i y be considered to be an average bulk property of any
shall be 500+ 50 mm/m'“ (20+ 2 in./min) (see Notes 6 and Bwaterial, use the mean circumference for this evaluation.
7). Start the test machine and record the force and correspon "17.6 Calculate the tensile strength by using Eq 4 in 13.4

ing distance between the spindles. At rupture, measure and : . .
record the ultimate (breaking) elongation and the tensile (forceI) 17.7 Calculate the breaking or ultimate elongation as fol-

strength. See Section 17 for calculations. ows (see Notes 8 and 9):

. . . . E = 200/[L/ IC(TS)] (9)
Note 8—When using the small ISO ring, the rate of spindle separation

shall be 100+ 10 mm/min (4= 0.4 in./min). where:

16.2 Tests at Temperatures Other than Standakdse the E
test chamber described in 6.2 and observe the precautionag
statement in Note 2. For tests at temperatures above 23°C~(TS) .
(73.4°F), preheat the specimens 6 2 min at the test (in.).

breaking or ultimate elongation, percent,
increase in grip separation at break, mm (in.), and
inside circumference of ring test specimen, mm
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17.8 The inside circumference is used for both types otested on each of two days one week apart as in the main
rings, see 15.1.1 for dimensions. Use the inside diameter tprogram. The main program results are referred to as “Test
calculate the inside circumference for Type 2 rings. Only” and the secondary program results are referred to as

Note 9—Eq 8, Eq 9, and 10 are applicable only if the initial setting of Cure and Test.
the spindle centers is adjusted in accordance with Eq 7. 19.3.4 The results of the precision calculations for repeat-
Note 10—The user of these test method should be aware that becausgility and reproducibility are given in Tables 1 and 2, in
of the different dimensions used in calculatint) Gtress at a specified ascending order of material average or level, for each of the

elongation (less than the ultimate elongation) ar®&) the ultimate ; ;
(breaking) elongation (see 20.1 and 20.2), it is possible that a stress atrI'JlalterlaIS evaluated and for each of the three properties

specified elongation, slightly less (4 to 5 %) than the ultimate eIongatiorﬁvaluated'
cannot be measured (calculated). 19.3.5 The precision of this test method may be expressed in

the format of the following statements that use what is called

18. Report o _ an “appropriate value” of R, (r), or (R), that is, that value to
18.1 Report the following information: be used in decisions about test results (obtained with the test
18.1.1 Results calculated in accordance with Section 13 ofethod). The appropriate value is that value rofor R

17, whichever is applicable, associated with a mean level in Tables 1-4 closest to the mean

18.1.2 Type or description of test specimen and with Sectioffevel under consideration at any given time, for any given
13 which type of die, either U.S. Customary Units or Metric material in routine testing operations.
Units, was used.

18.1.3 Date of test,

18.1.4 Rate of extension if not as specified,

18.1.5 Temperature and humidity of test room if not as

19.3.6 Repeatability-The repeatability,r, of this test
method has been established as the appropriate value tabulated
in Tables 1 and 2. Two single test results, obtained under
normal test method procedures, that differ by more than this

specified, Y ) .
18.1.6 Temperature of test if at other than22°C (73.4%= tabulat.ed (ONGRY i, 4 I(_avel) st be consujered as derived
3.6°F) and from different or nonidentical sample populations.
18.1.7 Date of vulcanization, preparation of the rubber, or 19-3.7 Reproducibility—The reproducibilityR, of this test
both, if known. method has been established as the appropriate value tabulated
in Tables 1 and 2. Two single test results obtained in two
19. Precision and Bias different laboratories, under normal test method procedures,

. - b . that differ by more than the tabulat&l(for any given level)
19.1 This precision and bifg agction has begy prepargd Must be considered to have come from different or nonidentical
accordance with Practice D 4483. Refer to Practice D 4483 for i
terminology and other statistical details. gample populatlons'.. o
19.2 The precision results in this precision and bias section 19-3-8 Repeatability and reproducibility expressed as a
give an estimate of the precision of these test methods with thercentage of the mean level, (1) and (R), have equivalent
materials used in the particular interlaboratory program agPPplication statements as above f@ndR. Forthe) and R)
described below. The precision parameters should not be uséttements, the difference in the two single test results is
for acceptance/rejection testing Of any group of materia|§xpressed as a percentage Of the arlthmetIC mean Of the two test
without documentation that the parameters are applicable tegsults.
those particular materials and the specific testing protocols that 19.3.9 Bias—In test method terminology, bias is the differ-
include these test methods. ence between an average test value and the reference (or true)
19.3 Test Method A (Dumbbells): test property value. Reference values do not exist for this test
19.3.1 For the main interlaboratory program a Type 1method since the value (of the test property) is exclusively
precision was evaluated in 1986. Both repeatability and reprodefined by the test method. Bias, therefore, cannot be deter-
ducibility are short term, a period of a few days separatesnined.
replicate test results. A test result is the median value, as 19 4 Test Method B (Rings):
specified by this test method, obtained on three determina-

tion(s) or measurement(s) of the property or parameter Iri’epeatability and reproducibility are short term, a period of a

question. . .
19.3.2 Three different materials were used in this interlabofeW days separates replicate test results. A test result is the

ratory proaram. these were tested in ten laboratories on twH€a" value, as specified by this test method, obtained on three
differ)(/anri dgys ' determinations or measurements of the property or parameter

19.3.3 For the main interlaboratory program cured sheets daf question.

each of the three compounds were circulated to each laboratory 19-4.2 Six different materials were used in the interlabora-
and stress-strain (dumbbell) specimens were cut, gaged, affy program, these were tested in four laboratories on two
tested. A secondary interlaboratory test was conducted for orféifferent days.

of the compounds (R19160). For this testing, uncured com- 19.4.3 The results of the precision calculations for repeat-
pound was circulated and sheets were cured at a specified tinadility and reproducibility are given in Tables 3 and 4, in
and temperature (10 min at 157°C) in each laboratory. Fronascending order of material average or level, for each of the
these individually cured sheets, test specimens were cut andaterials evaluated.

19.4.1 A Type 1 precision was evaluated in 1985. Both
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Norte:

Sr = repeatability standard deviation.

r = repeatability = 2.83 times the square root of the repeatability variance.

(r) = repeatability (as percentage of material average).

SR = reproducibility standard deviation.

R = reproducibility = 2.83 times the square root of the reproducibility variance.
(R) = reproducibility (as percentage of material average).

A8y D 412 — 98a (2002)<*

TABLE 1 Type 1 (Test Only) Precision on Method A Die C Dumbbell Test Specimens

Part 1 Tensile Strength, MPa:

Material Average Within Laboratories Between Laboratories
Sr r G) SR R (R)
1. N18081 9.88 0.200 0.568 5.75 0.293 0.829 8.40
3. E17074 15.38 0.467 1.323 8.60 0.482 1.366 8.88
2. R19160 25.70 0.436 1.235 4.80 1.890 5.351 20.82
Pooled Values” 16.99 0.385 1.090 6.42 1.102 3.120 18.37
Part 2 Percent Elongation:
Material Average Within Laboratories Between Laboratories
Sr r n SR R (R)
3. E17074 156.3 6.304 17.842 11.41 11.481 32.492 20.78
2. R19160 510.4 11.471 32.464 6.36 21.243 60.120 11.77
1. N18081 591.6 17.810 50.402 8.52 27.198 76.972 13.01
Pooled Values” 419.4 12.761 36.114 8.61 20.999 59.427 14.16
Part 3 Stress at 100 % Elongation, MPa:
Material Average Within Laboratories Between Laboratories
Sr r n SR R (R)
1. N18081 1.17 0.053 0.151 12.96 0.061 0.1744 14.92
2. R19160 2.01 0.050 0.142 7.10 0.274 0.7755 38.62
3. E17074 9.08 0.489 1.385 15.25 0.738 2.0910 23.02
Pooled Values” 4.09 0.285 0.808 19.79 0.456 1.2915 31.60
A No values omitted.
TABLE 2 Type 1 (Cure and Test) Precision on Method A Die C Dumbbell Test Specimens A
Note 1:
Sr = repeatability standard deviation.
r = repeatability = 2.83 times the square root of the repeatability variance.
(r) = repeatability (as percentage of material average).
SR = reproducibility standard deviation.
R = reproducibility = 2.83 times the square root of the reproducibility variance.
(R) = reproducibility (as percentage of material average).
Norte 2:
N18081—highly extended, low durometer CR (Neoprene).
R19160—high tensile NR.
E17047—moderately filled EPDM.
Part 1 Tensile Strength, MPa:
Material Average Within Laboratories Between Laboratories
Sr r n SR R (R)
1. R19160 26.0 0.613 1.73 6.66 1.74 4.95 19.0
Part 2 Percent Elongation:
Material Average Within Laboratories Between Laboratories
Sr r () SR R (R)
1. R19160 526.9 13.32 37.7 7.15 19.6 55.70 10.5
Part 3 Stress at 100 % Elongation, MPa:
Material Average Within Laboratories Between Laboratories
Sr r G) SR R (R)
1. R19160 1.83 0.072 0.205 11.21 0.226 0.641 34.5

A Seven laboratories participated in this cure and test program.

19.4.4 Repeatabilityy, varies over the range of material

19.4.5 The precision of this test method may be expressed in

levels as evaluated. ReproducibiliB, varies over the range of the format of the following statements that use what is called

material levels as evaluated.

an “appropriate value” of, R, (r), or (R), that is, that value to
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TABLE 3 Type 1 Precision—Test Method B (Rings)

Nore:
Sr = repeatability standard deviation.
r = repeatability = 2.83 times the square root of the repeatability variance.
() = repeatability (as percentage of material average).
SR = reproducibility standard deviation.
R = reproducibility = 2.83 times the square root of the reproducibility variance.
(R) = reproducibility (as percentage of material average).
Tensile Strength (MPa)
Material Average Within Laboratories Between Laboratories
Sr r n SR R (R)
5. MATL 5 115 0.666 1.885 16.3 1.43 4.06 35.3
6. MATL 6 12.7 0.274 0.775 6.0 0.83 2.35 18.5
1. MATL 1 14.6 0.367 1.040 7.1 0.40 1.15 7.9
4. MATL 4 15.0 0.553 1.565 10.4 3.03 8.59 57.2
2. MATL 2 20.3 1.293 3.660 18.0 2.47 6.99 34.4
3. MATL 3 22.3 1.556 4.405 19.6 1.55 4.40 19.6
Pooled Values® 15.9 0.942 2.666 16.7 1.87 5.31 33.3

A No values omitted.

TABLE 4 Type 1 Precision—Test Method B (Rings)

Norte:
Sr = repeatability standard deviation.
r = repeatability = 2.83 times the square root of the repeatability variance.
() = repeatability (as percentage of material average).
SR = reproducibility standard deviation.
R = reproducibility = 2.83 times the square root of the reproducibility variance.
(R) = reproducibility (as percentage of material average).
Ultimate Elongation, %
Material Average Within Laboratories Between Laboratories
Sr r n SR R (R)
1. MATL 1 322.1 15.25 43.18 13.40 33.4 94.7 29.4
2. MATL 2 445.4 11.35 32.12 7.21 34.1 96.6 21.7
4. MATL 4 509.4 27.44 77.65 15.24 51.1 144.8 28.4
5. MATL 5 545.0 2.91 8.25 1.51 56.3 159.5 29.2
6. MATL 6 599.7 12.91 36.55 6.09 14.0 39.6 6.60
3. MATL 3 815.8 16.25 45.99 5.63 90.6 256.5 314
Pooled Values” 539.6 16.54 46.82 8.67 48.2 136.4 25.2

A No values omitted.

be used in decisions about test results (obtained with the test 19.4.8 Repeatability and reproducibility expressed as a
method). The appropriate value is that value rofor R percentage of the mean level, (r) and (R), have equivalent
associated with a mean level in Tables 1-4 closest to the meaipplication statements as 19.3.6 and 19.3.7 fmidR. For the

level under consideration at any given time, for any given(r) and R) statements, the difference in the two single test

material in routine testing operations. \ results is expressed as a percentage of the arithmetic mean of
19.4.6 Repeatability—The repeatability,r, of this test the two test results.

method has been established as the appropriate value tabulateq9 4.9 Bias—In test method terminology, bias is the differ-

in Tables 3 and 4. Two single test rgsults, objgined und.eénce between an average test value and the reference (or true)

normal test method procedures, that differ by more than th|§

tabulated (for any given level) must be considered as derived est prope_rty value. Reference values do not ex_ist for thi_s test
from different or nonidentical sample populations. method since the value (of the test property) is exclusively

19.4.7 Reproducibility—The reproducibilityR, of this test defined by the test method. Bias, therefore, cannot be deter-

method has been established as the appropriate value tabulaf8§'€d-

in Tables 3 and 4. Two single test results obtained in two

different laboratories, under normal test method procedure£0. Keywords

that differ by more than the tabulat&i(for any given level)  20.1 elongation; set after break; tensile properties; tensile
must be considered to have come from different or nonidenticalet; tensile strength; tensile stress; yield point

sample populations.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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QHny) Designation: D 573 — 99

Standard Test Method for

Rubber—Deterioration in an Air Oven 1

This standard is issued under the fixed designation D 573; 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 (e) 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 for known periods of time, after which their physical properties

1.1 This test method describes a procedure to determine e determined. These are compared with the properties deter-
influence of elevated temperature on the physical properties ¢fined on the original specimens and the changes noted.
vulcanized rubber. The results of this test method may not give 3-2 Unless otherwise specified, the determination of the
an exact correlation with service performance since perforphysmal properties shall be carried out in accordance with Test
mance conditions vary widely. This test method may, howeverVéthods D 412. _ o
be used to evaluate rubber compounds on a laboratory com-3:-3 Except as may be otherwise specified in this test
parison basis. method, the requirements of Practices D 3182 and D 3183 shall

1.2 The values stated in Sl units are to be regarded as tft¢ complied with and are made part of this test method.
standard. The values given in parentheses are for information 3-4 In case of conflict between the provisions of this test
only. method and those of detailed specifications or test methods for

1.3 This standard does not purport to address all of the@ particular material, the latter shall take precedence.
safety concerns, if any, associated with its use. It is th .
responsibility of the user of this standard to establish appro(-a4' aniTicarSue . L
priate safety and health practices and determine the applica- 4.1 Rubber and rl_Jbber prodycts must resist the_det_erloratlon
bility of regulatory limitations prior to use(For specific ©Of Physical properties with time caused by oxidative and

precautionary statement, see Note 1.) thermal aging. This test method provides a way to assess these
performance characteristics of rubber, under certain acceler-
2. Referenced Documents ated conditions as specified.
2.1 ASTM Standards: 4.2 Please refer to the Annex for important information on

D 412 Test Methods for Vulcanized Rubber and Thermo-Standard compounds used for precision testing for accelerated
plastic Rubbers and Thermoplastic Elastomers—TeRsiont€St aging evaluation.

D 1349 Practice for Rubber—Standard Temperatures fo
Testing ¥y

D 3182 Practice for Rubber—Materials, Equipment, and °-1 Type IIB ovens specified in Test Method E 145 are

Procedures for Mixing Standard Compounds and prepa,gatisfactory for use through 70°C. For higher temperatures,

5. Apparatus

ing Standard Vulcanized Sheets Type IIA ovens are necessary. _
D 3183 Practice for Rubber—Preparation of Pieces for Test 911 The interior size shall be as follows or of an equivalent
Purposes from Produéts volume:

D 4483 Practice for Determining Precision for Test Method Interior size of air oven: B e 300 by 300 by 12 by 12
Standards in the Rubber and Carbon Black Industries - 500 by 900 by 1200 M (36 by 36 by 18 1)
E 145 Specification for Gravity-Convection and Forced-

Ventilation Ovend 5.1.2 Provision shall be made for suspending specimens

vertically without touching each other or the sides of the aging
3. Summary of Test Method chamber.
3.1 Specimens of vulcanized rubber are exposed to the 5.1.3 The heating medium for the aging chamber shall be air

deteriorating influence of air at specified elevated temperaturédrculated within it at atmospheric pressure. _
5.1.4 The source of heat is optional but shall be located in

the air supply outside of the aging chamber proper.
1 This test method is under the jurisdiction of ASTM Committee D-11 on Rubber 5.1.5 The temperature should be aUtomat|Ca||y recorded
and is the direct responsibility of Subcommittee D11.15 on Degradation Tests. over the entire test period using a temperature-measuring
Current edition approved Nov. 10, 1999. Published December 1999. Originall)ﬁevice capable of measuring at the specified temperature to
published as D 573 — 40. Last previous edition D 573-88 (1994) ithin +1° di h | . f th
2 Annual Book of ASTM Standards, Vol 09.01. within £1°C. Located in the upper central portion of the

3 Annual Book of ASTM Standards, Vol 14.02. chamber near the center of the aging specimens. For apparatus

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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not equipped with automatic recording capabilities, temperathe results of either of these tests be below the specified
ture shall be measured with sufficient frequency to ascertainequirements, the samples shall be considered to have failed to
that the temperature limits specified in 10.2 are adhered to. meet the specifications.

5.1.6 Automatic temperature control by means of thermo- .
static regulation shall be used. 9. Tests of Unaged Specimens

5.1.7 The following special precautions shall be taken in 9.1 The stress - strain properties or tensile strength and
order that accurate, uniform heating is obtained in all parts ofiltimate elongation and any other required properties of the
the aging chamber: original unaged specimens shall be determined within 96 h of

5.1.7.1 The heated air shall be thoroughly circulated in théhe start of the aging period. Results on specimens that are
oven by means of mechanical agitation. When a motor-drivefiound to be imperfect shall be discarded and retests shall be
fan is used, the air must not come in contact with the fan motomade.

brush discharge because of danger of ozone formation. 9.2 When rubber compounds are to be tested for the purpose
5.1.7.2 Baffles shall be used as required to prevent locadf determining compliance with specifications, it shall be
overheating and dead spots. permissible to determine the original properties required in 9.1

5.1.7.3 The thermostatic control device shall be so locategimultaneously with the determination of the values after the
as to give accurate temperature control of the heating mediunfirst aging period even though the elapsed time exceeds 96 h.
Ztheer preferred location is adjacent to the recording thermom-lo. Procedure for Accelerated Aging

5.1.7.4 An actual check shall be made by means of maxi- 10-1 Place the specimens for aging in the oven after it has
mum reading thermometers placed in various parts of the oveheen preheated to the operating temperature. If possible, avoid

to verify the uniformity of the heating. simultaneous aging of a mixed group of different compounds.
For instance, high-sulfur compounds should not be aged with
6. Sampling low-sulfur compounds and those containing antioxidants shall

6.1 The Samp|e size shall be sufficient to allow for thenot be aged with those haVing no antioxidants. Some migration
determination of the original properties on three specimens an§ known to occur.
also on three or more specimens for each exposure period of 10.2 The operating temperature may be any elevated stan-
the test. At least 24 h must elapse between completion of th@ard temperature as shown in Practice D 1349, as agreed upon.
vulcanization of the samples and the start of the aging test.  Nore 1—caution: It should be noted that, for each 10°C increase in

6.2 When minimum requirements are specified, one test ofemperature, the rate of oxidation may be approximately double. With
three dumbbells shall be considered sufficient. But if the resultsapid aging types of rubber or those containing or contaminated by certain
are below the specified requirements, two additional specimergxidizing chemicals, the rate of oxidation may be catalyzed to such an
shall be prepared from the original sample and tested. ShouRKent as to become violent with increasing temperatures.
the results of either of these tests be below the specified 10.3 Start the aging interval at the time the specimens are
requirements, the sample shall be considered to have failed filaced in the oven and continue for a measured time interval.
meet the specifications. The selection of suitable intervals of aging will depend on the
) rate of deterioration of the particular material being tested.
7. Test Specimens Intervals frequently used are 2, 4, 7, and 14 days.

7.1 Dumbbell-shaped specimens prepared as described in10.4 Use aging intervals such that the deterioration will not
Test Methods D 412 shall be considered standard. Their forrbe so great as to prevent determination of the final physical
shall be such that no mechanical, chemical, or heat treatmeptoperties. In experimental work, it is desirable to use a range
will be required after exposure. If any adjustments (forof periods while for routine tests of known materials fewer
example, to thickness) are necessary, they should be performéttervals may be employed.
prior to exposure. 10.5 At the termination of the aging interval, remove the

7.2 The cross-sectional dimensions of test specimens fapecimens from the oven, cool to room temperature on a flat
calculating the physical properties shall be measured prior tgurface, and allow them to rest not less than 16 h nor more than
exposure in the aging chamber. Gage lines used for measurir@$ h before determination of the physical properties. Apply the
elongation shall be applied after the specimens have been ageghge lines to the specimens for use in measuring elongations.
Only specimens of similar dimensions having approximately , ,
the same exposed areas may be compared with each other.11- Physical Tests of Aged Specimens

) 11.1 The tensile strength and ultimate elongation or the
8. Number of Test Specimens stress - strain properties of the specimens aged for different

8.1 At least three test specimens shall be used to determirnetervals shall be determined as the intervals terminate in the
the original physical properties of each sample and also thregrogress of aging, disregarding the fact that more specimens
or more specimens of the same material for each exposurmay still be aging. In determining the physical properties after
period of the test. aging, the final values shall be the median of results from three

8.2 When minimum requirements are specified, one testpecimens except that under the following conditions two
shall be made for tensile strength and elongation. If the resultadditional specimens shall be exposed and tested and the
are below the specified requirements, two additional specimensedian of the values for the five specimens shall be used:
shall be prepared from the original sample and tested. Should 11.1.1 If one or more values do not meet the specified
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requirements when testing for compliance with specifications. TABLE 1 Type 2 Precision Results—100°C Aging

11.1.2 If referee tests are being made. Afte!’ compleuon of Nore—The averaging of results for 48 and 96 h of aging gives an
the tests, the broken specimens shall be examined visually afgtreased DF estimate of precision.
manually and their condition noted. Nore:

Sr = within laboratory standard deviation

repeatability (in measurement units)
repeatability (in percent)

12. Calculation (r)
1y

12.1 Express the results of the aging test as a percentage of SR = between laboratory standard deviation
the change in each physical property (tensile strength, ultimate R = Reproducibility (in measurement units)
H H . (R) = Reproducibility (in percent)
elongation, or tensile stress), calculated as follows:
P = [(A— 0)/O] X 100 1) Part 1—Percent Tensile Strength Change, 48 h
. Material or Mean Test Within Between
where: . Compound Level Laboratories Laboratories
P = percentage change in property,
o Sr r SR R
O = original value, and NR (1G) 56.6 3.28 9.28 5.91 16.7
A = value after aging. SBR (9B) 142 3.42 9.68 3.02 8.55
NBR (1F) -115 2.46 6.96 2.49 7.05
13. Report CR (2D) -10.6 3.83 10.8 5.11 14.5
. _— OESBR (10B3) -76 2.34 6.62 5.56 15.7
13.1 The report shall include the following: IR (2E) 11 POl 0.82 377 10.7

13.1.1 The results calculated in accordance with Section 12Pooled Do
13.1.2 All observed and recorded data on which the calcu-
lations are based, Part 2—Percent Change in Elongation, Average of 48, 96 h Aging

13.1.3 Type of aging test,

3.18 9.00 3.90 11.04

. . NR (1G) -55.6 5.08 14.4 7.79 22.0

13.1.4 Aging interval, SBER (9B) -48.3 538 15.2 6.09 17.2
13.1.5 Aging temperature, OESBR (10B3) -40.5 3.20 9.06 5.11 145
13.1.6 Duration, temperature, and data of vulcanization of‘ER (P =399 10 £0-1 7L 201

: CR (2D) -12.1 7.85 222 9.00 255

the rubber, if known, IR (2E) 57 2.56 7.24 3.97 1.2
13.1.7 Dates of original and final determinations of physical,,.q vaies - 127 651 184

properties, and
13.1.8 Dimensions of test specimens.
Theappropriate valuds that value of or R associated with a
14. Precision and Bias’ mean level in the precision tables closest to the mean level

14.1 This precision and bias section has been prepared knder consideration at any given time, for any given material in
accordance with Practice D 4483. Refer to this practice foroutine testing operation.
terminology and other statistical calculation details. 14.5 Repeatability— The repeatability of this test method

14.2 A Type 2 (interlaboratory) precision was evaluated inhas been established as #gepropriate valuetabulated in the
1974. Both repeatability and reproducibility are short term, aPrecision tables. Two single test results, obtained under normal
period of a few days separates replicate test results. A test resifist method procedures, that differ by more than this tabulated
is expressed on the basis of a median value, as specified by Téstfor any given level) must be considered as derived from
Methods D 412 obtained on 3 determinations or measuremengifferent or non-identical sample populations.
of the property or parameter in question. 14.6 Reproducibility— The reproducibiliyr, of this test

14.3 Six different materials were used in the interlaboratorynethod has been established asappropriate valugabulated
program, these were tested in 3 laboratories on 2 different day#) the precision tables. Two single test results obtained in two
These precision results were obtained for a variety of comdifferent laboratories, under normal test method procedures,
pounds prepared in accordance with Method D 15 prior to it¢hat differ by more than the tabulatéi(for any given level)
removal from theAnnual Book of ASTM Standardlease see Mmust be considered to have come from different or non-
annex of Test Method D 573 for more details on this work. identical sample populations.

14.4 The results of the precision calculations for repeatabil- 14.7 The precision results indicate that the repeatability and
ity and reproducibility for both percent tensile strength changdgeproducibility of both percent tensile strength change and
and percent elongation change are given in Table 1, ifercent elongation change are essentially the same. Also the
ascending order of material average or level, for each of th&alue ofr or R, or both does not vary with the magnitude of
materials evaluated. percent elongation or percent tensile strength change. No

14.4.1 The precision of this test method may be expressed ¥glues are given for] or (R) because of the near zero average
the format of the following statements that use an appropriat¥alues for some of the materials.
value ofr, R, (r), or R), that is, that value to be used in 14.8 Bias—In test method terminology, bias is the differ-

decisions about test results (obtained with the test methodgnce between an average test value and the reference (or true)
test property value. Reference values do not exist for this test

method since the value (of the test property) is exclusively
*Supporting data have been filed at ASTM Headquarters. Request RR: defined by the test method. Bias, therefore, cannot be deter-
D-11-1056. mined.
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15. Keywords

15.1 accelerated aging; elevated temperature; oxidative ag-
ing; rubber articles; rubber products; thermal aging

ANNEX
(Mandatory Information)

Al. FORMER TEST METHOD (D 15) COMPOUNDS USED FOR PRECISION TESTING

A1l.1 Introduction TABLE Al.1 Type A—Standard Formulations for Styrene-
Butadiene Rubbers

Al.1.1 Testing to develop precision data was begun by NBS 9B
some Subcommittees in D-11 prior to the removal of ASTM™ ogr o oE.s8r 100.00
Method D 15, Compound and Sample Preparation for Physical Zinc oxide 370 3.00
Testing of Rubber Productsin this initial precision work oearic acid e s
some of the standard compounds that were currently included Fumace black® 378 50.00
in D15 were used. Since that time these standard D15 com- TBBS 384 1.00
pounds have been either modified or removed from/theual 156.75

Book of ASTM Standard3hey were replaced by a series of —22ehfactor 3.0

new standards, for example, Methods D 3184 on NR, Method

A Current Industry Reference Black (IRB) may be used in place of NBS 378,
z%though slightly different results may be obtained. Weight ingredients to nearest

D 3185 on SBR, etc. 0.1 g for SBR and carbon black and to the nearest 0.01 g for other ingredients.

Al1.1.2 To provide a source of reference for the compounds Time, Temper-

removed from the previous D15 standard, those compounds Compound min, ature,” C
. . .. j . Polychloroprene (neoprene) 30 150
usfed in measuring precision, especially those used in S_ubcom— Natural (1G) 30 145
mittee D11.15, are included in Tables A1.1-A1.6 taken directly SBR (9B) 50 145
i OE-SBR (10B3) 50 145
from D15. These tables are listed below. Butyl (2E) 20 =0
A1.1.3 The formulations for the compounds in Tables A1.1- NER (1F) 40 150

A1.6 are placed in this standard temporarily. This test method\1.3 Materials and Mixing
is selected as a location since it is the most frequently used A1.3.1 In the precision test programs that generated Type 2
standard test for evaluating compounds for accelerated agir@recision data for D11.15 standards, that is, that precision
performance. which includes compound weighing, mixing, and curing com-
ponents of variation, a special testing procedure was employed.
A common supply was set up for all the materials needed to
prepare compounds in accordance with the tables of this
Al1.2.1 The cure times for compounds selected in theAnnex. All laboratories that participated in any interlaboratory
D11.15 precision testing are as follows: program drew their materials from this common uniform
supply; thus the within-materials source of variation was
reduced to the lowest possible (practical) level.
Al1.3.2 Mixes of the selected compounds were made on
specified days (2 days normally being selected) to determine
5 Discontinued—see 197Annual Book of ASTM Standard@art 37. within-laboratory variability as specified in Practice D 4483.

Al.2 Cure Times for Compounds
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TABLE Al1.2 Type A—Standard Formulations for Styrene-Butadiene Rubber Compounds (expressed on 100 Part Rubber Basis)
Material NBS 10B1 Non-OE 10B2 25-Oil 10B3 37.5-0il 10B4 50-Oil 10B5 62.5-Oil 10B6 75-Oil
Rubbers Rubbers Rubbers Rubbers Rubbers Rubbers
SBR 100.00
OE-SBR 125.00 137.50 150.00 162.50 175.00
Zinc oxide 370 3.00 3.75 4.12 4.50 4.88 5.25
Stearic acid 372 1.00 1.25 1.38 1.50 1.63 1.75
Sulfur 371 1.75 2.19 2.42 2.63 2.85 3.06
Furnace black” 378 50.00 62.50 68.75 75.00 81.25 87.50
TBBS 384 1.00 1.25 1.38 1.50 1.63 1.75
156.75 195.94 215.55 235.13 254.74 274.31

ACurrent Industry Reference Black (IRB) may be used in place of NBS 378, although slightly different results may be obtained.

TABLE Al1.3 Standard Formulas for Neoprene Rubber TABLE Al1.5 Standard Formulas for Nitrile Rubber Compound
Compounds 4
. NBS Standard
Material IF
. NBS Standard Sample No.
Material S le N ID 2D
ample THo. Nitrile rubber 391 100
Neoprene W 100 100 Zinc oxide 370 5
Magnesium oxide 376 4 4 Sulfur 371 1.5
Stearic acid 372 0.5 1 Stearic acid 372 1
SRF carbon black 382 29 Benzothiazyl disulfide 373 1
Zinc oxide 370 5 5 Gas furnace black 382 40
2-Mercaptoimidazoline 0.35 0.5 Specific gravity (calculated) 1.18
Phenyl beta naphthylamine 377 2 2
Specific gravity (calculated) 1.29 1.39
“For mill mixing use 3 X recipe weight. TABLE A1.6 Standard Formula for Testing Carbon Black
| NBS Standard
A Material IG
TABLE Al.4 Standard Formulas for Butyl Rubber Compounds Sample No.
) NBS Standard Natural rubber? 100.00
Material Sample No. = — SE Stearic acid 372 3.00
Zinc oxide 370 5.00
Butyl rubber 53 100y, BIOCEEER100 Benzothiazy! dislfide 373 0.60
Zinc oxide 370 5 5 3 Sulfur 371 250
ifi i lcul 1.13
Benzothiazyl disulfide 373 0.5 SpeigT ovity (GRERE
Tetramethyl thiuram-disulfide 374 1 1 1 “Available from the Firestone Tire and Rubber Co. Specially selected Liberian
Channel black 375 50 crepe with 600 % modulus of 700 *= 100 psi when tested in compound 1A.
Oil furnace black (HAF type) 3788 50 B For all carbon blacks except FT and MT. For those blacks where 75 parts are
Specific gravity (calculated) 0.97 1712 1.13 used, the calculated specific gravity is 1.19.

A For mill mixing use 2 X recipe weight.
BIRB or Industry Reference Black may be used as a suitable alternative but the
same results may not be obtained.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.
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This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Practice for
Rubber—Standard Temperatures For Testing

This standard is issued under the fixed designation D 1349; 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 (e) 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 2. Test Temperatures
1.1 This practice establishes a list of standard temperatures2.1 The test temperatures are as follows:
from which selection may be made for any specific test or test °C °F
method. Any standard or specification which specifies test -75 -103
temperatures not listed shall take precedence over this practice. :ig :%
1.2 These temperatures do not apply to mixing, processing, -25 -13
or vulcanizing temperatures for rubber compounds. Any stan- -10 1‘21
dard requirirjg preparati_o_n of a particular rubber compound 203 733_4
should specify the conditions to be used. 40 104
1.3 The values stated in Sl units are to be regarded as the 55 131
standard. The values given in parentheses are for information ;g igg
only. 100 212
1.4 This standard does not purport to address all of the 125 257
safety problems, if any, associated with its use. It is the 133 332
responsibility of the user of this standard to establish appro- 160 320
priate safety and health practices and determine the applica- 473 347
bility of regulatory limitations prior to use. §2§ 233
250 482

2.2 Tolerances for the test temperature, unless otherwise
specified in a particular method, shall #2°C or =3.6°F. This
tolerance is the maximum allowable variation in the tempera-
ture of the space enclosing the specimens being tested. The
average temperature of the space shall be as close as practi-
cable to the specified temperature.

2.3 Unless otherwise specified, conditioning and testing of
materials known to be sensitive to variations in temperature or
relative humidity, shall be carried out at a temperature of23

* This practice is under the jurisdiction of ASTM Committee D-11 on Rubber and 2°C (73.4=+3.6°F) and a relative humidity of 5& 5 %.
is the direct responsibility of Subcommittee D11.14 on Time and Temperature-

Dependent Physical Properties. 3. Keywords
Current edition approved February 10, 1999. Published February 1999. Origi- - yw
nally published as D1349 — 54 T. Last previous edition D1349 — 87 (1892) 3.1 standard test temperatures

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Standard Test Method for
Rubber Property—International Hardness *

This standard is issued under the fixed designation D 1415; 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 (e) 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 difference in penetrations and a table or graph constructed from
1.1 This test method describes a procedure for measuring€ table. In the micro-tester procedure, the difference in
the hardness of rubber. The hardness is obtained by tHeEnetration must first be multipled by scale factor 6. Alterna-
difference in penetration depth of a specified dimension balfiVely, the penetration-measuring instrument may be calibrated
under two conditions of contact with the rubber: (1) with adirectly in IRHD.
small |n|_t|al force ar]d 2)_ with a much Iarge_r_flnall force. The 4. Significance and Use
differential penetration is taken at a specified time and con- i )
verted to a hardness scale value. 4.1 The International Hardness test is based on measure-
1.2 This test method is identical in substance with 1SO 4gMment of the penetration of a rigid ball into the rubber specimen
1.3 This standard does not purport to address all of theunder specified conditions. The measured penetration is con-
safety concerns, if any, associated with its use. It is the/erted into International Rubber Hardness Degrees, the scale of
responsibility of the user of this standard to establish appro-d€grees being so chosen that 0 represents a material having an
priate safety and health practices and determine the applica®lastic modulus of zero, and 100 represents a material of

bility of regulatory limitations prior to use. infinite elastic modulus. The scale chosen also fulfills the

following conditions over most of the normal range of hard-

2. Referenced Documents ness: one International Rubber Hardness Degree range repre-
2.1 ASTM Standards: sents approximately the same proportionate difference in
D 1349 Practice for Rubber—Standard Temperatures fo¥0Ung's modulus, and for rubber vulcanizates in the usual

Testing range of resilience, readings in International Rubber Hardness
D 2240 Test Method for Rubber Property—DurometerDegrees are comparable with those given by a Type A
Hardnes$ durometer (Test Method D 2240) when testing standard speci-

D 4483 Practice for Determining Precision for Test MethodMens. The term “usual range of resilience” is used to exclude
Standards in the Rubber and Carbon Black Indugries those compounds that have unusually high rates of stress

2.2 1SO Standard: relaxation or deformational hysteresis. For such compounds,
ISO/48 Vulcanized Rubbers—Determination of Hardnesdifferences in the dwell time in the two hardness tests result in
(Hardness between 30 and 85 IRHD) differences in hardness values. Readings may not be compa-
rable when testing curved or irregularly shaped test pieces.
3. Summary of Test Methods 4.1.1 For substantially elastic isotropic materials like well-

3.1 Two procedures are given to accommoda‘te Specimens ijlcanized natural rubbel‘s, the hardness in International Rub-
different dimensions. The standard test is intended to be us&te’ Hardness Degrees bears a known relation to Young's
on specimens greater than 4 mm in thickness, preferably 8 tgnodulus, although for markedly plastic or anisotropic rubbers
10 mm. The micro-tester is used on specimens less than 4 mHie relationship will be less precisely known.
in thicknESS, on Specimens thicker than 4 mm having lateral 4.1.2 The relation between the difference of penetl’ation and
dimensions less than those specified for the standard test, or §}¢ hardness expressed in International Rubber Hardness
rubber articles that do not have flat surfaces suitable for makingegrees is based on the following:
the standard test. In both procedures, the hardness in Interna-4-1.2.1 The relatich between penetration and Young's
tional Rubber Hardness Degrees (IRHD) is derived from thénodulus for a perfectly elastic isotropic material:

FIM = 1.9R(P/R) 1% (1)

1 This test method is under the jurisdiction of ASTM Committee D-11 on Rubber where:
and is the direct responsibility of Subcommittee D11.10 on Physical Testing. — i H

Current edition approved Sept. 30, 1988. Published February 1989. Originally mdentmg force,
published as D 1415 - 56 T. Last previous edition D 1415 — 83.

2 Annual Book of ASTM Standards, Vol 09.01.

3 Available from American National Standards Institute, 11 West 42nd Street;
13th Floor, New York, NY 10036. 4 This relation is approximate and is included as an indication.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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M = Young’'s modulus, MPa, 5.1.5 Vibrating Device—For example, an electrically oper-
R = radius of ball, mm, and ated buzzer, for gently vibrating the apparatus to overcome any
P = penetration, mm. slight friction; this should not exceed 5 % of the minor load.

4.1.2.2 Use of a probit (integrated normal error) curve toThis device may be omitted on apparatus without any friction.
relate logy, M and hardness in International Rubber Hardness
Degrees, as shown in Fig. 1. This curve is defined as follows®. Test Specimen

4.1.2.3 The value of log M corresponding to the midpoint 6.1 Tests intended to be comparable must be made on
of the curve is equal to 0.364, that M, = 2.31 MPa or 335 specimens of the same thickness that have smooth, flat, and

psi. parallel upper and lower surfaces. Two pieces of rubber, but not
4.1.2.4 The maximum slope is equal to 57 Internationaimore than two, may be superimposed to obtain the required
Rubber Hardness Degrees per unit increase ig,lbg thickness. The dimensions of the specimen depend on the tester

used to measure the hardness.
6.2 Standard Tester—The standard specimen shall be be-
5.1 The essential parts of the apparatus are as follows, theveen 8 and 10 mm in thickness; nonstandard specimens may
appropriate dimensions and loads being given in Table 1:  be either thicker or thinner but in no case less than 4 mm thick.
5.1.1 Vertical Plunger, terminating in a rigid ball. The lateral dimensions of both standard and nonstandard
5.1.2 Force Applicator—for applying a minor force and a specimens shall be not less than 20 mm, and no test shall be
major force to the ball the mass of the plunger and of anymade at a distance from the edge of the specimen less than the
fittings attached to it and the force of any spring acting on itappropriate distance shown in Table 2.
shall be included in determining the minor and major forces. 6.3 Micro Tester—The standard specimen for the micro test
This is in order that the forces actually applied to the ball shalprocedure shall be between 2 and 2.5 mm in thickness;
be as specified. nonstandard specimens may be either thicker or thinner but in
5.1.3 Measuring Device-A mechanical, optical, or electri- no case less than 1 mm thick. The lateral dimensions of both
cal device graduated either in standard units of length or irstandard and nonstandard specimens shall be such that no test
International Rubber Hardness Degrees for measuring this made at a distance from the edge of less than 2 mm. When
increase in depth of penetration of the plunger caused by thgpecimens thicker than 4 mm are tested on the micro tester
major load. because lateral dimensions or area of flatness do not permit
5.1.4 Foot—A flat annular-shaped foot that is rigidly fas- testing on a standard tester, the test shall be made at a distance
tened to the penetration-measuring device and normal to thfieom the edge as great as possible. Curved specimens, for
axis of the plunger, and which during the test is forced againsexample, O-rings, may be tested with the micro tester if the
the specimen in order to determine accurately the position adpecimens are mounted in such a manner as to prevent
the upper surface. movement during the test, but the values obtained may not be

5. Apparatus

Log,, M (M in MPa)
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FIG.1  Point Curve to Relate Log ;, M and the Hardness in International Rubber Hardness Degrees
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TABLE 1 Apparatus Requirements

Note 1—In micro testing using instruments in which the test piece table is pressed upwards by a spring, the value of the force on foot is that acting
during the period of application of the total indenting force. Before the indenting force increment ofN0i&4fpplied, the force on the foot is greater
by this amount, and hence is 0.380.03N.

Standard Testers Micro Tester
Diameter of ball, mm 2.38 = 0.01 2.50 = 0.01 0.395 + 0.005
Minor force on ball, N4 0.30 + 0.02 0.29 + 0.02 0.0083= 0.0005
Major force on ball, NA 5.23 = 0.01 5.4 = 0.01 0.1455 + 0.0005
Total force on ball, N* 5.53 + 0.03 5.7 = 0.03 0.153 = 0.001
Outside diameter of foot, mm 20+ 1 20+ 1 3.35+ 0.15
Inside diameter of foot, mm 61 6+1 1.00*= 0.15
Force on foot, N& 83+ 15 83+ 15 0.235+ 0.03¢

A Includes frictional forces in apparatus.
B The force should be adjusted within these limits to the actual area of the foot so that the pressure in the specimen is 30 + 0.5 kPa.
€ Force on foot during application of total force on ball; force on foot during application of minor force on ball, 0.2 N minimum, 0.4 N maximum.

TABLE 2 Minimum Distance from Edge of Specimen at Which tion of the major load for 30 s. If the micro tester is used,
Test is Made multiply this movement by the scale factor of 6. Convert the
Total Thickness of Specimen Minimum Distance from Edge value obtained into International Rubber Hardness Degrees by
mm in. mm in. using Table 3 or a graph constructed therefrom.
4 0.16 7.0 0.28 8.4 Make one measurement at each of three or five different
6 0.25 8.0 0.31 points distributed over the specimen. Take the median of these
" o3 B — measurements rounded to the nearest IRHD for the hardness
15 0.6 115 0.45 value.
25 1.0 12.5 0.50 0. Report
9.1 The report shall include the following:
comparable to those obtained with flat specimens. 9.1.1 Hardness expressed in International Rubber Hardness
Degrees (IRHD). Values from curved or irregularly shaped
7. Test Temperature specimens shall be quoted as apparent hardness,
7.1 The test shall be normally carried out at22°C (73.4 9.1.2 Dimensions of specimen and number of pieces, that is,

+ 3.6°F). The specimens shall be maintained at the testne or two. In the case of curved or irregularly shaped
temperature for at least 3 h immediately prior to testing.specimens: specimen description, method of mounting, and
Specimens that are affected by atmosphere moisture shall ieethod of applying test,

conditioned in an atmosphere controlled to+56 % relative 9.1.3 Type of surface tested, that is, molded, buffed, or
humidity for at least 24 h. When tests are made at higher optherwise,

lower temperatures, the specimens shall be maintained at the9.1.4 Type of tester used, that is, standard or micro, and
conditions of test for a period of time sufficient to reach 9.1.5 Temperature of test.

temperature equilibrium with the testing cham_ber,_ and th_ %5 ecision ulfllErE

temperatures shall be chosen from those specified in Practice

D 1349 10.1 This precision and bias section has been prepared in
' accordance with Practice D 4483. Refer to this practice for
8. Procedure terminology and other statistical calculation details.

8.1 Condition the specimen in accordance with 7.1. Slightly 10.2 Precision—A Type 1 (interlaboratory) test program to

dust the upper and lower surfaces of the test specimen witfletermine pre_ci_s_ion was evaluated in 198_1. Both repeatability
talc. Support the specimen on a horizontal rigid surface, an@nd répreducibility are short term. A period of a few days

lower the foot to rest on the surface of the specimen. Press raeparates replicate test results. A test result is the median value,
plunger, with the minor force on the indenting ball, vertically @ SPecified by this test method, obtained on five determina-

onto the specimen for 5 s. tions or measurements of hardness.

8.2 If the gage is graduated directly in International Rubber 10-3 Four different materials were used in the interlabora-
Hardness Degrees, turn the bezel of the gage so that the poinfQfy Program. These were tested in six laboratories on two
indicates 100 (exercise care to avoid exerting any vertica

ifferent days. The results of the precision calculations for
pressure on the gage). Add the major force to the plunger angP€atability and reproducibility are given in Table 4, in
maintain the total force on the ball for 30 s (Note 1). Record theé?Scending order of material average or level, for each of the

reading on the gage as the hardness in International RubbBtaterials evaluated. _ .
Hardness Degrees. 10.4 The precision of this test method may be expressed in

_ _ _ the format of the following statements, which use an appropri-
Nore 1—During the loading periods the apparatus shall be gentlyate value ofr or R, that is, that value to be used in decisions
vibrated to overcome any friction.
8'3 If the measuring device is graduated in metric or in_Ch > Supporting data are available from ASTM Headquarters. Request RR: D11-
units, record the movement of the plunger caused by applicar024.
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TABLE 3 Relation Between International Rubber Hardness Degrees (IRHD) and Penetrations Differences
Movement of Movement of Movement of Movement of
IRHD Plunger IRHD Plunger IRHD Plunger IRHD Plunger

mm mils mm mils mm mils mm mils
28 1.934 76.1 47 1.055 415 66 0.589 23.2 85 0.280 11.0
29 1.867 735 48 1.024 40.3 67 0.570 225 86 0.266 10.5
30 1.803 71.0 49 0.994 39.1 68 0.552 21.7 87 0.251 9.9
31 1.743 68.6 50 0.964 38.0 69 0.534 21.0 88 0.237 9.3
32 1.685 66.4 51 0.936 36.8 70 0.516 20.3 89 0.223 8.8
33 1.630 64.2 52 0.908 35.8 71 0.498 19.6 90 0.209 8.2
34 1.578 62.1 53 0.881 34.7 72 0.481 18.9 91 0.195 7.7
35 1.528 60.1 54 0.855 33.7 73 0.464 18.3 92 0.180 7.1
36 1.479 58.2 55 0.830 32.7 74 0.447 17.6 93 0.166 6.5
37 1.433 56.4 56 0.805 31.7 75 0.431 17.0 94 0.151 5.9
38 1.389 54.7 57 0.781 30.8 76 0.415 16.3 95 0.135 5.3
39 1.346 53.0 58 0.758 29.8 77 0.399 15.7 96 0.119 4.7
40 1.305 51.4 59 0.735 28.9 78 0.384 15.1 97 0.102 4.0
41 1.265 49.8 60 0.713 28.1 79 0.368 145 98 0.083 3.3
42 1.227 48.3 61 0.691 27.2 80 0.353 13.9 99 0.060 2.4
43 1.190 46.9 62 0.670 26.4 81 0.338 13.3 100 0.000 0.0
44 1.155 455 63 0.649 255 82 0.323 12.7
45 1.120 44.1 64 0.629 24.7 83 0.309 12.2
46 1.087 42.8 65 0.609 24.0 84 0.294 10'6

TABLE 4 Type 1 Precision Results (IRHD)

Within Laboratory” Between Laboratory”
Material Average
S r (n® Sk R (R)®
Material 1 41.51 0.1140 0.3227 0.777 3.1126 8.8087 21.221
Material 2 52.67 0.4143 1.1725 2.226 2.7121 7.6752 14.573
Material 3 65.09 0.3617 1.0236 1.573 2.8652 8.1086 12.457
Material 4 75.08 0.5236 1.4818 1.974 2.8091 7.9497 10.589
Pooled values® 58.59 0.3915 1.1079 1.891 2.9055 8.2225 14.035
AS, repeatability standard deviation.

r

0

repeatability = 2.83 times the square root of the repeatability variance.
repeatability (as a percent of material average).

Sk reproducibility standard deviation.
R reproducibility = 2.83 times the square root of the reproducibility variance.
(R) reproducibility (as a percent of material average).

B Because the hardness scale is not a linear scale, use caution in interpreting (r) and (R).
€ No values omitted.

about test results (obtained with the test method). The apprde have come from different or nonidentical sample popula-
priate value is that value ofor R associated with a mean level tions.

in Table 4 closest to the mean level under consideration atany 10,7 Repeatability and reproducibility expressed as a per-
given time for any given material in routine testing operationscentage of the mean level, () andR), have equivalent

10.5 Repeata_bility—The repeatabi_lity,, of this test methpd application statements as above f@ndR. For the ) and R)
has been established as the appropriate value tabulated in Ta@ﬁtements, the difference in the two single test results is

4. Two single test results, obtained under normal test proce; : ;
; ’ . 1 expressed as a percent of the arithmetic mean of the two test
dures, that differ by more than this tabulate¢for any given P P

. . . ., results.
level) must be considered as derived from different or noniden-

tical sample populations. 10.8 Bias—In test method terminology, bias is the differ-
10.6 Reproducibility—The reproducibilityR, of this test €nce between an average test value and the reference (or true)

method has been established as the appropriate value tabulatggt property value. Reference values do not exist for this test
in Table 4. Two single test results obtained in two differentmethod since the value (of the test property) is exclusively

laboratories, under normal test procedures, that differ by morgefined by the test method. Bias, therefore, cannot be deter-
than the tabulate® (for any given level) must be considered mined.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.
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This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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QHny) Designation: D 2228 — 88 (Reapproved 2001)

Standard Test Method for

Rubber Property—Abrasion Resistance (Pico Abrader) *

This standard is issued under the fixed designation D 2228; 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 (e) indicates an editorial change since the last revision or reapproval.

1. Scope 4. Significance and Use

1.1 This test method covers the determination of the abra- 4.1 The test method may be used to estimate the relative
sion resistance of soft vulcanized rubber compounds andbrasion resistance of different rubber compounds. No corre-
similar materials to a reference standard system. A reference tation between this accelerated test and service performance is
standard set of compounds is used to calculate relative abrasigiven or implied, due in part to the widely varying nature of
resistance. service conditions.

1.2 The values stated in Sl units are to be regarded as the
standard. The values given in parentheses are for informationr Interference
only. 5.1 This test method is conducted under controlled condi-

1.3 This standard does not purport to address all of thetions except for the sharpness of the abrasion knives. Different
safety concerns, if any, associated with its use. It is theubbers behave differently with respect to the sharpness of the
responsibility of the user of this standard to establish appro-knives? For the most uniform test results, the knives must be
priate safety and health practices and determine the applicamaintained within the specifications of 9.5.

bility of regulatory limitations prior to use.
6. Apparatus

2. Referenced Documents 6.1 Pico Tester— An overall view of the apparatus is
2.1 ASTM Standards: illustrated in Fig. 1. The pico tester itself is illustrated in Fig.
D 1349 Practice for Rubber—Standard Temperatures fo?2.

Testing 6.1.1 Turntable, on which the test specimen is mounted and

D 3182 Practice for Rubber—Materials, Equipment, androtated.
Procedures for Mixing Standard Compounds and Prepar- 6.1.2 Instrument Frame, with armature assembly that holds
ing Standard Vulcanized Shegéts and lifts the knives. Mounted on top of the assembly is a
D 4483 Practice for Determining Precision for Test Method“dead-weight load box in which masses (weights) may be
Standards in the Rubber and Carbon Black Industries placed to regulate the force on the knives. The assembly moves
freely in a bearing housing that permits vertical motion but
3. Summary of Test Method counteracts the reaction torque on the knives, thus preventing
3.1 In this test method, a pair of tungsten carbide knives ofotation. Vertical travel, once knives have been lowered onto
specified geometry and sharpness is used to abrade the surfabe test specimen, is restricted by an arm lock.
of rubber. The knives are lowered onto a circular test specimen, 6.1.3 Drive Motor, with forward, reverse, and stop controls
or button, which is rotated under controlled conditions ofto govern the operation of the turntable.
speed, time, and force on the knives. A dusting powder is used 6.1.4 Dusting Powder ReservoiandFeeder Tubes, to sup-
at the interface between the knives and the specimen to engyfy a uniform flow of dusting powder to the interface of the
the abraded rubber particles, and to maintain the kniveknives and test specimen during operation.
relatively free from oils, resins, etc., which might be presentin 6.1.5 Pair of Digital Counters, mounted diametrically op-
the specimen. These oils, resins, etc., interfere with th@osed to one another on the turntable support.
abrasion assessment. A series of five calibration compounds is6.2 Grinder, for preparing the surfaces of test specimens.
used to determine that the sharpness of the knives is withifthe grinder shall be equipped with a magnetic plate for holding
specified limits and as reference standards to which the volunthe specimen in place, a micrometer adjustment for controlling
loss of any experimental material may be compared. the verticle movement of the abrasive wheel, and a handwheel
for traversing the specimen. The spindle rotational frequency
shall be 95+ 3 Hz (rps). The size of the abrasive wheel shall

1 This test method is under the jurisdiction of ASTM Committee D-11 on Rubber
and is the direct responsibility of Subcommittee D11.15 on Degradation Tests. —————————
Current edition approved April 29, 1988. Published June 1988. Originally *For further information, see Research Report RR: D-11-1022. A copy is
published as D 2228 — 63 T. Last previous edition D 2228 — 83. available from ASTM Headquarters, 100 Barr harbor Drive, West Conshohocken,
2 Annual Book of ASTM Standards, Vol 09.01. PA 19428-2959.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Pico Tester with Auxiliary Apparatus

be about 100 mm (4 in.) in diameter and 12.5 mm (0.5 in.) in

width with a center mounting hole of 12.7 mm (0.5 in.) S R
diameter. The grit grade of the wheel shall be equivalent tc
Carborundum C30LB. — R AT S

6.3 Vacuum Dust Collector, with vacuum sweeper hose of
gum rubber tubing having a tapered tip to provide rapid
removal of the dusting powder and engulfed particles from the
specimen.

6.4 Balance, accurate te0.0001 g.

7. Auxiliary Materials

7.1 Dusting Powder:

7.1.1 The dusting powder used shall be a blend of eque
parts by weight of aluminum oxide and diatomaceous earth
The diatomaceous earth should be passed through a No. 2
(75-pm) screen and the retained material discafded.

7.1.2 An equal part mixture of the two powders shall be
thoroughly blended, densed, and screened. For small quan
ties, the following procedure is satisfactory: into a sturdy
ceramic wide-mouth, 4-dfjar, place 100 g of each of the two
pigments. Blend thoroughly by agitation. Add 1000 g of
4.76-mm @1e-in.) steel balls, and place the closed jar on a
roller for approximatet 8 h atabout 0.33 Hz (rps). Remove the
steel balls. Scrape the densed dust out of the jar and pa
through a No. 30 (600 um) screen with the aid of a biush.

4 Alon-C undensed aluminum oxide, manufactured by the Cabot Corp., Boston
MA, has been found satisfactory.

5“Seneca Standard” Tripoli, Air Float Rose diatomaceous earth, manufacture:
by the American Tripoli Co., Seneca, MO, or Double Ground Rose, manufacturet
by the Harshaw Chemical Co., Cleveland, OH, has been found satisfactory.

© A preblend mixture of these pigments is commercially available through the FIG. 2 Pico Tester
Ferry Machine Co., Kent, OH 44240.
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7.2 Calibration Compounds 8.2 An alternative specimen may be used in which a disk of
7.2.1 The formulas and the mixing and curing specificationghe test material, not less than 1.59 mm (0.062 in.) thick and of
for the five calibration compounds are given in Annex Al. Athe same diameter as the standard specimen, is cemented to a
brief description of the five compounds in terms of rubber andoreviously used specimen or one that has been buffed down to

black types is as follows: accommodate the thickness of the disk. The disk may be cut
Com- from a product or from a laboratory cured sheet.
Rubber Black . .
poltind < Butadiene Rubh st Re Black 8.3 For testing conveyor belt covers, a specimen may be
tyrene-Butadiene Rubber ndustry Reference Blacl . A . . - i
B Styrene-Butadiene Rubber Industry Reference Black prepared as described in 8.2 or by.cuttmg cylindrical speci
C  Natural Rubber Industry Reference Black mens through the belt and cementing these to buffed down
D Styrene Butadiene/Polybutadiene  Industry Reference Black standard specimens with either the top cover or bottom cover
Blend . .
E Styrene Butadiene/Polybutadiene Intermediate Surface Abra- facmg_ up, as desired. Covers shall be at least 0.79 mm (0'032
Blend sion Furnace Black II"I.) thick.

7.2.2 The calibration compounds given in Annex Al are 8.4 Two separate[y cur_ed test spec_ime.ns per mater.ial shall
new compounds (1982). The old calibration compounds of thi?e te§ted. However, if replicate determinations are requwed,_ the
method can no longer be prepared due to the unavailability ofP€cimens may be rebuffed and retestgd many t!mes. Repllcgte
several materials. The new calibration compounds are n(g_etermlnatlons of the same test material are limited when th|_n
intended to give equivalent index results to the old referenc isks arebc?tmented t0 ? sttagdard specimen or when thin
materials. The nominal indices of the new calibration com-COMVeYor DIt covers are tested.
pounds, however, have been developed based on the ogj el branen
reference compounds and on the qualification of 5.1, and thée’ : . . i
tolerance ranges have been established based on the specifica2-1 '€ tester is checked for within specification operation
tion tolerances for knife sharpness as explained in 9.5. by testing the five calibration compounds under standard

7.2.3 The five calibration compounds are used to check theonditions. The results based on the calculation of 9.2 shall fall
operation of the tester. If within specification tolerances,Within the acceptance limits of Table 1. o
experimental materials are then tested and compared to the tes®-2 Calculate the volume loss for each calibration com-
results of the calibration compounds. In essence, once it hd®und by subtracting the final mass from the initial mass and
been determined that the tester is in-calibration, the calibratiodviding the result by the density of the rubber:
compounds act as reference compounds; where applicable, M; — M,

either of the two terms will be used. LS5 @)

=
=
()
o
D

8. Test Specimen

8.1 The standard test specimen shall be molded to give thqlfl’l‘_ volume loss in cmof Caliration compoun,
I
Mg
D

initial mass in g,
final mass in g, and
Density, in mg/m.

9.3 Multiply the volume loss for each calibration compound
by its nominal index, add these products together, and divide
by 500 as follows:

Standard volume loss
(LpX76) + (Lg X 86) + (L X 106)
+ (Lp X 113 + (Lg X 128

dimensions shown in Fig. 3.

+ 5% 100 )
where L,, Lg, etc. =volume loss, in cfy for Calibration
Compounds A, B, etc.
TABLE 1 Calibration Compound (Reference Compound)
Specifications
(1-1/4") Note 1—Industry Reference Black No. 5 was used in Compounds A

through D when these nominal indices were determined; Compound E
contains an ISAF Black. The most recent IRB allotment (No. 6; 1986)
does not match its predecessor in physical properties performance of

3. 75mm —

-

L vulcanized compounds. The nominal indices of Compounds A through D
[ ] maintain their relative values with respect to one another with the new
+ { black allotment but Compound E is forced to a higher nominal index
|“ 44.45mm—a-‘ £ E (148).
(1-3/4") - E E - Compound Designation
©h Lo A B C D E
25 o 8 Nominal index 76 86 106 113 128

Permissible range  69t0 83 81to91 95to 117 105 to 121 116 to 140

FIG. 3 Test Specimen
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9.4 Divide the standard volume loss resulting from the e e— -]
calculation of Eq 2 by the individual volume losses of each
calibration compound to give the index value for each. 15.880mm (.6250") 1270 mm(.0500")
Note 1—Example:The following volume losses, in cri, were ob- 15.893mm (.6255") —-1 1283 mm {.0505")
tained: A
o|lwv
L, =0.0395 3 » - 5|8 D
Lg = 0.0337 hd v EE J
olm \ /
Le = 0.0272 8|8 \
gl a
Lp = 0.0254
Le = 0.0235 \7/\<
60°
Standard volume loss + /20
(0.0395% 76) + (0.0337X 86) + (0.0272x 106) - o°
+ (0.0254% 113) + (0.0235% 1298 Material—Carboloy Grade 831 or equal.
X
~0.0293 oy 4) Note 1—Opposite sides must be parallel.
oTe 2—Pairs must match within 0. mm (0. in.).
o Note 2—Pai h within 0.013 mm (0.0005 in.)
Index for calibration compound A (0.0293/0.0395x 100= 74 Note 3—Final finish on bevel is equal to No. 4 pm finish.
®) Note 4—Width of cutting edge shall be not greater than 10 um.
Index for calibration compound B (0.0293/0.033yYx 100= 87 FIG. 4 Cutting Knives

Index for calibration compound € (0.0293/0.0272X 100= 108
Index for calibration compound B (0.0293/0.025%X 100 = 115

Index for calibration compound E (0.0293/0.0235X 100 = 125
. . wn Note 2—Scanning electron microscopy may be used to identify the
9.5 To function properly, the knives must have a “flat” of 10 width of the* flats.” This procedure will eliminate any false measurements

to 20 um on the abrasion edge. To produce this *flat,” knives otye to reflected light that may be encountered with a normal light
the geometry illustrated in Fig. 4 can be dulled with a diamondnicroscope.
dust to give a “flat” of 10 to 12 um. Normally, with new or

rgsharpened knives, th_e f|ve calibration compounds_wnl _fa"tolerance ranges, the tester is in calibration. The frequency for
within the acceptance limits. If one or more of the calibration

! i : checking the calibration shall be at least once for every 30
compounds fail to do so, it indicates that the particular

; . specimens that are tested.
compound(s) is out of specification in one respect or another

and it should be remixed, recured, and retested. After continuetld. Procedure

use, the knives will wear so that the “flat” becomes too wide, 19 1 Although it is common practice in ASTM standards to
that is, wider than 20 pum. When this occurs, Calibration,esent a section on calibration before a section on procedure,
Compounds C and E will become equivalent to Compound Be order is reversed because the calibration of test necessitates
and Compounds C and E will also fail to meet their acceptancg,e knowledge of operation. Both procedure and calibration are
required to conduct tests on experimental materials.

10.2 Prepare the test specimen by buffing the surface of the

limits. The knives should be returned to the supplier for
resharpening (Note 2).

9.6 When the five calibration compounds are within their

TABLE 2 Type 1—Precision

Note 1— o specimen on a surface grinder as specified in 6.2. Set the
§ = within laboratory standard deviation, abrasive wheel for an abraded depth of 0.13 mm (0.005 in.) to
r = repeatability (in measurement units), remove the mold skin. Follow with a finishing depth of 0.025

(r) = repeatability (in percent),
S = between laboratory standard deviation,
R = reproducibility (in measurement units), and

mm (0.001 in.). Without changing the micrometer setting, give
the surface of the specimen a finish grind. The dwell time per

(R) = reproducibility (in percent) pass under the abrasive wheel should be approximately one
Part A—Volume Loss, cm® second. ) )
Com-  Test Level  Within Laboratories Between Laboratories 10.2.1 When successive tests are made on a previously
pound  Average Sr P o Sr R (R) tested specimen, buff off the abrasion pattern produced on the
E 0.017 0.0005 00014 832 00037 00105 616 specimen as given in 10.2.
c 0.017 0.0006 0.0017 100  0.0038 0.010 63.3 10.3 Brush the buffed specimen to remove all loose rubber
D 0019 00006 00017 895 0.0036 00102 53.6 particles.
B 0025 00012 00034 136 00069 00195 78.1 . . . .
A 0036 00011 00031 861 00043 00122 338 10.4 Different volume losses will be obtained depending on
the time specimens are allowed to equilibrate after buffing. To
Part B—Abrasion Index obtain consistent results, specimens, after buffing, should be
A 714 637 180 253 761 215 301 allowed to condition for 24 h in an atmosphere having a
B 96.9 528  14.9 154 497 141 14.6 temperature of 23 2°C (73.4£3.6°F) and a relative humidity
€ uaz 426 121 106 .. of 50 = 5 % in accordance with Practice D 1349.
D 119.3 6.70 19.0 15.9 5.03 14.2 11.9 10.5 Det . th f th . bal
E 140.7 670 100 135 141 399 28.4 .5 Determine the mass of the specimen on a balance,

recording results to the nearest 0.0001 g.

Publicacién autorizada con fines académicos e investigativos



TESIS UCSM 5 ~ DE SANTA MARIA

iy D 2228

10.6 Close the power switch for the motor control unit. Letmethod is particularly useful when employing nonstandard
the thymatrol tubes warm up for two minutes before startingseverity conditions.
the motor. After the motor warms up, it can be started, stopped,
and reversed at will (Note 3). 12. Report
12.1 The report shall include the following:
12.1.1 Identification of the tested specimens,
12.1.2 Cure time and temperature,

Note 3—A direct-current driven motor with SCR control may be used.
If so, 10.6 can be disregarded.

10.7 Control the rotational frequency of the turntable to 12.1.3 Density,
1.00 + 0.03 Hz (rps) by a rheostat on the control. Check the 12'1'4 Force o’n knives used
rotational frequency occasionally with a stopwatch (Note 4). 12'1'5 Rotational frequency l,Jsed

Note 4—A tachometer may be mounted permanently to the apparatus 12.1.6 Initial specimen mass,
to give a direct indication of rotational frequency. 12.1.7 Final specimen mass,

10.8 The force on the knives for standard conditions shall be 12.1.8 Specimen mass loss,
44 N (Note 5). The tare of the shaft, chuck, knife holder, 12.1.9 Specimen volume loss, and

knives, and box is Stamped on each tester. Add a sufficient 12.1.10 Abrasion index with the test method used to calcu-
amount of lead or steel to attain 44 N. late the index as described in 11.1 or 11.2.

Note 5—The rotational frequency of 1 Hz (rps) with a force of 44 Nis 13, Precision and Bias’
a standard condition. If varying severity tests are desired, it is recom-

mended that the following conditions be employed: 13.1 These precision statements have been prepared in

Rotational Frequency, Forde accordance with Practice D 4483. Please refer to this practice

Hz (ps) N for terminology and other testing and statistical concept
Low severity 0.50 24.5 exp|anations_
High severity 1.83 88.2

13.2 Type 1—Precision data have been compiled which
For each condition, the number of revolutions remains the same, that igxcludes the compounding variation among laboratories.
a total of 80. 13.3 The statements were developed from interlaboratory
10.9 Clamp the specimen onto the turntable. Start the dustéesting of the five new Calibration Compounds (A-E). These
and adjust so that an even flow (5 mg/s) of dusting powder ifive compounds were mixed in a B Banbury internal mixer
established. with curatives added on a mill. All specimens of the same
10.10 Push the forward button, and at the first click of thecompound were cured from the same mix.
counter, lower the knives gently onto the specimen within the 13.4 The precision statements are based on the testing of
first quarter revolution following the click. On the twentieth five samples by six laboratories on two days.
click, stop the tester within one quarter of a revolution. Stopthe 13.5 A test result is defined to be the average of two
duster and lift the knives from the specimen. Vacuum theseparately cured specimens.
dusting powder and the abraded rubber particles from the 13.6 Precision statements were prepared for both volume
specimen. Restart the duster and repeat these operatiomsss and abrasion index. Volume loss is the measure of the
reversing the direction of rotation for three more increments ophysical differences among the interlaboratory testers and
20 revolutions, to a total of 80 revolutions, 40 revolutions inindex is a measure of the test method in general.
each direction. 13.7 The precision of this test method may be expressed in
10.11 Acylindrical receptacle may be placed around the teghe format of the following statements that use an appropriate
specimen and filled with a sufficient supply of dusting powdervalue ofr, R, (r), or (R), that is, that value to be used in
so that the knives do not have to be lifted upon change oflecisions about test results (obtained with this test method).
rotational direction. Volume losses obtained by this methodlhe appropriate valuds that value of or R associated with a
will not be as great, but as long as all test specimens anthean level in the precision table closest to the mean level
calibration compounds are tested similarly, similar index re-under consideration (at any given time, for any given material)
sults will be attained. If this procedure is used, some form ofin routine testing operations.
electronically automated control is permissible. 13.8 Repeatability— The repeatability of this test method
10.12 Remove the specimen, brush away all loose powddras been established as tygpropriate valuetabulated in the
and abraded rubber with a stiff brush and determine the magwecision tables. Two single test results, obtained under normal
on a balance, recording the result to the nearest 0.0001 g. test method procedures, that differ by more than this tabulated
11 C . r (for any given level) must be considered as derived from
. Calculation . . . .
different or non-identical sample populations.
11..1 Calculate the volume loss from.the mass loss and 13.9 Reproducibility— The reproducibiliyR, of this test
density of the tested material. As done in 9.2, 9.3, and 9.4method has been established asappropriate valugabulated
express the result as an index number obtained by dividing thg the precision tables. Two single test results obtained in two

standard volume loss of the reference compounds, tested in thiferent laboratories, under normal test method procedures,
same series, by the volume loss of the tested material and

multiplying the quotient by 100.
11.2 Calculate the index of the tested mate!"al agamSt_ any 7supporting data are available from ASTM Headquarters. Request RR:
one of the reference compounds as described in 11.1. This test1-1022.
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that differ by more than the tabulat&l(for any given level) 13.11 Bias—In test method terminology, bias is the differ-

must be considered to have come from different or nonence between an average test value and the reference (or true)

identical sample populations. test property value. Reference values do not exist for this test
13.10 Repeatability and reproducibility expressed as a pemethod since the value (of the test property) is exclusively

centage of the mean level, () andR), have equivalent defined by the test method. Bias, therefore, cannot be deter-

application statements as 13.8 and 13.9fandR. For the ) mined.

and (R) statements, the difference in the two single test results

is expressed as a percentage of the arithmetic mean of the tw¢- Keywords

test results. 14.1 knife abrasion; rubber articles; rubber products

ANNEX
(Mandatory Information)

Al. FORMULAS AND MIXING AND CURING SPECIFICATIONS FOR THE CALIBRATION COMPOUNDS

Al.1 Calibration Compounds TABLE A1.2 Mixing Cycles for Calibration Compounds
Al.1.1 The formulas for the calibration compounds are o Compound, min
given in Table Al.1. A B c D E
.. B Banbury:
Al1.2 Methods of Mixing e
A1.2.1 The compounds are mixed in a B Banbury internal Add rubber 0:00 W 000 000  0:00
. . . [ . Add fillers 0:30 0:30 0:30 0:30 0:30
mixer in accordance with Practice D 3182. Initial temperature ram sweep 200 145 210 200 200
of the mixing chamber is 50°C (120°F). Batch size is 70 % of  Add oil 230 2110 255 225  2:30
total chamber volume capacity. The curatives are added on a Ram scrape OR300 350 315 315
.. . . ump 4:15 3:50 5:05 4:00 4:15
mixing mill having rolls between 250 and 258-mm (9.8 t0  pope
10.2-in.) outside diameter and an operating temperature of temperature at dump, 143 152 160 138 138
65°C (150°F). °C, (°F) (290)  (305)  (320)  (280)  (280)
Mill:
Note Al.1—The standard mill has rolls between 150 and 155-mm (5.9 igzd ma:?”a' gfgg gfgg gfgg 8% gfgg
to 6.1-in.) outside diameter. If this mill is used to add curatives, the batch End ;:r:;'ves 2:30 215 300 215 200
may be divided into three equal portions. The mixing cycle may have t0 e off 615 630 615 530 530

be adjusted to obtain comparable results.

Al1.2.2 The mixing cycles for the calibration compounds are
given in Table A1.2. Mixing is accomplished by following the
time specifications. No provisions are made for precondition-t
ing of the carbon black.

Al1.2.3 Sheet the compound off the mill at an approximate
hickness of 2.1 mm (0.08 in.) and cool on a flat dry clean
metal surface.

TABLE AL.1 Formulas for Calibration Compounds Al1.2.4 Die cut disks of the required diameter and stack the
disks to the required height.

NBS Designation
Standard
A B e P B A1.3 Recommended Cures
Natural rubber 385 100.0 . . .
CB 441 68.75 68.75 A1.3.1 Cures for the calibration compounds, in the form of
SBR 1502 100.0 the molded specimens required for the test, are given in Table
SBR 1712 137.5 68.75 68.75 Al.3.
Stearic acid 372 1.5 1.5 2.0 1.5 1.5 . . .
Zinc oxide 370 50 50 50 50 50 . A1.3.2.The size of_the molded specimen is such_ that a .Iag
IRBA 60.0 400 450 80.0 time or incubation time of approximately five minutes is
B . . . .
LsrﬁcFeglsagﬁc so 50 50 875 83-(7’5 involved in the cure. It is recommended that cures of experi-
Dimethyl butylphenyl ' ' ' ' ' _mental materials be increased by this amount over th_e cure that
phenylenediamine is established for sheets approximately 2 mm (0.08 in.) thick.
Trimethyldihydro- 15 15 1.0 15 15
quinoline
TBBS® 15 15 15 15 15 TABLE A1.3 Recommended Cures for Calibration Compounds
Sulfur 384 1.0 1.0 0.6 1.2 1.2
Specific gravity 371 2.0 2.0 25 2.0 2.0 Compound Time, min Temperature,® C (°F)
1.13 1.12 1.13 1.16 1.16 A 65 150 (302)
Alndustry Reference Black is available in 22.68 kg (50 Ib) bags from carbon B 65 150 (302)
black suppliers. C 60 140 (284)
BN234, or its equivalent. D 65 150 (302)
€Sundex 7260T, or its equivalent. E 65 150 (302)

PN- tert-butyl-2-benzothiazole sulfenamide.
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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QH”) Designation: D 2229 — 99

Standard Test Method for

Adhesion Between Steel Tire Cords and Rubber 1

This standard is issued under the fixed designation D 2229; 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 (e) indicates an editorial change since the last revision or reapproval.

1. Scope of strands or filaments and strands.
1.1 This test method covers the determination of the force 3-1.4 For definitions of other textile or rubber terms used in

required to pull a steel cord from a block of vulcanized rubberthis test method refer to Terminology D 123 or Terminology
1.2 Although designed primarily for steel cord, this testD 1566.

method may be applied with modifications to wire used in4_ Summary of Test Method
rubber products.

1.3 This test method can also be used for evaluating rubber 4.1 The steel cords are vulcanized into a block of rubber and

compound performance with respect to adhesion to steel corH.‘e force necessary to pull the cords linearly out of the rubber
1.4 The values stated in Sl units are to be regarded as tHé measured.
:tgggg:g. No other units of measurement are included in th|§_ Significance and Use

1.5 This standard does not purport to address all of the 5.1 This test method is considered satisfactory for the
safety concerns, if any, associated with its use. It is thecceptance testing of commercial shipments of steel tire cord

responsibility of the user of this standard to establish appro_because current estimates of between-laboratory precision for

priate safety and health practices and determine the applicaSi”gle materials are considered acceptable and the me_thod has
bility of regulatory limitations prior to use. been used extensively in the trade for acceptance testing.

5.1.1 If there are differences or practical significances be-

2. Referenced Documents tween reported test results for two laboratories (or more),
2.1 ASTM Standards: comparative tests should be performed to determine if there is
D 76 Specification for Tensile Testing Machines for Tex-2 Statistical bias between them, using competent statistical

tiles? assistance. As a minimum, the test samples should be used that
D 123 Terminology Relating to Textils are as homogenous as possible, that are drawn from the
D 1566 Terminology Relating to RublSer material from which the disparate test results were obtained,
D 2904 Practice for Interlaboratory Testing of a Textile Testand that are randomly assigned in equal numbers to each
Method that Produces Normally Distributed Diata laboratory for testing. Other materials with established test
E 105 Practice for Probability Sampling of Materfals values may be used for this purpose. The test results from the
E 122 Practice for Choice of Sample Size to Estimate dWO laboratories should be compared using a statistical test for
Measure of Quality for a Lot or Procéss unpaired data, at a probability level chosen prior to the testing
series. If a bias is found, either its cause must be found and

3. Terminology corrected, or future test results must be adjusted in consider-
3.1 Definitions ation of the known bias.

3.1.1 adhesion, n—in tire fabricsthe force required to 5._2 The mold _described in this test method is primarily
separate a textile material from rubber or other elastomer by @€signed for quality acceptance testing for steel cord where the
definite prescribed method. sample size for each cord is 4 or a multiple thereof, but any

3.1.2 rubber compound, #-as used in the manufacture of mold/cavity combination which will provide the required test
rubber articles, an intimate mixture of elastomer(s) with all Plock dimensions (Figs. 1 and 2) is acceptable. _
materials necessary for the finished article. 5.3 Appendlx X1 contains suggested ranges of environmen-

3.1.3 steel cord, A—a formed structure made of two or more tal conditions for aging tests.

steel filaments when used as an end product or a combination9-4 The property measured by this test method indicates
whether the adhesion of the steel cord to the rubber is greater

* This test method is under the jurisdiction of ASTM Committee D-lSonTextiIesthan the cohesion of the rubber, that is, complet_e rubber
and is the direct responsibility of Subcommittee D13.19 on Tire Cord and Fabricscoverage of the steel cord, or less than the cohesion of the

Current edition approved Nov. 10, 1999. Published January 2000. Originallyubber, that is, lack of rubber coverage.
published as D 2229 —63 T. Last previous edition D 2229 — 98.

2 Annual Book of ASTM Standards, Vol 07.01. 6. Apparatus
3 Annual Book of ASTM Standards, Vol 09.01. . ) .
4 Annual Book of ASTM Standards, Vol 14.02. 6.1 Mold (Figs. 2 and 3)—The mold is designed to produce

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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TEST CORD

THICKNESS
(EMBEDDED CORD
LENGTH)

M

FIG. 1 Definition of Test Block Dimensions

four test blocks with the preferred dimensions, each containingoes not affect adhesion of the cord in the vulcanized block. A
15 steel cords. The blocks are 200 mm long and 12.5 mm thickuitable solvent has been found to be a special lead-free
(embedded cord length). When testing cords equal to or lesgasoline (normal heptane), with a distillation range from 40 to
than 1.7-mm diameter, the mold in Fig. 2 and Fig. 3 should bel41°C and a maximum recovery of 97 %.
used to produce blocks, and when testing cords with a diameter 7.2 Rubber Compound—The rubber compound shall be
greater than 1.7 mm, the mold should be suitably modifiedfurnished by the user of the cord, together with pertinent
Molds designed to produce any other number of test blocks ahformation of the temperature and time for the vulcanization
the required dimensions are acceptable, and molds designeddb the particular rubber, as well as the conditioning period
produce blocks with different embedded cord length arebetween vulcanization and testing. Because the performance of
permitted. the rubber stock is affected by its age and storage conditions,
6.2 If more than one third of the cords break at the 12.5-mnthe user of the cord shall also specify storage conditions and
embedment, it may be advisable to reduce the embedment fany time limits for storage of a particular rubber, or approve the
use of a suitable mold insert. storage conditions utilized by the producer. The rubber shall be
6.3 Testing Machine: provided in sheet form at least 215 mm wide and either
6.3.1 A constant-rate-of-extension (CRE) type tensile test7 — 0, + 1 mm thick or 3.5 - 0, + 0.5 mm thick, sheeted onto
ing machine conforming to the requirements of Specificatiomonhygroscopic backing, such as a plasticizer-free plastic
D 76 for textiles shall be used for measuring the pull-out force material.
The rate of travel of the power actuated grip shall be 50 7.3 Mold Release Lubricart-A suitable mold release lubri-
mm/min. Other rates of travel up to 150 mm/min may be usectant may be applied to the empty mold to facilitate test block
as agreed upon by the purchaser and the supplier. removal. Excess lubricant shall be wiped from the mold and
6.3.2 The top grip shall apply force to the cord during particularly from the slots provided for the cords. The lubricant
testing that is normal to the face of the test block. should not be applied when exposed cord is in the area, and
6.3.3 The bottom grip (Fig. 4) shall be a special holder madeshould only be used when absolutely necessary. Use of a mold
for the vulcanized test block. release lubricant should be recorded on the test report.

6.4 Press—A curing press, large enough to take the mold, Note 1—The use of mold release lubricant is not recommended. The

and capable of a minimum pressure of 3.5 MPa over the tOtarhold should be permanently coated with Tefloor preferably, with a
area of the mold plate. Electrical or steam heat for the top angainless steel reinforced nonstick coating, such as Excalfbur®.

bottom platens shall be provided, of sufficient capacity for

maintaining the mold components at the temperatures requiréd Hazards

for the rubber compound being used. 8.1 Refer to the maufacturer's material safety data sheets
6.5 Desiccator. (MSDS) for information on handling, use, storage, and dis-

7. Materials and Reagents posal of chemicals used in this test.

7.1 Solvent—A solvent may be U_SGd to freshen the surface 5 Excalibur® is a registered trademark of the Whitford Corporation, West
of the rubber when necessary, provided such solvent treatmeatester, PA.
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TOLERANCES
All dimensions  +0.2
Angular  *2°
Except where noted

Note 1—All dimensions in millimetres except where noted.
Note 2—Material—Mild steel.

Note 3—Mold should be coated permanently with a polytetrafluoro-ethylene, such as ®efioipreferably, with a stainless steel reinforced
polytetrafluoro-ethylene with a polyamid binder, such as ExcaliSur®.
Note 4—Dimensions with “*” may be altered to accommodate test grips.

FIG. 2 Four-Cavity Steel Cord Adhesion Mold

8.2 Wear heat resistant gloves when working at the hot predslocks cannot be constructed within 8 h store the cords in a

and handling hot forms. dessicator at 23 2°.
9. Sampling and Specimen Preparation 10. Procedure
9.1 Obtain lot and laboratory samples in accordance with 10.1 Test Block Construction:
Practices E 105 and E 122. 10.1.1 Construct the test blocks in a cold mold or form

9.2 Cut specimens from each laboratory sampling unit intchaving the same dimensions as the mold in the following
lengths that are greater than the total mold length. To eliminatenanner.
flare, use procedures in 9.2.1 or 9.2.2. Choose the number 0f 10.1.2 Lay out specimens on a clean dry surface. Touch the
specimen to achieve the desired level of test result precisiorspecimens only at their ends. Steel cord is normally tested in
The relationship between the sample size and test precision ke “as-received” condition; therefore, it is generally not

shown in Table 2. cleaned nor dried prior to building the test block.
9.2.1 Simultaneously cut and fuse the cut ends using a small 10.1.3 Cut pieces the rubber compound to the size of the
portable welding device. mold cavity. If a thickness of 3.5 mm is supplied, it should be

9.2.2 Tape the samples at the ends of the required speciméminated to a 7 mm thickness before cutting to size. If the
length and cut through the sample where it has been tapedbber surface appears dry or contaminated, it may be fresh-
leacing the new ends of both sample and specimen taped. ened with clean solvent described in 7.1 and allowed to dry at

9.3 Handle samples and specimens with care to preveréast 3 min. This will facilitate handling the test blocks prior to
changes in surgace conditions of the steel cord. Wear clearulcanization.
gloves when handling samples and specimens. if the tests 10.2 Test Block Assembly:
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TOLERANCES
All dimensions  +2
Except where noted

Note 1—Material—Mild steel.
Note 2—Number required—2.
Note 3—All dimensions in millimetres except where noted.
Note 4—Dimensions with “*” may be altered to accommodate the mold.
FIG. 3 Top and Bottom Plates for Adhesion Mold

10.2.1 Place one piece of rubber in each cavity with the 10.3.2 Remove the mold assembly from the press and
protected side up and remove the protective film. remove the top plate.

10.2.2 Place the specimen in individual slots with approxi- 10.3.3 Place the preconstructed blocks in the mold. Take
mately equal lengths extending beyond either end of the forncare to ensure that the blocks are seated in the mold cavities
Do not press the cords into the cavities with fingers. Make notend all specimens are in the proper slots.
of the location of the specimens for 10.2.4. 10.3.4 Place the top plate on the mold and place the mold

10.2.3 Remove the protective film from pieces of rubberassembly in the press. Close the press and apply a minimum
compound and place one in each cavity with the freshlypressure of 3.5 MPa on the mold surface.
exposed surface against the cords. Press firmly in place using10.3.5 At the end of the cycle, open the press remove the

a wooden dowel or flat faced stitching tool. mold assembly. Remove the top and bottom plates, and push
10.2.4 Write the identification on each pad using a silverthe blocks out with uniform pressure. Take care to minimize
pen or marking pencil. block deformation when removing from the mold.

10.2.5 Carefully remove the four blocks from the form by 10.4 Conditioning of Test Blocks
pressing uniformly from the back side. Store at a temperature 10.4.1 Allow the blocks to rest at room temperature for a
of 23 + 2°C until vulcanization. Blocks should be vulcanized minimum of 16 h before testing.

within a maximum of 12 h. 10.4.2 Cut the blocks apart by clipping the cords flush with
10.3 Vulcanizing: one side of each block. Trim any “flash” with a razor blade or
10.3.1 Preheat the complete mold assembly to the requireslitable clippers, taking care not to damage the cord or cut into
temperature. the body of the test block.
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SECTION A - A

TOLERANCES
All dimensions  +0.2
Angular  *=%2°
Except where noted

Note 1—Material—Steel.
Note 2—Break all sharp corners.
Note 3—All dimensions in millimetres except where noted.
FIG. 4 Bottom Grip

10.5 Testing:
10.5.1 Test at 24+ 2°C unless otherwise agreed upon.
10.5.2 Push the block into the appropriate lower fixture and

TABLE 1 Critical Differences for Conditions Noted, 95 %
Probability Level

adjust the bottom plate of the fixture so that the block can be name of Property o’;z;"rs;ggs of,';‘,%{fo, L:g;}?;?(;,y Li%n(ﬁgf;y

moved through the fixture but yet undergo minimum deforma- Precision ~ Precision  Precision
tion during testing. Do not force the bottom plate against thesull-out force, N (Single-Material Comparisons)
test block. & 49 52 85
10.5.3 Center each cord in succession in the 12.5-mm hole 12 3;‘ gi ;Z
and clamp the cord in the upper grip. (Multi-Material Comparisons)
10.5.4 Start the cross head. 4 43 52 120
10.5.5 Record, to the nearest 5N, the maximum pull-out 12 22 g"i }}2
force required to extract the cord. Retain the specimensiubber coverage, % (Single-Material Comparisons)
properly identified, for visual evaluation if required. 4 7 7 19
. 8 5 5 18
10.5.6 Rate the rubber coverage of the pulled specimens 16 2 2 18
visually from 1 to 5 or percent coverage using Table 1. The (Multi-Material Comparisons)
appearance can be evaluated with 0.5 point precision if using ;" ié ié gg
the 1 through 5 rating scale. Record visual ratings. 16 9 9 28

10.5.6.1 The precision and bias statement was developetd
using the percent rubber coverage system.

11. Calculation Method D 2229. Describe the material sampled and the method

11.1 Calculate the average pull-out force to the nearest 5 Qf sampling. o _
using the values from the test blocks for each laboratory 12-2 Report the following information:
sampling unit and for the lot. 12.2.1 ldentification of r_ubber compounds. _ _
11.2 Calculate the average rubber coverage visual rating to 12-2.2 Number of specimens per laboratory sampling unit
the nearest 0.5 rating or percent using the values from th@nd the number of laboratory sampling units per block.
specimens pulled from the test blocks for each laboratory 12-2.3 Number of blocks per laboratory sampling unit

sampling unit and for the lot. where a laboratory sampling unit has been tested in more than
one block.
12. Report 12.2.4 The average pull-out force (newtons) for each labo-

12.1 State that the specimens were tested as directed in Teatory sampling unit tested and the lot.
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12.2.5 Date of test. 13.2.1 The steel tire cords used in the laboratory evaluation
12.2.6 Rate of extension, if not standard. were of the following construction and nominal thickness:
12.2.7 Vulcanization time and temperature. Cord 1 1X2+7x0.22mm 0.81 mm
12.2.8 Visual evaluation, if required. Cord 2 (1 X'3x0.20 mm) + 6 x 0.35 mm 113 mm

12.2.9 Any modifications to the test. The details of the formulation of the rubber compounds are

contained in a research repért.

13.3 Precision—Two test results should be considered sig-
13.1 Summary—In comparing two averages of four obserificantly different at the 95 % probability level if the differ-
vations, the difference between averages should not exceed tRgce equals or exceeds the critical differences listed in Table 2.
following amounts in 95 out of 100 cases when all of theFor the purposes of the interlaboratory evaluation, each com-
observations are taken by the same well-trained operator usirigination of steel tire cord and rubber compound was considered
the same piece of equipment and specimens are random@g a different material; therefore, caution should be exercised

13. Precision and Bias

drawn from the same sample of material: when referring to the critical differences for multi-material
Pull-out force, 50 N compa”S_OHS- ) )
Rubber coverage, 10 % 13.4 Bias—The procedures in this test method produce test

13.1.1 Because the pull-out force is affected significantly b})_/alues .that can be defined only in terms of a test m_ethod. There
the thickness of the steel tire cord, larger or smaller differencel$ N0 independent referee method by which bias may be
are likely to occur when testing steel tire cords with thicknesse§€termined. This test method has no known bias.

outside the range of the specimens used in the interlaboratoryNore 2—The tabulated values of the critical differences should be

evaluation that generated these data. considered to be a general statement, particularly with respect to between-
13.2 Interlaboratory Test Data-An interlaboratory evalu- laboratory precision. Before a meaningful statement can be made about

ation was conducted in 1990 in which randomly drawn sample%"’o specific laboratories, the amount of statistical bias, if any, between

of two constructions of steel tire cord and two different rubbert'€™ Must be established, with each comparison being based on recent
ata obtained on specimens taken from a lot of material of the type being

compounds were tested in the four possible combinations in 1&/aluated so as to be as nearly homogeneous as possible and then
laboratories in accordance with Practice D 2904. Each laboraandomly assigned in equal numbers to each of the laboratories (see
tory used two operators, each of whom tested the four materiats1.1).

on two separate days. Initial analysis of the data indicated that

the results from two of the laboratories were statistical outliersi4: Keywords

and upon investigation the cause for this condition was 14.1 adhesion; rubber; steel; tire cord

determined to be failure to follow the test method properly. The

data frlom the two laboratories was deleted prior to further ° Supporting data is available from ASTM Headquarters. Request RR: D13-
analysis. 1054.

APPENDIX
(Nonmandatory Information)

X1. SUGGESTED RANGES OF CONDITIONS FOR ACCELERATED AGING OF STEEL CORD ADHESION BLOCKS

TABLE X1.1 Ranges of Conditions for Accelerated Aging of Steel Cord Adhesion Blocks

Uncured humidity 90-95 % RH, 35-40°C

Cured humidity 90-95 % RH, 35-40°C or 95-100 % RH, 70-80°C
Oxygen 70-80°C

Steam 120-130°C

Thermal 100-120°C
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Standard Test Method for

Rubber Property—Durometer Hardness *

This standard is issued under the fixed designation D 2240; 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 (e) 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 D 1349 Practice for Rubber—Standard Temperatures For

1.1 This test method describes eight types of rubber hard- Testind _
ness measurement devices known as durometers: types A, B,D 1415 Test Method for Rubber Property—International
C, D, DO, O, 0O and M. The procedure for determining _ Hardnes$ . o
indentation hardness of substances classified as thermoplastic® 4483 Practice for Determining Precision for Test Method
elastomers, vulcanized (thermoset) rubber, elastomeric materi- _Standards in the Rubber and Carbon Black Industries
als, cellular materials, and some plastics is also described. ~ F 1957 Test Method for Composite Foam Hardness-

1.2 This test method is not equivalent to other indentation ~ Durometer Hardness
hardness methods and instrument types, specifically thos;_ Summary of Test Method

described in Test Method D 1415. ) 4
1.3 This test method is not applicable to the testing of 3-1 This test method permits hardness measurements based

coated fabrics. on either initial indentation or indentation after a specified
1.4 The values stated in Sl units are to be regarded gaeriod of time, or both. Durometers with maximum reading

standard. The values given in parentheses are for informatiofdicators used to determine maximum hardness values of a
only. Many of the stated dimensions in Sl are direct conver/naterial may yield lower hardness when the maximum indi-

sions from the U. S. Customary System to accommodate thalor is used.

instrumentation, practices and procedures that existed prior to 3-2 The procedures for Type M, or micro hardness durom-
the Metric Conversion Act of 1975. eters, accommodate specimens that are, by their dimensions or

1.5 All materials, instruments, or equipment used for theconfiguration, ordinarily unable to have their durometer hard-
determination of mass, force or dimension shall have traceabi}€sS determined by the other durometer types described. Type
ity to the National Institute for Standards and Technology, of durometers are intended for the testing of specimens having
other internationally recognized organization parallel in nature® thickness or cross sectional diameter of 1.25 mm (0.050 in.)

1.6 This standard does not purport to address all of theOr greater, although specimens of lesser dimensions may be
safety concerns, if any, associated with its use. It is thgucc_essfully accommodated under the conditions specified in
responsibility of the user of this standard to establish appro-S€ction 6, and have a Type M durometer hardness range of
priate safety and health practices and determine the applicaP€tween 20 and 90. Those specimens which have a durometer
bility of regulatory limitations prior to use. hardness range other than specified shall use another suitable

procedure for determining durometer hardness.
2. Referenced Documents e
21 ASTM Standards: 4. Significance and Use

D 374 Test Methods for Thickness of Solid Electrical Insu- 4-1 This test method is based on the penetration of a specific
latior? type of indentor when forced into the material under specified

D 618 Practice for Conditioning Plastics for Tesfing conditions. The indentation hardness is inversely related to the
D 785 Test Method for Rockwell Hardness of Plastics andP€neétration and is dependent on the elastic modulus and
Electrical Insulating Materiafs viscoelastic behavior of the materialhe geometry of the
indentor and the applied force influence the measurements
such that no simple relationship exists between the measure-
[ ments obtained with one type of durometer and those obtained
* This test method is under the jurisdiction of ASTM Committee D11 on RubberWith another type of durometer or other instruments used for

and is the direct responsibility of Subcommittee D11.10 on Physical Testing. measuring hardness. This test method is an empirica| test
Current edition approved Jan 10, 2002. Published March 2002. Originally
published as D 2240 — 64 T. Last previous edition D 2240 — 00.
2 Annual Book of ASTM Standards, Vol 10.01. -
2 Annual Book of ASTM Standards, Vol 08.01. 4 Annual Book of ASTM Standards, Vol 09.01.
5 Annual Book of ASTM Standards, Vol 15.07.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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5. Apparatus

A8y D 2240

intended primarily for control purposes. No simple relationshiplc, polished over the contact area so that no flaws are visible
exists between indentation hardness determined by this teshder 20 Xmagnification, with an indentor extension of 2.50
method and any fundamental property of the material tested.04 mm (0.098+ 0.002 in.).
For specification purposes it is recommended that Test Method 5.1.1.4 Indentor, Type M, formed from steel rod and hard-
D 785 be used for materials other than those described in 1.&ned to 500 HV10 and shaped in accordance with Fig. 1d,
polished over the contact area so that no flaws are visible under
50X magnification, with an indentor extension of 1.250.02

5.1 Hardness measuring apparatus, or durometer, and amm (0.049= 0.001 in.).
operating stand, Type 1, Type 2, or Type 3, refer to 5.1.2, 5.1.1.5Indentor Extension Indicator(analog or digital

consisting of the following components:

5.1.1 Durometer:

mm (0.24 in.) from any edge of the foot.

5.1.1.2 Presser Foot, Type Mwith an orifice (to allow for
the protrusion of the indentor) having a diameter as specified imovement.
5.1.1.6 Timing Device (optional), capable of being set to a

Fig. 1d, with the center a minimum of 1.60 mm (0.063 in.)

from any edge of the flat circular presser foot.

$2.8+0.3mm.

(0.111£0.01 3in)']

R
e
ol

XX

fa

2.54£0.04mm.
(0.098+0.002in)

$1.27x0.12mm.
(0.0501+0.005in)

AT ZERO
READING

35 +1/4

$0.79£0.03mm.
(0.03£0.001in)

Figure 1a Type A and C Indentor

93.6£0.1Tmm.
(0.140%0.004in) |

2.5%£0.04mm.
(0.098+0.002in)

AT ZERO
READING

Figure 1c

,DZ‘3Si0.08mm.

1.18+0.05mm R.
(0.0468+0.002in R.)

0, DO, and oo Indentor

electronic), having a display that is an inverse function of the
indentor extension. The display shall indicate from 0 to 100

5.1.1.1 Presser Foot, with an orifice (to allow for the with equal divisions throughout the range at a rate of one
protrusion of the indentor) having a diameter as specified ifhardness point for each 0.025 mm (0.001 in.) of indentor
Fig. 1a, Fig. 1b, or Fig. 1c, with the center a minimum of 6.0movement, for Type M durometers, the display shall indicate
from 0 to 100 with no less than 100 equal divisions at a rate of
one hardness point for each 0.0125 mm (0.0005 in.) of indentor

desired elapsed time, signaling the operator or holding the
5.1.1.3 Indentor, formed from steel rod and hardened to 500hardness reading when the desired elapsed time has been
HV10 and shaped in accordance with Fig. 1a, Fig. 1b, or Figreached. The timer shall be automatically activated when the

$2.8£0.5mm.
(0.111£0.013in) ’

2.5£0.04mm.
(0.098+0.002in)

AT ZERO
READING

1.2740.12mm.
(0.050%0.005in)

SO
o5
525545
RO

30°£1/2°

0.100£0.012mm. R
(0.004£0.0005in R)

Figure 1b Type B and D Indentor

$1.19+0.03mm. _
(0.047+0.001in) ’

20.7874+0.025mm.

0.100£.012mm.

R.

(0.031+0.001in)

30°41/2

(.004%.0005in R.)

Figure 1d Type M Indentor

FIG. 1 Durometers

i
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presser foot is in contact with the specimen being tested, for
example, the initial indentor travel has ceased. Digital elec-
tronic durometers may be equipped with electronic timing
devices that shall not affect the indicated reading or determigg ease (FveER
nations attained by more than one half the calibration tolerance
stated in Table 1.
5.1.1.7 Maximum indicators (optional)maximum indicat-
ing pointers are auxiliary analog indicating hands designed to
remain at the maximum hardness value attained until reset by
the operator. Electronic maximum indicators are digital dis-
plays electronically indicating and maintaining the maximum
value hardness value achieved, until reset by the operator.
5.1.1.8 Analog maximum indicating pointers have been, . ... s cupe posT
shown to have a nominal effect on the values attained, however

—— DUROMETER MOUNTING ASSY.

DUROMETER
RETURN

TABLE GUIDE POST

this effect is greater on durometers of lesser total mainspring 0 SPECIEN SUPPORT
loads, for example, the effect of a maximum indicating pointer (— TheLE
on Type D durometer determinations will be less than thoseasLe HEIGHT —— ——

determinations achieved using a Type A durometer. AnalodP/USTMENT KNOB
style durometers may be equipped with maximum indicating
pointers. The effect of a maximum indicating pointer shall be
noted at the time of calibration in the calibration report, refer to
10.1.4, and when reporting hardness determinations, refer to /
10.2.4. Analog Type M durometers shall not be equipped with
maximum indicating pointers.
5.1.1.9 Digital electronic durometers may be equipped with
electronic maximum indicators that shall not affect the indi-
cated reading or determinations attained by more than one half
of the spring calibration tolerance stated in Table 1.
5.1.1.10Calibrated Spring, for applying force to the inden-

—— HYDRAULIC CYLINDER BASE

BASE

tor, in accordance with Fig. 1a through Fig. 1d and capable of FIG. 2 Durometer Operating Stand
applying the forces as specified in Table 1.
5.1.2 Operating Stand: in a manner that minimizes shock.

5.1.2.1 Type 1, Type 2, and Type 3, shall be capable of 5.1.2.3 Operating Stand, Type Zindentor to specimen
supporting the durometer presser foot surface parallel to theype), shall be capable of controlling the rate of descent of the
specimen support table (Fig. 2) throughout the travel of eactindentor to the specimen at a maximum of 3.20 mm/s (0.125
The durometer presser foot to specimen support table parallel?/s) and applying a force sufficient to overcome the calibrated
ism shall be verified each time the test specimen support tabRpring force as shown in Table 1.
is adjusted to accommodate specimens of varying dimensions. 5.1.2.4 Operating Stand, Type indentor to specimen
This may be accomplished by applying the durometer pressdype), hydraulic dampening, pneumatic dampening or electro-
foot to the point of contact with the specimen support table andnechanical (required for the operation of Type M durometers)
making adjustments by way of the durometer mounting assenghall be capable of controlling the rate of descent of the
bly or as specified by the manufacturer. indentor to the specimen at a maximum of 3.2 mm/s (0.125

5.1.2.2 Operating Stand, Type Ispecimen to indentor in/s) and applying a force sufficient to overcome the calibrated

type), shall be capable of applying the specimen to the indentgipring force as shown in Table 1. Manual application, Type 1
or Type 2 operating stands are not acceptable for Type M

durometer operation.
5.1.2.5 The entire instrument should be plumb and level,
and resting on a surface that will minimize vibration. Operating

TABLE 1 Durometer Spring Force Calibration
All Values are in N

Indicated Value Type M Type A, B, O Type C, D, DO Type OO

0 0.324 0.55 0.203 . " . .
10 0.368 13 4,445 0.294 the instrument under adverse conditions will negatively affect
20 0.412 2.05 8.89 0.385 the determinations attained.
30 0.456 28 13.335 0.476 5.1.2.6 Specimen Support Table, (Fig. 2) integral to the
40 05 3.55 17.78 0.566 i tand. and havi lid flat surf Th .
50 0.544 43 29,995 0.657 operating stand, and having a solid flat surface. The specimen
60 0.589 5.05 26.67 0.748 support platform may have orifices designed to accept various
;8 8-233 Z-gs géé%f 8-339 inserts or support fixtures (Fig. 3) to provide for the support of
90 0721 73 20,005 1.02 irregularly configured specimens. When inserts are used to
100 0.765 8.05 44.45 1.111 support test specimens, care must be taken to align the indentor
N/durometer unit 00044 0.075 0.4445 0.00908 to the center of the insert, or the point at which the indentor is
Spring Calibration +0.0176 N +0.075 N +0.4445N +0.0182 N

to contact the specimen. Care should be exercised to assure that
the indentor does not abruptly contact the specimen support

Tolerance

1iRgSAGaamiIcos e investigativos
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GUIDE: POST ORIFICE 6.2.2 The Type M specimen, when configured as an o-ring,
circular band, or other irregular shape shall be at least 1.25 mm
INSERT RECEFTACLE (0.05 in.) in cross sectional diameter, unless it is known that

results equivalent to the 1.25 mm (0.05 in.) values are obtained
with a thinner specimen. The specimen shall be suitably
— SUPPORT TABLE (TOP VIEW) supported in a fixture (Fig. 3) to provide for positioning and
stability.

6.3 The minimum requirement for the thickness of the
specimen is dependent on the extent of penetration of the
indentor into the specimen; for example, thinner specimens
may be used for materials having higher hardness values. The
minimum distance from the edge at which measurements may
be made likewise decreases as the hardness increases.

TYPICAL TABLE INSERTS USED FOR POSITIONING TUBING, O~RINGS AND SMALL SPECIMENS

7. Calibration
7.1 Indentor Extension Adjustment Procedure
7.1.1 Place precision ground dimensional blocks (Grade B
— E—f} or better) on the support table and beneath the durometer

presser foot and indentor. Arrange the blocks so that the
durometer presser foot contacts the larger block(s) and the
indentor tip just contacts the smaller block (Fig. 4). It is

TUBING 0-RING
FIG. 3 Small Specimen Support Table

table as damage to the indentor may result. necessary to observe the arrangement of the blocks and the
. presser foot/indentor under a minimum of>X2@nagnification
6. Test Specimen to assure proper alignment.

6.1 The test specimen, herein referred to as “specimen” or 7.1.2 Indentor extension and shape must be in accordance
“test specimen” interchangeably, shall be at least 6.0 mm (0.24ith 5.1.1.3 or 5.1.1.4 respective to durometer type (Fig. la
in.) in thickness unless it is known that results equivalent to théhrough Fig. 1d). Examination of the indentor underx20
6.0 mm (0.24 in.) values are obtained with a thinner specimermagnification, 50Xxfor Type M indentors, is required to

6.1.1 Aspecimen may be composed of plied pieces to obtaiaxamine the indentor condition. Misshapen or damaged inden-
the necessary thickness, but determinations made on sutdrs shall be replaced.
specimens may not agree with those made on solid specimens7.1.3 A combination of dimensional gage blocks shall be
as the surfaces of the plied specimens may not be in completesed to achieve a difference of 2.54 mm +0.00 —0.0254 mm
contact. The lateral dimensions of the specimen shall b€0.100 in +0.00 —0.001 in.) between them. For Type M
sufficient to permit measurements at least 12.0 mm (0.48 in.glurometers the gage block dimensions are 1.27 mm +0.0
from any edge unless it is known that identical results are-0.0127 mm (0.050 in +0.00 —0.0005 in.) between them (Fig.
obtained when measurements are made at a lesser distarbe
from an edge. 7.1.4 Carefully lower the durometer presser foot until it

6.1.2 The surfaces of the specimen shall be flat and parallelontacts the largest dimensional block(s), the indentor tip
over an area to permit the presser foot to contact the specimesiould just contact the smaller block, verifying full indentor
over an area having a radius of at least 6.0 mm (0.24 in.) fronextension.
the indentor point. The specimen shall be suitably supported to 7.1.5 Adjust the indentor extension to 2.50 0.04 mm
provide for positioning and stabilityA suitable hardness (0.098 = 0.002 in.). For Type M durometers, adjust the
determination cannot be made on an uneven or rough point ahdentor extension to 1.25 0.02 mm (0.049= 0.001 in.),
contact with the indentor. following the manufacturer’'s recommended procedure.

6.2 Type M test specimens should be at least 1.25 mm (0.05 7.1.5.1 When performing the procedures in 7.1, care should
in.) in thickness unless it is known that results equivalent to thde used so as not to cause damage to the indentor tip. Fig. 4
1.25 mm (0.05 in.) values are obtained with a thinner speci-
men.

6.2.1 A Type M specimen that is not of a configuration
described in 6.2.2 may be composed of plied pieces to obtain
the necessary thickness, but determinations made on such
specimens may not agree with those made on solid specimens// s
because the surfaces of the plied specimens may not be in{|
complete contact. The lateral dimensions of the specimen
should be sufficient to permit measurements at least 2.50 mm
(0.10in.) from any edge unless it is known that identical results
are obtained when measurements are made at lesser distance

/ PRESSER FOOT —— \NDENTOR |

4 \.
‘ /’

e . N\ PRECISION GROUND —/

DIMENSIONAL GAGE BLOCKS
REFER T0 7.1.2 FOR DIMENSIONS

) INDENTOR DISPLAY REFER 10 7.2
/ INDENTOR EXTENSION REFER TO 7.1.4 ™\ Pid

from an edgeA suitable hardness determination cannot be N e -

made on an uneven or rough point of contact with the indentor.  FIG. 4 Detail of Indentor Extension & Display Adjustment
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depicts a suitable arrangement for gauging indentor extensiogalibrated at displayed readings of 10, 20, 30, 40, 50, 60, 70,
7.1.6 Parallelism of the durometer presser foot to theB0, and 90. The measured force (2.&ass in kilograms) shall
support surface, and hence the dimensional gage blocks, at tbe within the spring calibration tolerance specified in Table 1.
time of instrument calibration shall be in accordance with TesfTable 1 identifies the measured force applied to the indentor for
Method D 374, Machinist's Micrometers. The application of the entire range of the instrument, although it is necessary only

this parallel tolerance is not practical during routine use ago verify the spring calibration at points listed herein.
described in 5.1.2.1. 7.5 Spring Calibration Procedure
7.2 Indentor Display Adjustment 7.5.1 Ensure that the indentor extension has been adjusted
7.2.1 After adjusting the indentor extension as indicated irin accordance with 7.1 and the linear relationship between
7.1, use a similar arrangement of dimensional gage blocks tmdentor travel and display is as specified in 7.2.
verify the linear relationship between indentor travel and 7.5.2 Place the durometer in the calibration device as
indicated display at two points: 0 and 100. Following thedepicted in Fig. 5. Apply the forces indicated in Table 1 so that
manufacturer’'s recommendations, make adjustments so thatforces applied are aligned with the centerline of the indentor in

7.2.2 The indicator displays a value equal to the indentoa fashion that eliminates shock or vibration and adjust the

travel measured to within:
—0.0 +1.0 durometer units measured at O;
+0.50 durometer units measured at 100;

+1 durometer units at all other points delineated in 7.4.

durometer according to manufacturers’ recommendations so
that:

7.5.3 At the points enumerated in 7.4, the display shall
indicate a value equal to 0.025 mm (0.001 in.) of indentor

7.2.3 Each durometer point indicated is equal to 0.025 mntravel, for Type M Durometers the display shall indicate a
(0.001 in.) of indentor travel, for Type M Durometers eachvalue equal to 0.0125 mm (0.0005 in.) of indentor travel within

indicated point is equal to 0.0125 mm (0.0005 in.).

the spring calibration tolerances specified in 7.6.

7.2.4 Theindicator shall not display a value greater than 100 7.6 Spring calibration tolerances atel.0 durometer units

or less than 0 at the time of calibration.

for Types A, B, C, D, O and DO;=2.0 durometer units for

7.2.5 Other means of determining indentor extension oifype OO, and*=4.0 durometer units for Type M, while not
indentor travel, such as optical or laser measurement methodsgdicating below 0 or above 100 at the time of calibration, refer
are acceptable. The instrumentation used shall have traceability Table 1.

as described in 1.5.

7.7 Spring Force combinations

7.2.6 The durometer shall be supported in a suitable fashion For Type M Durometers:

when performing the procedures described in 7.1 and 7.2.

7.3 Calibration device:

Force, N = 0.324 + 0.0044 HM
Where HM = hardness reading on Type M durometers.

7.3.1 The durometer spring shall be calibrated by support- For Type A, B, and O Durometers:

ing the durometer in a calibrating device, refer to Fig. 5, in a
vertical position and applying a measurable force to the

Force, N = 0.55 + 0.075 HA
Where HA = hardness reading on Type A, B, and O

indentor tip. The force may be measured by means of a balanckirometer.s
as depicted in Fig. 5, or an electronic force cell. The calibrating For Type C, D, and DO Durometers:

device shall be capable of measuring applied force to within
0.5 % of the maximum spring force necessary to achieve 100

durometer units.

Force, N = 0.4445 HD
Where HD = hardness reading on Type C, D, and DO
durometers.

7.3.2 Care should be taken to ensure that the force is applied For Type OO Durometers:

vertically to the indentor tip, as lateral force will cause errors

in calibration. Refer to 7.1.5.1 and 7.1.6.

7.4 Spring Calibratior—The durometer spring shall be

DUROMETER MOUNTING ASSY.
RELEASE LEVER
HEIGHT ANLSTMENT knng ;‘fx:,“ EDN NURAMETER ACTIATAG wNNR
&
10 03
MOUNTING ASSY. GUIDE POST ‘%‘ LOAD APPLICATION FOGT
INCREMENTAL INDEX FULCRUM — =i
1 D /— COUNTERMASS (TARE)
O G| @ | |— seow au
/ BEAM LEVEL NDEX
ASS
BEAM ARM RESTRAINT POST
/ QPERATING STAND BASE
LEVELING FOGT
Z_;” \E_\

S

FIG. 5 Example of Durometer Calibration Apparatus

Force, N = 0.203 + 0.00908 HOO
Where HOO = hardness reading on Type OO durometers.
7.8 The rubber, or metal, reference block(s) provided for
checking durometer operation and state of calibration are not to
be relied upon as calibration standards. The calibration proce-
dures outlined in Section 7 are the only valid calibration
procedures.

8. Laboratory Atmosphere and Test Specimen
Conditioning

8.1 Tests shall be conducted in the standard laboratory
atmosphere, as defined in Practice D 618, Section 4.2.

8.2 The instrument shall be maintained in the standard
laboratory atmosphere, as defined in Practice D 618, Section
4.1, for 12 h prior to performing a test.

8.3 The specimen shall be conditioned in accordance with
condition 40/23 exclusive of humidity control, as described in
Practice D 618, Section 8.1, Procedure A and tested under the
same conditions, exclusive of humidity control.

8.4 These procedures may be modified if agreed upon

iRgs<acarsmicos e investigativos
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between laboratories or between supplier and user and are @alculating the determinations shall be reported according to
accordance with alternative procedures identified in Practic&0.2.8
D 618. 9.2 Manual (Hand Held) Operation of Durometer
8.5 No conclusive evaluation has been made on durometers9.2.1 Care shall be exercised to minimize the exposure of
at temperatures other than 230 2.0°C (73.4 £+ 3.6°F). the instrument to environmental conditions that are adverse to
Conditioning at temperatures other than the above may shothe performance of the instrument, or adversely affect test
changes in calibration. Durometer use at temperatures otheesults.
than the above should be decided locally (see Practice D 1349).9.2.2 Place the specimen on a flat, hard, horizontal surface.
Hold the durometer in a vertical position with the indentor tip
9. Procedure at a distance from any edge of the specimen as described in
9.1 Operating Stand Operation (Type 3 Operating StandSection 6, unless it is known that identical results are obtained

Required for Type M): when measurements are made with the indentor at a lesser
9.1.1 Care shall be exercised to minimize the exposure dfiistance.

the instrument to environmental conditions that are adverse to 9.2.3 Apply the presser foot to the specimen, maintaining it
the performance of the instrument, or adversely affect tesh a vertical position keeping the presser foot parallel to the
results. specimen, with a firm smooth downward action that will avoid
9.1.2 Adjust the presser foot to support table parallelism aghock, rolling of the presser foot over the specimen, or the
described in 5.1.2.1. It is necessary to make this adjustmeripplication of lateral force. Apply sufficient pressure to assure
each time the support table is moved to accommodate spedirm contact between the presser foot and the specimen.
mens of varying dimensions. 9.2.4 For any material covered in 1.1, after the presser foot
9.1.3 Prior to conducting a test, adjust the vertical distancgs in contact with the specimen, the indicated reading shall be
from the presser foot to the contact surface of the test specimeacorded within 1+ 0.1 s, or after any period of time agreed
to 25.4=+ 2.5 mm (01.00+ 0.100 in.), unless it is known that upon among laboratories or between supplier and user. If the
identical results are obtained with presser foot at a greater urometer is equipped with a maximum indicator, the maxi-
lesser vertical distance from the test specimen contact surfacgum indicated reading shall be recorded withinc10.1 s of

or if otherwise stipulated by the manufacturer. the cessation of initial indentor travel. The indicated hardness
9.1.4 Place the specimen on the specimen support table, f@ading may change with time.

a manner that the contact point of the indentor is in accordance 9.2.5 Make five determinations of hardness at different
with Section 6, unless it is known that identical results arepositions on the specimen at least 6.0 mm (0.24 in.) apart and
obtained when measurements are made with the indentor atcalculate the arithmetic mean, or alternatively calculate the
lesser distance from the edge of the test specimen. median. The means of calculating the determinations shall be
9.1.5 Actuate the release lever (Fig. 2) of the operatingeported according to Section 10.2.8.
stand or activate the electromechanical device, allowing the 9.3 |t is acknowledged that durometer readings below 20 or
durometer to descend at a controlled rate and apply the pressgiiove 90 are not considered reliable. It is suggested that
foot to the specimen in accordance with 5.1.2. In the case afadings in these ranges not be recorded.
“specimen to indentor” type operating stands, operate the lever 9.4 Manual operation (hand held) of a durometer will cause
or other mechanism to apply the specimen to the indentor in @ariations in the results attained. Improved repeatability may
manner that assures parallel contact of the specimen to thg obtained by using a mass, securely affixed to the durometer
durometer presser foot without shock and with just sufficientand centered on the axis of the indentor. Recommended masses
force to overcome the calibrated spring force as shown in Tablgre 1 kg for Type A, B and O durometers, 5 kg for Type C, D
1. and DO durometers, and 400 g for Type OO durometers.
9.1.6 An operating stand that applies the mass at a corFurther improvement may be achieved by the use of a
trolled rate of descent, without shock is mandatory for Type Mdurometer operating stand which controls the rate of descent of
durometers. Hand held application or the use of a Type 1 ofhe durometer presser foot to the test specimen and incorpo-
Type 2 operating stands for the Type M durometer is not angtes the masses described above.
acceptable practice, refer to 5.1.2.4.
9.1.7 For any material covered in 1.1, once the presser fodt0- Report
is in contact with the specimen, for example, the initial 10.1 Instrument Calibration Report (Durometer or Operat-
indentor travel has ceased, the indicated reading shall heg Stand):
recorded within 1+ 0.1 s, or after any period of time agreed 10.1.1 Date of calibration.
upon among laboratories or between supplier and user. If the 10.1.2 Date of last calibration.
durometer is equipped with a maximum indicator, the maxi- 10.1.3 Manufacturer, type, model, and serial number of the
mum indicated reading shall be recorded withinc10.1 s of instrument, and a notation when a maximum indicator or
the cessation of indentor travel. The indicated hardness readirigning device is present.
may change with time. 10.1.4 Values obtained (pre- and post calibration results),
9.1.8 Make five determinations of hardness at differenincluding a notation of the affect of a maximum indicator, if
positions on the specimen at least 6.0 mm (0.24 in.) apart, 0.80resent. The method of reporting the calibrated value shall be
mm (0.030 in.) apart for Type M; and calculate the arithmeticby attaining the arithmetic mean of the determinations.
mean, or alternatively calculate the median. The means of 10.1.5 Ambient temperature.
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TABLE 2 Type 1 Precision—Type M Durometer Method

Material Within Laboratories Between Laboratories

MEAN S e G SRP RE (RF

1 31.8 1.26 3.58 11.24 3.76 10.63 33.41

2 40.8 1.14 3.23 7.90 2.47 7.00 17.13

3 54.0 0.975 2.76 511 2.38 6.73 12.46

4 62.8 0.782 2.21 3.52 2.24 6.34 10.10

5 70.9 0.709 2.01 2.83 0.974 2.76 3.89

6 80.6 1.686 4.77 5.92 1.61 4.56 5.65

7 87.7 1.15 3.25 3.71 2.63 7.45 8.50

8 32.4 0.947 2.68 8.26 3.64 10.29 31.73

9 41.8 0.797 2.26 5.40 2.23 6.31 15.11

10 53.3 0.669 1.89 3.55 2.29 6.49 12.17

11 63.2 0.485 1.37 2.17 2.19 6.20 9.80

12 69.6 0.737 2.09 3.00 0.99 2.80 4.02

13 78.3 0.784 2.22 2.84 1.04 2.94 3.75

14 87.6 1.121 3.17 3.62 2.65 7.49 8.55

15 34.1 0.85 2.40 7.05 1.84 5.20 15.25

16 42.3 0.635 1.80 4.25 1.20 3.39 8.01

17 54.6 0.56 1.59 2.90 2 15 6.09 11.15

18 62.9 1.12 3.17 5.04 1.47 4.16 6.61

19 70.3 0.689 1.95 2.77 0.944 2.67 3.80

20 81.7 0.483 1.37 1.67 1.10 3.10 3.80

21 87.9 0.879 2.49 2.83 2.07 5.86 6.67
AVERAGE 614

POOLED 0.924 2.62 4.26 2.146 6.07 9.89

VALUES

A Sr = repeatability standard deviation, measurement units.

B r = repeatability = 2.83 X Sr, measurement units.

€ (n = repeatability, relative, (that is, in percent).

P SR = reproducibility standard deviation, measurement units.
E R = reproducibility = 2.83 X SR, measurement units.

F(R) = reproducibility, relative, (that is, in percent).

TABLE 3 Type 1 Precision—Type A Durometer Method

Material Average Within Laboratories Between Laboratories
Level SrA re ) 3 SRP RE (R *
1 51.4 0.646 1.83 3.56 1.56 4.41 8.59
2 65.3 0.878 2.48 3.81 221 6.06 9.27
3 68.0 0.433 1.23 1.80 2.28 6.45 9.49
Pooled 61.6 0.677 1.92 3.11 2.018 5.72 9.28

A Sr = repeatability standard deviation, measurement units.

B r = repeatability = 2.83 X Sr, measurement units.

€ (n = repeatability, relative, (that is, in percent).

P SR = reproducibility standard deviation, measurement units.
E R = reproducibility = 2.83 X SR, measurement units.

F(R) = reproducibility, relative, (that is, in percent).

TABLE 4 Type 1 Precision—Type D Durometer Method

Material Average Within Laboratories Between Laboratories
Level SrA re (nc SRP RE (R F

1 42.6 0.316 0.894 2.10 2.82 7.98 18.7

2 54.5 0.791 2.24 411 3.54 10.0 18.4

3 82.3 1.01 2.86 3.47 3.54 10.0 12.2
Pooled 59.8 0.762 2.16 3.61 3.32 9.40 15.7

A Sr = repeatability standard deviation, measurement units.

B r = repeatability = 2.83 X Sr, measurement units.

€ (n = repeatability, relative, (that is, in percent).

P SR = reproducibility standard deviation, measurement units.
E R = reproducibility = 2.83 X SR, measurement units.

F (R) = reproducibility, relative, (that is, in percent).

10.1.6 Relative humidity.
10.1.7 Technician identification.

10.2 Hardness Measurement Report

10.2.1 Date of test.

10.2.2 Relative humidity.

10.2.3 Ambient temperature.

10.2.4 Manufacturer, type and serial number of the durom-
eter or operating stand, or both, including a notation when a
maximum indicator or timing device is present, and date of last
calibration.

10.2.5 Means of testing, whether manual (hand held), Type
1 operating stand (specimen to indentor), Type 2 operating
stand (indentor to specimen type), or Type 3 operating stand
(electromechanical or hydraulically dampened).

10.2.6 Description of test specimen, including thickness,
number of pieces plied if less than the thickness indicated in
Section 6, including the vulcanization date.

10.2.7 Complete identification of material tested.

10.2.8 Hardness value obtained and method of calculation,
either arithmetic mean or alternatively, the median.

10.2.9 Indentation hardness time interval at which determi-
nation was made. Readings may be reported in the form:
M/60/1 where M is the type of durometer, 60 the reading, and
1 the time in seconds that the presser foot is in contact with the
specimen or from an electronic timing device.

11. Precision and Bias

11.1 These precision and bias statements have been pre-
pared in accordance with Practice D 4483. Refer to this
Practice for terminology and other testing and statistical
concepts.

11.2 The Type 1 precision for the Type M method was
determined from an interlaboratory program with 21 materials
of varying hardness, with six participating laboratories. Tests
were conducted on two separate days in each laboratory for the
Type M testing program. All materials were supplied from a
single source, being those commonly supplied as reference
materials with the instruments from the manufacturer.

11.3 The precision results in this precision and bias section
give an estimate of the precision of this test method with the
materials (rubbers) used in the particular interlaboratory pro-
gram as described above. The precision parameters should not
be used for acceptance or rejection testing, or both, of any
group of materials without documentation that they are appli-
cable to those particular materials and the specific testing
protocols that include this test method.

11.4 The Type 1 precision for both Type A and D methods
was determined from an interlaboratory program with 3
materials of varying hardness, with six participating laborato-
ries. Tests were conducted on two separate days in each
laboratory for both A and D testing programs. All materials
were supplied from a single source.

11.5 Atest result for hardness, for Types A, D, and M, was
the median of five individual hardness readings on each day in
each laboratory.

10.1.8 Applicable standards to which the instrument is 11.6 Table 2 shows the precision results for Type M

calibrated.

method, Table 3 shows the precision results for Type A

10.1.9 Calibrating instrument information to include type,
serial number, manu.f.aCturer’ date of last calibration, and a 6 Supporting data are available from ASTM International Headquarters. Request
statement of traceability of standards used to NIST or othegr: p11-1091.
acceptable organization. See 1.5.
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method, and Table 4 gives the precision results for Type Dlated in Tables 2-4. Two single test results obtained in two
method. different laboratories, under normal test method procedures,
11.7 Precision—The precision of this test method may bethat differ by more than the tabulat&l(for any given level)
expressed in the format of the following statements which usenust be considered to have come from different or non-
as appropriate value R, (1), or (R), that is, that value to be identical sample populations.
used in decisions about test results (obtained with the test 11.7.3 Repeatability and reproducibility are expressed as a
method). The appropriate value is that value rofor R percentage of the mean levdl) and (R), have equivalent
associated with a mean level in Table 1 closest to the meaapplication statements as above fandR. For the(r)and(R)
level under consideration (at any given time, for any givenstatements, the difference in the two single test results is
material) in routine testing operations. expressed as a percentage of the arithmetic mean of the two test
11.7.1 Repeatability—The repeatability;, of these test results.
methods has been established as the appropriate value tabu41.8 Bias—In test method terminology, bias is the differ-
lated in Tables 2-4. Two single test results, obtained undeence between an average test value and the reference (or true)
normal test method procedures, that differ by more than thisest property value. Reference values do not exist for this test
tabulated (for any given level) must be considered as derivedmethod since the value (of the test property) is exclusively
from different or non-identical sample populations. defined by this test method. Bias, therefore cannot be deter-
11.7.2 Reproducibility—The reproducibility, of these test mined.
methods has been established as the appropriate value tabu-
12. Keywords
7 Supporting data are available from ASTM International Headquarters. Request 12.1 durometer; durometer hardness; hardness; indentation
RR: D11-1029. hardness; micro durometer hardness

APPENDIXES
(Nonmandatory Information)

X1. DUROMETER SELECTION GUIDE

X1.1 The durometer selection guide is designed to assist irecommended that the next lower or higher type (scale) be used
the selection of the proper durometer type for various applicain these situations.

tions.
X1.3 It is also recommended that, whenever possible, an

X1.2 It is generally recognized that durometer hardnes®perating stand be employed in performing durometer hardness
determination below 20 and above 90 are unreliable. It idests.

TABLE X1.1 Durometer Selection: Typical Uses

(g:glee) Typical Examples of Materials Tested Dur?g gg;IHL?srgg)e ss

A Soft vulcanized rubber, natural rubber, nitriles, thermoplastic 20-90 A
elastomers, flexible polyacrylics and thermosets, wax, felt, and
leathers

B Moderately hard rubber, thermoplastic elastomers, paper products, Above 90 A
and fibrous materials Below 20 D

C Medium-hard rubber, thermoplastic elastomers, medium-hard Above 90 B
plastics and thermoplastics Below 20 D

D Hard rubber, thermoplastic elastomers, harder plastics, and rigid Above 90 A
thermoplastics

DO Moderately hard rubber, thermoplastic elastomers, and very dense Above 90 C
textile windings Below 20 D

M  Thin, irregularly shaped rubber, thermoplastic elastomer, and plastic 20-85 A
specimens

O Soft rubber, thermoplastic elastomers, very soft plastics and Below 20 DO
thermoplastics, medium-density textile windings

OO Extremely soft rubber, thermoplastic elastomers, sponge, extremely Below 20 O

soft plastics and thermoplastics, foams, low-density textile windings,
human and animal tissue

CF Composite foam materials such as amusement ride safety cushions, See Test
vehicle seats, dashboards, headrests, armrests, and door panels Method F 1957
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X2. RELATED TEST METHODS

C 367 Test Methods for Strength Properties of Prefabricated D 1474 Test Methods for Indentation Hardness of Organic

Architectural Acoustical Tile or Lay-In Ceiling Panéls Coatings®
C 473 Test Methods for Physical Testing of Gypsum Panel D 2134 Test Method for Determining the Hardness of Or-
Produc? ganic Coatings with a Sward-Type Hardness Rotker

C 581 Practice for Determining Chemical Resistance of D 2287 Specification for Nonrigid Vinyl Chloride Polymer
Thermosetting Resins Used in Glass-Fiber-Reinforced Struand Copolymer Molding and Extrusion Compouhds
tures Intended for Liquid Servi¢@ D 2583 Test Method for Indentation Hardness of Rigid
C 661 Test Method for Indentation Hardness ofPlastics by Means of a Barcol Imprestor
Elastomeric-Type Sealants by Means of a Durontéter D 2632 Test Method for Rubber Property—Resilience by
C 836 Specification for High Solids Content, Cold Liquid- Vertical Rebount
Applied Elastomeric Waterproofing Membrane for Use with D 4289 Test Method for Elastomer Compatibility of Lubri-
Separate Wearing Courde cating Greases and Fluids
D 461 Test Methods for Féft D 5672 Test Method for Testing Flexible Cellular Materials
D 531 Test Method for Rubber Property—Pusey and JoneMeasurement of Indentation Force Deflection Using a 25 mm

Indentatiort (1 in.) Deflection Techniqué
D 619 Test Methods for Vulcanized Fibre Used for Electri- D 6546 Test Methods for and Suggested Limits for Deter-
cal InsulatioR mining Compatibility of Elastomer Seals for Industrial Hy-

D 1037 Test Methods for Evaluating Properties of Wood-draulic Fluid Application$®

Base Fiber and Particle Panel Matertéls F 1151 Test Method for Determining Variations in Hardness
D 1054 Test Method for Rubber Property—Resilience Us-of Film Ribbon Pancaké8

ing a Rebound Pendulum

D 1414 Test Methods for Rubber O-Ririgs NoTe X2.1—The hardness testing of other nonmetallic materials may

be under the jurisdiction of one or more ASTM committees; the respective
committee should be contacted for specific information.

8 Annual Book of ASTM Standards, Vol 04.06.

® Annual Book of ASTM Standards, Vol 04.01.

10 Annual Book of ASTM Standards, Vol 08.04.
11 Annual Book of ASTM Standards, Vol 04.07.
12 Annual Book of ASTM Standards, Vol 07.01.
13 Annual Book of ASTM Standards, Vol 04.10.
14 Annual Book of ASTM Standards, Vol 09.02.

15 Annual Book of ASTM Standards, Vol 06.01.
16 Annual Book of ASTM Standards, Vol 08.02.
17 Annual Book of ASTM Standards, Vol 05.02.
18 Annual Book of ASTM Standards, Vol 08.03.
19 Annual Book of ASTM Standards, Vol 05.04.
20 Apnual Book of ASTM Standards, Vol 15.09.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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INTERNATIONAL

Standard Practice for

Rubber—Materials, Equipment, and Procedures for Mixing
Standard Compounds and Preparing Standard

Vulcanized Sheets *

This standard is issued under the fixed designation D 3182; 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 (e) 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 E 145 Specification for Gravity-Convection and Forced-

1.1 This practice provides a listing of reference compound-  Ventilation Ovens
ing mqterlals requ_lred to prepare the rubb_er test compound§_ Significance and Use
listed in succeeding methods and contains procedures for : . .
weighing. It also specifies the mixing equipment, general 3.1 Th!s practice shall be used for spv_ecn‘lc procedures used
mixing procedures, vulcanization equipment and proceduresin Préparing rubber compounds for quality control of produc-

1.2 The values stated in S| units are to be regarded as tHon, for research and development purposes, and for compari-

standard. The values given in parentheses are for informatiosPn Of different materials.
only. {

1.3 This standard does not purport to address all of the4' prandar GRRIgE |
safety concerns, if any, associated with its use. It is the 4-1 Standard Reference Materials
responsibility of the user of this standard to establish appro- 4-1:1 The materials required for standard rubber test formu-
priate safety and health practices and determine the applical®S Shall be National Institute of Standards and Technology
bility of regulatory limitations prior to useFor specific (NIST) Reference Materials or materials that are known to
precaution statements, see 5.5. have properties similar to these standard materials. However,

in case of dispute, the following actual standard materials from

2. Referenced Documents the NIST of the United States shall be used:
2 1 ASTM Standards: 4.1.2 An Industry Reference Material (IRM) is a standard
D 88 Test Method for Saybolt Viscostty reference from a desig_nated supplier and has been certified in
D 1646 Test Method for Rubber—Viscosity, Stress Relax-2ccordance with Practice D 4678
ation, and Pre-Vulcanization Characteristics (Mooney Vis- Standard  Industry
cometer} NIST Standard Reference R'\tjlf;:?;e Rl\?lftreer?z;e
D 2084 Test Method for Rubber Property—Vulcanization Material or IRM No. No.
Using Oscillating Disk Cure Metér Zinc oxide 370
D 2161 Practice for Conversion of Kinematic Viscosity to ger qg b
Saybolt Universal Viscosity or to Saybolt Furol ViscoSity  Benzothiazy! disulfide® 2
D 2226 Classification for Various Types of Petroleum Oils L‘I&:i";:mtggim disulfide®” 6 1
for Rubber Compounding U%e Oilgf’urnace carbon black—HAF 378
D 2501 Test Method for Calculation of Viscosity-Gravity —Gas furnace carbon black—SRF 382
Constant (VGC) of Petroleum Ofls Mercaptabenzothiazole _ 383
D 4678 Practice for Rubber—Preparation, Testing, ACCEp- aagqeag: 2 oenzothiazolesifenamide So6
tance, Documentation, and Use of Reference Matérials  Natural rubber® 201

* This practice is under the jurisdiction of ASTM Committee D11 on Rubber and  ® Annual Book of ASTM Standards, Vol 14.04.
is the direct responsibility of Subcommittee D11.20 on Compounding Materials and © NIST has discontinued supply of SRM 373, 374, and 385. A substitute material

Procedures. is available as IRM 2, 1, and 201 respectively from Forcoven Products, Inc., P.O.
Current edition approved Mar. 31, 1989. Published May 1989. Originally Box 1556, Humble, TX 77338 for IRM 1 and 2. IRM 201 is available from Akron
published as D 3182 — 73. Last previous edition D 3182 — 87. Chemical Co., 255 Fountain St., Akron, OH 44304. Request RR: D11-1034 from

2 Annual Book of ASTM Standards, Vol 04.04. ASTM Headquarters, 1916 Race St., Philadelphia, PA 19103.
2 Annual Book of ASTM Standards, Vol 09.01. 7 Supporting data are available from ASTM Headquarters. Request RR: D11-
4 Annual Book of ASTM Standards, Vol 05.01. 1026.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4.2 Other standard or industry reference materials are ak1.4. Other ratios may be used, but modifications in mixing
follows: Industry Reference Black Current Lot in use at time ofprocedure may be required to obtain equivalent results. The use
testing ASTM Oil Type 108 of other than a standard mill shall be recorded with the reported
5. Weighing of Materials data.

' ghing ) 6.1.3 Means shall be provided for controlling the mill roll

5.1 The standard batch mass (in grams) for the laboratorsmperatures to the specified temperatt&C (+9°F).

mill shall be three times the formula mass in parts per hundred g 1 4 The clearance between rolls shall be adjustable from
grams of rubber, unless otherwise specified. , 0.2 to 8.0 mm (0.008 to 0.31 in.) as a minimum range of

5.2 The batch mass (in grams) for an internal mixer shall bg,gj,stment. Roll clearance shall be determined by means of
the nominal capacity (1170= 40 cn?) multiplied by the g jead strips 16- 3 mm (0.4% 0.1 in.) wide, at least 50 mm
density of the rubber compound. o _ ~ (2in.) long, and 0.25 to 0.50 mm (0.01 to 0.02 in.) thicker than

5.3 The batch mass (in grams) for a miniature internal mixehe roll clearance to be measured. The lead strips shall be
(MIM) shall be 75 % of the nominal capacity (85 1 ¢cm~)  jnserted, one at each end of the rolls approximately 25 mm (1
multiplied by the density of the rubber compound. _in.) from the guides, while a piece of compounded rubber, with

5.4 The rubber and carbon black shall be weighed to WlthlrMooney viscosity in excess of 50 ML 1 + 4 at 100°C (212°F),
a_tolerance of-1 g for mill and interngl_mixer (_:ompound; and approximately 75 by 75 by 6 mm (3 by 3 by 0.25 in.) is passing
with a tolerance of=0.1 g for miniature internal mixer tyrough the center portion of the rolls. The rolls shall be at the
compounds. All other materials shall be weighed with@1-g  temperature specified for mixing. After the lead strips have
accuracy or less for mill and internal mixer compounds ant)assed through the rolls, measure the thickness of the strips to
with £0.01-g accuracy for the miniature internal mixer cOm-ihe nearest 0.02 mm (0.001 in.). Tolerance on a roll clearance
pounds. _ _ shall be=10 % or 0.05 mm (0.002 in.), whichever is larger.

5.5 Compounding materials other than rubber, carbon black, g > standard Internal Mixer—The standard internal mixer
and oil may be added to miniature internal mixer batches morgp 5 have a chamber of 157550 cn? volume and two rotors
precisely and with greater ease if they are previously blendegii, approximately 400-cfhdisplacement volume, resulting in
in proportion to the mass required by the recipe. Such blend; 70+ 40-cn? loading capacity. The slow rotor speed shall be
may be made in a mortar and pestle, by mixing for 10 mining 16 rad/s (77 rpm) and the gear ratio shall be 1:1.125. The
a biconical blender with intensifier bar turning, or by mixing in iy wing tip to side clearance shall be 2.4 + 0.3, - 0.1 mm
a .blende? for five 3-s pe_rlods and scraping the inside of the(0.094 +0.010, - 0.005 in.). The mixer shall be equipped with
mixer to dislodge materials stuck to the sides after each 3-§ thermocouple for measuring and recording batch mixing
mix. Caution: If mixed longer than 3 s, the stearic acid may {emperatures. The thermocouple shall be installed through the

melt and prevent good dispersion. end frame and shall protrude into the mixing chamber-25.5
5.6 Unless otherwise specified, carbon black shall be cong,m (1 = 0.1 in.) measured along the top side of the

ditioned by heating fol h at 125£ 3°C (257= 5°F)ina1B  ihermocouple probe. A ram that is 363 mm by 140+ 8 mm

oven or equivalent, in accordance with Specification E 145. 5 5 + g 1 in. by 5.5+ 0.3 in.) shall exert a force of 1.2F
'5.6.1 Place the carbon black in an open vessel of suitablg 56 kN (285 14 Ibf) on the batch in the chamber. The sides

dimensions so that the depth of the black is no more than 10,5 pe hinged to swing open, made of cast stainless steel and

mm (0.4 in.) during conditioning. Store the conditioned carbor%acketed for controlling temperature by means of a circulating

black in a closed moisture-proof container until cool and therjiqyig or steam. The end frames shall be of ductile iron that has

use for weighing and mixing. a 0.20= 0.02-mm (0.008+ 0.001-in.) thick chrome plating on
6. Equipment for Mixing thg working surfaces. R_otors are of_stainless steel,'nitrided,
6.1 Standard Mill: drilled, and equipped with rotary unions for controlling the

6.1.1 The standard mill shall have rolls between 150 andCto" temperature by means of a circulating liquid or steam.

155 mm (5.9 and 6.1 in.) in diameter. The mill shall be Note 2—lIfinternal mixers of other sizes are used, adjustments of batch
equipped with retaining guides, with a distance between theasses and rotor speeds or mixing cycles will be required to obtain

guides at the nip of 250 to 280 mm (10 to 11 in.). equivalent results.
Note 1—If mills of other sizes are used, adjustments to batch masses ©6-3 Standard Miniature Irlt_t%rnal M_ixer (MIM) _
and mixing cycles may be required to obtain equivalent results. 6.3.1 The standard miniature internal mixer shall be

6.1.2 The speed of the slow roll shall be :4.50 rad/s (24 ©9uipped with a stainless steel mixer head having a bowl of

+ 0.5 rpm) and the ratio between slow and fast roll shall bet20-cm volume .and stainless steel cam—style mixer rotors
(removable or fixed) of 34 to 35-cidisplacement, thus

- resulting in a 85+ 1-cn? volume. The recommended loading
8 Defined by Classification D 2226. A lot of oil conforming to the basic descrip- is 75 % (64 cm3) The fast or driving rotor (Ieft) shall turn at

tion in Classification D 2226 and more specifically, to the values listed below, ca _ . .
be obtained from Sun Refining and Marketing Co., Process Materials Group, 1%'28 +3.14 rad/s (60 +3,-0 rpm) and the gear ratio (drlve to

Penn Center, 1801 Market St., Philadelphia, PA 19103 (available in 1 and 5-gdlifiven) shall be 1.5:1. The mixer shall be equipped with a
quantities): Kinematic Viscosity (Test Method D 88) and (Practice D 2161) 16.8 thermocouple installed through the ridge in the bowl for

1.2 mnf/s at 100°F, Viscosity-Gravity Constant (Test Method D 2501) 0889 measuring and recording the batch temperatures. The mixing
0.002.

9 AWaring Blender has been used in this practice. Results cannot be guarante&t@mber shall be closed during the mixing cycle by means of
using another brand. a lever or ram. The head and the backplate shall be maintained
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at the required temperature either electrically or by means of the second-stage mix.

thermal liquid medium. 7.2.7 If the second stage mix is prepared in the internal
Note 3—If miniature internal mixers equipped with Banbury-style mixer, cut the batch frqm stage 1 into str_lps for easier feeding,

mixer head and rotors or heads of other sizes are used, adjustments %’f‘d TQIIO_W by the addition of the materials accort_:llng to the

batch masses, rotor speeds, or mixing cycles will be required to obtai§P€CIfic instructions. The batch should then be discharged at

equivalent results. the prescribed time or temperature. If the second-stage mix is

6.3.2 The miniature internal mixer may be equipped with aPrepared on the standard mill, add materials in prescribed order
torque-measuring instrument and recorder, which are nodind time. The batch size may be reduced to better accommo-
essential for the mixing operation. If used, it must be calibratedate the mill and to result in better dispersion of compounding

occasionally and after each overhaul of the miniature internainaterials.

mixer using the manufacturer’s instructions. 7.2.8 Conclude the mixing by passing the rolled batch
endwise through the standard mill six times with an opening of

7. General Mixing Procedures 0.8 mm (0.031 in.), to improve the dispersion.

7.1 Mill Mixing Procedure: 7.2.9 Pass the batch four times through the mill at a setting
7.1.1 Mix compounds with the rubber banded on the slowof 6 mm (0.24 in.), folding it back on itself each time.
roll, unless otherwise specified. 7.2.10 After weighing and removal of test specimens, sheet

7.1.2 Measure the temperature of the surfaces of the rolls &ut the batch to 2.2 to 2.4-mm (0.087 to 0.094-in.) thickness
a point approximately equidistant from the ends during theafter shrinkage has taken place.
mixing operation either continuously on a recorder or with a 7.3 Miniature Internal Mixer Procedure
manual device having an accuracy of at lead’C (£ 2°F), 7.3.1 Maintain the mixer head temperature for at least 5 min
frequently enough to maintain the desired temperature. Thpgefore mixing.
batch may be removed momentarily from the mill to measure 7.3.2 The unloaded rotor speed shall be 1.0 + 0.05, - O rev/s
the surface temperature of the slow roll. (60 +3, -0 rpm), unless otherwise specified. It should be
7.1.3 Whenevedscuts are specified, cut the batehof the  frequently checked if a variable speed model is used.
distance across the roll and hold the knife at this position until 7.3.3 Prepare the compound according to instructions speci-
the bank just disappears. Make successiecuts from fied for the rubber.
alternate ends of the roll, allowing 20 s between each cut unless 7.3.4 Immediately pass the discharge from the mixer twice

otherwise specified. : _ ~ through a standard mill maintained at specified temperature
~ 7.1.4 Do not cut any batch while free materials are evidenfyith roll separation of 0.5 mm (0.020 in.) once, then twice at
in the bank or on the milling surface. a separation of 3 mm (0.12 in.), in order to dissipate the heat,

7.1.5 Add carbon black evenly across the mill at a uniformand weigh.
rate. Add all other dry materials slowly and evenly in pre- 735 After the removal of a curemeter specimen, if a
scribed times. Oil, if required, may be added alternately withcompound viscosity or tension specimen, or both are required,
carbon black. Carefully collect materials falling through thepass the batch endwise through the mill six times with an
nip from the tray and return to the mix. opening of 0.8 mm (0.031 in.) to enhance the dispersion.
7.1.6 Conclude the mixing cycle by passing the rolled batch 7.3.6 After removing the compound viscosity specimen, if a
endwise through the mill six times with an opening of 0.8 mmtension specimen is required, pass the batch four times through

(0.031 in.), to improve the dispersion. . ~ a standard mill at specified temperature. Fold it lengthwise
7.1.7 Pass the batch four times through the mill at a settingfter each pass and pass always in the same direction to obtain
of 6 mm (.25 in.), folding it back on itself each time. the effect of mill direction. The roll opening should be such that

7.1.8 Weigh the batch, remove the test specimens foit will produce a 2.2 to 2.4-mm (0.087 to 0.094-in.) thick sheet
Mooney viscosity in accordance with Test Method D 1646 orafter shrinkage.

cure meter in accordance with Test Method D 2084, or both, _ _
and sheet out the remainder to 2.2 to 2.4-mm (0.087 t&- Preparation of Standard Vulcanized Sheets
0.094-in.) thickness after shrinkage has taken place. 8.1 Preparation of Sheets
7.2 Internal Mixer Mixing Procedure 8.1.1 Unless otherwise specified, condition the sheeted
7.2.1 The compound is usually prepared in two stages: theompound for 1 to 24 h at 28 3°C (73.4* 5.4°F) at a relative
first one always in the internal mixer and the second either imumidity not greater than 55 %. For maximum precision,
the internal mixer or on the standard mill. condition for 1 to 24 h in a closed container to prevent
7.2.2 The initial internal mixer temperature will be either absorption of moisture from the air, or in an area controlled at
indicated or be such that the required discharge temperature 36 + 5 % relative humidity.

reached. 8.1.2 Place the sheeted compound on a flat, dry, clean metal
7.2.3 The rotor speed shall be 8.16 rad/s (77 rpm), unlessurface and cut pieces that are 45..5 mm (0.18+ 0.06 in.)
otherwise specified. shorter in width and length than the corresponding dimensions

7.2.4 Cut the rubber into pieces suitable for fast feeding. of the mold cavity. Mark the direction of the milling on each
7.2.5 Prepare the mix according to specified instructiongpiece.
regarding the order and time of material addition. 8.1.3 The mass of a 150 by 150-mm (6 by 6-in.) sheet or a
7.2.6 Consolidate the discharge on a standard mill, weighl50 by 75-mm (6 by 3-in.) sheet to be vulcanized in the molds
and allow to cool on a flat metal surface before proceeding witldescribed in 8.2.2 shall be as shown below:
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Mass of Unvulcanized Sheet, g cient size so that no portion of the rubber will be nearer than 75
Density of 150 by 150 mm 150 by 75 mm mm (3 in.) to the edge of the platen during vulcanization. The
Conggiund (Gsbzyf ';') (Gfgf‘f 5'“') platen shall preferably be made of rolled steel, machined for
0.96 53 27 steam heating or for electrical elements for heating electrically.
0.98 54 27 When steam heat is used, place either a self-bleeding trap or a
1;32 22 ;g small vent in the exit stream line to allow steam to flow
1.04 57 29 continuously through the platens. If chamber-type platens are
1.08 58 29 used, place the steam outlet slightly below the steam chamber
i:gg Zg gg so that good drainage is assured. Reduce conduction of heat
1.12 61 31 from the hot platens to the press cross-head as much as
ﬁg gg g; practicable by means of a steel grid between them, or by other
118 64 22 means. Platens should be suitably shielded from drafts. The
1.20 65 33 pressing surfaces of the platen shall be plane parallel to within
1;;’—1 gg gi 0.25 mm/m (0.003 in./ft) when the platens are at 150°C
196 68 34 (302°F) and closed under full pressure with a grid of soft solder
1.28 69 35 or lead between them. With either type of platen, the tempera-
1.30 70 35 ture over the mold area shall be uniform. The maximum

8.1.4 A film of suitable material, such as a nonlubricateddeviation from the temperature at the center of the platen shall
aluminum foil 0.1 mm (0.004 in.) thick, may be placed abovenot exceed+0.5°C (1°F). Between adjacent platens the tem-
and below the sheet in the mold to prevent contamination withperature difference between corresponding points on the two
materials remaining in the mold from previous cures. The masplatens shall not exceed 0.5°C (1°F).
of the unvulcanized sheet shall be reduced to compensate for8.2.2 Molds:
the thickness of the foil. 8.2.2.1 The mold for 150 by 150 by 2-mm (6 by 6 by

8.2 Vulcanization Equipment: 0.08-in.) sheets shall have cavity sections similar in dimensions

8.2.1 Press—The press shall be capable of exerting do that shown in Fig. 1. The cavities to within 6.3 mm (0.25in.)
pressure of not less than 3.5 MPa (500 psi) on the totabf the edges shall be between 1.9 and 2.0 mm (0.075 and 0.079
cross-sectional area of the cavities of the mold during the entire.) deep. The corners of the cavities may be rounded with a
period of vulcanization. It shall have heated platens of suffi+adius not greater than 6.3 mm (0.25 in.). An alternative type of

Mill four corners 3.2 mm (!/8")
for prying mold apart
e—[25mm (5" ) >

7t - — I
f (AT Iz '
29mm
s
(18" 12.5 mm (i/2")
150mm . "
(6" Mill 0.5mm (0.020")

deep below depth

l of cavity

] ] S )

380 mm — —
(15") TD[ _”:
re——150mm (6") —
6(?/;'?-[;1—!» Heg— 6.4 mm (|/4")—h» [
a8 Cavities to be
.8 mm " 95 0.5mm
(3sen IS 48™m (16) %= |l 0077+ 0.002in)
deep
( ) LI ¢ D)
4 1 1f
- 380mm (15") >
3.2mm {!/8") R.
14.5mm (o.575")i[-} ____________ é‘ _____________ gy

Cover plate to be 12.5mm (0.50") thick.
FIG. 1 Design of Four-Cavity Mold
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test sheet mold, made by the cut-off bar method with a lower
plate thickness of about 20 mm (0.75 in.), is shown in Fig. 2.

8.2.2.2 The mold for 150 by 75 by 2-mm (6 by 3.0 by
0.08-in.) sheets shall have cavity sections similar in dimensions
to that shown in Fig. 3 or Fig. 4. The cavities of this mold shall
meet the requirements described in 8.2.2.1.

8.2.2.3 The molding surfaces shall be cleaned, highly pol- o
ished, and hard chromium-plated. Molds constructed of hard- ‘6‘
ened steel are preferred, but chrome-plated mild steel and
stainless steel are also acceptable. The cover of the mold shaIE
be a flat plate at least 10 mm (0.4 in.) in thickness and
preferably hinged to the cavity section to minimize scratching
of the mold surfaces. Instead of a separate mold and cover, the
cavities may be cut directly into the platen of the press. Unless
required, do not use a mold lubricant on the mold surfaces.
When a mold lubricant is required, use only a residual-type
lubricant, which does not affect the vulcanized sheet, and
remove the excess lubricant by vulcanizing and discarding at

< 380 mm >|
JLJL
3> |
75 mm
e ¢ gt el
Ol 1001 10
- — "
<— 150 mm —>
c— | ] c—
1C

Note 1—All other dimensions as in Fig. 1.
FIG. 3 Design for Four Cavity Small Tensile Sheet Mold

least one set of sheets. A silicone-type lubricant or mild soapther suitable temperature measuring device inserted in one of

solution has been found satisfactory. the

overflow grooves and in intimate contact with the mold.

8.3 Vulcanization Procedure: 8.3.2 Open the press, insert the unvulcanized pieces into the
8.3.1 Bring the mold to curing temperature withirD.5°C  mold, and close the press in the minimum time possible. When

(1°F) in the closed press, and hold at this temperature for ghe

mold is removed from the press to insert the pieces, take

least 20 min before the unvulcanized pieces are inserted. Verifgrecautions to prevent excessive cooling of the mold by contact
the temperature of the mold by means of a thermocouple owith cool metal surfaces or by exposure to air drafts.

— 25mm (5") —>

]
% Z1i% Al
C A D) @ D)
t2.5mm (1/2")
Mill 0.5mm (0.020") deep
|5(c€);"m)m below depth of cavity
o
E TAT TEILAT A
®
by l———150mm (6"} ———>
B § 6.4 mm 6.4mm 148
U (/4 (1/a") Y
Cavities to be
48 4.8 1.95t 0,5
¥ <—(3/lr2'r-'; (3/@'")' i (0.077% 0,002 in.)
deep
C D) C )
v A A0 gz
;: 380 mm (15") 4
N [3.2mm (/8")R.

9.5mm({3/8")

e =

FIG. 2 Cutoff Bar Type of Test of Slab Mold
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Mill four corners 3.2 mm (¥8")
X}r prying moid opart

| F«—125mm (5"} —»{
Y . .
— JTIT -
N C_ > G
29mm
o
(18" 124p mm (i/2")
4P mm . "
" Miit 0.5 mm (0.020"
deep befgw depth
T of cuvi'ﬂ
380 mm 5 —t 5
(15 Il TD! ”:
re——150 mpp (6") ——
6.4 mm YA
(17" e 6.4\mm (i/3 )Y 1
Covities to be
738/|Z"T 4.8 mh (3/16" ) —»{lee 195 0.5mm
{0.077 £ 0.002 in.)
deep
¢ D] i i D)
r Tt /
380mm {15") ————————

i : 3.2mm (1/8") R.
14.5mm {0575") = ——=———fones e )

Cover plate to be 25mm(0.50") thick.
FIG. 4 Design of Eight Cavity Mold, for Small Tensile Sheets Made by Modifying the Mold Shown in Fig. 1

8.3.3 Consider the time of vulcanization to be the periodof 23 + 2°C (73+ 3.6°F) for at least 16 h (Note 4) and for not
between the instant the pressure is applied fully and the instantore than 96 h before preparing and testing, unless otherwise
the pressure is released. Hold the mold under a minimurgpecified.
pressure of 3.5 MPa (500 psi) on the cavity areas during
vulcanization. As soon as the press is opened, remove the.NC-)TE 4—Quality cont_rol of rubber p_roduction may require tes_ting
vulcanized sheets from the mold and cool in water (rooM”'th'” 1 to_6 h to_prowde close survelllance_ of the plant operation;
temperature or lower) or on a metal surface (for items used fo®"ever. slightly different results may be-obtained.
electrical measurements) for 10 to 15 min. Designate in the
report the type of cooling used.

8.3.4 Condition vulcanizates of compounds at a temperature

The ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item
mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights,
and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Methods for
Flexible Cellular Materials—Slab, Bonded, and Molded
Urethane Foams ?

This standard is issued under the fixed designation D 3574; 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.

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

1. Scope small pieces of urethane foam to each other with a suitable

1.1 These test methods apply to slab, bonded, and moldd¥nding agent. _
flexible cellular products known as urethane foams. Urethane 3-1.2 core—the internal portion of a molded part, free of
foam may be generally defined as an expanded cellular produ§l"n-

produced by the interaction of active hydrogen compounds, 3.1.3 flexible cellular product—a cellular organic polymeric
water, and isocyanates. material that will not rupture when a specimen 200 by 25 by 25

safety concerns, if any, associated with its use. It is the@f 1 1apin 5 s at @emperature between 18 and 29°C.

responsibility of the user of this standard to establish appro- 3-1.4 molded foam—a cellular product having the shape of

priate safety and health practices and determine the applicath® enclosed chamber in which it is produced by foaming.

bility of regulatory limitations prior to use. 3.1.5 skin—the smooth su_rface layer of a molded foam
1.3 This standard should be used to measure and describBreduct, formed by contact with the mold or surfaces.

the response of materials, products, or assemblies to heat and 3-1.6 slab—a section of foam that is cut from the internal

flame under controlled conditions and should not be used t@ortion of a large bun. _

describe or appraise the fire hazard or fire risk of materials, 3-1.7 urethane foam—a flexible cellular product produced

products, or assemblies under actual fire conditions. HowevePY the interaction of active hydrogen compounds, water, and

results of this test may be used as elements of a fire hazat§ocyanates.

assessment or a fire risk assessment which takes into accoupt

f . mmary of Test Meth
all of the factors which are pertinent to an assessment of the Summary o1 Te SRR

fire hazard or fire risk of a particular end use 4.1 Unless specifically stated otherwise between the sup-
plier and the purchaser, all tests shall be made in accordance
2. Referenced Documents with the methods specified in Sections 9-124 which include test
2.1 ASTM Standards: procedures for the following:
D 412 Test Methods for Vulcanized Rubber and Thermo- TTestS/;-' sencid Segtions
. . - f est ensity Test -15
pIaStIC RUbb_erS and Thermo_plastlc E_Igstomers TeAsion Test By Indentation Force Deflection Test—Specified
D 4483 Practice for Determining Precision for Test Method Deflection 16-22
Standards in the Rubber and Carbon Black |ndu§tries Test B, Indentation Force Deflection Test—Specified
T . Force 23-29
E 162 Test Method for Surface Flammability of Materials 1. ¢ compression Force Defiection Test 20-36
Using a Radiant Heat Energy Soutce TestD  Constant Deflection Compression Set Test 37-44
. . . . Test E Tension Test 45-52
Note 1—The specific dated edition of Practice D 4483 that prevalils in Test F Tear Resistance Test 53-60
this document is referenced in the Precision and Bias section. Test G Air Flow Test 61-67
Test H Resilience (Ball Rebound) Test 68-75
3. Terminology Test Iy Static Force Loss Test at Constant Deflection
- . i 77-85
3.1 Definitions of Terms Specific to This Standard: Testl,  Dynamic Fatigue Test by the Roller Shear at
3.1.1 bonded foam—a product produced by the adhesion of Constant Force, 86-94
Test I3 Dynamic Fatigue Test by Constant Force
Pounding 95-103
Test I, Dynamic Fatigue Test for Carpet Cushion 104-112

1 These test methods are under the jurisdiction of ASTM Committee D-20 on Test J Steam Autoclave Aging 113-118
Plastics and are the direct responsibility of Subcommittee D20.22 on Cellular  qoq Dry Heat Aging 119-124
Plastics.

Current edition approved Feb. 15, 1995. Published May 1995. Originally Appendixes:
published as D 3574 — 77. Last previous edition D 3574 — 91.

2 Annual Book of ASTM Standards, Vol 09.01.

3 Annual Book of ASTM Standards, Vol 04.07.

X1. Suggested Method for Specifying Flexible Urethane Foams
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X2. Suggested Method of Construction for a Roller Shear Dynamic Flex Fa- care not to distort the foam.
X3 }ijgt:_e_A_pparaftuTs Used (o Deseribe the Force-beflection G . 8.2 Measure thickness up to and including 25 mm using a
. Definitions of Terms Used to Describe the Force-Deflection Curve o ; ; L
Flexible Urethane Foam dial-type gage Wlt_h a minimum foot area of 650 ﬁmfiold the
X4. Suggested Tests for Determining Combustibility of Flexible Urethane pressure of the dial foot to 178 35 Pa (Note 2). Thicknesses
Foam. (The combustion tests are given for informational purposes only over 25 mm may be measured with a dial gage, a 5|iding

and are not part of the standard.)

X5. Suggested Method for Verification of an Inclined Oil Manometer callper gage, oras speC|f|ed in8.1. When a S“dmg Ca“per gage

is employed, make the gage setting with the gage out of contact

5. Significance and Use with the foam. Pass the specimen through the previously set

5.1 The test procedures provide a standard method afage: the proper setting shall be the one when the measuring

obtaining data for research and development, quality controfaces of the gage contact the surfaces of the specimen without
acceptance and rejection under specifications, and specia@mpressing it.

pUrposes. . . Note 2—For soft foams having compression force deflection values
5.2 The data obtained by these test methods are applicablgs than 1.65 kPa, the pressure on the dial foot shall not exceed 70 Pa.
to the material under conditions of the particular test and are

not necessarily the same as obtained in other environments in8'3 The scale, tape, or gage shall be graduated so as to

use permit measurements withirrl % of the dimensions to be
' measured.
6. General Test Conditions 8.4 Results reported shall be the median of a minimum of
6.1 Tests shall be conducted under known conditions of'€& measurements.
temperature and humidity or as specified in the individual test TEST A—DENSITY TEST

procedure. The product shall be conditioned undeflected, and
undistorted at the temperature and humidity of test for at leasy. Scope
12 h before being tested. In cases of dispute, the tests shall be
made at a temperature of 232°C and in an atmosphere of 50
+ 5 % relative humidity.

9.1 This test method covers determination of the density of
uncored foam by calculation from the mass and volume of the
specimen. The density value thus obtained applies only to the

Bnmediate area from which the specimen has been taken. It

shall be performed 7 days or more after the foam has bee(E'oes not necessarily relate to the bulk density of the entire

manufactured.

: . molded pad.
6.3 All foams shall be preflexed twice 75 to 80 % of their P
nominal thickness or as specified by the purchaser. 10. Test Specimen
7. Sampling 10.1 Interior Density—A representative specimen of regular

. hape, circular or square without skins or densification lines,
7.1 When possible, thafiCURniREERaniacilieg producf%?t less than 1000 mitin volume, shall be cut from a portion

shall be used for the test specified. Representative samples ; . .
. ) -~ fiee of voids and defects and as near as possible to the section
the lot being examined shall be selected at random as requiregd, - d .
rom which the tension and tear specimens were taken.

7.2 When it is necessary or advisable to obtain specimens : : . - X .
X . . - 10.2 Section Density—A representative specimen with skins
from the articles, as in those cases where the entire sample is . .
. . . h the top and bottom surface measuring at least G.ihmarea

not required or adaptable for testing, the method of cutting an

. ) 4 y full-part thickness shall be cut from an area free of voids
the exact position from which specimens are to be taken sha . . )
. ) -and defects and as near as possible to the location from which
be specified. The density and the state of cure may vary i

. - — ‘AY the tension and tear specimens were taken. When these
different parts of the finished product, especially if the article is dimensions are not possible, the largest representative portion
of complicated shape or of varying thickness, and these factorgS agreed upon between the,supplier and the purchaser shall be
affect the physical properties of the specimens. Also, th% Y,
density is affected by the number of cut surfaces on the \
specimen. If a test specimen is die cut, sufficient time should b@1 Number of Specimens
allowed for complete recovery of the thickness across the full
width of the specimen.

7.3 When the finished molded product does not lend itselftg >  procedure
testing or to the taking of specimens because of complicated . . o
shape, small size, metal or fabric inserts, adhesion to metal, or 1;; BZEE:Q:EE E[?wi rgﬁ;ﬂ‘g;gg ?)?Etzﬁlemsene\(’:vimclerrz 1ir:/()éccor-
other reasons, molded test slabs as agreed upon between g]aé]cé with Section 8. and calculate the voIEme
supplier and the purchaser shall be prepared. ’ :

7.4 When differences in test results arise due to the difficulty; 3 caiculation
in obtaining suitable specimens from the finished parts, the N .
supplier and the purchaser may agree upon an accepta%ﬁl&l Calculate the density in kilograms per cubic metre as

location to take the specimen. lows:

11.1 One specimen shall be tested.

) Density= M/V 1)
8. Measurement of Test Specimens
where:

8.1 Measure the length and width with a scale or tape. Take
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M = mass of specimen, kg, and thickness at a rate of & 0.4 mm/s. Mark the location of the
V = volume of specimen, test area with a pen by circumscribing the indentor foot while
under a 4.5-N force. Allow the specimen to rest @ min after
14. Report the preflex.
14.1 Report the following information: 20.3 Bring the indentor foot into contact with the specimen
14.1.1 Density to the nearest 1 kg/nand and determine the thickness after applying a contact force of
14.1.2 Type of specimen. 4.5 N (Note 3) to the indentor foot. Indent the specimen at 0.83
+ 0.08 mm/s 25 % of this thickness and observe the force in
15. Precision and Bias newtons after 60+ 3 s. Without removing the specimen
15.1 Precision statements are in the process of being préacrease the deflection to 65 % deflection, allowing the force to
pared in the form specified by Practice D 4483 — 85. drift while maintaining the 65 % deflection, and again observe

the force in newtons after 6& 3 s.

TEST B; —INDENTATION FORCE DEFLECTION )
TEST—SPECIFIED DEFLECTION Note 3—For super-soft foam, foam with a 25 % IFD less than 40 N, a

reduction of pressure on the indentor foot shall be allowed. Sufficient

16. Summary of Test Method pressure to make contact is normal.

16.1 This will be known as the indentation force deflection21. Report

test and the results as the IFD values. This test consists of 21 1 Report the force in newtons required for 25 and 65 %
measuring the force necessary to produce 25 and 65 % or othgidentation (Note 4). These figures are known as the 25 % and
designated indentations in the foam product (Appendix X3). 65 05 |FD values, respectively. Report also length, width, and
thickness of the specimen and the ratio (comfort factor

17. Apparatus . _ _ Appendix X3) of 65 % to 25 % IFD values.
17.1 An apparatus having a flat circular indentor foot 323 ] _
sz in area connected by means of a swivel joint capable of Note 4—Indentation deflection tests, other than 25 and 65 %, as well as
accommodating the angie of the sample to a force-measuriri 25 % return value, may be specified as agreed upon between the supplier
. . d the purchaser.
device and mounted in such a manner that the product or

specimen can be deflected at a speed of 0.4 to 6.3 mm/s. Ti¥2. Precision and Bias

apparatus shall be arranged to support the specimen on a levebs 1 precision statements are in the process of being pre-

horizontal plate which _is perforated with approximately pared in the form specified by Practice D 4483 — 85.
6.5-mm holes on approximately 20-mm centers to allow for

rapid escape of air during the test. Special support for con- TEST B, —INDENTATION FORCE DEFLECTION
toured molded pads shall be perforated and agreed upon TEST—SPECIFIED FORCE

between the supplier and the purchaser. Pads longer than the

base plate shall be supported from distortion at the 4.5-N¢3. Summary of Test Method

contact force. 23.1 Cellular foam products have been traditionally checked
. for force deflection by determining the force required to effect
18. Test Specimen a 5 % deflection. In seating, on the other hand, the interest is in

18.1 The test specimen shall consist of the entire produaietermining how thick the padding is under the average person.
sample or a suitable portion of it, except that in no case shallwo measurements are called for to meet the requirements of
the specimen have dimensions less than 380 by 380 by 20 mrthis test method. The force deflection is determined by mea-
Specimens less than 20 mm thick shall be plied up, without theuring the thickness of the pad under a fixed force of 4.5 N, 110
use of cement, to a minimum of 20 mm. N, and 220 N, on a 323-chircular indentor foot.

18.2 The IFD values for molded products are dependent on 23.2 This determination shall be known as the Indentation
the specimen dimensions. Higher values are generally obtaind®esidual Deflection Force and the measurements as the IRDF

for specimens that retain all molded surfaces. values.
19. Number of Specimens 24. Apparatus
19.1 One specimen shall be tested. 24.1 An apparatus having a flat circular indentor foot 323
cm in area and equipped with a swivel joint for applying forces
20. Procedure of 45 N, 110 N, and 220 N shall be mounted over a level

20.1 Place the test specimen in position on the supportingorizontal platform that is perforated with approximately
plate of the apparatus. If the product has one side cored d@.5-mm holes on approximately 20-mm centers to allow for
honey-combed, this face shall rest on the perforated plate. Thrapid escape of air during the test. The distance between the
specimen position shall be such that whenever practicable thiadentor foot and the platform shall be variable to indent the
indentation will be made at the center of all articles, excepspecimen at a speed of 0.83 0.08 to 3.3+ 0.3 mm/s for
where another location is agreed upon by the supplier and theeflection measurements. The apparatus shall be equipped with
purchaser. a device for measuring the distance between plates.

20.2 Preflex the area to be tested by twice lowering the 24.2 Special support for contoured molded pads shall be
indentor foot to a total deflection of 75 to 80 % of the full-part perforated and agreed upon between the supplier and the
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purchaser. Pads longer than the base plate shall be supportelvice and mounted in a manner such that the product or
from distortion at the 4.5-N contact force. specimen can be deflected at a speed of 0.4 to 6.3 mm/s. The
. apparatus shall be arranged to support the specimen on a level
25. Test Conditions horizontal plate that is perforated with approximately 6.5-mm

25.1 When possible the completed manufactured produdioles on approximately 20-mm centers to allow for rapid
shall be used. In the case of tapered cushions, the location ekcape of air during the test.
the area for measurement is to be agreed upon between the
supplier and the purchaser. In the case a finished part is n82. Test Specimens

feasible for test, 380 by 380-mm specimens of an average 321 The slab test specimen shall have parallel top and
thickness are to be cut from the cushion. bottom surfaces and essentially vertical sides. The thickness
25.2 The IRDF values for molded products are depender§ha|| be no greater than 75 % of the minimum top dimension.

on the specimen dimensions. Difference values are generally 32 2 Specimens from uncored slab stock shall be a mini-
obtained for specimens that retain all molded surfaces. mum of 2500 mriin area and a minimum thickness of 20 mm.
Specimens less than 20 mm thick shall be plied up, without the
i use of cement, to a minimum of 20 mm.

26.1 One specimen shall be tested. 32.3 Specimens from cored slab stock shall be of such size

27 Procedure :/r:llfjethe coring does not appreciably affect the compression

27.1 Testthe whole test specimen or a minimum area of 380 32 4 The test specimen from molded parts shall have

by 380 mm. Preflex twice to a 10-kPa pressure. This corrépargjiel top and bottom surfaces and perpendicular sides.
sponds to 330 N on a32_0_—6mn_dentor foot at 3.3 mm/s. Allow  preferably the specimen should include both top and bottom
to rest 6= 1 min. Position in the test apparatus with any mo|ded skins. If a test specimen with parallel top and bottom
coring, honeycombing, or slotting resting on the perforatedsfaces including both molded skins cannot be obtained
bottom plate. _ _ because of the shape of the molded part, at least one of the
27.2 Bring the indentor foot into contact and determine thénglded skin surfaces should be retained. Both surface skins
thickness of the specimen with the 4.5-N load on the indentognhoyuld be removed only in cases where the shape of the
foot. original sample makes this absolutely necessary.
~ 27.3 Apply the 110-N force at 0.8% 0.08 mm/s to the 32 5 Maximum molded specimen thickness shall be no
indentor foot and indent the specimen until the force is Ca"'e‘breater than the minimum top dimensions. Specimens from
by _the_ s_pecimen. Determine the thickness at 110 N aftefjncored stock shall have a minimum length of 50 mm, a
maintaining the force for 6&- 3's. minimum width of 50 mm, and a minimum thickness of 20

27.4 Without removing the specimen apply the 220-N forcepm. Specimens less than 20 mm thick shall be plied up,
to the indentor foot and further indent the pad until this load isyithout the use of cement, to a minimum of 20 mm.

carried. After 60+ 3 s under load, observe the thickness of the
pad. 33. Number of Specimens

28. Report 33.1 Three specimens per sample shall be tested. The value
reported shall be the median of those observed. If any value
deviates more than 20 % from this median, two additional
%’pecimens shall be tested and the median for all five values
Shall be reported.

26. Number of Specimens

28.1 Report the specimen thickness after:6@ s at 4.5 N,
110 N, and 220 N. These figures are known as the IRDF value
respectively. Report also the length, width, and thickness of th

specimen.
29. Precision and Bias 34. Procedure
29.1 Precision statements are in the process of being pre- 34-1 Preflex the specimen twice, 75 to 80 % of its original
pared in the form specified by Practice D 4483 — 85. thickness at 4 0.4 mm/s. Then allow the specimen to rest for
a period of 6+ 1 min.
TEST C—COMPRESSION FORCE DEFLECTION 34.2 Place the specimen centered in the line of the axial load
TEST on the supporting plate of the apparatus. If the product has one
side cored or honeycombed, rest this face on the perforated
30. Summary of Test Method plates.

30.1 This test consists of measuring the force necessary to 34.3 Bring the compression foot into contact with the
produce a 50 % compression over the entire top area of thepecimen and determine the thickness after applying a contact
foam specimen. load of 140 Pa to the specimen area (Note 2). Compress the

. o . .
Note 5—Compression deflection tests other than at 50 % may beSDECImen 50 % of this thickness at 0.830.08 mm/s and

specified as agreed upon between the supplier and the purchaser. observe the final load after 68 3 s.
31. Apparatus 35. Report

31.1 An apparatus having a flat compression foot, larger 35.1 Report the thickness after contact load, and the 50 %
than the specimen to be tested connected to a force-measuriogmpression deflection value in pascals.
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36. Precision and Bias 50 + 2 % relative humidity.

36.1 Precision statements are in the process of being pre-41.2 Measure the test specimen in accordance with the
pared in the form specified by Practice D 4483 — 85. procedure described in Section 8.
41.3 Place the test specimen in the apparatus and deflect it
TEST D—CONSTANT DEFLECTION COMPRESSION to either 50= 1, 75= 1, or 90+ 1 % of its thickness, or any

SET TEST other deflection depending on the value agreed upon between

the supplier and the purchaser.
37. Summary of Test Method
. Y . . 41.4 Within 15 min, place the deflected specimen and the
37.1 This test method consists of deflecting the foamynnaa4s in the mechanically convected air oven for a period

specimgn under specified conditions of time and temperaturg; 55 h: then remove the apparatus.
and noting the effect on the thickness of the specimen. 41.5 Remove the specimen immediately from the apparatus
38. Apparatus and measure it in accordance with the procedure described in

38.1 Compression Devigeconsisting of two or more flat Section 8 after 30 to 40 min recovery.

plates arranged so the plates are held parallel to each other @y calculation
bolts or clamps and the space between the plates is adjustabl

e . ]
to the required deflection thickness by means of spacers. 42.1 Calculate two SighEEESsion set values as follows:

42.1.1 Calculate the constant deflection compression set,
39. Test Specimens expressed as a percentage of the original thickness, as follows:

39.1 The test specimens shall have parallel top and bottom Ci = [(t, — t)/t,]1 X 100 2
surfaces and essentially perpendicular sides. i
39.2 Specimens from uncored slab stock shall be 50 by 5(% :
by 25 mm unless otherwise specified. Specimens less than 25"
mm in thickness shall be plied up, without the use of cement,,[0 original thickness of test specimen, and

to a 25-mm thickness. N final thickness of test specimen 30 min + 10 or - 0
39.3 Specimens from cored slab stock shall be of such size min after removal from the apparatus.

that the coring does not appreciably affect the test result. They 45 1 2 calculate the constant deflection compression set,

. - 2
shall have a minimum top surface area of 100°cmihe oy hressed as a percentage of the original deflection, as follows:
thickness shall be no greater than 75 % of the minimum top

compression set expressed as a percentage of the
original thickness,

dimension. Cy = [(t, — t)/(t, — t)] X 100 (3)
39.4 Specimens from uncored molded products 75 mm ORyhere:

less in thickness shall be 50 by 50 mm by full-part th|CkneSSCd = Compression set expressed as a percent of the Origi_

and shall contain the top and bottom skin. nal deflection,

39.5 Specimens greater than 50 mm in thickness shall be cut
to 50 mm thickness and the sample containing the top skin use thickness of spacer bar used, and
for testing. final thickness of test specimen 30 min +10 or -0
39.6 Specimens from cored molded products shall be of min after removal from the apparatus.
such size that the coring does not appreciably affect the test { ‘

. Note 7—Approximate conversion o€, to C, can be calculated by
results. They shgll have a minimum top surface area of at Ieaﬁ;ultiplying the 50 % Chby 2, the 75 %C, by 1.33, and the 90 %, by
100 cnf. The thickness shall be no greater than 75 mm ang 11
shall include the top molded surface. Specimens from molded
products may be tested without skins by agreement betweef3. Report
the customer and the supplier. 43.1 Report compression set & or C,, and deflection

used.

original thickness of test specimen,

40. Number of Specimens

40.1 Three specimens per sample shall be tested. The valdd. Precision and Bias
reported shall be the median of those observed. If any value 44 1 precision statements are in the process of being pre-
deviates more than 20 % from this median, two additionalyareq in the form specified by Practice D 4483 — 85.
specimens shall be tested and the median for all five values
shall be reported. TEST E—TENSION TEST

41. Procedure 45. Scope

41.1 Perform the entire test procedure under the following 451 This test method determines the effect of the applica-
conditions: Conduct all measurements, conditioning, and reton of a tensile force to foam. Measurements are made for

covery of the specimen at 28 2°C and in an atmosphere of tensjle stress, tensile strength, and ultimate elongation.
50 = 2 % relative humidity. The oven conditions shall be70

2°C and 5*1 % relative humidity. 46. Apparatus

Nore 6—This condition of relative humidity may be achieved by 46.1 Dies—The specimen for tension tests shall be stamped
placing an oven at 76 2°C in an atmosphere maintained at22°C and  out with a die of the shape and dimensions shown in Fig. 1, or
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52.38mm ., 3493mm and note continuously the distance between the two bench
(20621 (13757 marks. Record the stress at the corresponding elongation or if
'(‘2525%'5'{? 27w *'(46?5%”2‘.5')‘ an automatic recording device is used, it will record the data
" (05"R 6.4 mm (0.25") continuously. At rupture, measure or record elongation to the
[é T nearest 10 %.
- _ 254
" 6.4mm(0.25") R T amn 50. Calculation
' 50.1 Calculate the tensile strength by dividing the breaking
| .. 127mm{0.5) force by the original cross-sectional area of the specimen.
A 50.2 Calculate the stress by dividing the force at a prede-
FIG. 1 Die for Stamping Tension Specimens termined elongation by the original cross-sectional area of the
specimen.

Die A of Test Methods D 412. The die shall be sharp and free 50.3 Calculate the ultimate elongatiah,by subtracting the

of nicks in order to prevent leaving ragged edges on theriginal distance between the bench marks from the total

specimen. distance between the bench marks at the time of rupture and
46.2 Bench Marker—The marker shall have two parallel expressing the difference as a percentage of the original

marking edges 1.6 mm in thickness and spaced 20 or 25 mijistance, as follows, or use the grip separations in a similar

apart on centers. calculation.
46.3 Measurements—The dimensions of the test specimen

shall be determined with a suitable gage in accordance with A% =[(d = dyfd, ] x 100 “)
Section 8. where:

46.4 Machine—Tension tests shall be made on a powerd, = original distance between bench marks, and
driven machine complying with the following requirements: di = distance between bench marks at the break point.

46.4.1 The machine shall be of such capacity as to allow the 50.4 The value reported shall be the median value of all
specimen to break at practically three fourths of machinespecimens tested.
full-scale force. It shall be equipped with a dial or scale
indicator that will remain at the point of maximum load after °1. Report
rupture of the specimen and will measure the applied tension at 51.1 Report the following information:
that point. Rate of travel of a power-actuated grip shall be-8.3  51.1.1 Tensile strength in kilopascals,
0.8 mm/s and shall be uniform at all times. 51.1.2 Stress in kilopascals at a predetermined elongation,

46.4.2 The machine may be equipped with a device graduand
ated to 2.5 mm for measuring the elongation. For testing 51.1.3 Ultimate elongation, in percent, and whether the
dumbbell specimens, the machine shall have either screw-tygi#istance between bench marks or grip separations were used in
flat plate grips or a type of grip that tightens automatically andthe calculations.
exerts a uniform pressure across the gripping surfaces, increas- -3 -
ing as the tension increases to prevent slipping. 52. Precision and Bias

, 52.1 Precision statements are in the process of being pre-

47. Test Specimens pared in the form specified by Practice D 4483 — 85.

47.1 The test specimens shall be cut from flat sheet material
12.5 + 1.5 mm thick. The top and bottom surfaces shall be TEST F—TEAR RESISTANCE TEST
parallel and free of skin. The cut edges shall be perpendicul
to the top surface and be free of ragged edges. The specimeaﬁé' Scope
shall be die cut either parallel to or across the direction of rise 53.1 This test method covers determination of the tear
of the foam and shall be so specified. The length of the tabkesistance of foam. The block method, as described, measures
may be adjusted to fit machine conditions provided that althe tear resistance under the conditions of this particular test.

other requirements remain constant.
54. Apparatus

48. Number of Specimens 54.1 Tear resistance shall be measured on a power-driven
48.1 Three specimens per sample shall be tested. The vala@paratus which will indicate the final load at which rupture of
reported shall be the median of those observed. If any valuthe specimen takes place. An automatic machine may be used
deviates more than 20 % from this median, two additionaWwhich draws the actual curve, or, a style or scale shall be used
specimens shall be tested, and the median for all five valudsaving an indicator that remains at the point of maximum force

shall be reported. after rupture.

49. Procedure 55. Test Specimens

49.1 Set the grip separation at 65.3 mm minimum. Place the 55.1 The test specimens shall be a block shape free of skin,
dumbbell tabs in the grips of the testing machine, using care tgoids, and densification lines, as shown in Fig. 2. They may be
adjust them symmetrically, in order that the tension will becut on a saw or die cut from sheet material so that the sides are
distributed uniformly over the cross section. Start the machin@arallel and perpendicular to each other. A40-mm cut shall be
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specimen in a cavity over a chamber and creating a specified
constant air-pressure differential. The rate of flow of air
required to maintain this pressure differential is the air flow
value.

Note 8—A surface porosity test will be developed when required for a
molded skin surface. This test is normally for slab products.

62. Terminology
FIG. 2 Tear Resistance Test Specimens 62.1 Definitions of Terms Specific to This Standard:
62.1.1 air flow value—the volume of air per second at
placed in one side as shown in Fig. 2. Dimensfo® can be  standard temperature and pressure required to maintain a
reduced to the pad thickness. The thickness shall be determinednstant pressure differential of 125 Pa across a flexible foam

in accordance with Section 8. specimen approximately 50 by 50 by 25 mm.
) 62.1.2 air flow parallel to foam rise—the air flow value
56. Number of Specimens obtained when the air enters and leaves the mounted specimen

56.1 Three specimens per sample shall be tested. The valuparallel to foam rise.
reported shall be the median of those tested. If any value 62.1.3 air flow perpendicular to foam risethe air flow
deviates more than 20 % from this median, two additionalialue obtained when the air enters and leaves the specimen
specimens shall be tested and the median for all five valugserpendicular to foam rise.
shall be reported.

63. Apparatus

57. Procedure 63.1 A schematic drawing of the apparatus including the

57.1 Clamp the test specimen in the jaws of the testingpecimen mounting chamber, manometer, air flowmeters,
machine, taking care that the jaws grip the specimen properljplowmeters, blower, and voltage control is shown in Fig. 3.
Spread the block so that each tab is held in the jaw to pull 63.2 Chamber, consisting of a pot approximately 130 mm in
across the specimen. Apply the force with a jaw speed of 0.78iameter and 150 mm high with provision for mounting the
to 9 mm/s. Aid the cut in the specimen with a razor blade orfoam specimen and fittings for the manometer and air exhaust.
knife, so as to keep it in the center of the block. After theThe specimen mount cavity shall be either 56.0.05 by 50.0
rupture of the specimen, or after at least a 50-mm length is torn= 0.05 by 25.0+ 0.05 mm in size. Four foam support vanes
record in newtons the maximum on the dial or scale, and notapproximately 1 mm thick and 12.5 mm high shall be placed

also the thickness of the specimen (directf). under the opening to prevent the foam from being pulled into
) the vacuum chamber. The vanes shall be spaced 12.5 mm on
58. Calculation center from each other and also centered relative to the bottom

58.1 Calculate the tear strength from the maximum forceof the cavity opening. The manometer fitting shall enter a
registered on the testing machine and the average thickness bimm hole midway along the side of the chamber. A 25-mm

the specimen (directioA-B), as follows: pipe fitting shall be used as the exhaust outlet from the center
Tear strength, N/m= F/T ©) of the bottom of the ch_amber. _
63.3 Manometer, calibrated from 0 to 250 Pa and having an
where: accuracy oft2 %, is required. An inclined oil manometer with
F = force, N, and graduations of 2 Pa is recommended. A level mounted on the
T = thickness, m. manometer shall be used to ensure that the proper degree of

inclination from the horizontal is maintained. Traps shall be

59. Report provided to prevent indicating fluid from being accidentally
59.1 Report the following information: drawn into the chamber. Appendix X5. describes a suggested
59.1.1 Tear strength in newtons per metre, method for the verification of the inclined oil manometer, the
59.1.2 Orientation of specimen, and manometer can alternatively be replaced with a O-250 Pa
59.1.3 Crosshead speed. magnehelic gage with graduations in 5 Pa.

- . 63.4 Flowmeters and Blowe+Low-pressure-drop air flow-
60. Precision and Bias meters accurate ta2 % shall be used for air-flow measure-
60.1 Precision statements are in the process of being prénents. A given flowmeter should not be used for values less
pared in the form specified by Practice D 4483 —85. than 10 % of full scale. Air flowmeters with at least 250-mm
scales are recommended. Since the flowmeter calibration is
TEST G—AIR FLOW TEST temperature-and pressure-dependent, the use of the apparatus
under ambient conditions can result in erroneous readings. In

61. Scope
f dispute, th t houl
61.1 The air flow test measures the ease with which aigases of dispute, the apparatus should be used under standard

passes through a cellular structure. Air flow values may be used
f’"s_ an indirect measur?ment of Cer_tam cell Str_UCture character- 4 An electronic instrument that has proven to be effective for measuring air flow
istics. The test consists of placing a flexible foam coreis available from Fluid Data, 2512 N. Velasco, Angleton, TX 77515.
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FIG. 3 Air Flow Apparatus Schematic Diagram

conditions of 23°C and 100 kPa (1 atm pressure) or else be the mean of those observed for each location and orienta-
suitable calibration correction applied. Flowmeters that rangdion.

from 0 to 0.01 ri /s will cover a wide range of foam cell
structures but a lesser range may be used. Actual flow i§5' Procedure

adjusted by a combination of valve restriction and blower 65.1 Measure each specimen in accordance with the proce-
speed. The two-way valves shall be mounted on the output sidéure described in Section 8 to verify the specimen size.

of the flowmeter to maintain the pressure drop across the 65.2 Impress the specimen into the test cavity. Make sure

flowmeter constant at any given flow level. A vacuum cleanetthat a good air seal is obtained along all edges. The top of the
type unit shall be used for an exhaust blower. specimen should be flush with the top of the test chamber.

63.5 Leak Test—To check the apparatus for leaks, the 65.3 With all valves closed, adjust the voltage control of the

specimen mount cavity shall be sealed with masking tape. Witepparatus to 30 %.

all valves closed, turn on the exhaust blower to approximately 65.4 Open one flow-control valve slowly until a pressure
Y3 power and observe any movement of the manometer. Theifferential to 100 to 150 Pa is obtained. Adjust the voltage
manometer reading, if any, should not exceed 1 Pa after a 30entrol carefully to obtain a pressure differential of 123 Pa.
waiting period. Next, open the valve very slightly for the 65.5 After this pressure differential has been maintained for
lowest range flowmeter reading. The flow should be essentiall@t least 10 s, read the scale of the flowmeter.

zero as evidenced by less than 3-mm movement of the air 65.6 If this reading is off-scale or less than 10 % of full
flowmeter float from its static position. For the equipment toscale, close that flow-control valve and open a more appropri-
perform satisfactorily over its entire range the requirements fote one. Repeat this process until the proper manometer

both parts of the leak test must be met. reading and air flow is achieved.
65.7 The air flow valve may be obtained from the flowmeter

64. Test Specimens scale directly, estimated from a calibration chart, or calculated
64.1 The test specimens shall be parallel-piped cut to fit thith a factor depending on the calibration system.

mount cavity of the apparatus. A cavity 50 by 50 mm requires

aspecimen 51.8 0.3 by 51.0+= 0.3 by 25.0+ 0.5 mminsize. 66. Report

A band saw with a movable table and a double-bevel knife- 66.1 Report the following information:

edge blade is recommended for cutting the specimens. 66.1.1 Location and orientation of each specimen with
64.2 Three specimens per sample for each location anckspect to foam rise in the section of foam that was sampled,

orientation to be tested shall be cut. The values reported shall 66.1.2 Mean air flow value in cubic decimetres per second
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for each location and orientation, any value deviates more than 20 % from this median, make two
66.1.3 Dimensions of the specimen, and additional drops and calculate the median for all five drops.

66.1.4 Dimension of the mount cavity of the apparatus.
N _ 74. Report
67. Precision and Bias 74.1 Report the median of the three specimen medians as

67.1 Precision statements are in the process of being préhe ball rebound resilience value of the sample in percent.
pared in the form specified by Practice D 4483 — 85.
75. Precision and Bias

TEST H—RESILIENCE (BALL REBOUND) TEST . . .
75.1 Precision statements are in the process of being pre-

68. Scope pared in the form specified by Practice D 4483 — 85.

68.1 This test consists of dropping a steel ball on a foam
specimen and noting the height of rebound.

69. Apparatus 76. Scope

69.1 The ball rebound tester shall consist of a 38-mm inside /6.1 The fatigue tests consist of four methods:
diameter vertical clear plastic tube, such as acrylic, into which 76.1.1 Static Force Loss Test at Constant Deflection,
a 16-mm diameter (16.3-g) steel ball is released by a magnet or 76-1.2 Dynamic Fatigue by the Roller Shear at Constant
other device. The steel ball must be released so that it fall§°rCe; _ _ _
without rotation. Centering of the ball is assured by a recess at 76:1.3 Dynamic Fatigue Test by Constant Force Pounding,
the base of the magnet. The height of drop shall be 500 mnNd _ _ _
Since it is most convenient to note the position of the top of the 76-1.4 Dynamic Fatigue Test for Carpet Cushion.
ball on rebound, the top of the ball shall be 516 mm above the TEST |, —STATIC FORCE LOSS TEST AT
surface of the foam. Thus, “zero” rebound shall be 16 mm CONSTANT
(diameter of ball) above the specimen surface. The scale on the DEELECTION
back of the tube shall be calibrated directly in percent as
follows. Every 5 % a complete circle shall be scribed and everyr7. Scope
1% a 120° arc shall be scribed. The complete circles are an 77 1 The purpose of this static force loss test is to deter-

essential part of the apparatus, since they are used to elimingig o. (1) a loss of force supporg)a loss of thickness, ang)

parallax error. structural breakdown by visual examination.
70. Test Specimens 77.2 This procedur_e tests the specimen statistically at a
% constant deflection.

TEST I—FATIGUE TESTS

70.1 The test specimens shall have parallel top and bottor?n5

surfaces. . ; _ 78. Apparatus
70.2 The test specimens shall consist of the entire product 78.1 The apparatus shall consist of two parallel plates

sample or a suitable portion of it, except that in no case sha ) .
b P P pg ood or metal) which can produce a uniform, constant

the thickness be less than 50 mm, or the area less than 100 flection of the specimen. The plates shall be 500 by 500 mm
100 mm. Specimens less than 50 mm thick should be plied u P g X . y
square, and spacer bars shall be available to produce 75 %

without the use of cement, to a minimum of 50 mm. Fordeflection
molded products the top skin should be removed. '

71. Number of Specimens 79. Test Specimen

71.1 Three specimens per sample shall be tested. The three/9-1 The test specimen shall be 380 by 380 mm by the
specimens may be obtained by using separate items or differefigSired thickness. One specimen shall be tested.

locations on a given item. 80. Initial Measurements

72. Procedure 80.1 Measure the 25 and 65 % IFD of the test specimen in
72.1 Center the specimen at the base of the tube and adjuggcordance with Sections 16 to 22 except preflex six times
the height of the tube so that zero rebound is 16 mm above thiestead of twice and allow to rest 5 mih 15 s rather than 6
surface of the foam specimen. * 1 min. Measure the original thickness with 4.5-N contact
72.2 Mount the steel ball on the release mechanism; thefprce after preflexing.
drop it and note the maximum rebound height. If the ball
strikes the tube on the drop or rebound, the value obtained %1' Procedure
invalid. This condition is usually due to the tube not being 81.1 Place the specimen between the plates with the spacer
vertical or irregularities on the specimen surface. In order tdars to provide a 75 % deflection. Clamp the plates and hold at
minimize parallax error, the circles on the tube in the region/5 % deflection for 22 h at 23 2°C and 50+ 2 % relative
where the percent rebound is read must appear as lines. humidity.
72.3 Make an additional two drops on the same specimerk32 Final Measurements

73. Calculation 82.1 For the final force reading 30 min after the fatigue test
73.1 Calculate the median of the three rebound values. lis completed, repeat 80.1 using six preflexes and the original
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thickness to determine the deflection for the final force readingof approximately 6.5-mm centers covering the center 360 by
82.2 If the loss in thickness is above 10 %, the force los860-mm portion.
would be indeterminate and only the thickness loss should be 87.2 Roller, 450-mm minimum length and 76.@¢ 1.3
reported. mm-diameter made from stainless steel or chrome-plated metal
82.3 For a measurement of more permanent fatigue, repebtiving a minimum surface finish of 1 um. The roller shall be
82.1, except allow 24 h of recovery time rather than 30 min.mounted in an offset position (15 3°) with suitable means of
adjustment for a specified loading of the test specimen. The
force imparted by the roller assembly shall not exceed 110 N.
83.1 Check the specimen for physical breakdown of the 87.3 The testis conducted at a frequency of G46.5 Hz.
cellular structure by visual examination and comparison withA cycle is a complete forward and reverse stroke. The length of

83. Calculation

unflexed specimens. the stroke shall be 30& 10 mm.
83.2 Calculate the percentage loss of thickness as follows: 87.4 Any suitable method for holding the test specimen
t, —t securely on the roller base platen is acceptable as long as the
Fo=—¢— x100 (6)  test specimen remains stationary during the rolling flex cycles.

An acceptable method for retaining the specimen on the base

where o . platen is described as follows: Four pieces of cotton sheeting or
Fo = loss in thickness, %, paper masking tape 50 to 75 mm wide at least 50 mm longer
:0 - ?rlgllnal spemmﬁ? tlf(uckness, and than each side of the test specimen shall be required. Bond the
f83_3 (':nell slpecm;]en S | £ 1 deflecti cotton strips (with a solvent or water-emulsion-type of adhe-
foll "~ alculate the percentagefloSs OF HQICegENer gy a§1ve) or the masking tape along the edges of the base surface of
OllOWS. the test specimen. Allow 25 to 50 mm of each strip to extend
F Lok o8 @ beyond the edges of the test specimen so that the test specimen
- Lo can be securely clamped to the base platen through the use of
where suitable metal retainer straps.
F. = loss of indentation force deflection, %, 88. Test Specimen
L, = original indentation force deflection value, and . .
— final i : : ’ 88.1 A specimen 380 mm long by 300 mm wide by the
L; = final indentation force deflection value. ; ; 1 . .
f desired thickness is used. The thickness of specimens tested
84. Report should be at least 25 mm and no greater than 125 mm.
84.1 Report the following information: Normally full-part thickness is used where the top and bottom

84.1.1 Percentage loss of thickness and the percentage |oddrfaces are essentially parallel and fall within the thickness
of 25 and 65 % IFD if the thickness loss is less than 10 %, andMits: Where part thickness exceeds 125 mm or the bottom

84.1.2 Results of visual examination. surface is contoured so that the surfaces are not essentially
84.1.3 Recovery time whether 30 min. or 24 h. parallel, the bottom surface shall be sliced to provide a flat
surface essentially parallel to the top surfaces (see Section 7).
85. Precision and Bias 88.2 The length and width dimensions shall be hetd &5
85.1 Precision statements are in the process of being pr&m and shall be saw cut or die cut; if die cut, sufficient time
pared in the form specified by Practice D 4483 — 85. must be )a"owed for complete edge recovery (usually 2 h
minimum).

88.3 One specimen shall be tested.
TEST |, —DYNAMIC FATIGUE TEST BY THE o
ROLLER 89. Initial Measurements
SHEAR AT CONSTANT FORCE 89.1 Bond the masking tape or suitable hold-down cloth to
the bottom edges of the specimen so the specimen can be

86. Scope secured to the perforated base platen of the fatigue tester.

86.1 This procedure fatigues the specimen dynamically at a 89.2 Condition the specimen as in Section 6. The test should
constant force, deflecting the material both vertically andalso be run under the same conditions.
laterally. 89.3 Determine the IRDF in accordance with Sections

86.2 The fatigue test may be conducted by either Procedurg3-29 except preflex the test specimen six times.
A or Procedure B. Both test procedures are the same and differ
only in the number of cycles used. Procedure A shall use 80080 Procedure
cycles (approximately 5 h) and Procedure B shall use 20 000 90.1 Adjust the roller to obtain a constant force of 18@
cycles (approximately 12 h). N on the foam specimen. This critical measurement may be
made by fashioning a lightweight fabric sling around the roller
at its center and measuring the force downward while holding
the weighing scale vertically over the roller and maintaining
87. Apparatus (Appendix X2) the roller axis in a horizontal plane with the pivot axis.

87.1 Perforated-Base Platen, approximately 500 by 500 by Nore 10—Forces greater than 130 N may be used as agreed upon
10 mm with a finished ground-top surface and with perforatiorbetween the supplier and the purchaser.

Note 9—The mass of the roller and the number of cycles may be
changed as agreed upon between the supplier and the purchaser.
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90.2 Set the vertical adjustment of the roller or the mountindoss of force support at 40 % IFD (indentation force deflec-
base by placing the specimen in position and lowering theion), (2) a loss in thickness, an®)(structural breakdown as
roller so it is supported by the specimen. Observe the pivot axiassessed by visual inspection.
ahnd rO”erI.aX.IS relatlonSh!plﬁnﬁ a.dJUSt trelvertlcaIEEIght Softhﬁt Note 11—Deflection other than 40 % may be used as agreed upon
the axes lie in an essentially horizontal plane at the start of thgeeen supplier and purchaser.

test. . . .
90.3 Mount the test specimen on the base platen with the 95.2 This procedure describes tests that evaluate the speci-

long dimension parallel to the stroke of the dynamic fatiguemen by repeatedly deflecting the material by a flat-horizontal

machine and secure by means of the tape and metal-retainBi€ntion exerting a vertical force of 756 20 N on the test

strips. When mounting cored pieces, coring is to be against thaP€cimen. . .
platen. Set the counter to zero, start the machine, and fatigue 95.3 This fatigue test may be conducted by either Procedure

test the sample for either 8000 cycles (Procedure A) or 20 0of or Procedure B. The test procedures differ only in the numbe_r
cycles (Procedure B). of cycles used. Procedure A shall use 8000 cycles (approxi-

mately 2 h) and Procedure B shall use 80 000 cycles (approxi-
91. Final Measurements mately 19 h).

91.1 Within 60 5 min after the fatigue test is completed,

measure the final thickness in accordance with Sections 23-28,6' Apparatus

preflexing the specimen six times. 96.1 Perforated Base Platerapproximately 500 by 300 by
91.2 For a measurement of more permanent fatigue reped® mm, with finished ground-top surface and with perforation
91.1, except allow 24 h of recovery rather than 60 min. of approximately 6.5-mm diameter holes on 20-mm centers,
) ) over a minimum central area of 350 by 350 mm.
92. Calculation and Inspection 96.2 Aflat circular indentor that exerts a force of 760

92.1 Check the specimen for physical breakdown of cellulaiN on the test specimen at maximum indentation. The indentor
structure by visual examination and comparison with unflexeghall have an overall diameter of 250 1 mm with a 25 *=

similar specimens. 1-mm radius at the lower edge, to prevent cutting hard foam.
92.2 Calculate and report the percent loss in thickness as 96.3 By means of a crank or other suitable mechanism, the
follows: machine shall be capable of oscillating either the platen
_ 100A - B) carrying the test spgcimen or thg indentor support mounting
Thickness loss, % ——x—— (8)  towards each other in a vertical direction at a frequency of 70
+ 5 cycles per minute.
where: 96.4 The indentor shall be free to be lifted in its mounting to

A = original thickness under compression forces of 4.5 N, prevent overloading of the test specinfen.
110 N, and 220 N, and
B = final thickness under the same compression forces. 97. Test Specimen

92.3 Calculate the total loss number as follows: 97.1 The test specimen shall be 380 by 380 by 50 mm. One
Total loss number= sum of % losses at each load (9) specimen shall be tested.
Sample Calculation: .
Percent thickness loss at 4.5 N = 2.0 98. Initial Measurement
P t thick [ t 110 N = 18.0 q .
Pg:ﬁgﬂt th:ﬁkﬂgzz ,222 Zt 220 N = 27.0 98.1 The specimen shall be conditioned for at least 12 h and
Total loss number 47.0 also fatigued at 23- 2°C and 50* 5 % relative humidity.

98.2 Measure the 40 % IFD of the test specimen in accor-
93. Report : . - .
dance with Sections 16-22 except preflex six times instead of

93.1 Report the following information: twice. Measure the original thickness with 4.5-N contact force
93.1.1 Percentage loss of thickness and the percentage logger preflexing. (See Note 10).

of compressed thickness under the force if the thickness loss is

less than 10 %, 99. Procedure
93.1.2 Method used for load deflection, 99.1 Mount the specimen on the base platen. Set the counter
93.1.3 Total loss m_meer, and_ . to zero, start the machine, and fatigue the test specimen for
93.1.4 Results of ylsual examination. either 8000 cycles (Procedure A) or 80 000 cycles (Procedure
93.1.5 Recovery time whether 60 min. or 24 h. B).

94. Precision and Bias .
94.1 Precision statements are in the process of being préoo' Final Measurement
. isi i i - - . . .
pared in the form specified by Practice D 4483 — 85. 100.1 W|th|n_60i _5 min after the fatigue testis cor_npleted,
repeat 98.2 using six preflexes and the original thickness to
TEST |I; —DYNAMIC FATIGUE TEST BY CONSTANT determine the deflection for the final force reading.
FORCE POUNDING

95. Scope s ) ) ) )
) ) . Detailed drawings are available from ASTM Headquarters. Request Adjunct
95.1 The purpose of the fatigue test is to determitgilfe  No. 12-435740-20.
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100.2 For a measurement of more permanent fatigue repe&03. Precision and Bias
100.1, except allow 24 h of recovery rather than 60 min. 103.1 Precision statements are in the process of being

100.3 If the loss in thickness is above 10 %, the force los : e .
' repared in the form specified by Practice D 4483 — 85.
would be indeterminate and only the thickness loss should b?e) P P y

reported. TEST |, —DYNAMIC FATIGUE TEST FOR CARPET

101. Calculation CUSHION

101.1 Check the specimen for physical breakdown of the s gcope
cellular structure by visual examination and comparison with . . . .
unflexed specimens. 104.1 The purpose of this test is to determirig:retention

101.2 Calculate the percent loss of thickness as follows: ©Of force support at 65 % CFD (compression force deflection),

C oy (2) a loss in thickness, and3) structural breakdown as
o 4

F, = 25— X 100 (10) addressed by visual inspection.
° 104.2 This procedure describes tests that evaluate the speci-
where: men by repeatedly deflecting the carpet cushion by a 152 mm
F, = loss in thickness, %, diameter and 152 mm wide rubber covered roller exerting a
t, = original specimen thickness, and force of 266+ 5N on the test specimens.

t; final specimen thickness. 104.3 This fatigue test may be conducted by either Proce-

101.3 Calculate the percent loss of force deflection, agjure A or Procedure B. The test procedures differ only in the

follows: number of cycles used. Procedure A shall use 8000 cycles
L, — Ly (approximately 5 h) and Procedure B shall use 20 000 cycles
Fo= "1 X108 (D (approximately 12 h).
where: Note 12—CFD at other than 65 % deflection may be used upon
F. = loss of 40 % indentation force deflection, %, agreement between customer and supplier.
L, = original 40 % indentation force deflection value, and .
Ly = final indentation force deflection value. 105. Apparatus (Appendix X2)
105.1 The apparatus is identical to that described in Section
102. Report 87 with the following changes. The roller described in 104.2
102.1 Report the following information: replaces the longer roller and is attached perpendicularly. The
102.1.1 Percent loss in thickness and the percent loss dfase platen is replaced or covered with a 19 mm thick plywood
40 % IFD if the thickness loss is less than 10 %, and for mounting the sample. The sample is secured with floor
102.1.2 Results of visual examination. tacks or staples. The carpet is likewise attached with floor tacks
102.1.3 Recovery time whether 60 min. or 24 h. or staples. (See Fig. 4 for test apparatus.)

FIG. 4 Three-station Carpet Cushion Fatigue Tester
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106. Test Specimens 111.1.1 Percentage loss in thickness and percentage retain

106.1 The specimen is 380 mm long and 230 mm wide, di@f 65 % compression force deflection,
cut with two 100 mm diameter discs on the center line about 20 111.1.2 Result of visual examination of both the carpet and

to 30 mm apart. Secure the sample to the plywood base. ~ carpet backing, and
111.1.3 Description of the carpet.

107. Initial Measurements 111.1.4 Recovery time whether 60 min. or 24 h.
107.1 Condition the specimens as in Section 6. The test
should be run under the same conditions, if possible. Preflex12. Precision and Bias
the specimens 6 times 75 % of the nominal thickness. After a 112 1 precision statements are in the process of being

6 = 1 min rest, measure the original thicknegsaccording to prepared in the form specified by Practice D 4483 — 85.
Section 8 and determine the original 65 % CRD, according

to Sections 30-36. TEST J—STEAM AUTOCLAVE AGING
108. Procedure 1
108.1 Place the disc specimens in the sample with the slip ) ) i ) )
coat up and cover with carpet, securing the free end of the 113.1 This test consists of treating the foam specimen in a
carpet to the plywood base. The type of carpet used shall blgw—pre_ssure steam autocla\_/e and obser_vmg the effects on the
agreed upon by the purchaser and supplier. Lab studies hapgoperties of the foam specimen. Use either of the following
determined that the carpet can be used up to 5 tests (100 ofjocedures, or J, :
cycles) and be replaced without affecting the foam fatigue. =~ 113.1.1 Procedure; J3 h at 105 +3°C.
108.2 If needed, adjust the vertical height of the roller or 113.1.2 Procedure,J5 h at 125 + 07-5°C.
base so that the axis lies in an essentially horizontal plane at the
start of the test. 114. Apparatus
108.3 Set the counter to zero, start the machine, and fatigue 114.1 Steam Autoclave, or similar vessel, that is thermostati-
the sample for either 8000 cycles (Procedure A) or 20 00@ally controlled to=2°C and capable of withstanding gage
cycles (Procedure B). pressures of up to 140 kPa.

13. Summary of Test Method

109. Final Measurements ®c Procedure

109.1 Within 60= 5 min after the fatigue test is completed
measure the final thickness, according to Section 8 and the
final 65 % CFD L;, according to Sections 30-36 except preflex

115.1 Fill the autoclave with fresh-distilled water to a level
50 mm above the bottom of the autoclave. Set the thermostat
6 times and use the original thickhess, to determine the control at the desired procedures of test, which is betwegn 105

' + 3°C and 125 + 0, =5°C. Allow the autoclave to heat until the

deflggctlzon. f fati water boils. Place the specimen on edge on a rack in the inside
10:5 1' exicé;)?;:(?\?vsgzerr?iptr:cg?/g:s f;{ﬂg??ﬁg; gggmuﬁ\repe%ntainer so that one specim_en does not touch another or any

" d metal except at the supporting surface. Place the container
110. Calculation and Inspection inside the autoclave and close and tighten the top. Leave the

110.1 Check the specimen and the carpet backing fo§afety valve open until all the air is out of the autoclave. This
physiéal breakdown by visual examination Is apparent when steam begins blowing out of the ports on the

110.2 Calculate and report the percentage loss in thicknes‘:‘élfety valve. Close the va_lve 2 min after the appearance of
steam, and take the zero time of the heat at this point.

as follows: _
115.2 After the exposed period, turn off the heat, release the
F==2 t_ L % 100 (12)  steam pressure, and remove the specimens without delay. Dry
° the specimens for 3 h for each 25 mm of thickness at 200
where: 5°C in a mechanically convected dry-air oven. Allow them to
F, = loss in thickness, %, come to temperature equilibrium, after removal from the oven,
t, = original specimen thickness, and for at least 2 and no more than 24 h at22°C and 50+ 5 %
t. = final specimen thickness. relative humidity.
110.3 Calculate the percentage retain of force deflection as 115.3 Test each specimen for the prescribed property in
follows: accordance with the appropriate sections.
R = 100 e = Lt X100 (13) Note 13—A drying temperature of 70°C may be used where 100°C
(Lo) adversely affects the final properties upon agreement by customer and
supplier.
where:
R = retain CFD, %, 116. Calculation
t’ _ g;lglmg'l:gl?ggg.rce, and 116.1 Calculate the present change in physical property as
follows:
111. Report (P, — Py

111.1 Report the following information: Physical property change, % —p5— X 100 (14)
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where: 121. Procedure
P, = mean property of the unexposed specimen, and 121.1 Expose the specimens for 22 h. Obtain and record the
Pi = mean property of the exposed specimen. oven temperature near the specimen at least every 2 h.
117. Report 121.2 Remove the specimens from the oven and condition
- Rep o ) for not less than 12 h at 23 2°C and 50* 5 % relative
117.1 Report the following information: humidity.

117.1.1 Percent change in physical property,

117.1.2 Original and steam aged results for other propertied-22- Calculation

and 122.1 Calculate the percent change in physical property as

117.1.3 Test procedurd or J,. follows:
118. Precision and Bias Physical property change, %@ x 100 (15)

[o]

118.1 Precision statements are in the process of being

prepared in the form specified by Practice D 4483 — 85. where: )
, = mean property of the unexpected specimen, and
TEST K—DRY HEAT AGING P; = mean property of the exposed specimen.

119. Summary of Test Method 123. Report

119.1 This test consists of exposing foam specimens in an 123.1 Report the following information:

air-circulating oven and observing the effect on the properties +23:1.1 Percent change in physical property, and _
of the foam. 123.1.2 Original and heat aged results for other properties.

124. Precision and Bias

124.1 Precision statements are in the process of being
grepared in the form specified by Practice D 4483 — 85.

120. Apparatus

120.1 Air-Circulating Oven capable of maintaining 14
1.2°C for exposing the specimens. A device for sensing an
recording the temperature of the oven at least every 2 h shall b&25- Keywords
attached. 125.1 bonded; flexible cellular; molded; slab; urethane

APPENDIXES
(Nonmandatory Information)

X1. SUGGESTED METHOD FOR SPECIFYING FLEXIBLE URETHANE FOAMS

X1.1 The suggested practice for specifying flexible ure-after the above to indicate additional requirements. The values

thane foam is: for these suffix tests are to be arranged between the supplier
USU—Urethane Slab Uncored and the purchaser.
USC—Urethane Slab Cored
UMU—Urethane Molded Uncored X1.3 Example: USU 30 IFD FE H

_U_MC—Urgthane Molded Core_d ) The foam is a urethane slab uncored with a 30-lb Indentation
Digits following the number specify the firmness grade and thq:orce Deflection value at 25 % deflection. Minimum value tear

letters following that specify type of load deflection test. (F), tension (E), and resilience values (H) have been agreed
X1.2 Suffix letters may be added singly or in combination Upon.

X2. SUGGESTED METHOD OF CONSTRUCTION FOR A ROLLER SHEAR
DYNAMIC FLEX FATIGUE APPARATUS

X2.1 The following requirements are established to defingher (1) chrome-plated material, a2)(stainless steel.

the equipment and relationship of parts for a constant-load x2.2.3 Surface Finish-Finish surface on roller is to be
roller shear machine. See Fig. X2.1 and Fig. X2.2 for referencground and equivalent to at least 0.001 mm.

to part numbers. X2.2.4 The mass of the roller shall not exceed 11.340 kg.

X2.2 Roller, 1:
X2.2.1 Dimensions—457-mm minimum length, and 76.20 X2.3 Roller Mounting Bracket Assemb®; 3, 4, 11—The
+ 1.27-mm diameter. assembly consists of metal members designed to attach the

X2.2.2 Material—Corrosion and wear-resistant metal, ei- roller to a pivot point, to provide bearing surfaces for minimum
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FIG. X2.2 Roller Shear Machine—Side View

friction for turning, and to serve as a platform to add requiredthe axle attached to the roller or, if the roller is a hollow cylinder, the

mass to the roller. bearing may be press fit into the cylinder end with the bracket furnishing
X2.3.1 Bearings, 2 and 4—The proper bearings are requirec’ihe axle.

on each end or roller axisA¢A) and also on the pivot axis  X2.3.2 Pivot Arm, 11—The distance between the pivot axis

(B-B). The bearing should be equivalent to the followingand the roller axis shall be 203.20 6.35 mm.

example: . _ X2.3.3 Roller Bracket Connector, 3, connects the right and

Bearing No. 4—Nice No. 1635, DC Ball Bearing 19 by 32 by |eft hearing brackets across the top of the roller. The connection

13 mm. , f " __must also provide a flat horizontal surface with means (pin) to
Bearing No. 2—Nice No. 6906, flange mounted radial bearingayach the weights. The weights must be centered directly
Note X2.1—Roller axis bearings may be mounted in the bracket withabove the axis of the roller.
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X2.3.4 Axis Relationship—The roller axis\(A) and pivot  strips to base. Four plates are required to cover perimeter of
axis (B-B) must be parallel and lie in the same horizontal planspecimen size.
parallel to the specimen mounting base. X2.4.6 Vertical Adjustment and Level, 10—If mounting
X2.3.5 Alignment and Clearance—Brackets and axles musbase is not driven to provide stroke movement, provision
be aligned so that no binding occurs to obstruct free turning oghould be made for vertical adjustment of at least 75 mm. This
either axis. Brackets and other support members (5) must givgdjustment must be able to provide vertical movement in not
free clearance so that specimen is not touched during test othgiss than 12.5-mm increments and maintain a horizontal level

than by roller surface. condition of the mounting base.
X2.3.6 Weight, 6—The total vertical force exerted by the

assembly plus the roller should not exceed 111 N as measuredX2.5 Mechanical Requirements
at a point directly above or below the roller axis when both X2.5.1 Stroke Lenath-The lenath of stroke shall be 339
roller and pivot axes are in the same horizontal plane (X2.3.4)12 m.ml 9 9
Additional weights to be added as shown. ' .
: : - ; ; X2.5.2 Stroke Speed, Stroke DriveThe rate of stroke
X2.3.7 Vertical Adjustment, 7—If the roller is not driven to peed should produce 0.47 0.03 Hz. A cycle is a complete

rovide stroke movement, provision should be made so th X i
b b Iprward and reverse stroke. Either the roller or the mounting

attachment of the pivot axis to the support can be raised . .
lowered at least 75 mm (3 in.). This adjustment must be able tngse may be (_jrlven to praduce stroke t_ravel. In_ either case, the
rive mechanism must produce travel in a horizontal plane.

be made in not less than 12.5-mm increments. )
X2.5.3 Angular Offset—The axis of the roller should be

X2.4 Specimen Mounting BasB: level and mounted at a 15 3° offset from perpendicular to the
X2.4.1 Dimensions—500-mm minimum length. 500-mm direction of the stroke.

minimum width, and 9.5-mm minimum thickness. X2.5.4 Mounting Base Locatiea-The length of the mount-
X2.4.2 Material—Structural-grade carbon steel. ing base should be parallel to the direction of the stroke and

X2.4.3 Perforation—6-mm diameter holes on 20-mm cen- centered under the midpoint of the stroke and the center of the
ters, over a minimum area covering 350 mm in length by 3500ller. The distance of the base surface from the roller axis
mm in width. (X2.3.4) should be 45 mm when vertical adjustment provides

X2.4.4 Surface Finish—Top surface shall be a finish grind.@ minimum clearance.

X2.4.5 Hold-Down Plates 9—Provision to attach metal or ~ X2.5.5 Cycle Counter—Means to record the number of
wood hold-down plates for clamping cotton sheeting retainingcycles should be provided.

X3. DEFINITIONS OF TERMS USED TO DESCRIBE THE FORCE-DEFLECTION CURVE
OF FLEXIBLE URETHANE FOAM

X3.1 support factor—the ratio of the 65 % indentation boardy or stiff surface foams will have a low value (Note
force deflection to the 25 % indentation force deflectionX3.1).
determined after 1 min of rest. Most specifications are based on Initial hardness factoflHF) = (25 % IFD/5 % IFD)  (X3.3)
the 25 % IFD value of a 100-mm foam. The support factor thus
indicates what 65 % IFD value would be acceptable for a
particular application. The 65 % IFD measures the suppor'f1
region of the stress-strain curve. Seating foams with low X3.4 hardness index—the term used in some specifications
support factors will usually bottom out and give inferior for the 50 % IFD value. The chair designer will often design

Note X3.1—Standard IFD curves can be used to generate the IHF, IM,
nd MIF data.

performance. furniture for a maximum 50 % indentation. Bar stools on the
Support factofSF) = 65 % IFD/25 % IFD) (x3.1)  other hand may be designed for only a 20 % deflection.
Synonyms—Sag factor, hardness ratio, comfort factor. X3.5 indentation modulus—the force required to produce

an indentation of an additional 1 % between the limits of 20 %

X3.2 guide factor—the ratio of the 25 % indentation force indentation force deflection and 40 % indentation force deflec-
deflection to the density after a 1-min rest. Most specificationgion determined without the 1-min rest. The slope of this line
do not have a density requirement; therefore the product witlepends upon the resistance of the cells struts to post buckling
the highest guide factor has the cost advantage but ndiNote X3.1).
necessarily the performance advantage. Indentation modulu§iM) = (40 % IFD — 20 % IFD/20 % IFD)

Guide facto(GF) = (25 % IFD/density) (X3.2) (X34)
X3.6 modulus irregularity factor—the intercept produced

X3.3 initial hardness factor-the ratio of the 25 % inden- on the stress axis by extrapolation of the linear portion of the
tation force deflection force to the 5% indentation forcestress-strain curve. The indentation modulus, that is, the slope
deflection determined without the 1-min rest. The initial of the line, may be substantially constant up to and beyond the
hardness ratio defines the surface feel of a flexible urethar#0 % indentation level. In this event, the indentation stress-
foam. Supple or soft surface foam will have a high value, whilestrain curve is linear and passes through the origin Fig. X3.1.
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FIG. X3.2 Indentation Stress-Strain Curve (MIF is positive)

20  STRAIN ko
FIG. X3.1 Indentation Stress-Strain Curve (MIF is Zero)

The indentation modulus usually varies at low levels of strain
before reaching a constant value at above approximately 10 per
strain. The stress-strain curve may exhibit a marked step in that
region which may result in some discomfort in seating appli-
cations, Fig. X3.2 and Fig. X3.3. The MIF value is calculated
from the same data necessary to derive the modulus of the
foam as a seating material (Note X3.1).

Modulus irregularity factofMIF) = 2 X 20 % IFD — 40 % IFD
(X3.5)

MIF is Negative

STRESS

e
=
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L) 1
- ‘ - 2o  STRAIN ko
s

FIG. X3.3 Indentation Stress-Strain Curve (MIF is negative)

X4. SUGGESTED TESTS FOR DETERMINING COMBUSTIBILITY OF FLEXIBLE URETHANE FOAM

X4.1 This appendix lists for informational purposes only been found useful in ascertaining the effectiveness of additives
the test methods commonly used for determining the combusand reactants to modify the combustion characteristics of these
tion properties of flexible urethane foams. These tests have Mmaterials. See 1.3.

X4.2 Some Applicable Codes and Regulations for Specified
Applications:
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Application Regulation on Test Method E 162. The regulations are not the same for all

QUtomOI'Ved . Bgé “é'l\:/iig(’? bodies issuing them. Hence, the regulation of the government

attress and cushion - . N
Mattress and cushion CAL TB 117 having jurisdiction should be consulted.
Mattress and cushion CAL TB 133* X4.2.1 Sources:
Mattress and cushion NFPA 2604
Mattress and cushion NFEPA 2614 Government Documents Superintendent of Documents, US Gov-
Mattress and cushion BSI 58524 engrggzgzpfiming Office, Washington,
Aviation FAA Part 25.853 Par (b) App F
Aviation EAA Oil Burner Test (b) App California California Bureau of Home Furnishings,
Carpet cushion ASTM E84 |34f25 OcringSeag(rJove Ave., North High-
Carpet cusion DOC FFI-70 (Pill Test ands,
Misf:)ellaneous oy D3675( ) National Fire Protection Association 1 %at_terymar:l&;agl;‘ P.O. Box 9101,

uincy,
A ) ) - British Standard British Standards Institute, 2 Park Street,
Composite test. Foam, fabric, and other components may have a synergistic London, England W1A 2B5

effect on each other.

Various governmental bodies have issued regulations based

X5. SUGGESTED METHOD FOR THE VERIFICATION OF AN INCLINED OIL MANOMETER

X5.1 Adjust the feet to level the manometer. With a height X5.2 Change in pressure is calculated by:
gage resting on a level and flat surface measure the distance to Pm— Pn = wy(sin® + a/A) (X5.2)
the top of the glass tube at each major mark. Determine the
area of the tube by direct measurement. The area of thavhere:
reservoir is calculated by adding a measured amount of flui)Pm = the low reading,

with both ends of the manometer at atmospheric pressure. ThEN = the high reading, . _
calculation for the area of the reservof)( w = the specific gravity of the indicating fluid,
y = the distance between readings,

A =(v-ayh X51) 5 = the angle of the tube to normal,
where: a = the area of the inside of the tube, and
v = the volume added, A = the area of the reservoir.
a = the area of the inside of the tube,
y = the distance between readings, and X5.3 The error is the difference between the calculated and
h = the change in height. the indicated value.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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QH”) Designation: F 1292 + 99

Standard Speci®cation for
Impact Attenuation of Surface Systems Under and Around
Playground Equipment *

This standard is issued under the ®xed designation F 1292; 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 epsilong] indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The need for a systematic means of evaluating surfacing materials for use on playgrounds has been
amply demonstrated by the current difficulty in assessing the relative merits of such surfaces amid a
diversity of testing methods, agencies, and terminology. Consequently, the goal of this speci®cation
is to establish a uniform means for measure to compare characteristics of the materials in order to
provide the potential buyer with a useful yardstick by which to measure available materials as a
surface under and around playground equipment.

1. Scope Protective Headgear for Football

1.1 This speci®cation covers minimum impact attenuation 2-2 SAE Standard: _ _
requirements, when tested in accordance with Test Method SAE J 211 Recommended Practice for Instrumentation for
F 355, for surface systems to be used under and around any !mpact Test$
piece of playground equipment from which a person may fall -
This speci®cation applies to all types of material that can bg' Term'”o"_’gy ) )
used under playground equipment. 3.1 De®n|t|ons_ of Term_s Speci®c to This Standard_:

1.2 This speci®cation does not imply that an injury cannot 3.1.1 acceleratiofthe time rate of change of velocity.
be incurred if the surface system complies with this speci®ca- 3-1-2 around playground equipmedthe area under and
tion. surrounding playground equipment established as protection

1.3 The values stated in inch-pound units are to be regarddem falls from equipment. . .
as standard. The SI units given in parentheses are for informa- 3-1.3 deceleratiolthe time rate of reduction of velocity.
tion only. 3.1.4 gbacceleration into gravity at the earth's surface at

1.4 The following precautionary statement pertains to thes€2 level (32 fUs (9.8 m/s)). _
test method portions only, Sections 12 and 13, of this speci®- 3-1.5 g-mabthe multiple of g that represents a maximum
cation: This standard does not purport to address all of thedeceleration experienced during an initial impact.
safety concerns, if any, associated with its use. It is the 3-1.6 headfornbthe striking part of a testing apparatus.

responsibility of the user of this standard to establish appro- 3-1.7 head injury criteria (HICpa measure of impact
priate safety and health practices and determine the applicaS€Verty that considers the duration over which the most critical

bility of regulatory limitations prior to use. section of the deceleration pulse persists as well as the peak
level of that deceleration.
2. Referenced Documents 3.1.8 impact attenuatiobthe ability of a surface system to
2.1 ASTM Standards: reduce and dissipate the energy of an impacting body.
E 691 Practice for Conducting an Interlaboratory Study to 3-1.9 impact velocitipthe velocity of a falling body at the
Determine the Precision of a Test Metfod time of impact. o
F 355 Test Method for Shock-Absorbing Properties of Play- 3-1.10loose ®Il systeBe surface system consisting of
ing Surface Systems and Materfals small independent, movable components; that is, sand, gravel,

F 429 Test Method for Shock-Attenuation Characteristics otv00d chips, and so forth. o
3.1.11 non-loose ®ll systdda surface system consisting of

- one or more components bound together; that is, foam com-
This test method is under the jurisdiction of ASTM Committee FO8 on SportspOsites, urethane/rubber blocks, asphalt, and so forth.

Equipment and Facilities and is the direct responsibility of Subcommittee F08.63 on 3 1 .12 surface syste®all materials that contribute to the
Playground Surfacing Systems.
Current edition approved Aug. 10, 1999. Published August 1999. Originally
published as F 1292 + 91. Last previous edition F 1292 + 96. -
2 Annual Book of ASTM Standardgol 14.02. 4 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
2 Annual Book of ASTM Standardgol 15.07. Warrendale, PA 15096.

Copyright « ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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impact absorbing unit. to establish competency in performing appropriate Speci®ca-
3.1.13 theoretical drop heigltequates the measured ve- tion F 1292 testing.

locity of the headform at the moment of impact to a height that

would generate the same velocity if the test were performed &. Test Apparatus

sea level and there was no friction to retard the headform 8.1 The signal from the acceleration transducer shall be

during a drop from that height. conditioned with a low pass ®lter, complying to Channel Class
3.2 For the de®nitions of other terms used in this speci®ca-000 of SAE J 211 (see Fig. 1).
tion, refer to Test Methods F 355 and F 429. 8.2 The acceleration recording system must be capable of
. accurately resolving the deceleration to a minimunmbd g
4. Performance Requirements from 0 to 500g

4.1 All surface systems must be tested in accordance with 8.3 The acceleration transducer must be capable of with-
the performance requirements in 4.2. In addition, surfaces magtanding impacts of at least 10@0without damage.
also be tested in accordance with 4.3. Testing in accordance 8.4 Use the ANSI metal Headform C from Test Method
with the performance requirements in 4.3 is optional. F 355 or the hemispherical headform from the free fall test

4.2 When tested in accordance with Test Method F 355 omethod in Annex A1l.
the free fall test method in Annex A1, using an average of the 8.4.1 The ANSI metal Headform C from Test Method
last two of three drops, no value shall exceed 20@ax or  F 355, Procedure C, must be connected to guides (such as
1000 HIC for laboratory tests at temperatures of 30, 72, anghonorail, dual rail, or guide wires) using a follower or other
120EF (+1, 23, and 49EC), respectively. mechanism. Alternatively, the hemispherical headform from

4.3 When tested in the ®eld at ambient temperature ifhe free fall test method in Annex A1 may be used if connected
accordance with Test Method F 355 or the free fall test methogp a system of guides. A uniaxial or triaxial accelerometer must
in Annex A1, using an average of the last two of three dropspe used. The guidance system must allow the headform to be
no value shall exceed 20 max or 1000 HIC at the height |eveled prior to and during the drop tests in the crown position.
speci®ed by the initial owner/operator prior to purchase of the'he vertical accelerometer must be aligned to within 5E of the

surface. vertical axis. The accelerometer must be attached at the center
4.4 When the surface system, while in use, is tested imf mass of the headform.

accordance with Test Method F 355 or the free fall test method 8.4.2 The hemispherical headform from the free fall test

in Annex A1, using an average of the last two of three dropsmethod in Annex A1 must be used with a triaxial accelerom-
at each of three test sites, and exceedsg2atax or 1000 HIC  eter. The vertical accelerometer must be aligned to within 5E of
at ambient temperature, as determined by Section 13, at thRe vertical axis. The accelerometer must be attached at the
height speci®ed by the initial owner/operator prior to thecenter of mass of the headform.

purchase of the surface, the surface system should be made t®.5 The minimum system sampling rate required is 16 000
comply or the playground equipment on the surface should natjz or 16 000 samples/s.

be used until the surface complies.

5. Summary of Test Method +10

5.1 Representative playground surface systems or surfacing s b
material samples, or both, are tested in accordance with Test
Method F 355 or the free fall test method described in Annex 4
Al. Conduct laboratory tests at various drop heights and test
temperatures. Conduct the ®eld tests at the drop height speci- -1 ]
®ed and at the ambient temperature of the site within
speci®ed range. The laboratory test method will determine th
maximum drop height at which trgemax does not exceed 200 L -20 y o

—e )

or the HIC does not exceed 1000. The ®eld test method wik,
determine theg-max and the HIC from the drop height § //\/\
speci®ed by the initial owner/operator at the ambient tempera- ~

ture of the test.

_— -40 Z

6. Signi®cance and Use W
6.1 Data obtained from this speci®cation are indicative of L7 /
the relative impact attenuation characteristics of the play- L

ground surface system and can be used only for comparisons Fu Fu Forcy, t
and for establishing minimum requirements.

Logarithmic scale
Y o [ ¢ 10548
7. Operator Quali®cations b " " " . i lie
. . 1000 <01 1000 1650 d - 8 dB/octave
7.1 If not an employee of an accredited or recognized w | < - 1 ¢ - 2d8rocme
laboratory, the operator shall be trained and certi®ed by the o | <o ) o T ae
equipment supplier, including written and performance testing, FIG. 1 Data Channel Dynamic Accuracy
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8.6 The HIC shall be calculated based on the followinglocation that exhibits the least optimal impact characteristics

mathematical expression: (as described in 9.1). Calculate the average of the second and
1 b 25 third drops.
HIC'S [{22 ! (422 A adt) ] » 1000 @) 12.2.3 The impact test uses a different sample at all heights

cE;\t the given temperatures.

12.2.4 The impact test samples are to be tested at the three
speci®c temperatures of 30, 72, and 120EF (p1, 23, and 49EC,
respectively) after the required conditioning.

12.2.5 If for any reason during the test, the headform

|9.1 Each sa;nple of surfacing material shall repres'entlthﬁdding ®xture interferes with the test, note it in the report and
P aygr_ound surtace sy_s_tem asitis intended to be used in p 8Ciscontinue the test. The information recorded shall be consid-
including seams, partitions, corners, and fasteners/anchors gf.q invalid.

other areas that may result in less than optimal impact 15 5 g wWhen using Test Method F 355, measure and record

characteristics. the impact velocity for each drop. It cannot vary more than
9.2 Inthe case of non-loose @I playground surface systemg, 5 fys from the theoretical free fall velocity at the drop
the minimum sample shall be 12 by 12 in. (300 by 300 mm)'height used.
a

9.3 In the case of loose ®ll playground surface systems,
box with a minimum inside dimension of 18 by 18 in. (450 by 13. Field Test Procedure (Test Method)

450 mm) and side walls of sufficient height to hold the loose ®ll 131 Test at least three different impact sites of each surface
material at the thickness of intended use and to keep the loos§stem in use in accordance with the selected test method,
®Il materials in place should be constructed around the base gjther Test Method F 355 or the free fall test method in Annex
the test equipment. The loose ®Il materials shall be poured {81 with the headform in the crown position. The selected
an even depth and the surface leveled and left undisturbed f@fpact sites shall include those areas that may exhibit less than
the entire test period. optimal impact characteristics. These areas may be high traffic

) or compressed areas as well as areas containing seams,
10. Number of Specimens partitions, corners, and fasteners/anchors.

10.1 At least nine specimens of a speci®c playground 13.2 Conduct impact test in accordance with the following
surface system shall be submitted for laboratory testing. criteria;

o 13.2.1 Carry forth the impact tests at the drop height, as
11. Sample Conditioning speci®ed by the initial owner/operator.

11.1 Laboratory samples shall be preconditioned & 50 13.2.2 The impact test shall have three drops at each of the
10 % relative humidity 78 5EF (236 3EC) for a minimum impact sites, for a total of nine impacts. Report the average of
of 24 h prior to beginning testing. the second and the third drops for batimax and HIC values.

11.2 Samples tested at various temperatures, 30, 72, and13.2.3 Insert a temperature measuring device into the sur-
120EF, (b1, 23, and 48 1EC, respectively) shall be condi- face system (within 6 in. (152 mm) of the impact site) at the
tioned fa 4 h minimum. Testing must be started within 1 min time of the impact test, to measure the temperature of the
of taking each sample out of the environmental chamber wittsurface system, at ®&-in. (12.5-mm) depth or no more than
a time interval between drops of @ 0.25 min. If the test half the depth of the surface system.
intervals are not met, an additional conditioning period of 4 h  13.2.4 Measure and record the impact velocity for each
will be necessary. drop. The impact velocity cannot vary more th&a0.5 ft./sec.

from the theoretical free fall velocity at the drop height used.
12. Laboratory Procedure (Test Method)

12.1 Test all samples of the surface system in accordancle4' Report o ]
with the selected test method, Test Method F 355, or the free 14.1 Report the following information:
fall test method in Annex A1, with the headform impacting in _14-1.1 The sample identi®cation, including type, source,

The speci®ed algorithm and veri®cation calculations for HI
are included as Appendix X2.

9. Test Sample

the crown position. size, and thickness.
12.2 Conduct impact tests considering the following crite- 14.1.2 Test procedure used and missile description, includ-
. ing mass, geometry, and orientation.

12.2.1 Carry forth the impact test to a maximum drop height 14-1.3 Testing conditions, including sample temperatures
in whole foot increments, that is, 1, 2, 3n,.that gives both a &nd drop heights employed.
deceleration force of 209max and an HIC of 1000 or less. It 14.1.4 Individual drop values and the average of the second

must also be measured at intervals of 1 ft over and under thidnd third drop values for botg-max and HIC values.
maximum drop height. 14.1.5 The theoretical drop heights used.

12.2.2 An impact test consists of three drops at the same 14.1.6 The deceleration/time trace in 0.5-ms intervals.

impact site, at each height. The impact site shall be at the Nore 1BThe preferred method of exhibiting the data would be in chart
form (see Figs. 2 and 3).

15. Precision
5 Chou, C., and Nyquist, G., 2Analytical Studies of the Head Injury Criterion,°

Society of Automotive EngineeSAE Paper No. 740082, 1974. 15.1 Potential sources of error or deviations are as follows:
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TABLE 2 Precision Statistics for ~ g-max, Free Fall Test Method

Repeatability Reproducibility

TEST PROCEDURE ASTM F_355, Procedure C Standard Standard  Repeatability Reproducibility
Deviation Deviation Limit Limit
MISSILE Headform Mass Ibs. ( kg.) Material Average ) (Sr) ® (R)
Orientation of Headform D 54.4 76 9.4 21.3 26.3
o o o o o o E 515 11.0 11.0 30.8 30.8
TEMPERATURE  30%F (-1°C) 72°F (23°0) 120°F  (49°C) H 1009 3.9 6.9 10.9 19.3
A A A ' : ' ' '
;:3 ;:3 2:; A 118.0 2.1 6.2 5.9 17.4
123 123 123 C 148.9 5.6 10.0 15.7 28.0
g max (HIC) g max (HIC) g max  (HIC) G 1806 5.7 9.1 16.0 255
B 213.0 7.9 16.3 221 45.6
Sample Number ! 2 3 F 247.1 10.9 20.2 305 56.6
Drop Height
ft (m)
Velocity
fi/sec {w/sec) TABLE 3 Precision Statistics for HIC, Test Method F 355,
Sample Number 4 5 6 Procedure C
D";‘t’ '(':)‘9’“ Repeatability Reproducibility
Velocity Standard Standard  Repeatability Reproducibility
ft/sec (m/sec) Deviation Deviation Limit Limit
Sample Number 7 8 9 Material Average (S (Swr) 0} (R)
Drop Height D 145.0 12.0 30.5 33.6 85.4
;t](-zt E 211.9 474 79.4 132.7 222.3
elocity H 600.0 14.4 103.2 40.3 289.0
ft,
/sec (w/sec) A 628.7 130.0 166.0 364.0 464.8
FIG. 2 Suggested Laboratory Test Report Form c 731.0 13.0 103.4 36.4 289.5
G 1162.0 31.9 177.0 89.3 495.6
13. REPORT B 1433.0 148.3 220.4 4152 617.1
F 1849.0 17.3 188.2 48.4 527.0
13.1. Report the following information:
SAMPLE IDENTIFICATION . .
TABLE 4 Precision Statistics for HIC, Free Fall Test Method
SAMPLE DIMENSIONS
Repeatability Reproducibility
TEST PRO 355, P . I
CEDURE ASTH £ 355, Procedure C Standard Standard  Repeatability Reproducibility
MISSILE _Headform  Mass ___ 1bs. { kg.) Deviation Deviation Limit Limit
Orientation of Headform Material ~Average (S) (Sr) (O] (R)
D 144.4 26.1 35.7 73.1 100.0
:t::g:gum E 120.0 45.7 47.8 128.0 133.8
H 585.3 34.1 87.4 95.5 244.7
TEMPERATURE
Ave Ave Ave A 557.0 31.2 81.3 87.4 227.6
Lz 3 23 5 3253 2 3 3 c 767.0 44.6 110.9 124.9 310.5
g max  (HIC) g max  (HIC) g max  (HIC) G 1262.0 87.8 194.8 245.8 545.4
B 1330.0 71.8 162.4 201.0 454.7
Impact Site F 1849.0 295.9 398.7 828.5 1116.4
Number 1 2 3
Orop Height
ft ) ) )
vﬂé:!t, TABLE 5 Combined Results - Loose Fill and Non-loose Fill
ft/sec (m/sec) Materials
FIG. 3 Suggested Field Test Report Form Uniaxial: Peak G (F 355, Procedure C) 624 %
Free Fall: Peak G 620 %
15.1.1 Variations in the time needed to conduct the test ypiaial: HIC (F 355, Procedure C) 654 %
result in variable levels of recovery of the material during the _Free Fall: HIC 640 %

room temperature tests. This variation is accentuated in non-

TABLE 1 Precision Statistics for  g-max, Test Method F 355,
Procedure C

Repeatability Reproducibility

Standard Standard  Repeatability Reproducibility
Deviation Deviation Limit Limit
Material Average (S) (Sr) (4] (R)
D 52.4 2.0 7.8 5.6 21.8
E 62.9 9.1 11.4 25.5 31.9
H 107.2 3.8 7.9 10.6 25.8
A 125.0 2.6 9.5 7.3 26.6
C 143.8 1.9 7.7 53 21.6
G 193.2 15.2 17.1 42.6 47.9
B 202.0 2.6 14.6 7.3 40.9
F 234.3 3.2 12.0 9.0 33.6

room temperature tests by the addition of changing temperature
conditions within the sample to the variable recovery of the
material.

15.1.2 Variations in the impact velocity brought about by
changes in drop height or friction in the drop guidance
mechanism.

15.1.3 Use of missiles other than those referenced in this
speci®cation may cause substantial variations in results.

15.2 An interlaboratory study was conducted in 1996-97
during the development of this test method. Seven laboratories
ran pairs of tests on eight surface materials using Test Method
F 355, Procedure C. The same laboratories also ran pairs of
tests on the same surface materials using the free fall test
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TABLE 6 Non-loose Fill Materials Only 1989° The technique used to analyze the study data resulted in
Uniaxial: Peak G (F 355, Procedure C) 621 % a6 ®gure being generated for test method precision. Applying
Free Fall: Peak G 611% this method to the 1996-7 study, the results described in Tables
Uniaxial: HIC (F 355, Procedure C) 631 % 5 and 6 were obtained.
Free Fall: HIC 624 %

Note 2DThe method used to generate Tables 5 and 6 is not as
statistically accurate as the analysis used in 15.2.1. It is provided for

method. In both series of testg;max and HIC values were informational purposes only.

determined. From the results of these tests, precision statistiq, Keywords
were calculated in compliance with Practice E 691.
15.2.1 The precision results are summarized in Tables 1-4.
15.2.2 A statement on bias cannot be made because no
reference surfaces are available. -
15.2.3 An earlier interlaboratory study was completed in ¢ available from ASTM Headquarters. Request RR:F08-1002.

16.1 impact attenuation; playground; surface system

ANNEXES
(Mandatory Information)

Al. FREE FALL TEST METHOD

Al.1 Anonguided headform may be used for impact testingsurface shall be annotated The axes forming the plane
of playground surface systems or surfacing material samplesiominally parallel to the impact surface shall be annotated
andY. This coordinate system complies with the right handed
coordinate system, Orientation 2, of SAE J 211.

A1.3.3 Recording EquipmeBiThe recording equipment
shall meet the following criteria:
type Y A1.3.3.1 Acceleration TimBThe acceleration-time record-

' ing equipment shall have three input channels, each matched to

Al.3 Apparatus the output signal levels of the triaxial accelerometer. Each

A1.3.1 Headform DesigBThe headform as a 10.6 0.1 Ib input channel and accelerometer pair shall have a frequency
(4.6 6 0.05 kg) hemispherical missile of diameter 6.390 response adequate to measure the peak acceleration to an
0.200 in. (1606 5 mm). An optional handle may be affixed to accuracy of6 5 % of the true value. The total system, accel-
the headform provided that the total weight of the headfornfrometers and recorders, shall be capable of measuring im-
and handle combination does not exceed B.0.1 Ib (4.6  Pulses up to 50@ at frequencies from 2 to an accuracy of

Al.2. Terminology

Al.2.1 De®nition of Term Speci®c to This Annex:
Al.2.1.1 free falbthe trajectory of the headform is not
restrained by rails, wires, or a mechanism or structure of an

0.05 kg). 6 5 %. The minimum system sampling rate required is 20 000
A1.3.2 AccelerometéRigidly attach a triaxial accelerom- Hz per input channel or 20 000 samples/s per input channels.
eter at the center of mass of the headform. The recording device must be capable of simultaneously

A1.3.2.1 One axis of the accelerometer must be mounte§@mpling each of the three input channels at the speci®ed
parallel within 5E to the primary axis of impact of the Sampling rate. Three independent digitizers or a single digitizer
headform. This axis of the accelerometer shall have a linea#ith three track and hold ampli®ers is acceptable. Each
output signal from 0 to 50@. acceleration data channel should comply with SAE J 211. A

A1.3.2.2 The remaining two axes of the accelerometer mudPW pass ®lter having a 4-pole Butterworth transfer function
de®ne a plane normal to the primary axis. Both of these axedd a corner frequency of 1650 Hz meets this requirement.

shall have a linear output signal from 0 6o 500 g. Digitizer resolution shall be a minimum of twelve bits.
Al1.3.2.3 All axes of the accelerometer must be capable of Al.3.3.2 Displacement - TinfeProvision will be made to
withstanding impacts of 1009 without damage. record the time, in seconds, from the release of the headform to

A1.3.2.4 Connect the output signal of the accelerometer téhe time of initial impact. The velocity at impact will be
the recording device by a “exible multiple conductor cable.calculated by multiplying the fall time by the acceleration due
The cable shall be sufficiently “exible so as to not in uence theto gravity (32.2 ft/s/s) to yield the velocity in feet per second.
trajectory of the headform before or during the impact test. Thd he time measurement function will be part of the recording
fully extended length of the cable shall be at least two times th@levice and will not require operator intervention to start and
drop height speci®ed by the initial owner/operator. The cablétop the measurement.
shall be of self-coiling design. The cable shall be attached to A1.3.3.3 System IntegripPortable recording equipment
the headform and recording device by a single multiple contacshall provide continuous battery voltage monitoring. If record-
electrical connector with integral locking action. ing equipment battery voltage falls below a level required for

A1.3.2.5 The axis nominally perpendicular to the impactproper equipment operation, the recording function shall be
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inhibited and the person performing the test alerted by an ag:5 B 1 Agr 1 agi!®’ (A1.1)
indicator lamp or message on the LCD interface of the

recording device. Auxiliary power means, such as automobilewhere:

battery voltage converters or wall receptacle connected charg@ni
ers, may be used to restore battery voltage to the acceptabfn] : . .
operating level. Impact tests may be performed with the&n] acceleration value of axis at sample point [n}, and
recording device connected to the auxiliary power source. Priofxnl = acceleration value ok axis at sample point [n].

to use the recording equipment and headform shall be checke'°‘1'3'4'2 g-Max and HI®The g-max and HIC shall be

for proper operation by impact test on a reference Surfacetermined from the composite acceleration values. The speci-

material sample. The sample shall be provided by the recordineg 3Igor|;\hm agq \)/(ezr|®cat|on calculations for HIC are in-
device manufacturer and be furnished with reference impa uded as Appendix Az.
test data including serial number of sample, drop heighta1 4 Procedure
ambient temperature, subsurface conditigmax, and HIC. Al.4.1 For portable recording devices, verify battery volt-
Average the results of the last two of three drops, and compare

age level as recommended by manufacturer.
to the referencegg-max and HIC. The manufacturer of the

triaxial headform is to provide the criteria for the requirement Al.4.2 Perform the system integrity impact test using the

N esting equipment manufacturer's supplied surface sample.
for recalibration of the headform, recorder, and reference paq,_ . ; )
i . erify that test results are in agreement with those quoted and
The impact test on the reference sample will not be construe

to be a calibration of the instrument, which can only beSUppIIed by the testing equipment manufacturer.

performed in a properly equipped metrology laboratory. Al"é'e’ Efrect thﬁ support st;Uﬁturelor tripod r(])n j[he pLay-Id
A1.3.3.4 CalibrationBbCheck the recording equipment, ground surface. The position of the release mechanism shou

. allow the headform to impact the desired point repeatedly on
headform, and reference surface material sample annually f%e surface from the drop height and location as speci®ed by
proper calibration by returning them to the manufacturer'sthe initial owner/oberator
calibration laboratory or repair depot quali®ed by the manu- Al44 Releaseﬁhe Héadform
facturer. e . ) .

. ) Al1.4.5 Observe the impact waveform on the display of the
. A1'3'3'5 Impact Data and Wayefor_m DlspIWhe record ¥ecording device and con®rm that it contains only one impact
Ing de_\nce shall have a grap_h|c display device capable O%vent. The impact waveform should start a,ncrease to the
|n(2cia§ r1396t rlgegmaﬁ'(éithct:, I?Ar:aiéﬁpe?ﬁstama\;\er:gmgontrol-Dro g-max of the drop, and return tod An impact waveform not
o b g P showing this shape should be discarded. The increase and

Height shall be measured from the top of the surface to bP@Iecrease portions of the waveform may be smooth or jagged

tested to the surface of the headform expected to initially . . S
. . and will depend upon the material being impacted upon.
impact the surface. Measurement shall be made with a SteepA1.4.6 Record and Report the Following Information

rule or steel tape measure. Use a support structure or tripod tOA1.4.6.1 The test surface identi®cation, indicating type,
ensure repeatable drop height and location. The support struc- ; .

X . o - source, size, and thickness.
ture or tripod shall be sufficiently rigid to support, with

L — . A1.4.6.2 Test procedure used and headform description,
minimum de ection, the weight of the headform. The supportmCluding mass, geometry, and orientation.

structure or tripod must allow for the testing of the surface at A1.4.6.3 Testing conditions, including sample temperatures

any location within the playspace. A quick-release mechamsrgnd drop heights employed.

shall be provided to connect the headform to the support arm. A1.4.6.4 Individual drop values and the average of the

The operation of the release mechanism shall not in uence thseecond and third drop values for bagimax and HIC values,

trajectory of the headform during free fall. Erect the support A1.4.6.5 The drop heights speci®ed by the initial owner/
structure or tripod in such a manner so as to prevent th%peréttlar.

headform from coming in contact with any part of the support
structure or tripod before impact with the surface being tested. Note A1.1BThe preferred method of exhibiting the data would be in
Al1.3.4 Calculation chart form (see Fig. 1).
A1.3.4.1 Triaxial Acceleration Component Summbithe Al.4.7 Make three consecutive drops at intervals 6f 3
components of acceleration in each of the three axes must [ge25 min, unless otherwise speci®ed.
vector summed to determine composite acceleration of the
headform. Perform vector addition on each set of three samplel-> Report
to determine the composite acceleration for the respective A1.5.1 A detailed report will be prepared to document the
sample period. The vector addition shall be based on theesult of the drop tests. Fig. Al.1 is a suggested format for this
following mathematical expression: report.

composite acceleration at sample point [n],
acceleration value of axis at sample point [n],
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TEST REPORT

Surface identification

Surface dimensions

Test Procedure ASTM F1292 FREE FALL TEST METHOD
Headform Hemispherical triaxial headform Mass Ibs. (__kg.)

Orientation of the Headform

Playground surface temperature __ F(____ °C)
Reference pad value: g-max, HIC
DROP PEAK HIC VELOCITY

1

2

3
AVG2&3

FIG. Al.1 Suggested Field Test Report Form

A2. INSTRUMENTATION REQUIREMENTS

A2.1 To adequately perform surface impact tests complyingAnalog oscilloscopes are not acceptable.
with Speci®cation F 1292, the instrumentation employed must A2.3.2 Each digitizer input will have a minimum resolution
meet minimum requirements for resolution, accuracy, preciof twelve bits spanning the full output range of the respective
sion, and calibration. accelerometer.
A2.3.3 Minimum digitizer sampling rate will be 20.0 kHz.

A2.2 Accelerometers o 7 N
. . . .. In triaxial head form systems, three individual digitizers (one
A2.2.1 In guided head form systems, a single axis or triaxial er axis), each with a 20.0 kHz sampling rate, will be used.

accelerometer may be used. The active axis of the accelero lternatively, a single 60.0 kHz digitizer may be used if

e]'EeLmusF befr_igidly att?crr:edhto (tjh]? head form and WihBE g jitaneous track and hold ampli®ers are provided for each
of the axis of impact of the head form. accelerometer axis.

A2.2.2 In free fall head form systems, a triaxial accelerom- A2.3.4 Minimum digitizer memory length will be to allow a

eter is required. One axis of the accelerometer must be rigid%inimum of 20 ms of the impact wave form to be recorded
tached to the head form and witlBr6E of the primary axi ) : '
attached to the head form and wittrbE of the primary axis A2.3.5 Analog ®ltering on all accelerometer input channels

of impact. The remaining two axes will form a plane parallelto . . ) o )
b 9 P P will be used to prevent digital signal aliasing. The ®lter will

the impact surface withié 5E. toff £1.0 KHz. with & mini fat
A2.2.3 The accelerometer oriented parallel to the axis Ogsxeerecl)lfgf-fo requency of L. Z, with a minimum ot a two

impact must have an output range from 0 to S0@inimum. . ) )
The secondary axes in a triaxial accelerometer must have an”2-3-6 Provision to measure head form velocity at impact
output range from 0 t& 500 g minimum. All axes must be Will be provided.

capable of withstanding a maximum shock of 1@00 _ A2.3.6.1 A Iigbt gate device may be used to measure the
A2.2.4 The frequency response of all accelerometers shalime an opaque ag interrupts a light sensor. The light gate will
cover the complete range from 2 to 2000 Hz. be located so as to be activated with the head form no more

A2.2.5 Nominal accelerometer output will be 10.0 rgy/  than 1 in. from impact with the surface being tested. Velocity
of head form shall be calculated by dividing the length of the

A2.3 Recording Device opaque “ag (inches) by the time the light sensor was activated

A2.3.1 Adigital electronic recorder will be used to capture (seconds) to velocity in inches per second. Conversion to units
impact wave forms. The recorder may be in the form of aof feet per second may be obtained by dividing the inches per
digital storage oscilloscope or dedicated wave form digitizersecond value by 12.0
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A2.3.6.2 For free fall head forms, recording the time from A2.4.2 Recording devices will be calibrated by replacing
when the head form was released to the time the accelerometdgre accelerometer input signal(s) with a wave form of known
output signal begins may also be used. Head form velocitghape, period, and amplitude. Tables A2.1 and A2.2 provide
shall be calculated by multiplying the time of ight (seconds) calculated HIC values for half-sine wave forms applied to a 12
by 32.2 ft/s/s (acceleration due to gravity) to yield head formpijt, 20.0 kHz digitizer.
velocity in feet per second.

A2.3.6.3 Either velocity measurement will be performeda2 5 calculation of Peak and HIC
with a minimum timer resolution of 1.0 ms. )

A2.3.6.4 Actual head form velocity will not deviate from A2-5:1 The peakg of an impact wave form shall be
theoretical velocity by more tha6 0.5 ft/s. Theoretical determined to be thg value with the largest positive ampli-
velocity shall be determined from conservation of energyfude. The recording device will have the capability to sequen-
namely kinetic energy at impact must be equal to potentiafially scan all digitized data of the impact wave form and report

energy before release: the higher value recorded.
1 A2.5.2 The HIC value of an impact wave form will be
mgh5 5mV (A2.1)  calculated in accordance with 8.6 of Speci®cation F 1292. The

dt term shall be an integer multiple of the sampling rate and in

where: no case will be greater then 0.1 ms. The recording device will
m = \elxvc?égrérgi'gr?%d éotr(r)n (rlg)"t (32.2 fus/s) have the capability to perform the calculation for all possible
ﬁ _ actual drtljp heLijght (]% ;:% ' ' combinations oftl andt2 (HIC integration interval) and to
v = velocity at impact (ft/s,). report the highest I1IC value calculated. Manual selectioti.of
Solved for velocity, equation Eq A2.1 becomes: andt2 intervals will not be allowed.
v5 = 2gh! (A2.2)

Thus, a head form dropped from a height of 10.0 ft will have
a velocity at of

v5 = ~213 32.23 ~10.0!
v5 25.4ft/s

A2.4 Calibrations TABLE A2.1 HIC Values for 10 ms Half Sine

A2.4.1 Accelerometers will be calibrated by comparison to Note 1DThe recording device will not produce HIC values with
a National Institute of Standards and Technology (NIST)greater tharé 5 9% from these values.

traceable standard. Both the reference accelerometer and the Peak G HIC T1 (seconds) T2 (seconds)
test accelerometer will be excited by a shaker table at frequen- 50 73 0.0017 0.0084
cies and amplitudes as determined suitable by the accelerom- 100 413 0.0017 0.0084
eter manufacturer. Maximum recalibration interval will be one 150 1140 0.0017 0.0084

. 200 2341 0.0017 0.0084

(1) year or as recommended by manufacturer.
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TABLE A2.2 HIC Values for 20 ms Half Sine

Note 1BThe recording device will not produce HIC values with grater
than6 5 % from these values.

Peak G HIC T1 (seconds) T2 (seconds)
50 146 0.0033 0.0167
100 827 0.0033 0.0167
150 2281 0.0033 0.0167
200 4684 0.0033 0.0167
APPENDIXES

(Nonmandatory Information)

X1. RATIONALE

X1.1 This speci®cation addresses the impact attenuation X1.1.2 However, it should be recognized that safety surfac-
requirements of surfacing materials used under and arouridg meeting these test measurements will not prevent nonlife-
playground equipment. A Consumer Product Safety Commisthreatening injuries from occurring. The Consumer Product
sion study of playground equipment-related injuries treated irsafety Commission states, 2lt is self evident that a fall onto a
U.S. hospital emergency rooms indicated that the majorityshock absorbing surface is less likely to cause a serious injury
resulted from falls from equipment to the underlying surfacethan a fall onto a hard surface. However, it should be

X1.1.1 Because head impact injuries from a fall have theecognized that all injuries due to falls cannot be prevented no
potential for being life threatening, the more shock absorbingnatter what playground surfacing material is used.°
and attenuating a surface can be made, more is the likelihood
that the severity of the injury will be reduced. In addition, the X1.2 This speci®cation is limited to a test fpmax, HIC,
measurement of a peak deceleration of the head during impaghd conditions that affect them, that is, drop height, tempera-
plUS the time duration over which the head decelerates to a hqlt“’e, and so forth. Other physica| property factors could be
is signi®cant. Therefore, a mathematical formula is used tgyken into account in the comparison of surface systems but
derive a value known as head injury criteria (HIC). Headcrrently are beyond the scope of this speci®cation. These

impact injuries are not believed to be life threatening if the HIC¢;tors should be considered and included after being studied.
does not exceed a value of 1000.

X2. HIC CALCULATION PROGRAM

X2.1 See Fig. X2.1.
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A. VERIFICATION - Square Wave Pulse +

< 1 ms : 0g
138 ted:
The HIC value of a perfect square pulse can be directly compute: F(E} = 1ms £t <1l ms : 100 g
HIC = dt *» Peak G *~ 2.5
11 ms < i 0g
Where: dt is the duration of the square pulse, Peak_G is the maxinum
value of the square pulse. The formula raises the Peak_G to the Tdur = 5 mg
2.5 power then multiplles by the duration. Toff = 1 o=
PkG = 155 g
al. Pulse Maximum = 100 g a2, Pulse Maximum = 155 g
Pulse Duration = 10 ms Pulse Duration = 5 mg t < 1ms : 0g
HIC = 1000 +2% RIC = 1500 $2%
P(L) = i1ms S S 6 ms : 158
HIC Formulae 9
6 me <t i 0g
The following are closed form solutions for the HIC and ST
given the parametars that define simple wave forms. If the time offset is unknown:
All of these formulae are taken from the Chou and Nyquist paper: Tdur a 5 ms
Analytical studies of the Head Injury criterion. Tort = ?ams
BkG = 165 @
Tdur = time duration of the square pulse.
PKG = tha Peak g valua of the square pulse neasured in g’s t < Toff : 0g
Square Pulse F(t) = Teff £ £ 5 Poff+5 ms : 165 g
ST = HIC = PKC ~ 2.5 * Tdur Toff£+5 me < t i 6g
TL =0
B. HIC COMFUTATION -
T2 = Tdur
R . cas The follewing example code will compute an HIC number for
calibration pulse definition an acceleration profile that has been loaded into memory.
, . The example is written in the C language and has been compiled
The foilewing will rigorously define a time translated under five different C compilers. It should be very portable.

square pulse.
The file ‘hic.h’ contains the layout for the data. All data
Taur = time duration of the square pulse. . is dynamically allocated, this permits any table size. It is
Toft = time offset from ‘zero’ time of the beginning of recommended that the data array be a power of two (512, 1024, 2048).
the square pulse.
The order of processing is as follows:

PKG = the Peak g value of the sguare pulse measured in g's
1. allocate itorage and read the data set
2. scan the impact profile using scan_acc()
t < Toff i 69 3. compute HIC using hiccomp(), save this value
. 4. compute HIC using hic3(), save this value
P(t) = Toff < t S Toff+Tdur : PkG 5. the correct KIC number is the greater of the
two saved values.
Toff+Tdur < t t 0g 6. print the results
For example: The files are:
hic.h = data structure definitions
Tdur = 10 ns hiccomp.c - compute HIC with sliding endpoints
Togs - 1 ms hici3.c - compute HIC using maximization criteria
PkG = 100 g scan.c = scan the profile determing Peak G, and limits
utils.e - support code: integration & power function

To compute HIC it is best to use two methods and take the highest
value computed. Both computation routines place their results in
the HICINFO structure.

A self contained impact analyzer that incorperates this algorithm

is available from XME Company, 3568 Edgemont Troy, Michigan 48084
(313) 643-7089. An MS-DOS based analysis program is also available.
Any questions or comments regarding this algorithm should be directed
to RME Company.

FIG. X2.1 HIC Calculation Program

10
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*
* @(#)hiccomp.c v1.0 kpc 04/28/88 -- HIC 68k hic computation module

#* this medule computes hic for a passed in waveform
*

* we assume that the limits have been determined for the waveform
* and are set in the hicinfo struct

*/
#include "hic.h"
#include <stdio.h>

#define INTEG( i1,
#define AVE( 11, 12

* compute lnteqral from partial sums array
(iz2] - sri1

2

#define HIC( xl, i2

* from il to
i2 )
; E INTEG(il,i

*
umyPE)((xz) (i1 )
(power2( AVE(

*(SUMTYPE) (12-11 )

static int debug = 0; /* debug mode? */

*
/* compute hic with sliding endpoints
*/

void hiccomp( ip, chan )

IMPINFO *ip;

short chan;

{
Idx maxn;
short improve; /* loop until no 1mprovement in answer */
short i,3; /* limits for ave */
short gi /* guess */
short iter; * jteration count */
SUMTYPE ave; /* current best average */
SUMTYPE aveq; /* next guess at best average */
SUMTYPE hicv; . .
SUMTYPE hicvs; /* special hic value */
HICINFO *hp;
SUMTYPE *s; /* to hold the partial sums */
double power2();

extern char *malloc();

* hp ip->chan{0]: */
p = 1p->chan[chan],

maxn = hp->imax - hp->i0 + 1;

#define SAME 0)
#define LOWER
#define HIGHER

* is it near zero? */
#define ZERO( v )} EEvg
#define ZEROF( Vv ) v

#define min( a, b } E$a>b)?£b
#define max( a, a>b)?(a

< eps && (v) > -eps)
< epsf && (V) > epsfn)

6y

/* debugging aid */

#if o

#define CTR({ x ) X
else

#define CTR( x )

#endif

/*
* variables for the algorithm
*

static SUMTYPE *s; /* partial sums array */

static SUMTYPE eps; /* my egsllon for comparisons */
static DTYPE epst; /* my float epsilon for comparisons */
static DTYPE epsfn; /* my negative epsilon */

/* counts,

# of equal value, # of ave ok, # of bracket pairs, # of hicv’s */
static unslgned short ev, av, v

/* more counts, # of times the preé h1c val was used, # of times cur val used

static unsigned short pV, CV;
static short dbg = 0; /* debugging flag */
static Idx i, 3: /* 1st & 2nd limit */
static Idx n; /* i + wind, upper bounds on j */
static Idx wind; /* # of samples to make 15ms */
static Idx tmp; /* temp var *
static Idx ipk; /* idx of pe g value */
static Idx npnts; /* number of pnts in dp[] */
static DTYPE diff; /* difference btwn dg[x] and dp(j] */
static SUMTYPE diff2; /* Aiff btwn ave & v53
static SUMTYPE ave; /* average value from dp[i] to dp[j] */
static DTYPE v, /* value of dp[ */
v2, /* value of dg */
. v53; /* dp[ ] * what the ave should be */
static SUMTYPE ao; /* s(1]) so we don’t refetcl */
/* in the inner loop */
static SUMTYPE hicv, /* best hic value so far */
hicg; /* next guess at hic -- HIC(i,j) */
static Idx hici, hiecj; /* limits for hicv -- the best so far */
static DTYPE dp; /* gtr to accel array */
static short prevf VAd 1ag for dp []-1] - +1/0/-1 */
/* wheth it bove, same, or below */
. curf; /* flai for curtent pnt - dp[j] */
static Idx : /* width of the interval */

* gerform the HIC computation wit!
racketing logic and functional analvsis criteria

*/
void hlccomPB( ip, chan )
TupINFO ip;
Thort chany /* data channel # used to compute HIC */
double ower2(); /* we will need this #/

P
extern char *malloc();

HICINFO *hp;

hp = ip->chan{chan];

eps = 1.0e0; /* if it is within lg then its close */
epsf = eps; /* float version of eps */
epsfn = -eps: /* float negative eps */
* init vars */
icy = 0.
hici = 0;
hicj = 0;
/* loop & cycle countars */
ev = av = hv = pv = cv = 0;
/* number of samples in 50.0 msec (50000 usec = 50.0 msec) */
wind = 50000L / 1p->sampt1me.
ipk = hp->ipk - hp->i0
/* how many pnts are there? */
npnts = 1 + hp->imax - hp->io0;
dp = hp->acc + hp->i0; /* base addr for part of array we need */

if( (s = (SUMTYPE *)malloc((npnts+3)*sizeof(SUMTYPE))) == NULL )

printf(*hiccomp3: malloc bomb (%d bytes)\n",
+ (npnts+3)*sizeof (SUMTYPE));
return;

/* compute partial sums array %/
partsum( s, dp, npnts );

fgrintf(stdarr, L ¥
fflush( stderr ):

/*
: The starting peint scans over every point upto the peak g Idx

i = pax -Hind i
for( : £<i pk: pk Vi

/* precompute data for this ‘i’ #/
v = dp{i});

v53 = v * (5.0F/3.0F);

a0 = s(i];

/* setup loop ctl vars */
prevf = curf =

mp = i +
= m;n( tmp, npnts )i

mp = i + MINWIDTH;
= max( ipk, tmp );

£ wg 8g

=3 - i:
or( ; j<n;

deili

JH+, Wt )

—~rh

v2 =
diff

if( ZEROF(diff) )
*
* points are "equal"
* so check the average value of this interval
CTR( ev++ ):

curf =

ave = (s(]] ~ a0) /(SUMTYPE)(w);

diff2 = ave - v53;
if( ZERO( diff2 ) )
! /*
* the average value is close to 5/3*dp[i] 1!

* here is ere we compute a

CTR( av++ )
hicg = (SUMTYPE)(H) * power2( ave );

if( hicg > hicv )
{

/* found a new maximum */
CTR ;

( hv++ );
hicv = hicg;
hici
hicj

}
else

*
* points are not equal
* So check if we have gone from above ‘v’
* to below ’‘v’, or vice versa.
/' set curf to 1 or -1 if v2 is higher or lower than v */
curf = (diff > 0.0F) ? 1:-1;
if( prevf != curf )
(
/* we have moved from above to below or vice versa */
CTR( fv+* )i
ave = (s(j] - a0)/(SUMTYPE)(w);
hicg = (SUMTYPE)(w) * power2( ave ):

FIG. X2.1 HIC Calculation Program (continued)
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if( hieg > hicv ) if( (s = (SUMTYPE *)malloc((maxn+3)#sizeof (SUMTYPE))) == NULL
{
/* found a new maximum */ prlntf("hlccomp‘ malloc bomb (%d bytes)\n",
CTR( hv++ )5 (maxn+3)*sizeof (SUMTYPE));
CTRE cv++ ) return,
hicg; }
= ; /* compute partial sums array */
} partsum( s, hp->acc + hp->i0, maxn );
*+ try it on the revxous oint too * compute over entire array *
éve ‘y g ePE)(w-l). / élCVS 4 HIC{ 0, maxn ): Y+
hicg = (S&MTYPE)(H 1) ' power2( ave ): . 0
1 i
if( hicg > hiev ) J = ma:
el ave = HIC( i, 3 )
/* found a new maximum */ improve = YES:
CTR( hv++ ): iter = 0;
CTR( pv++ ), while( improve )
hicy = hicg; {
hici = i; /* if answer doesn‘t improve, then exit */
hicj = j~1; improve = NO
) ) /* work wzth 1st lim */
} Yhi e( 1)
* adjust 1oop ctl vars */ g=1i+1; .
/z'evf:| aveg = HIC( g, j ):
} /* better? */
if( aveg >= ave )
if( dabg )
p??ntf("\n"): {* yes */
= i
hicv *= ((double)ip->samptime * 1.0e-6): ?;gr:v:vsqéEs;
/* . . . )
* have just scanned through all of the points, print info else
*
i * no, then the main vars (i & ave) are ok *
1€C dbg ) 5* and we should exit */ ( ) /
printf("hxcccmpa' #ev: %d lav'%d #fvid #hv:iid #pv:id #cviid\n", ) break;
av, hv
prxntf("hlcccmpJ’ épg :4. zf hxcv‘% 2f (%d,3d)\n", eps,hicv,hici, hicj): }
/* work with 2nd lim */
/* now translate limits into correct offset */ while( 1)
hp->il = hici + hp->io; {
hp->i2 = hicj + hp->io0: g=73-1:
hp->hic = hicv; aveg = HIC( i, g )
/* free up the partial sums array */ /* better? »/
free( s ); if( aveg >= ave )
4"' YP-S */

ave = aveg:
improve = YES;

/* else
* @(#) hici.c {
/* no, then the main vars (i & ave) are ok */
* aﬂd we should exit */
reak;

)

/* show them we are working */
fprintf( stderr, "." );

HIC is defined as: . fflush( stderr L
HIC(t1l,t2) = (t2-tl) * { 1/(t2-t1l) * I a(t)xdt } ~ 2.5 iter++;
I¢tl }
We are trying to maximize this function. To do this in a brute force if( debug )
way, we would have to compute approximately: (
printf("Iter:%d, ave:%.3f i:3d, j:3%d, hicvs:%.3f (%d,%d)\n",
0.5 * n*2 - n iter, ave, 1, j, hicvs, 0, maxn ):

HIC numbers. For a 1000 poxnt pulse, this becomes 499,000 evaluations }

-- this is far too expensive. /*
* make one special check

Functional analysis can guide this maximization process. *

multivariable calculus and a lot of algebra we find that the crltlcal if( ave < hicvs )

times meet the following criteria: {

ave = hicvs;
a(tl) = a(t2) - j = maxn;
a(tl) = 3/5 * { a(tl,t2) } 1=0;:
The acceleration value at one limit of integration is equal to the }
acceleration value at the other limit of integration. The acceleration /* now compute the hic value */
value at one limit of integration is equal to three-fifths the average hicv = ave * ((double)(ip->samptime)/1.0e6);

acceleration value over the limits of integration.

These criteria assume that a(t) is continuous! - which is not the hp->hic = hicv;

case. Thus the implementation is important. hp->il = hp->i0 + i;
- = - + 3

First we setup a tolerance to the comparison operations call it ‘eps’ hp->i2 hp->i0 3

=-=- short for epsilon. If we are within eps from zero then the number /* free up the array */

is zero -- and so on. free( )i

Simply temperxng the above criteria with a large epsilon will work for

about” 90% the time. The problem is high frequency components cause

too large a delta-V from one conversion to the next, and the value that

would meet the criteria is between two samples.

To improve this situation we must add some pattern matching logic to

the algorithm that will determine when we are ‘bracketing’ the original

point and when we bracket, compute HIC for the last point and the

current point.

*/

#include "hic.h"
#include <stdio.h>

#define MINWIDTH (3) /* min # of sample points in an interval */

/* possible values for prevf & curf */

FIG. X2.1 HIC Calculation Program (continued)
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*
* @(#Yhic.h v1.0 Kkpc 04/26/88 -- HIC 68k defs for the hic computation

# In here, we have several useful #defs
* several critical typedefs to adjust the precision & size of
* the hic data items

* and a structure that identifies a particular hic computation
*

/
#define TRUE E!O)
#define FALSE 0)
#define YES (10)
#define NO (0)
#define MAXPNTS (40986) /* max number of pnts in an accel array *
#define MAXCHAN (4) /* max number of channels to be digitized */
#define MAXLVL &2) /* max number of g levels for cum, dur. comp *,
#define FUZZ 4) /* number of elements to over allocate */
typedef short Idx: * array index type */
typedef double SUMTYPE: /* what’ sums are computed as (HIC 8I, etc) */
typedef float DTYPE; /* what the data are stored as
typedef short SAMPTYPE; /* adc sample type */

/*
+ struct for the computation Earms
* one set for each mode: Accel, Force, Voltage
*

struct comp_info
float thresh: /* begin/end threshold */
float trans_cal; /* transducer calib constant */

)5
typedef struct comp_info COMP:

/* : : :
* struct to hold all critical info for a HIC computaion
*

struct hic_info { /* info for 1 HIC computation/one channel */
SUMTYPE hic: /* hic value */
SUMTYPE si; /* si value */
DTYPE peak /* peak value in acc{] ([g] or volts) */
DTYPE maxd, /*new*/ /* maximum displacement ;m
/* the following are idx’s xnto the acc arr. */
Idx 107 /* begining of impulse */
Idx i1; /* first critical time #*/
Idx ipk; /* idx where Pk accel is #*/
Idx iov: /*newx/ /* idx where velocity is zero (hopefully) */
/* this is time of maximum displacement */
Idx i2; /* second critical time
Idx iend: /* the end of the si computatxon */
Idx imax: /* end of impact waveform (incld rebounds) */
Idx nsamp; /% number of elements in samp[] & acc[] */
SAMPTYPE *samp: /* ptr to array of samples (fixed point) */
DTYPE *acc; /* ptr to array of accel pts ([g] or volts) */
typedef struct hic_info HICINFO; /* struct for each hic comp. */

/*
* need a structure that can hold the global info for an impact

* and upto 4 hic info structs.

* The global info for an impact is:

* timestamp, velocity, desc of what was done,

* flags to i1ndicate what config was used.

* including, which channels were dig’d & which channels

: are independant -- which channels had HIC computations done.

* kpc 12/31/90

* added vel_ai, vel_ao, p_axis, vel_dx_i, vel_dx_o, off_axis, coef_rest
*/made flg a long

*
struct impinfo ( /* tracks multiple HIC structs */

long flg; /* flag bits */

short nsamp; /* number of pnts in the data arrays, samp(] */
/* and acc(], always a power of 2 */
short npre; /* of pretigger points */
short maxwin; /* maximum event window, from beginning of */
/* impact (i0) (samples) */
COMP cparms; /* computation parms */
long samptime; /* delta-t in usec */
short wchan; /* bitmap indicating which channels are valid #*/
/* channel bits are from the LSB on up */
/* ie channel 0 is BIT(0) */
short schan; /* bitmap indicating which channels are saved */
/* in permanent storage */
) HICINFO *chan[MAXCHAN]; /* ptrs to the hicinfo structs for each chan */
c§pedef struct impinfo IMPINFO; /* struct for each impact */

* : s
/*@(#)scan.c v1.0 Xpc 04/27/88 =-- HIC 68k scan accel wave form & determine lims

* this function scang the waveform converts to g from volts computes limits
* if a parm is set, it will eliminate negative values in the wave form

*/
#include "hic.h"

*
/* scans accel waveform check lims & look for pk value
*

* returns:
* 1 -

* 0 - misformed waveform
*/
static int scan_acc( ip, chan, trunc )
{2EINF° trunc; /% flag indicates whether to truncate negative values */
/% 0 -> do nothing to negatlva values */
/* 1 => truncate negative values */
7* 2 => take absolute value of negative values */
{
Idx
DTYPE mxn max;
Idx mxni, maxi;
DTYPE *dp;
HICINFO *hp;
double fabs():
hp = ip->chan[chan]:

i = hp->nsamp;
dp = hp->acc?

/* handle negative points? */
if( trunc == )

while( i-- )
if( *dp < 0.0 )
1E( 'dp = 0.07
dp++;
) 5
else if( trunc == 2 )
while(

if( 'dp < 0.0)
*= -1.0:

i--)

dp++,

dp = hp->acc;
for( i=0; i < hp->nsamp; i++ )
if( fabs(dp(i)) >= ip->cparms.thresh )
break:

hp->maxd = 0.0;
hp->hic = hp-»>si = 0.0;
if( i »= hp->nsamp )

{

/* degenerate curve, all zero! */

hp->i0 = hp->imax = hp->i0v = hp->ipk = hp->il = hp->i2 = hp->iend = 0;

hp->peak = 0.0;

return(0);
}
/* now we can get down to business */
hp->i0 = i
hp->il
hp->iov = i;
/* now start at the end */

= hp->acc;
for( 1—h§ >nsam i--; )

if( abs(dp 1]) >= 1p->cparms.thresh )

bre:

if( i <=0 || i <= {hp->i0 + 8)
{

/* zero curve? *

hp=>i2 = hp->10v = hp->imax = hp->ipk = 0;

hp->peak =

return(0);

)

* otherwise i is good */
p->imax = i;
hp->i2 = i;
/* find peak value */
/* start at end of waveform */
dp = hp->acc + g
/* the ctr runs ackwards */
1 = hp->imax;

max =
maxil
for({ ;

min = *dp.
m1n1 = 17
i >= hp->io: )

if( *dp > max )
{

max =

(= _*dp;
maxi =

iz

FIG. X2.1 HIC Calculation Program  (continued)
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if( *dp < min *
; { *dp ) ‘s @(#)utils.c v2.0 kpc

min = *dp;
mini = iy
dp—=;
i-=y
! * Raise a double to the 2.5 power
hp->peak = max; *
hp->ipk = maxi: double power2( v )
double v;
/* now we need to compute the iend */ {
/* find the first place the waveform goes below ’thresh’ after the peak #/ double val;
dp = hp->acc + maxi;
i= double sqre()
whlle( 1 "< hp->imax )
if( v <= |l v = 1.0)
if( *dp <= ip->cparms.thresh ) return( v
break;
val = v * v % sqrt( v );
dp++:
i+ return( val ):

)

hp->iend = i

~

return( 1 ); compute the partial sums of the

*
*
* the acceleration waveform

*

* we assume the separation of the points ig

* and thus the calling program must scale the result.
*/

void partsum( dp, sp, n )
DIYPE /* src ptr */
SUMTYPE ﬂdp, /* dest ptr */
Idx n;
{
double num; /* integral #*/
num = 0.0;
#*dp++ = 0.0;
sSp++;

Vhile( n-- )

/* recursive tragazuidal rule */
num = num + (sp[0] + sp{-1])/2.0:

*dp++ = (SUMTYPE)num;
sp++;

FIG. X2.1 HIC Calculation Program (continued)

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every ®ve years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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INTERNATIONAL
Standard Test Method for
Rubber Property—Abrasion Resistance (Rotary Drum
1
Abrader)
This standard is issued under the fixed designation D 5963; 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 epsilonef indicates an editorial change since the last revision or reapproval.
€' Note—Footnotes 7, 8, 9, and 10 were editorially updated in October 2002.
1. Scope ing Standard Vulcanized Shegéts

1.1 This test method covers the measurement of abrasion D 4483 Practice for Determining Precision for Test Method
resistance of rubbers (vulcanized thermoset rubbers and ther- Standards in the Rubber and Carbon Black Industries
moplastic elastomers) that are subject to abrasive/frictional 2-2 Other Standards: _ _
wear in actual service. The abrasion resistance is measured byD!N 53516 Determination of Abrasion Resistafice
moving a test piece across the surface of an abrasive sheet!SO 868 Plastics and Ebonite—Determination of Indenta-
mounted to a revolving drum, and is expressed as volume loss tion Hardness by Means of a Durometer (Shore Hard-
in mm? or abrasion resistance index in percent. For volume _N€SS) _ _ o
loss, a smaller number indicates better abrasion resistance,!SO 2393 Rubber Test Mixes—Preparation, Mixing and

while for the abrasion resistance index, a smaller number _Vulcanization—Equipment and Procedures .

1.2 Test results obtained by this test method shall not be SO 4649 Rubber—Determination of Abrasion Resistance

assumed to represent the wear behavior of rubber products Using a Rotating Cylindrical Drum Deviee
experienced in actual service. ISO 5725 Precision of Test Methods—Determination of

1.3 The values stated in Sl units are to be regarded as the Repeatability and Reproducibility for a Standard Test
standard. The values in parentheses are for information only. _Method by Interlaboratory Tests _ .
1.4 This standard does not purport to address all of the SO 9298 Rubber Compounding Ingredients—Zone Oxide
safety concerns, if any, associated with its use. It is the Test MethodS
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.

. Terminology

3.1 abrasion loss, A,(mm°), n—the volume loss of a
defined rubber test piece determined by sliding the test piece

2. Referenced Documents under specified conditions over the surface of an abrasive sheet

2.1 ASTM Standards: of “nominal abrasiveness,, mounted to a rotating drum of

D 297 Test Methods for Rubber Products—ChemicaisPecified dimensiorfs. o _ o
Analysi€ 3.1.1 Discussior—The designatiorA, is used to indicate

D 1765 Classification System for Carbon Blacks Used infhat the test was run in accordance with Method A.
Rubber Products 3.2 abrasion resistance index ARI (%)—the ratio of the

D 2240 Test Method for Rubber Property—DurometerVolume loss of a Standard Rubber to that of a test rubber
Hardness expressed in percent, with the volume loss determined by

D 3182 Practice for Rubber—Materials, Equipment, and

Procedures for Mixing Standard Compounds and Prepar- 2 Annual Book of ASTM Standaxdéol 09.02.

4 Available from DIN (Deutches Institut Fuer Normung), Burggrafenstrasse 6,
10787,Berlin, Germany.

1 This test method is under the jurisdiction of ASTM Committee D11 on Rubber  ° Available from American National Standards Institute, 25 W. 43rd St., 4th
and is the direct responsibility of Subcommittee D11.15 on Degradation Tests. Floor, New York, NY 10036.

Current edition approved Nov. 10, 1997. Published May 1998. This corresponds to the test method of DIN 53516 and to Method A (Relative

This test method is an adaptation of ISO Standard 4649 (1985 revision)yolume loss) of ISO 4649:1985. The same calculation could be made for the other
Rubber—Determination of Abrasion Resistance Using a Rotating Cylindrical Drumtest methods if the proper value for the “nominal abrasiveness,foB the test
Device, and is being coordinated with a current draft revision of that standard (semethod were known or assumed. (150 mg has been indicated as a possible value for
Appendix X1). Method D but its accuracy has not been established to the degree of the Method A

2 Annual Book of ASTM Standardgol 09.01. value.)

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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sliding a defined rubber test piece under specified conditions 4.6 The abrasion resistan@R|,_p, obtained in accordance
over the surface of an abrasive sheet of known abrasivehesswith Methods A, B, C and D is reported as the abrasion
(180 to 220 mg) mounted to a rotating drum of specifiedresistance index in percent, calculated from the mass losses and
dimensions. densities of the Standard Rubbers and test rubbers. A smaller

3.2.1 Discussior—The designation&Rl,, ARk, AR, and  number indicates a lower resistance to abrasion.

ARIy are used to indicate that the test was run in accordance 4.7 The mass loss obtained by the different methods can
with Method A, B, C or D, respectively. differ and the same method shall therefore be used if mass (and

3.3 “nominal abrasiveness,” §of the abrasive shegfmg),  volume) losses are to be compared directly.

n—a specified (theoretical) mass loss of 200 mg of a defined =

test piece of a Standard Rubber, obtained by sliding the test Significance and Use

piece under specified conditions over the surface of the 5.1 Abrasion resistance is a performance factor of para-
abrasive sheet mounted to a rotating drum of specified dimenmnount importance for many rubber products, such as tires,
sions. conveyor belts, power transmission belts, hoses, footwear, and

3.4 abrasiveness, S of the abrasive shegebtg), n—the  floor covering. A test capable of measuring resistance to
actual mass loss, within a specified range of 180 to 220 mg, aibrasion of rubber, including uniformity of wear behavior
a defined test piece of a Standard Rubber, obtained by slidingnder abrasive/frictional service conditions is therefore highly
the test piece under specified conditions over the surface of thdesirable.
abrasive sheet mounted to a rotating drum of specified dimen- 5.2 This test method may be used to estimate the relative
sions. abrasion resistance of different rubbers. Since conditions of

3.5 Standard Rubbe+A natural rubber compound of speci- abrasive wear in service are complex and vary widely, no direct
fied composition, mixed and vulcanized under defined condicorrelation between this accelerated test and actual perfor-
tions. mance can be assumed.

3.5.1 Discussior—Standard Rubbet 1 isused to determine 5.3 This test method is suitable for comparative testing,
the abrasivenes$§ of the abrasive sheet and to ensure that quality control, specification compliance testing, referee pur-
is within the specified range of 180 to 220 mg. The ratio of theposes, and research and development work.

“nominal abrasiveness,, and the actual abrasivenessis o

used to correct the abrasion loss of a test rubber for an§- Limitations

deviation of the abrasiveness of the abrasive sheet from the 6.1 Test pieces containing voids or porosity, or both, will
specified “nominal abrasiveness” (200 mg). yield unreliable test results.

6.2 Test pieces that bounce (chatter) over the surface of the
4. Summary of Test Method abrasive sheet rather than running smoothly will produce

4.1 This test method provides procedures for preparingnaccurate test results.
cylindrical test pieces of specified dimensions from vulcanized 6.3 Test pieces that tend to extensively smear the surface of
thermoset rubbers or thermoplastic elastomers and for evalithe abrasive sheet will provide meaningless test results.
ating their abrasion resistance by sliding a test piece across the6.4 Test results obtained under any of the above conditions
surface of an abrasive sheet attached to a rotating drum. It alsfall not be used to reach conclusions regarding the relative
describes the preparation and compliance testing of a Standag@hrasion resistance of rubbers.

Rubber (see Annex Al).

4.2 The test is performed under specified conditions of/- Apparatus and Materials
contact pressure, sliding distance, and travel speed of the test7.1 Abrasion Testef.
piece, rotational speed of the drum, and degree of abrasiveness7.1.1 The abrasion tester consists of a machine frame
of the abrasive sheet. holding a laterally movable test piece holder, a rotary cylin-

4.3 The abrasiveness, of the abrasive sheet is defined by drical drum to which an abrasive sheet can be fastened and a
the mass loss in mg of a test piece prepared from Standaiftive system as shown in Fig. 1. Dimensions are given in Fig.
Rubber #1 when tested under the same specified conditions2.

4.4 Four different methods may be used to test the abrasion 7.1.2 The diameter of the cylindrical drum shall be 158.0
resistance. Method A, uses r@on-rotating test piece and 0.2 mm (5.906*+ 0.008 in.) and its length approximately 500
Method B arotating test piece, both utilizing Standard Rubber mm (20 in.), operating at a rotational frequency of 041
#1 as the reference. Methods C and D use Standard Rubber §203 rad/s (40+ 1 rpm).

as refe_rence with anon-rotating and rotating test piece, 7.1.3 The abrasive sheet shall be bonded tightly to the drum
respectively. The rotating test pieces provide, in many cases,ésing three evenly spaced double faced pressure-sensitive
more uniform abrasion wear pattern. adhesive tapes, extending the full length of the drum. The tapes

4.5 The abrasion resistan@g,, obtained in accordance with shall be about 50 mm (2 in.) wide and not more than 0.2 mm
Method A is reported as abrasion (volume) loss in fnm
calculated from the mass loss of the test piece, density of the———
test rubber and the abrasiveness of the abrasive sheet in relatior A suitable tester can be obtained under the name Zwick 6102 Abrasion Tester,
to the “nominal abrasiveness%, defined by a mass loss of from _ZV\.IICk USA,_1620 Cobb In_ter_natlonal _Blvd., Suite 1, Kennesayv, GA 30152,
Attt . . website: www.zwick.com, e-mail: info@zwickusa.com, or from Zwick GmbH &
200 mg. A smaller number indicates a hlgher resistance t@o., August Nagel Strasse 11, Postfach 4350, D 89079 Ulm, Germany, website:

abrasion. www.zwick.de, e-mail: info@zwick.de.
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force of 10.0+ 0.2 N (2.25=* 0.04 Ibf). Both swivel arm and
holder shall be free from vibration during operation.

7.1.9 The test piece holder shall consist of a cylindrical
opening with an adjustable diameter of at least 15.5 mm (0.610
in.) to 16.3 mm (0.642 in.) and a device for adjusting the length
of the test piece protruding from the opening to 2.®.2 mm
(0.08 = 0.008 in.).

7.1.10 The swivel arm with the test piece holder is con-
nected to a worm gear that moves the holder on a guide rod
laterally across the surface of the abrasive sheet attached to the
cylindrical drum. The lateral displacement shall be approxi-
mately 4.2 mm (0.165 in.) per revolution of the drum, so that
the test piece passes only four times across the same area of the
sheet during one test cycle.

7.1.11 Placement of the holder with the test piece on the
drum at the beginning of the test and removal at the end shall

FIG. 1 Abrasion Tester

F(10=02)N be automatic. The normal length of the abrasion path shall be
* 40.0 = 0.2 m (131.2+ 0.7 ft). This is equivalent to about 84
o revolutions when allowing for the thickness of 1 mm (0.04 in.)
A for the abrasive sheet.

7.1.12 For special cases of very high volume loss, half the
length of the abrasion path, that is, 200.1 m (65.6+ 0.3 ft),

Test piece equivalent to roughly 42 revolutions, may be used.

7.1.13 The test machine may be equipped with a vacuum
hose and a brush that contacts the drum and aids in the removal
\ of debris.

\ _ Gap<2mm 7.2 Abrasive Sheét.

7.2.1 Corundum (aluminum oxide) of grit 60 bonded to a
carrier sheet of at least 400 mm (15.8 in.) width, 474 mm

' (18.66 = 0.04 in.) length and an average thickness of 1 mm
yieoer mm (0.04 in.) shall be used as the abrasive medium.

Length ~ 500 mm 7.2.2 The sheets shall be of an abrasiveness as to cause a
mass loss between 180 and 220 mg when tested over an
abrasion path of 40 m (131.2 ft) using a non-rotating test piece

ooub ahestv _ Testabraswe cioth  \1athod A) of Standard Rubber #1 specified in Section 8.

FIG. 2 Side View and Dimensions of Abrasion Tester 7.2.3 Since the abrasiveness of virgin abrasive sheets is

(0.008 in.) thick. The gap where the ends of the abrasive sheetsually higher than desired, it is necessary to blunt the sheets
meet on the adhesive tapes shall not exceed 2 mm (0.08 in. vith one or two test runs using a steel test piece in place of the
7.1.4 Itis mandatory that the abrasive sheet is bonded to that@ndard Rubber to bring it into the desired range. The
drum in the direction of rotation marked on the surface or baciéirection of rotation used for blunting shall be marked on the
of the sheet. sheets. ' .
7.1.5 The test piece holder shall be mounted on a pivoted 7.2.4 After blur_mng, the_abraswe s_heets shall be thoroughly
swivel arm, which can be swung into vertical position to insertcleaned by brushing, blowing, or suction and two test runs with

and remove the test piece (see Note 1). the Standard Rubber shall be made. _
7.2.5 Test results obtained with abrasive sheets, thus cali-

Note 1—It is recommended to install a device preventing the test piecebrated, are more consistent, and it is normally possible to run
holder and abrasive sheet from coming into contact and damaging ea%veral hundred single tests using the same sheet

other. . .
_ . 7.3 Test Piece Cutting Todl.
7.1.6 Suitable attachments may be provided to rotate the test
piece around its own axis during the test run by rotation of the
test piece holder (Methods B and D). The test piece shall rotate ——
at the rate of 1 revolution for each 50 revolutions of the sSuitable abrasive sheets can be obtained under Item No. 1027.10-1 from Zwick
. K www.zwick.com, e-mail: info@zwickusa.com, or from Bundesanstalt fir Material-
7.1.7 The center axis O_f the t_eSt ple(_:e h(_)lder shall _have a(arschung und-prufung (BAM), Unter den Eichen 87, Postfach POB, D 12200
angle of 3° to the perpendicular in the direction of rotation andseriin, Germany, website: www.zwick.de, e-mail: info@zwick.de.

the center of the test piece shall be withiri mm (i0,04 in_) 9 A suitable cutting tool can be obtained under Item No. BH04.6102.060 from
directly above the Iongitudinal axis of the drum. Zwick USA, 1620 Cobb International Blvd., Suite 1, Kennesaw, GA 30152, website:
. . www.zwick.com, e-mail: info@zwickusa.com, or from Zwick GmbH & Co., August
7.1.8 The des'Qn of the swivel arm and holder shall be SuCIﬂlagel Strasse 11, Postfach 4350, D 89079 Ulm, Germany, website: www.zwick.de,

that the test piece is pressed against the abrasive sheet withe-aail: info@zwick.de.

Test piece holider

\

Double-sided adhesive tape



A8y D 5963 - 97a (2001)*

Dimensions in millimeters 9. Preparation of Rubber Test Pieces

- W:ﬁs, 9.1 Test pieces are cylindrical in shape with a diameter of 16

+ 0.2 mm (0.630*= 0.008 in.) and a minimum thickness of 6

mm (0.24 in.).

f } F 9.2 They are cut from sheets of at least 6 mm (0.24 in.)

thickness, using a hollow drill as described in 7.3.

4 ’ w204 =200 9.3 Preparation of test pieces by die cutting is not permitted,

§ 3 but test pieces may be vulcanized or formed in an appropriate
mold.

I "] F 9.4 If test pieces of the required thickness are not available,

the necessary thickness may be obtained by bonding a test
piece of at least 2 mm (0.08 in.) to a base piece with a hardness
of at least 80 Shore A (see Test Method D 2240 and I1SO 868).
Care shall be taken that test pieces prepared in this manner are
¢ 162 . gos not abraded down to the bond line.
¢ 163 - 90 9.5 When testing finished products such as fabric reinforced
o 166 +005 conveyor belts, test pieces shall be prepared, if possible, from
T — the entire product including the fabric. In this case it is also
important that test pieces are not abraded down to the adhesive
layer or the fabric and that only the density of the rubber layer
tested for abrasion is determined.

0,02]a

Detail Z iscae10: 11
FIG. 3 Hollow Drill for Test Piece Preparation

7.3.1 The circular cutting tool for test piece preparation is a10 Procedure
hollow drill made from hardened metal with dimensions shown™""
in Fig. 3. 10.1 The test shall be carried out at 235°C (73 = 9°F)
7.3.2 The rotational frequency of the drill should be aboutand no sooner than 16 h after vulcanization or forming of the
2.65 rad/s (1000 rpm) and even higher for rubbers with dest compounds.
hardness of less than 50 Shore A (see Test Method D 2240 and10.2 The density of the rubbers to be tested shall be

ISO 868). determined using a hydrostatic method (see Test Methods
7.3.3 When cutting, the cutting edge of the drill shall beD 297 or ISO 2781).
lubricated with water containing a wetting agent. 10.3 Method A—Test Run
10.3.1 Method A is run with a non-rotating test piece, using
8. Standard Rubber Standard Rubber #1 as reference.

8.1 Sheets of Standard Rubber may be obtained commer- 10.3.2 Prior to each test, any debris left on the abrasive
cially®® or prepared in-house, following the directions given inSheet from a previous abrasion test shall be removed by
Annex Al. vigorous brushing, blowing, or suction. If necessary, the sheet

8.2 If prepared in-house, it is mandatory to test a commerMay be cleaned by running a blank test with the Standard
cially obtained reference sheet for comparison. Rubber in case the sheet has been smeared by a test piece from

8.3 Standard Rubber sheets shall be stored under cool, dij€ Previous test. .

covering such as polyehtylene film, which protects the sheetstandard Rubber, followed by a maximum of ten runs (see
from ozone attack (see Note 2). Note 3) with one or more rubbers to be tested (test series). This

shall be followed by at least another three runs with the
Note 2—Sheets of Standard Rubber stored under the above conditiorgtandard Rubber.

remain usable for at least three years.

8.4 Standard Rubber sheets of satisfactory quality shalfl0
meet the requirements of Section A1.3.1 in Annex Al.
8.5 Standard Rubber test pieces may be used for up to three10.3.4 When more than one rubber is to be tested, the test
test runs per test piece (see 11.3). runs for each rubber shall be carried out consecutively. Only
one test run per test rubber piece is permitted.
10.3.5 At least three test pieces and, for referee purposes,
ten test pieces shall be run. The results shall be expressed as the
19 Standard Rubber #1 sheets can be obtained from the following sources: Zwickhean value.

USA, 1620 Cobb International Blvd., Suite 1, Kennesaw, GA 30152 under Item No. . .
MA11.15-5/3, website: www.zwick.com, e-mail: info@zwickusa.com; Bundesan- 10.3.6 The test pieces shall be WEIghed to the nearest 1 mg

stalt fir Materialforschung und Prifung (BAM), Unter den Eichen 87, Postfachand firmly fixed into the holder so that it protrudes 2:00.2
POB, D 12200 Berlin, Germany; Laboratoire de Recherches et de Controle dmm (0.08% 0.008 in.) from the opening of the holder. Turn the

Caoutchouc et des Plastiques (LRCCP), 60 Rue Auber, F94408 Vitry Sur Seing/acuum on if it is provided The swivel arm is moved into
France. Standard rubber #2 sheets would normally be prepared by the user. User: )

who do not have the facilities to do so may request it from Rapra Technology Ltd.,sgartmg position and the automatic test run is started (See Note
Shawbury, Shrewsbury, Shropshire, SY4 4NR, UK. .

Note 3—Do not split tests of one test rubber. Run nine tests, and so
rth, if that completes the tests for a test rubber.
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Note 4—A preparatory run to hollow-grind the test piece is not 12.1.1 Calculate the abrasion losk,, the loss in mass
necessary. (mean value of 3 to 10 single tests) shall be converted into

10.3.7 There shall be no vibration in the test piece holderolume loss using the density (volume loss equal mass loss
during the run. After completing an abrasion path of 40 mdivided by density) of the test rubber (see Note 5). The volume
glt)?iézivf(ta)’str?(aeett(aSt piece shall automatically disengage from th?Oss is then corrected by using the ra% where &, is the

10.3.8 The test piece is reweighed to the nearest 1 mg. Tegiominal abrasiveness” of the abrasive sheet &tidat of the
pieces that have heated up during testing shall be conditione¥Prasive sheet used for the test. See Eq 1.
to room temperature prior to weighing. Any loose material _Am-§
shall be removed from the test piece prior to weighing. An= d-S @

10.3.9 If there is a considerable loss in mass (400 mg or
more per 40 m [131.2 ft] abrasion path), the test may be run b))N
stopping the abrasion drum approximately halfway through theA‘r‘nt
test, readjusting the test piece to protrude 2.0.2 mm (0.08
+ 0.008 in.) from the opening of the holder and then complete
the run. Care shall be taken that the test piece does not abradg
to a thickness of less than 5 mm (0.2 in.).

10.3.10 If very high mass losses are encountered (600 mg orNoTe 5—The volume loss of non-porous test pieces may also be
more per 40 m [131.2 ft] abrasion path), it may be necessary tgetermlned by forced immersion in a buoygnt 'medlum, suqh as water,
terminate the test after an abrasion path of 20 m (65.6 ft). Thi§efore gnd after the test run,_lnstead of weighing the loss in mass and

. onverting this from the density. The volume for the test piece is then
Zplagé)r?igi(c))tr?ddlirs]tterl]r?cteesotfri%orrfna?f;{“.e’zVf(t))lutr)?/er!r?jliiglaﬁggetﬂ;qbtamed by weighing the displaced mass of the buoyant medium.
value by two.

10.4 Method B—Test Run

10.4.1 Method B is run with a rotating test piece. This
applies to the test rubber as well as the Standard Rubb
Standard Rubber #1 is used as reference.

here:

abrasion loss in mi(non-rotating test piece),
mass loss of the test piece in mg,

density of the test rubber in mgfmn

“normal abbrasiveness” = 200 mg, and
abrasiveness in mg.

12.2 Calculation of Abrasion Resistance Index—Method A
12.2.1 To calculate the abrasion resistance inéé¥,, the
loss in mass (mean value of 3 to 10 single tests) shall be
eConverted into volume loss using the density of the test rubber
(rSee Note 5). The ratio of the volume loss of Standard Rubber
#1 to that of the test rubber is then expressed in percent, as

10.4.2 All other test conditions are the same as described 0 own in Eq 2

10.3. '
10.5 Method C—Test Run AR, = am - d oo @
10.5.1 Method C is run with a non-rotating test piece. This Am-d;

applies to the test rubber as well as the Standard Rubbefpere-

Standard Rubber #2 is used as reference. __ARl, = abrasion resistance index in percent (non-rotating
10.5.2 All other test conditions are the same as described in test piece),

10.3. Am, = mass loss of the Standard Rubber #1 test piece in

10.6 Method D—Test Run mg,

10.6.1 Method D is run with a rotating test piece. This d, density of Standard Rubber #1 in mgim
applies to the test rubber as well as the Standard Rubberm, mass loss of the test rubber piece in mg, and

Standard Rubber #2 is used as reference. d, density of the test rubber in mgfm
10.6.2 All other test conditions are the same as described in 12.3 Calculation of Abrasion Resistance Index—Method B
10.3. 12.3.1 The abrasion resistance ind@Rlg, is calculated as
described in 12.2.1 using Eq 3:

11. Determination of Abrasiveness of the Abrasive Sheet A d
m1 .

11.1 The abrasivenes§ of the sheet used for the test ARIB=W- 100 ©)
(expressed as mass loss in mg) shall be determined with the aid '
of the Standard Rubber #1 in at least three, or, for refereewhere:

purposes, at least five test runs, both before and after each teéRlg abrasion resistance index in percent (rotating test

series. The test procedure described in 10.3 shall be followed piece),

(Method A, non-rotating test piece). Am; = mass loss of the Standard Rubber #1 test piece in
11.2 The abrasiveness is reported as the mean value of the mg, )

individual mass losses before and after each test series. ~ t density of Standard Rubber #1 in mg/jm

11.3 Up to three runs may be carried out with the same testM mass loss of the test rubber Pieﬁcs in mg, and
piece of Standard Rubber, making certain that the test piece it = density of the test rubber in mg
placed into the holder the same way each time. 12.4 Calculation of Abrasion Resistance Index—Method C
11.4 For test rubbers that have a tendency to smear, it may 12-4.1 The abrasion resistance indR|c, is calculated as

be necessary to determine the abrasiveness after each test rigScribed in 12.2.1 using Eq 4, except that Standard Rubber #2
is used instead of Standard Rubber #1.

12. Calculation of Test Results Am, - d,
a

12.1 Calculation of Abrasion Loss—Method A ARl = Am-d, 100 “)
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where: which is equivalent to ISO 5725. Refer to this practice for
ARIl. = abrasion resistance index in percent (non-rotatingterminology and other statistical calculation details.
test piece), 14.2 The precision results in this section give an estimate of
Am, = mass loss of the Standard Rubber #2 test piece inthe precision of Methods A, C, and D using the materials of the
mg, and particular interlaboratory test program as described below. The
d, = density of Standard Rubber #2 in mgjm precision parameters should not be used for acceptance or

12.5 Calculation qf Abra§ion Registance I'ndex—Method D rejection testing of any group of materials without documen-
12.5.1 The abrasion resistance indaRly, is calculated as tation that the parameters are applicable to the group of
described in 12.2.1 using Eq 5, except that Standard Rubber #gaterials and the specific testing protocols of the test method.

is used instead of Standard Rubber #1. Abrasion tests were conducted for each rubber in triplicate on
Am, - d, each of two days, separated by three to four days. A test result
ARb = Xmd, - 100 (®)  was reported as the mean of three individual test runs (abrasion
loss in mn).
where:

14.3 A Type 1 interlaboratory test program was conducted

ARb = aiber?es;on resistance index in percent (rotating tQStin 1986 with 16 participating laboratories, using five different
Am, = ﬁwass loss of the Standard Rubber #2 test piece invulcanized rubbers at different abrasion levels. The vulcanized
mg, and rubbers were distributed in sheet form by one laboratory, apd_
d, - deﬁsity of Standard Rubber #2 in mgm test pieces were cut from these sheets by each of the partici-
pating laboratories.

13. Test Report 14.4 The precision is given in terms 8f, r, (r), SR, Rand
13.1 Report the following information: (R) for the measured abrasion loss values. _
13.1.1 Type and identification of the product under test, ~ 14.5 The precision of the test method may be expressed in
13.1.2 Date and temperature of testing, thg format of the following statements which use an “appro-
13.1.3 Rubber compound details, if available (rubber typePriate value” ofr, R, (r), or (R), that is, that value to be used in

vulcanization temperature and time), decisions about test results obtained with this test method. The
13.1.4 Density of the test rubbers, appropriate value is that value ofor R associated with the
13.1.5 Method of test piece preparation (cut or molded), Mean level in Tables 1-3 closest to the mean level under
13.1.6 Test method used: Method A, B, C or D, con;ideratiqn (at any given time, for any given material) in
13.1.7 The mean value of either the abrasion loss irfimm routine testing operations.

the abrasion resistance index in percent, 14.6 Repeatability—The repeatabilityr, of this test method
13.1.8 The standard deviation of the test result (optionaljjas been established as the appropriate value tabulated in

and Tables 1-3. Two single test results obtained under normal test

13.1.9 Any deviations from standard test methods, espemethod procedures that differ by more than this tabulatéar
cially if the length of the abrasion path was reduced from theany given level) must be considered as derived from different

specified 40 m (131.2 ft) to 20 m (65.6 ft). or nonidentical sample populations.
o _ 14.7 Reproducibility—The reproducibility, R, of this test
14. Precision and Bias method has been established as the appropriate value tabulated

14.1 The precision and Bias section deals with test results dh Tables 1-3. Two single test results obtained in two different
Methods A, C, and D obtained in an international interlaboralaboratories under normal test method procedures that differ by
tory program organized in accordance with ISO 5#25his ~ more than the tabulate® (for any given value) must be
section has been prepared in accordance with Practice D 4483pnsidered to have come from different or nonidentical sample

populations.
14.8 Repeatability and reproducibility expressed as percent
of the mean levelr) and R), have equivalent application

11 Supporting data have been filed at ASTM International Headquarters and ma¥tatements as above foandR. For (I‘) and R) statements, the
be obtained by requesting Research Report RR: D11-1079.

TABLE 1 Type 1 Precision (Method A: Non-Rotating Test Piece)

Property Mean Within Laboratory Between Laboratory

Test Rubber Compound Abrasion Loss A

(mm?) S, r 0] Sr R (R)
A (NR/BR) 68 2.3 6.5 9.6 6.6 18.8 27.6
B (NR/SBR) 106 3.8 10.8 10.2 7.6 21.4 20.2
C (NR) 160 8.2 23.2 14.5 10.7 30.4 19.0
D (IIR) 257 10.7 30.2 11.8 20.3 57.5 22.4
E (EPDM) 345 14.1 39.8 115 29.3 83.0 24.1

Note 1—S = repeatability standard deviation in measurement unitsiepeatability = 2.83< S (in measurement units);)(= repeatability in percent
of the mean;S; = reproducibility standard deviation in measurement uriRss reproducibility = 2.83X § (in measurement units); andR)( =
reproducibility in percent of the mean.



A8y D 5963 - 97a (2001)*

TABLE 2 Type 1 Precision (Method C: Non-Rotating Test Piece)

Property Mean Within Laboratory Between Laboratory

Test Rubber Compound Abrasion Loss A

(mm?) S, r (") Sk R (R)
A (NR/BR) 157 10.9 30.8 19.6 21.1 59.6 38.0
B (NR/SBR) 102 53 15.0 14.7 6.7 19.1 18.7
C (NR) 67 3.2 9.1 13.6 4.8 13.6 20.3
D (IIR) 43 2.8 7.9 18.4 3.6 10.2 23.7
E (EPDM) 32 1.3 3.8 11.9 25 7.2 22.5

Note 1—S§ = repeatability standard deviation in measurement unis;epeatability = 2.83< § (in measurement units);)(= repeatability in percent
of the mean;S; = reproducibility standard deviation in measurement uriRss reproducibility = 2.83X S (in measurement units); andR)( =
reproducibility in percent of the mean.

TABLE 3 Type 1 Precision (Method D: Rotating Test Piece)

Property Mean Within Laboratory Between Laboratory

Test Rubber Compound Abrasion Loss A

(mm?) S, r (") Sk R (R)
A (NR/BR) 144 7.1 20.2 14.0 16.2 45.8 31.8
B (NR/SBR) 101 3.4 9.6 9.5 5.6 15.9 15.7
C (NR) 71 25 7.0 9.9 3.9 11.0 155
D (IIR) 43 1.2 3.4 7.9 1.9 5.3 12.3
E (EPDM) 34 1.2 3.3 9.7 2.5 7.2 21.2

Note 1—§ = repeatability standard deviation in measurement unitsiepeatability = 2.83< S (in measurement units);)(= repeatability in percent
of the mean;S; = reproducibility standard deviation in measurement uriRss reproducibility = 2.83X S (in measurement units); andR)( =
reproducibility in percent of the mean.

difference in the two single test results is expressed as a percemtoperty value. Reference values do not exist for this test
of the arithmetic mean of the two-test results. method since the values of abrasion loss are exclusively

14.9 In test method terminology, bias is the differencedefined by this test method. Bias, therefore, cannot be deter-
between an average test value and the reference (or true) testned.

ANNEX
(Mandatory Information)

Al. STANDARD RUBBERS FORMULA, MIXING, VULCANIZATION AND COMPLIANCE TESTING

Al.1 Preparation of Standard Rubber #1 for Method A rotor speed of about 0.080 rad/s (30 rpm), with full cooling

and Method B turned on and following the procedure outlined in Table A1.2.
Al.1.1 The formula for Standard Rubber #1 is given in A1.1.2.1.3 After dropping the stock from the internal mixer,
Table A1.1. it is homogenized on a two roll rubber mill at a nip setting of
Al.1.2 Mixing: 0.5 mm (0.02 in.) and a surface temperature oft56°C (122
A1.1.2.1 The following procedure is recommended in mix- + 9°F), by making about fou¥s cuts from alternate end of the
ing the Standard Rubber: roll and crossblending for about 5 min. The rolled sheet is then

Note Al.1—Other mixing procedures may be employed provided the>y|:’<3‘5~'°’e_d end_Wise through thg nip until it is ?heeted fl"o'm the mill
yield good dispersion of the ingredients and produce a Standard Rubber &t & nip setting of 5 mm (0.2 in.) after 10 min total mixing time.
compliance with requirements set forth in Section A1.3.1. Final batch temperature shall be approximately 70°C (158°F).

A1.1.2.1.1 An internal mixer with a capacity to accommo- A1.1.2.1.4 The two mill rolls shall have a nominal diameter
date batch sizes of 3000 to 4000 g (6.6 to 8.8 Ibs) has beesf 250 mm (10 in.), a working width of 400 mm (16 in.), and
found suitable to produce a Standard Rubber of acceptablg rotational frequency of about 0.032/0.048 rad/s (12/18 rpm),
quality. giving a friction ratio of 1:1.5.

Al1.1.2.1.2 The internal mixer typically has a chamber A1.1.3 Vulcanization
colume of 4.6 | (measured with wheat grain) and is charged
with 2000 g of natural rubber, bringing the fill factor of the
finished compound to 65 5 %. Mixing is carried out at a
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TABLE Al1.1 Standard Rubber #1

TABLE A1.3 Standard Rubber #2

Ingredients Parts by Mass Ingredients Parts by Mass

Natural rubber, SMR L 100.0 Natural rubber, SMR 5 100.0

2.2' Dibenzothiazyl disulfide” 1.8 Stearic acid 2.0

N-Isopropyl-N’-phenyl-p-phenylene 1.0 Zinc oxide 5.0

diamine® N 330 carbon black” 50.0

Zinc oxide,€ 1SO 9298, Class B4c? 50.0 N-Isopropyl-N'-phenyl-p-phenylene 1.0
N 330 carbon black® 36.0 diamine

Sulfur 2.5 Cyclohexyl benzothiazole 0.5

sulfenamide
TOTAL 191.3 Sulfur 25
NOTE—If optimum reproducibility is desired, the following materials TOTAL 161.0

shall be used:
Vulkacit DM/C# and Vulkanox 4010 NA/LG?Z from Bayer Corporation,
2603 West Market Street, Akron, OH 44313 or Bayer AG, Rubber
Business Group, D 51368 Leverkusen—Bayerwerk, Germany.
©Zinkweiss G9 available from Grillo Zinkoxid GmbH, Halberstadter
Strasse 15, D 38644 Goslar, Germany.
bzinc oxide, 1ISO 9298, Class B4c is an indirect (French process)
type with the following typical properties: 99.0 % zinc oxide, 0.25 %
lead, 0.05 % cadmium, surface area 9.0 m?/g, volatile matter 0.3 %,
sieve residue (45 pm) 0.05 %, acidity 0.12 g sulfuric acid/100 g,

copper 0.001 %, manganese 0.001 %, acid-insoluble 0.1 % and water-

soluble 0.2 %.

ECorax N 330 from Degussa Corporation, 3500 Embassy Parkway,
Akron, OH 44333 or Degussa AG, Dept. AC-KP-AT, D 50354 Hurth—
Werk Kalscheuren, Germany.

TABLE Al.2 Mixing Procedure

Addition min
Rubber 0
Ingredients A, B, C—premixed 7.5
Carbon black 11
Sulfur 14
Dump at 100 to 110°C (212 to 230°F) 18

AFor referee purposes the current Industry Reference Black (IRB) should be
used (see Classification D 1765); this may, however, generate different test
results.

Al.2.2.1 Mixing shall be carried out with equipment and
procedures described in Practice D 3182 or ISO 2393.

Al.2.2.2 Vulcanization of sheets for the preparation of test
pieces shall be carried out in accordance with Practice D 3182
or ISO 2393 at 140+ 2°C (284 = 4°F) for 60 min.

Al.2.2.3 The dimensions of the sheets shall meet the
guidelines outlined in A1.3.3.

Al1.3 Compliance Testing for Mass Loss

A1.3.1 Compliance testing for mass loss of Standard Rub-
bers shall be conducted no sooner than 16 hours and no later
than seven days after vulcanization.

Al1.3.2 One sheet is selected from each lot of Standard
Rubber, prepared in accordance with Sections Al1.1 or Al1.2.
Fifteen test pieces are cut from each sheet in accordance with
Section 9. If several lots are prepared under the same condi-
tions by the same operator over a period of one or two days,

A1.1.3.1 Blanks are prepared by plying up milled sheets an@ne sheet shall be selected for every fifth lot.
weighing them to an excess mass of approximately 7 %. The Al1.3.3 The mass losses of fifteen test pieces of a (commer-
blank is inserted into a mold, preheated to I5@°C (302 cial) reference material (see 8.1) are determined first. Each test
4°F). piece is run three times, the median reported and the mean
A1.1.3.2 The mold is placed into the press, and aftercalculated from the fifteen median values. This mean serves as
applying several bumping cycles, vulcanization is carried outhe reference value.
for 20 = 1 min under a pressure of at least 3.5 MPa (508 psi). Al1.3.4 The same procedure is repeated for the fifteen test
It is recommended that the pressure be applied slowly. pieces of each sheet of Standard Rubber. The difference
A1.1.3.3 Recommended dimensions of the vulcanizedetween the mean of the reference material and the mean of
sheets are 8< 116 X 182 mm (0.32X 4.57 X 7.17 in.), each lot (sheet) of Standard Rubber shall not exceed 15 mg.
yielding approximately 60 test pieces. Al1.3.5 All compliance testing for mass loss shall be con-
A1.1.3.4 After vulcanization, sheets of the Standard Rubbeducted with abrasive sheets especially conditioned and re-
shall be conditioned at ambient conditions for at least 16 tserved for this purpose. The abrasiveness of these sheets,
prior to use. determined as the mean of fifteen median values for the
A1.1.3.5 The hardness in Shoré Af each sheet shall be reference material, shall be between 200 and 220 mg for
measured at a minimum of five different locations and theStandard Rubber #1, when tested in accordance with A1.3.3,
median reported. The mean of the median values of all sheetssing Method A (non-rotating test piece).
from one lot shall be 6@ 3 Shore A. A1.3.6 It has been determined that Standard Rubber #2
i yields an abrasion loss of about 150 mg when tested in
Al.2 Preparation of Standard Rubber #2 for Method C accordance with Method D (rotating test piece).
and Method D Al1.3.7 Itis recommended to retain test pieces of a number
Al.2.1 The formula for Standard Rubber #2 is given inof Standard Rubber sheets as references for future lots of
Table A1.3. Standard Rubber. The test pieces shall be stored as described in
Al1.2.2 Mixing and Vulcanization 8.3.
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APPENDIX

(Nonmandatory Information)

X1. BACKGROUND INFORMATION

X1.1 The method described in this test method is in4649, have been retained in this test method.
substantial agreement with a current draft revision of ISO
4649:1985, Rubber—Determination of Abrasion Resistance X1.2 This method specifies 10 N as the only force for
Using a Rotating Drum Device, with the minor exception notedpressing the test piece against the revolving abrasive drum (the
below. Some elements of the German Standard DIN 5351&ame as in DIN 53516). ISO 4649 allows the use of an alternate
Determination of Abrasion Resistance, for forerunner of 1SOforce of 5 N.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



QHW Designation: F 1487 — 01

Standard Consumer Safety Performance Specification for
Playground Equipment for Public Use *

This standard is issued under the fixed designation F 1487; 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 epsilone} indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This consumer safety performance specification establishes nationally recognized safety standards
for public playground equipment to address injuries identified by the U.S. Consumer Product Safety
Commission (CPSC).

During 1999 the CPSC estimated that about 156 000 victims were treated in U.S. hospital
emergency rooms for injuries associated with public playground equipment. About three fourths of
these injuries resulted from falls, primarily to the surface on which the equipment was located. Other
hazard patterns involved impact by swings and other moving equipment and contact with protrusions,
pinch points, and sharp edges. Fatalities reported to the CPSC resulted from falls; entanglement of
clothing or similar items on equipment; entanglement in ropes tied to or caught on equipment; head
entrapment; impact by equipment that tipped over or otherwise failed; and impact by moving swings.
This consumer safety performance specification does not eliminate the need for supervision of
children on public playground equipment. It is intended to minimize the likelihood of life-threatening
or debilitating injuries, such as those identified by the CPSC.

There has been significant harmonization of this performance specification and CAN/CSA-Z614.

1. Scope Accessibility 10

. s : Installation 11
1.1 This consumer safety performance specification prog,; . ai inegrity 12
vides safety and performance standards for various types ®faintenance 13
public playground equipment. Its purpose is to reduce life-Labeling 14

threatening and debilitating injuries. Figures Annex Al

1.2 The range of users encompassed by this consumer safetyl.5 The values stated in inch-pound units are to be regarded
performance specification is the 5th percentile 2-year-oldis standard. The values given in parentheses are for informa-
through the 95th percentile 12-year-old. tion only.

1.3 Home play_ground QqUIpment,_ amuse_ment park equip- Note 1—The conversion factor from inch-pound to metric units is 1
ment, sports equipment, fithess equipment intended for usef$ = 25 4 mm, and 1 Ib = 0.45359 kg.
over the age of 12, and soft contained play equipment are not Nore 2—See Annex A1 for figures referenced throughout this specifi-

included in this specification. cation.
1.4 This consumer safety performance specification in- Note 3—General dimensional tolerances for this specification (unless
cludes the following sections: otherwise noted) are as follows:
" : Dimension Tolerance
Title Section Number Xin. 405 in.
X.Xin. +0.05 in.
Scope 1 . )
Referenced Documents 2 XXXin. +0.005 in.
Terminology 3
Materials and Manufacture 4
General Requirements 5 2. Referenced Documents
Performance Requirements 6
Requirements for Access/Egress 7 2.1 ASTM Standards:
Equipment 8 D 2240 Test Method for Rubber Property—Durometer
Public Use Playground Layout 9

Hardnes$
F 698 Specification for Physical Information to be Provided

1 This specification is under the jurisdiction of ASTM Committee F15 on for Amusement Rides and Devices
Consumer Products and is the direct responsibility of Subcommittee F15.29 on
Playground Equipment for Public Use. —

Current edition approved June 10, 2001. Published August 2001. Originally 2 Annual Book of ASTM Standardgol 09.01.
published as F 1487 — 93. Last previous edition F 1487 —98. 3 Annual Book of ASTM Standardgol 15.07.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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F 846 Guide for Testing Performance of Amusement Rides 3.1.1 accessiblg adj—relating to a part or portion of the

and Device3 playground equipmentl) capable of being contacted by any

F 853 Practice for Maintenance Procedures for Amusemeriody part, or 2) accessible to and usable by persons with
Rides and Devicés disabilities.

F 893 Guide for Inspection of Amusement Rides and De- 3.1.2 accessible playgroundn—playground equipment
vices’ area, that, when viewed in its entirety, may be approached, and

F 1004 Consumer Safety Specification for Expansion Gatesntered and provides a range of play opportunities and expe-
and Expandable Enclosufes riences to users of varying abilities.

F 1077 Guide for the Selection of Committee F-16 Fastener 3.1.3 accessible routen— to a piece of playground equip-
Specification$ ment,a continuous unobstructed pathway from the perimeter of

F 1148 Consumer Safety Performance Specification fothe use zone to the equipment.
Home Playground Equipmeht 3.1.4 adjacent platformsn—two platforms having a com-

F 1159 Practice for the Design and Manufacture of Amusemon vertical plane with some deviation in their height.
ment Rides and Devicés 3.1.5 completely bounded opening—any opening in a

F 1292 Specification for Impact Attenuation of Surface pjece of play equipment that is totally enclosed by boundaries
Systems Under and Around Playground Equiprient on all sides so that the perimeter of the opening is continuous.

F 1951 Specification for Determination of Accessibility of  3.1.6 componentn—of a play structure, any portion thereof
Surface Systems Under and Around Playground Equipthat generates specific activity and cannot stand alone.

men? 3.1.7 composite play structurer—two or more play struc-
2.2 ANSI Standards: tures attached or functionally linked, to create one integral unit
Z535.1 Safety Color Code that provides more than one play activity; an example is a
Z535.4 Products Safety—Signs and Labels combination climber, slide, and horizontal ladder.
2.3 Federal Standard$: 3.1.8 designated play surface—any elevated surface for

16 CFR Part 1303 Ban of Lead-Containing Paint andstanding, walking, sitting, or climbing, or a flat surface larger
Certain Consumer Products Bearing Lead-Containingnhan 2.0 in. (51 mm) wide by 2.0 in. (51 mm) long having less

Paint _ “than 30° angle from horizontal.
16 CFR 1500 Hazardous Substances Act Regulations, in- 31 9 enclosed swing sean—a suspended device upon
cluding Sections: which a user sits with non-removable supports on all sides of

1500.48 Technical Requirements for Determining a Sharg yser, which are intended to prevent a user from falling off the
Point in Toys and Other Articles Intended for Use by device while it is in motion.

Children Under 8 Years of Age . 3.1.10 entanglementn—a condition in which the user’s

1500.49 Technical Requirements for Determining a SharR|othes or something around the user's neck becomes caught or
Metal or Glass Edge in Toys and Other Atrticles Intendedantwined on a component of playground equipment.
for Use by Children Under 8 Years of Age 3.1.11 entrapmentn—any condition which impedes with-

16 CFR Section 1501 Method for Identifying Toys and grawal of a body or body part that has penetrated an opening.
Other Articles Intended for Use by Children Under 3Years 3 1 12 a)| height n—the vertical distance between a des-
of Age Which Present Choking, Aspiration or Ingestion jgnated play surface and the protective surfacing beneath it.
Hazards Because of Small Parts .. 3.1.13flexible componentn—any part of the playground

36 CFR Part 1191 Americans with Disabilities Act Disabil- equipment, excluding swings, that temporarily changes its

ity Accessibility Guidelines (ADAAG) for Buildings and - ghane when in use; examples include the tire net, the cargo net,
Facilities; Section 15.6 Play Areas and the log bridge.

7
24 UL Standards: ] . ) 3.1.14 functionally linked play structuren— a play struc-
UL 969 Standard for Safety: Marking and Labeling Sys-y,re that acts as a single unit in its physical form or sense of

tems g function as continuous play even if the components are not
2.5 CSA Standards: physically attached.

CAN/CSA-Z614 Children’s Playspaces and Equipment " 3 4 15qyardrail, n—a device around an elevated surface

that prevents inadvertent falls from the elevated surface.
= - ) 3.1.16 handrail, —a rigid linear device, following the path
3.1 Descriptions of Terms Specific to This Standard: of access or egress, that when grasped, provides balance and
support in maintaining a specific body posture.
3.1.17 maximum usem—a 12-year-old child; measurement

* Annual Book of ASTM Standardéol 15.08. characteristics are the 95th percentile values for combined
S Available from American National Standards Institute, 11 W. 42nd St., 13thsexeS

3. Terminology

Floor, New York, NY 10036.

6 Code of Federal Regulationavailable from U.S. Government Printing Office, 3.1.18 minimum usern—a 2-year-old child; measurement

Washington, DC 20402. characteristics are the 5th percentile values for combined
7 Available from Underwriters Laboratories, Inc., 333 Pfingsten Rd., Northbrook,sexes_

IL 60062.

8 Available from Canadian Standards Association, Etobicoke (Toronto), 178 .3-1-19 partially bqunded 0pen.|ng“_any opening In a
Rexdale Blvd., Etobicoke (Toronto), ON MOW 1R3. piece of play equipment that is not totally enclosed by
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boundaries on all sides so that the perimeter of the opening gursuant to the provisions of 16 CFR Section 1500.49.

discontinuous. 3.1.35 sharp poinf n—a point that can puncture or lacerate
3.1.20 pinch, crush, and shear poinb— the juncture at a user’s skin during use.

which the user could suffer contusion, laceration, abrasion, 3.1.35.1Discussior—A point is judged as potentially sharp

amputation, or fracture during use of the playground equippursuant to the provisions of 16 CFR Section 1500.48.

ment. 3.1.36 signal word n—the word that designates a degree or
3.1.21 platform, n—a flat surface, intended for more than level of hazard.

one user to stand, and upon which the user(s) can move freely. 3.1.36.1 Discussion—The signal word for safety labels is
3.1.22 play structure n—a free standing structure with one WARNING.

or more components and their supporting members. 3.1.37 small part n—an object that may become detached
3.1.23 preventive maintenancer—a planned program of and presents a choking, aspiration, or ingestion hazard to the

inspections and maintenance intended to keep equipmeHfer.

functioning properly and to forestall equipment failures. 3.1.37.1Discussior—A small part is determined to be a
3.1.24 professional judgmentn—the ability of an indi- hazard pursuant to the provision of 16 CFR Part 1501.

vidual with current knowledge, skill or experience, or both, in 3-1.38 stability, n—the ability of the playground equipment

the field of playgrounds/playground equipment design, use, 0@ withstand an_ticipated forces which act to tip or sl_ide the

operations, which enables the person to form an opinion oplayground equipment when properly assembled and installed.

make a decision, or both, concerning a matter within that field 3.-1.39 stair, n—a device having a slope of 50° or less from

of expertise. a horizontal plane and consisting of a series of steps that can be
3.1.25 projection n—a condition which, due to its physical Used for ascending and descending. _

nature, must be tested to the requirements of this standard to3-1.40 stationary equipmenmn—any play structure which

determine whether it is a protrusion or entanglement hazard, d12s a fixed base and does not move.

both. 3.1.41 step n—a horizontal flat crosspiece of a ladder or
3.1.26 protective barrier n—an enclosing device around an Stair used primarily as a foot support.

elevated surface that prevents both inadvertent and deliberate3-1-41.1Discussior—Also referred to as &read.
attempts to pass through the device. 3.1.42 swing bay n—the space beneath the overhead beam

bounded by one or more supports on which swing assembly or

3.1.27 protective surfacingr—material(s) to be used within
P () assemblies are attached.

the use zone of any playground equipment.

3.1.27.1 Discussior—Protective surfacing shall meet the 3'1'4§ tod-fro swing n—da playdsiructur'e V,Vith bat IﬁaSt one
minimum impact attenuation requirements of SpecificationS_USpen ea component designed for swinging y the user in a
F 1292 single vertical plane, such as a seat, ring, bar, platform, or net.

3.1.44 track rides—play components designed for coasting,

3.1.28 protrusion n—a projection which, when tested in . ; ) e :
b n brol ith a rolling mechanism enclosed within or surrounding a

accordance with the requirements of this standard, is found ty K
be a hazard having the potential to cause bodily injury to a usefack- . .
who impacts it. 3.1.45 transfer poinf n—a platform along an accessible

; . route of travel or an accessible platform provided to allow a
3.1.29 public use playground equipmem— a play struc- S ; ;

. child in a wheelchair to transfer from the chair onto the
ture anchored to the ground or not intended to be moved, foéquipment
use in play areas of schools, parks, child-care facilities, N . . .
institutions, multiple-family dwellings, private resorts and 3.1.46 trip hazard n—an abrupt change in elevation that is

recreation developments, restaurants, and other areas of pubﬂgt clear and obvious to _the User.
use 3.1.47 upper body equipment—overhead component de-

. . . signed to support a child by the hands only (for example,
3..1.29.1D|scu35|on—ReqU|rements for amusemgnt park horizontal ladders, chinning bars, and ring ladders).
equipment, sports use, and home playground equipment ar€3 1.48 use zong n—the area beneath and immediately

covered in Specifications F 698 and F 1148, Guides F 846 and ,: X . .
F 893, and Practices F 853 and F 1150. gdjacent to a play structure or equipment that is designated for

3.1.30 rockina/sorinai . e | truct unrestricted circulation around the equipment and on whose
-0 0CKINGISPringing equipment—any piay sUUClure g tace it is predicted that a user would land when falling from
that rocks about a fixed base.

) ) or exiting the equipment.
3.1.31 rotating equipmenn—any play structure thatmoves 3 1 4g'1 piscussion—The surface area within the use zone
about a vertical or horizontal axis (for example, a merry-go-gha|| meet the minimum impact attenuation requirements of
round, whirl, logroll, or spinner).

X i , Specification F 1292 from the maximum fall height.
3.1.32rotating swing n—a play structure with at least one '3 1 49 warning n—a notice or communication to indicate a

suspended seat designed for swinging by the user, in a seatggentially hazardous situation that if not avoided could result
position, in more than one plane and spins about its axis.  j, geath or serious injury.

3.1.33 rung, n—a crosspiece in a ladder or other climbing

equipment used for supporting the user’s feet or for grasping- Materials and Manufacture

by the user’s hands, or both. 4.1 General RequirementsPlayground equipment shall be
3.1.34 sharp edgen—an edge that can cut a user’s skin. manufactured and constructed only of materials that have a
3.1.34.1 Discussior—An edge is judged as potentially sharp demonstrated durability in the playground or similar outdoor
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setting. Any new materials shall be documented or testedompliance with this specification shall keep such essential
accordingly for durability by the playground equipment manu-records as are necessary to document any claim that the
facturer. requirements within this specification have been met.

4.1.1 Metals subject to structural degradation such as rustor 5.2 Play equipment designed for a specific age group (2
corrosion shall be painted, galvanized, or otherwise treatedhrough 5, 5 through 12, 2 through 12) shall have all play
Woods shall be naturally rot- and insect-resistant or treated tactivities on that equipment meet the requirements for that age
avoid such deterioration. Plastics and other materials thajroup.
experience ultraviolet (UV) degradation shall be protected 5.3 Small Parts—When installed in accordance with the
against ultraviolet light. manufacturer’s instructions, equipment for children under 3

4.1.2 Regardless of the material or the treatment procesgears of age shall meet the requirements of 16 CFR Part 1501.
the manufacturer shall ensure that the users of the playgrou .
equipment cannot ingest, inhale, or absorb any potentially” Performance Requirements
hazardous amounts of substances through body surfaces as #-1 Head and Neck EntrapmertPublic playground equip-
result of contact with the equipment. All paints or other similarment shall be designed and constructed or assembled so that
finishes shall comply with 16 CFR Part 1303. any accessible opening shall meet the following performance

4.1.3 Wood intended for playground equipment that is notequirements to reduce the risk of accidental head or neck
naturally rot- and insect-resistant shall be treated to resist r&ntrapment by either a head-first or feet-first entry into the
and insect attack from standard procedures. Any wood nd@pening. Openings between the protective surfacing and the
naturally rot- and insect-resistant, which has any fabrication ufpottom edge of the equipment (that is, rails, platforms, steps,
to 6 in. (150 mm) above, or any portion at or below the leveland so forth) are exempt from this requirement as indicated by
of the protective surface of the playground, shall be treatedfig. Al.1.
after wood fabrication. Deviations shall have independent 6.1.1 Accessible OpeningsA completely bounded rigid
documentation of durability. Creosote, pentachlorophenolopening is accessible when a torso test probe (see Fig. A1.2)
tributyl tin oxide, and surface coatings that contain pesticidesan be inserted into the opening to a depth of 4.0 in. (102 mm)
shall not be used for playground equipment. Wood treaters aned more.
playground equipment manufacturers shall practice technolo- 6.1.1.1 Test Procedure for Completely Bounded Rigid
gies and procedures that minimize the level of dislodgeabl@penings—Place the torso probe (see Fig. A1.2) in the opening
toxin. with the plane of the base of the probe parallel to the plane of

4.2 All fasteners used to construct public playground equipthe opening; rotate the probe to its most adverse orientation
ment shall be manufactured in accordance with Guide F 107(that is, major axis of the base of the probe parallel to the major
and shall meet the requirements of Section 4. axis of opening). If the torso probe can be inserted into the

4.2.1 All fasteners, connecting, and covering devices shapening to a depth of 4.0 in. (102 mm) or more, place the head
be inherently corrosion resistant or be provided with aprobe (see Fig. A1.3) in the opening with the plane of the base
corrosion-resistant coating. of the probe parallel to the plane of the opening. An opening

4.2.2 When installed in accordance with the manufacturer'gasses this test iff the opening does not admit the torso probe
instructions, fasteners, connecting, and covering devices shaihen it is rotated to any orientation about its own axis, 2r (
not loosen or be removable without the use of tools. Lockthe opening admits the torso probe and also admits the head
washers, self-locking nuts, or other locking means shall b@robe. An opening fails the test if the opening admits the torso
provided for all nuts and bolts to protect them from detach-probe but does not admit the head probe.
ment. Hardware in moving joints shall also be secured against 6.1.2 Nonrigid Completely Bounded Openirg# nonrigid
unintentional loosening. opening such as may be found in but not limited to flexible

4.2.3 Moving suspended elements shall be connected to tHtets, tarps, and plastic enclosures is considered accessible if a
fixed support with bearings or bearing surfaces that serve tt9rso probe will penetrate the opening to a depth of 4.0 in. (102
reduce friction or wear. mm) or more when tested in accordance with the test procedure

4.2.3.1 Steel cable that is permanently affixed to a hange@utlined in 6.1.2.1. (See Figs. A1.2 and Al.3 for probe
assembly performs as a bearing surface. Cable ends should @gnensions.)
inaccessible or capped to prevent injury from frayed wires. 6.1.2.1Test Procedure for Completely Bounded Nonrigid
Cables and steel-cored ropes should be protected to preve@penings—Place the torso probe in the opening, tapered-end
fraying, loosening, unraveling, or excessive shifting of joints.first, with the plane of its base parallel to the plane of the

4.2.4 Hooks and connecting devices shall be subject to thepening; rotate the probe to its most adverse orientation (that

requirements of 6.4.5. is, the major axis of the base of the probe parallel to the major
4.3 Tires axis of the opening); apply a force of 50 Ibf (222 N) to the
4.3.1 Tires shall not trap water. probe to attempt to pass it through the opening. If the base of
4.3.2 Tires shall not have exposed steel belts. the probe passes through the opening, place the large head
_ probe in the opening, tapered end first, with the plane of its
5. General Requirements base parallel to the plane of the opening. Apply a force of 50

5.1 Playground equipment represented as complying witlbf (222 N) to the probe to attempt to pass it through the
this consumer safety performance specification shall meet atipening. A nonrigid opening passes the testlj:tbe opening
applicable requirements specified herein. Anyone representingpes not allow the torso probe to be inserted so deep that the
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opening admits the base of the probe when it is rotated to any (4) 3.0 in. (76 mm) neck length of a five year old.
orientation about its own axis, oR) the opening allows full 6.1.4.7 Exemption to 6.1:4

passage of the torso probe and also allows the large head probg1) Those partially bounded openings which are inverted. A
to pass completely through. A nonrigid opening fails the test ifpartially bounded opening is considered inverted if the lowest
the opening allows full passage of the torso probe but does naterior boundary immediately adjacent to the opening is
admit the large head probe. horizontal or slopes downward.

6.1.3 Boundaries of Large Openingslf the opening admits (2) Partially bounded openings that form “V” angles less
the 9.0-in. (229-mm) head probe, each portion of its boundaryhan 55 degrees where the apex of the angle is formed by an
shall be evaluated for partially bounded opening requirementiiclined or vertical climbing surface and a rope, chain or cable
of 6.1.4. are exempt if the rope, chain or cable are in contact with the

6.1.4 Partially Bounded Openings: inclined surface at or below the protective surface at the point

6.1.4.1 A partially bounded opening is considered accesef the formed “V” angle.
sible when any of the following conditions exist, and must 6.2 Sharp Points and Sharp Edge§here shall be no
meet the performance requirements as recommended in 6.1.42cessible sharp points or sharp edges on public play equip-
and 6.1.4.3. ment.

6.1.4.2 If the unbounded part of a partially bounded opening 6.2.1 All points and edges on public play equipment shall be
is between 1.87% 0.005 in. (47.6 mm) and 9.0 in. (229 mm) tested for sharpness in accordance with the requirements in 16
in width when measured perpendicular to each surface, th€FR 1500.48 and 1500.49 referenced in 2.3.
opening can be considered accessible and must meet the6.2.2 The exposed open ends of all tubing shall be provided
conditions of 6.1.4.3. with caps or plugs that cannot be removed without the use of

6.1.4.3 Test Methog- The “A” portion of the test template tools.

(Fig. Al.4) is to be inserted along the centerline of the opening 6.2.3 Suspended members, such as rings on upper body
(determine the most adverse condition) (see Fig. A1.5) so thatquipment and swing seats, shall have a minimum radius of
the centerline of the template follows the centerline of the0.25 in. (6.4 mm) on corners and edges. This requirement does
opening and the plane of the template is parallel to the plane afot apply to swing belt seats, straps, ropes, chains, connectors,
the opening until the motion is arrested by contact between thand other flexible components.
test template and the boundaries of the opening. By visual 6.2.4 A cut-off bolt end projecting beyond the face of the nut
inspection, determine if there is simultaneous contact betweeghall be free of burrs, sharp points, and sharp edges.
the sides of the template. If simultaneous contact is made the 6.3 Protrusions— There shall be no protrusions on public
opening is accessible and must be tested using the “B” portioplay equipment. Four protrusion test gages (shown in Figs.
of the test template (see Fig. A1.6). A1.10 and A1.11) are required to determine whether projec-
6.1.4.4 Ifthe angle test template “A” indicates failure, checktions are protrusions. Their use is described in this section.
for an exempted thick surface condition by positioning the 6.3.1 Accessible ProjectiorsA projection is not accessible
plane of the “B” portion of the test template between andand is not a protrusion when it is recessed or located in such a
perpendicular to the plane of the boundaries of the opening (s&fanner that will not allow any of the protrusion gages to be
Fig. A1.7 and Fig. A1.9). If the test template fits completely placed over it. Any of the conditions described in the remainder
within the boundaries of the opening, the opening is consideregs this section constitute a protrusion hazard.
hazardous and fails the test unless it allows full passage of the g 3.2 Determining Whether a Projection is a Protrusien
9.0-in. (229 mm) head probe (see Fig. A1.8). If the templatesyccessively place each of three gages (see Fig. A1.10) over
does not fit down within the boundaries of the opening (definegach accessible projection in all orientations (see Fig. A1.12
as the opening outlined by the contact points of the teshnd Fig. A1.13). Determine whether the projection extends
template “A”) the opening is not considered accessible. beyond the face of any gage. The projection fails the test and

6.1.4.5 The test template is divided into two sectionsis a protrusion if it extends beyond the face of any of the three
Section “A” is used first to determine accessibility and is base@jages.

on the Specification F 1004 standard rationale. Section “B” is 6.3.3 Swing Seat ProtrusiorsTest for this condition with
used to determine if the thickness of the material or the locatioghe suspended member in all positions of its intended travel.

of the opening prevents access to the opening. The thickness gkeping the protrusion gage (see Fig. A1.11) oriented verti-
0.751in. (19.1 mm) for the template itself is based on half of thecally, and its axis parallel to the plane of travel, place it over
neck depth of a 5th percentile two year old minus compressionny projection accessible throughout the path of travel. Any

This dimension is consistent with Specification F 1004. projection on the suspended member which extends beyond the
6.1.4.6 Other dimensions are based on the following: face of the test gage is a protrusion.
(1) 6.1in. (155 mm) width represents 95th percentile 5 year 6.4 Entanglement- There shall be no entanglement hazards
old head width, on public play equipment. Three test gages, a feeler gage, and

(2) 1.875%= 0.005 in. (47.6 mm) is the neck breadth of the the means to accurately measure a 0.12 in. (3.0 mm) extension
5th percentile 2 year old (2.5 in. (64 mm) minus tissueare required to determine whether entanglement hazards exist.

compression), Any of the conditions described in this section constitutes an
(3) 8.5in. (216 mm) shoulder width of 5th percentile 2 yearentanglement hazard.
old, and 6.4.1 Slides—The following requirements apply to slides in
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the areas shown in Fig. A1.14. Examples are shown in Figshear point is any point that entraps at one or more positions a
A1.15, Fig. A1.16 and Fig. A1.22. 0.62 in. (15.7 mm) diameter rod.
6.4.1.1 A projection that meets both of the following re- 6.5.1 To reduce the likelihood of unintentional contact with
quirements is an entanglement hazard: a pinch, crush, or shear point, an opening shall comply with
(1) One of the three protrusion gages (see Fig. A1.10) passether 6.5.1.1 or 6.5.1.2.
over the projection and contacts the initial surface. 6.5.1.1 An opening with a minor dimension of less than 1.0
(2) The projection extends perpendiculat5°) from the in. (25 mm) is acceptable if a finger probe (as illustrated in Fig.
initial surface more than 0.12 in. (3.0 mm). The thickness 0fA1.19), when inserted point first into an opening, cannot be
the protrusion gage (see Fig. A1.11) may be used to measufdade to touch any pinch, crush, or shear point. The probe shall
the 0.12 in. (3.0 mm) extension. be applied in all possible articulated positions with an appli-
6.4.1.2 Slides shall be constructed in such a manner as feRtion force not to exceed 1 1b (4 N). o _
provide a smooth continuous sliding surface (roller slides 6-5.1.2 Anopening in an enclosure with a minor dimension
exempted) and have no gaps or spaces that might create §h1.0 in. (25 mm) or more, shall require that the pinch, crush,
entanglement hazard such as but not limited to the spac® shear point be located at a distance as specified in Table 1
created between sidewalls when two single slides are combindtP™ the plane of the opening.
to create a doublewide slide or the point where a hood attachesnore 4—an enclosure in this case covers a pinch, crush, or shear point.

o the S|dev_vall_s of a slide. . L 6.5.1.3 Exemptions to 6.5:
6.4.2 Projections from a Horizontal Plare-A projection (1) Chain and its method of attachment, and

tha; meets the conditions of .6'4'1:']) and @) and \.NhiCh also (2) The attachment area of heavy duty coil springs to the
projects upwards from a horizontal plane (see Figs. A1.15 angOdy and base of rocking equipment

Al1.16) is an entanglement haz_ard_. ) (3) The area between a swinging element and a horizontal
6.4.3 Exposed Bolt End ProjectiorsAny accessible bolt toprail.

end projecting beyond the face of the nut more than two full (4) The area between small, lightweight moving parts nec-

threads is an entanglement hazard. A bqlt end is inaccessib};_eSsary as an integral part of the play activity (for example,
and not an entanglement hazard (see Fig. AL.15(6))when thg,, . is heads, bell clappers, telephone receivers, etc.) provided

bolt end is recessed and the 3.5 in. (89 mm) OD Protrusiofy 4y thjs area is not considered a pinch, crush, or shear point as
gage (see Fig. A1.10) cannot be made to contact the bolt engbenaq in 3.1.20.

when the outside curve of the gage is placed flat against the ¢ ¢ Suspended HazardsThere shall be no single nonrigid

recessed area (see Fig. AL17). o component (cable, wire, rope, or other similar component)
6.4.4 Projections Which Increase in SizéAny projection  syspended between play units or from the ground to the play
which fits within any of the three protrusion test gages (see Figynit within 45° of horizontal, unless it is above 84 in. (2130
A1.10) and increases in size or diameter from the initial surfacqanm) from the playground surface and is a minimum of 1.0 in.
to the outer end (see Fig. A1.15(7)) is an entanglement hazarg25 mm) at its widest cross-section dimension. It is recom-
6.4.5 Connecting Devices-Connecting devices such as, but mended that the suspended elements be either brightly colored
not limited to, S-hooks, pelican hooks and C-hooks, whemyr contrast with surrounding equipment to add to visibility.
properly closed, are not entanglement hazards. These connecs 6.1 Rope, cable, or chain shall be fixed at both ends and
tors are considered closed when there is no gap or space greaggjt be capable of being looped back on itself, creating an inside
than 0.04 in. (1.0 mm) when measured with a feeler gage (se8op perimeter greater than 5.0 in. (127 mm).
Fig. A1.18(1)). 6.6.2 Exemptions for Suspended Components (Rigid or
6.4.5.1 S-hook connectors are subject to these further re=jexible):
quirements. If any of the following requirements are not met, 6.6.2.1 Multiple (two or more) suspended components
an entanglement hazard exists: (cables, wire, rope, or similar components) located at two or
(1) No portion of the closed end of an S-hook lower loop more elevations, may be suspended below 84 in. (2130 mm)
may project beyond the vertical boundary established by thevshen they comply with all other aspects of the single sus-
upper loop (see Fig. A1.18(2)). pended component section and cannot be looped or stretched to
(2) An S-hook upper loop may align with, may partially contact another suspended component(s).

overlap, or may completely overlap the connector body. If the 1ag| E 1 Minimum Acceptable Distance from an Opening to a

upper loop completely overlaps the connector body, it must not Pinch, Crush, or Shear Point
extend paSt the connector bOdy (see Flg- A1-18(3))- Minimum Dimension of Opening,”* Minimum Distance from Opening
(3) An S-hook lower loop must align with the connector in. (mm), +0.05° to Part, in. (mm)
body and not overlap it in any way (see Fig. A1.18(4)). 1 (25) 6.5 (165)
6.5 Pinch, Crush, and Shear PointsThere shall be no 11-255(%) 172-55((1391‘2)
pinch, crush, or.shear points caused by junctures of t\(vo 1.875 (48) 15.5 (394)
components moving relative to one another, or at an opening 2.125 (54) 17.5 (445)
present at the junction of a stationary support and a rigid More than 2.125 (54) and less than 6 30 (762)

(152)

supporting member for a swinging element (that is, pendulum Py

. . . . . ee 0.0.1.2.
see SZ?‘W,. g“de.“des' and SC? fO!’th) while the svymgmg elememSBBetween 1 and 2.5-in. (25 and 64-mm) interpolation is used to determine
are within their normal swinging angles. A pinch, crush, orvalues specified in the table.
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6.6.2.2 Chain or cable used to support a swing is exempdvailable for use at the beginning of the first step.

from this requirement. Rope shall not be used as a method of 7.1 4.4 Handrails shall be between 0.95 and 1.55 in. (24 and
suspending swings. 39 mm) in diameter or maximum cross section.

6.6.2.3 Rope, cable, or chain with a length of 7_'0 in. (178 7.1.4.5 Handrail height (the vertical distance between the
mm) or less may be attached at one end only. Multiple Iength§op front edge of a step or, if used on a ramp, the top of the

of Su|Ch c,;?]rd? thaé can contact each other would be treated ?gmp surface, and the top surface of the handrail above it) shall
one fength of cord. be between 22 and 38 in. (560 and 970 mm).

7. Requirements for Access/Egress 7.2 Other Means of Access:

7.1 Rung Ladders, Stepladders, Stairways, and Ramps 7.2.1 Spiral Stairways:
(Does Not Address Wheelchair Use): 7.2.1.1 Spiral stairways shall meet the general requirements

7.1.1 Steps and rungs shall be evenly spaced within $or spacing, orientation, drainage, tread width, and vertical rise
tolerance of+0.25 in. (6.4 mm) and horizontal within a specified for stairway access in 7.1.1-7.1.3.

tolerance 0f*-2°. . 7.2.1.2 The depth of the outer edge of the tread on spiral

7.1.2 Steps and rungs shall not trap water (that is, NQairways shall be 7.0 in. (178 mm) or greater on equipment for
stanc_ilng water) and should not encourage the accumulation @}iiqren 2 through 5 years, and 8.0 in. (203 mm) or greater on
debris. equipment for children 5 through 12 years. These depth

7.1.3 See Table 2 for access slope; tread, rung, or rampy, irements apply to spiral stairways with both open and
width; tread depth; ladder rung diameter; and vertical rise. clgsed risers. PRY P 4 P

7.1.4 Handrails: 721.3 Spiral stai hall tth . ¢ .
7.1.4.1 Continuous handrails shall be provided on both sides '~ pira starways shail meet the requirements Speci-
éed for handrails in 7.1.4. However, when the design of the

of stairways (see 7.2.1.3 for spiral stairways) and stepladders - ; . ;
ys ( b ys) P stairway does not permit handrails on both sides of the

that have more than one tread.

7.1.4.2 Stairways or stepladders which consist of only on&t@irway,
tread shall have handrails or alternate means of hand suppc?r

on both sides.

7.1.4.3 Handrails or other means of hand support shall be 7.2.2.1 Arch climbers and flexible components shall not be

7.2.2 Climbers:

a continuous handrail shall be provided along the
tside perimeter of the steps.
¥

TABLE 2 Rung Ladders, Stepladders, Stairways, and Ramps (Access Slope; Tread, Rung, and Ramp Width; Tread Depth; Rung
Diameter; and Vertical Rise, by Age of Intended User)

Type of Access

Age of Intended User, years

2 through 5

5 through 12

2 through 12

Rung Ladders:*
Slope
Total ladder width?
Vertical rise (top of rung to top
of rung)
Rung diameter
Stepladders:
Slope
Tread width:
Single file access
Two-abreast access
Tread depth:
Open riser
Closed riser
Vertical rise (top of step to top
of step)
Stairways:
Slope
Tread width:
Single file access
Two-abreast access
Tread depth:
Open riser
Closed riser
Vertical rise (top of step to top
of step)

Ramps (does not address wheelchair

use):
Slope (vertical/horizontal)
Width:
Single file access
Two-abreast access

75 to 90°

=12 in. (300 mm)

=12 in.€ (300 mm)

0.95 to 1.55 in. (24 to 39 mm)
50 to 75°

12 to 21 in. (300 to 530 mm)
A

=7.0in. (178 mm)

=7.0in. (178 mm)

=9.0 in.€ (229 mm)

<50°

=12 in. (300 mm)
=30 in. (760 mm)

=7.0in. (178 mm)

=7.0in. (178 mm)
=9.0 in.€(229 mm)

=18

=12.0 in. (300 mm)
=30.0 in. (760 mm)

75 to 90°

=16 in. (410 mm)

=12 in.€ (300 mm)

0.95 to 1.55 in. (24 to 39 mm)
50 to 75°

=16 in. (410 mm)
=36 in. (910 mm)

=3.0in. (76 mm)
=6.0 in. (152 mm)
=12.0in.€ (305 mm)

<50°

=16 in. (410 mm)
=36 in. (910 mm)

=8.0 in. (203 mm)

=8.0 in. (203 mm)
=12.0 in.€ (305 mm)

=18

=16.0 in. (410 mm)
=36.0 in. (910 mm)

75 to 90°

=16 in. (410 mm)

=12 in.€ (300 mm)

0.95 to 1.55 in. (24 to 39 mm)
50 to 75°

16 to 21 in. (410 to 530 mm)
A

=7.0in. (178 mm)

=7.0in. (178 mm)

=9.0 in.€ (229 mm)

<50°

=16 in. (410 mm)
=36 in. (910 mm)

=8.0 in. (203 mm)

=8.0 in. (203 mm)
=9.0in.€ (229 mm)

=1:8

=16.0 in. (410 mm)
=36.0 in. (910 mm)

A Not recommended as sole access for preschoolers.

B Excluding side supports.
€ Entrapment provisions apply.



	atamari_cl
	INTRODUCCION
	1.1 JUSTIFICACION
	1.2 PROBLEMA OBJETO DE INVESTIGACION
	1.3.1 Objetivo General.
	1.3.2 Objetivos Específicos.

	1.4 HIPOTESIS 
	1.5 PRODUCTOS DEL PROYECTO
	1.6 IDENTIFICACION DE LAS VARIABLES 
	1.7 IMPACTO MEDIO AMBIENTAL
	1.8 IMPACTO DE LA REALIZACIÓN DEL TRABAJO
	1.9 IMPACTO MEDIO AMBIENTAL DEL PLÁSTICO Y CAUCHOS

	2.  MARCO TEÓRICO
	2.1  INTRODUCCIÓN
	Se denominan materiales plásticos a un numeroso grupo de materiales poliméricos orgánicos (los compuestos por moléculas orgánicas gigantes), que son plásticos, es decir,  poseen durante unintervalo de temperaturas propiedades de elasticidad y flexibilidad que permiten moldearlas y adaptarlas a diferentes formas y aplicaciones hasta conseguir una forma deseada por medio de extrusión, moldeo o hilado. Las moléculas pueden ser de origen natural (celulosa, cera, caucho, etc.), o sintéticas (polietileno, nylon). 
	2.2 CLASIFICACIÓN Y PROPIEDADES DE LOS POLÍMEROS
	2.2.1 Clasificación de los polímeros
	a) Composición química
	Atendiendo a su composición química, los polímeros pueden clasificarse en:
	b) Origen 
	En cuanto a su origen podemos distinguir tres tipos de polímeros:
	c) Monómeros de partida
	Según los monómeros que constituyen los polímeros, éstos pueden clasificarse en:
	d) Estructura de la cadena
	Según este criterio, los polímeros pueden clasificarse en dos grandes grupos:
	e) Según el orden de las cadenas
	Según el orden se pueden presentar las cadenas poliméricas en el estado sólido podemos distinguir dos grupos:
	f) Respuesta al calor
	Es quizás uno de los criterios más empleados a la hora de clasificar a los plásticos. Según este criterio, los polímeros pueden clasificarse en:

	2.3.1 MASA MOLECULAR MEDIA Y LONGITUD DE LAS CADENAS
	Muchos polímeros no están constituidos por moléculas bien definidas, sino mezclas de moléculas de diferente tamaño, ya que el proceso de crecimiento de las cadenas poliméricas está sujeto a las leyes de la probabilidad; es decir, la polimerización puede progresar en diferente grado en la misma reacción. Por este motivo no se habla estrictamente de masa molecular, sino de masa molecular promedio, que corresponderá a la longitud media de las cadenas poliméricas.
	2.3.2 DUREZA Y FLEXIBILIDAD
	La dureza o robustez que ofrece un material de naturaleza polimérica va a depender esencialmente de las fuerzas de Van der Waals y de los puentes de hidrógeno que puedan establecerse entre sus cadenas. Recordemos que las fuerzas de Van der Waals aparecen entre moléculas neutras como resultado de la polarización eléctrica y que su intensidad aumenta con la masa molecular. No obstante, la dureza de los materiales plásticos suele ser baja. 
	2.3.3 CONDUCTIVIDAD TÉRMICA Y ELÉCTRICA
	La conductividad térmica de los plásticos es muy baja, disminuyendo cuanto más desordenada sea la estructura molecular del mismo. Son por tanto buenos aislantes, tanto del frío como del calor.
	2.8.2  Teoría del Caucho.
	El caucho natural es una sustancia orgánica formada por moléculas gigantescas que están entrelazadas entre sí. Dichas moléculas son gigantescas porque el caucho se va formando a través de monómeros, los cuales representan eslabones que están enlazados por cadenas moleculares.
	2.8.4   CAUCHO SINTÉTICO
	El caucho sintético es un tipo de elastómero, invariablemente un polímero obtenida artificialmente por reacciones químicas conocidas como condensación o polimerización a partir de determinados hidrocarburos insaturados.
	2.8.4.1   PRINCIPALES TIPOS DE CAUCHO SINTÉTICO. 
	A través del tiempo se han desarrollado numerosos tipos de caucho con propiedades específicas, los cuales sirven para aplicaciones especiales en la industria. A continuación se mencionará y se hará una breve descripción de algunos tipos de caucho sintético utilizados en la industria:

	2.9.3   CURA ÓPTIMA.


	2.10  REUTILIZACIÓN DE LOS DESECHOS SÓLIDOS EN LAS INDUSTRIAS  DE LLANTAS Y NEUMÁTICOS. 
	2.10.1 REENCAUCHADO.
	El renovado (reencauchado) del neumático es un proceso mediante el cual se vuelve a utilizar un neumático gastado sustituyéndole la banda de rodadura.

	2.11 TECNOLOGIAS DE REDUCCION DE TAMAÑO 
	Algunos de los procesos más empleados para producir polvo de caucho son: la molienda mecánica a temperatura ambiente, la molienda criogénica y la molienda húmeda.
	2.11.1  MOLIENDA CRIOGÉNICA
	A muy bajas temperaturas (-200ºC) el caucho se fragiliza desapareciendo su elasticidad característica siendo posible, por tanto desintegrarlo fácilmente.

	2.11.2 REGLA DE MEZCLAS
	2.12  CONCEPTO DE MISCIBILIDAD. 
	Desde el punto de vista práctico, una mezcla polimérica miscible se define como una mezcla homogénea estable que exhibe propiedades macroscópicas similares a las que se esperarían para un material homogéneo. La homogeneidad no se define en este caso a nivel de microscopio electrónico; incluso se han observado estructuras heterogéneas  en polímeros amorfos.
	2.13  LA TRANSICIÓN VÍTREA EN POLÍMEROS.
	2.14 ANÁLISIS MECÁNICO DINÁMICO

	3 .  PROCEDIMIENTO  EXPERIMENTAL
	Este estudio se desarrolla en el Laboratorio de Ensayo de MaterialesdelPrograma Profesional de Ingeniería Mecánica, Mecánica – Eléctrica y Mecatrónica (R - 102) de la Universidad Católica de Santa María, donde realizamos nuestras  mezclas poliméricas  y posteriormente se realizaran en instalaciones los ensayos respectivos en las instalaciones de la Universidad Nacional de San Agustín Arequipa.
	Aquí realizamos la preparación y caracterización del polietileno reciclado, obtenido de las recicladoras existentes en la ciudad y caucho reciclado obtenido de las llantas del transporte urbano, y carga pesada, este caucho lo conseguimos triturado de las reencauchadoras ubicadas en el Distrito de Cerro Colorado. Las mezclas fueron preparadas en una mezcladora que se encuentra dentro del laboratorio esta tiene una capacidad de 100gr. 
	Para las mezclas se tomara como base el diseño experimental 2k para medir cómo influyen k factores en un proceso y descubrir si interaccionan entre ellos. Este diseño permite explorar una zona escogida del dominio experimental y encontrar una dirección prometedora para la optimización posterior. Tomaremos la granulometría y el porcentaje de polietileno de alta densidad (PEAD).
	3.1 Caracterización de las muestras
	a) SECADO DE LOS MATERIALES 
	b) GRANULOMETRÍA DE LOS MATERIALES

	3.2 PREPARACIÓN DE LAS MEZCLAS
	3.3 PREPARACIÓN DE LAS PLACAS
	a)  PICADO DE LAS MEZCLAS OBTENIDAS
	3.4  ELABORACIÓN DE LAS PLACAS

	3.5 ENSAYO  DE IMPACTO DE CAÍDA DE BOLA
	3.6 ENSAYO DE DUREZA


	ANEXOS

