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RESUMEN

El desarrollo de la presente tesis tiene por objetivo elaborar una filosofia de control para el
proceso de molienda SAG vy disefiar la estrategia de control méas adecuada, utilizando el
sistema de control distribuido Infusion de Invensys.

La ingenieria desarrollada por Bechtel Corporation sera profundizado por la norma ISA en

los P&ID (Diagrama de Tuberias e Instrumentacién).

Analizar la filosofia de control del Proyecto Antapaccay propuesta por Bechtel
Corporation, con el fin de verificar cada aspecto de Ingenieria no contemplada durante su
disefio. Esto motivo a estudiar a fondo el tema y proponer soluciones de disefio, de
construccion y de control que esté acorde a los objetivos de molienda que son: ahorro de
energia, ahorro de agua, incremento de volumen de carga y obtencién de la granulometria

deseada

Otros puntos importantes son: la seleccion del molino para el proceso de Molienda SAG y
el disefio de la etapa de comunicacion entre el DCS de la Foxboro de la central y el

controlador (PLC Siemens) del Molino SAG.

A lo largo de este trabajo se podra apreciar los detalles que nos permitié alcanzar el
objetivo propuesto. Donde el objetivo ha sido lograda al comisionar los lazos de control de
los Apron Feeders, Faja de alimentacion Molino SAG, Alimentacion Agua de Proceso y

descarga Molino SAG.
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ABSTRACT

The development of this thesis aims to develop a control philosophy for SAG milling
process and design the most appropriate control strategy, using the distributed control
system of Invensys.

The engineering developed by Bechtel Corporation will be deepened by the ISA in the P &

ID (Piping and Instrumentation Diagram).

Analyze control philosophy Antapaccay Project proposed by Bechtel Corporation, to verify
every aspect of engineering not covered during design. This reason to thoroughly study the
issue and propose solutions for design, construction and control that is consistent with the
objectives of milling are: energy savings, water savings, increased cargo volume and obtain

the desired particle size.

Other important points are: the selection of the mill for SAG milling process and the design
of the stage of communication between the Foxboro DCS plant and controller (PLC

Siemens) SAG mill.

Throughout this paper we will appreciate the details that allowed us to achieve the

objective. The objectives have been achieved by commissioning the control loops of Apron

Feeders, belt conveyor SAG Mill, Food Process Water and discharger SAG Mill.
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CAPITULO I
PLANTAMIENTO METODOLOGICO

1.1 Identificacion del problema

En los procesos de molienda Semiautégena (SAG) utilizan como medio de molienda
los gruesos provenientes de la linea de alimentacién del Stockpile y bolas de acero
como elementos moledores adicionales para obtener una granulometria adecuada.

El proceso depende de la velocidad del alimentador, de los cambios de rotacion del
molino, de la carga de material y de los elementos moledores adicionales (bolas de

acero).

La carga suministrada por el alimentador es mezclada con agua y la lechada de cal
que posteriormente ingresa al molino SAG para ser elevado por las paredes internas
del molino mediante elementos levantadores en rotacion, hasta el punto en que la
gravedad lo despega e impulsa en una caida parabodlica, produciendo una ola
continua que impacta con el material en la zona inferior del molino. El golpe con
junto de las bolas de acero y el material aledafio, disminuyen continuamente el
tamafio de las rocas, hasta el momento de su expulsion a través de las parrillas
adosadas a la tapa hacia el harnero vibratorio en donde aquellas rocas que no han
alcanzado la granulometria adecuada, vuelvan al proceso de molienda y completa el

ciclo.

Se puede obtener una granulometria relativamente fina al seleccionar un molino
Semiautdgeno que sea capaz de asegurar una operacion estable y segura; también
desarrollando una filosofia de control para el proceso de molienda. Teniendo como

variables de control el flujo, temperatura, presién, potencia y carga de alimentacion.
La filosofia de control es implementada en la planta de molienda de Tintaya —

Antapaccay bajo condiciones reales y adversas de trabajo y se utilizara el
controlador ya instalado en campo que es un PLC S7200 de la marca Siemens.
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1.2 Descripcion del problema

El circuito de molienda Semiutdgena de Tintaya — Antapaccay consiste en una
alimentar de material, una linea del proceso de agua, lechada de cal, un molino
SAG (Gearlees), un sistema controlador de carga, un controlador de rotacion y un

harnero vibratorio.

Para que el molino SAG trabaje de manera dptima, necesita que la carga de mineral
y de las bolas no exceda el 50% su capacidad. El molino SAG tiene una dimension
de 40 ft x 25 ft y es accionado a través de un motor envolvente de 24.000kW. La
capacidad de alimentacion es del 35%, teniendo la granulometria de entrada tipica
de 8 a 10 pulgadas y en la salida del molino obteniendo granulometria entre 12 y 19

mm, dimensidn que sigue siendo disminuida entapas posteriores a molienda.

Por este motivo se elaborada la filosofia de control y se escogeré la estrategia de

control més adecuada utilizando el sistema de control distribuido del Proyecto

Antapaccay que cumplan con los estandares del proyecto.

El diagrama Fig.1.1 muestra el proceso realizado por Ingenieria Bechtel del circuito

de molienda.

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




=
<
(]
<< =
m < <
[7p) =
o m p— MOLINO SAG Y SCREEN DE SOBREPRODUCTO
e V) <L [ | MIZ01A
N T w BT 2 =
w M % LECHADA DE CAL Aa1201 2 k
m_vn_ ECTOR LECHADA DE CAL tﬁmu_ m
a0 : 2.0800 -
[ se[_we  JAcoizes
HKUi2018
LECHADA DE CAL m_ L.n.uadw ACLA DE _ﬂohmmn_
ALMEMTACION SAG o I
I SISTEIA DE ENFRIAMIENTO ¥ ARILLO DE :oq_on : { N §
[o00007] [ o000 ] = Ton
sP[_n.0o0e LS 00§ ¢ YaAlin 55
m,..au_._._rnm FPROCESD FIZDZ = FICO1202 DZAD-STE-O0Z5 _ _.®I..._ J.y_\ o000 | €L
o = FOi 20
m {...mha XU 283

\

U. HODRAULICA STROTO _

UA Q_ncm SELECCIONADA

STP-0TH

=i (EIRE) L
i) s 1l 0310-MLE-0001 DI HD-GTF-00GE Fl0i20e w
1] [/Il P ALY e
SN i
I S M
faedc et CONTROL HOLINQ SAG +
0 ¥
S| f K&
ﬁ f B

[72]

(=]

v =

== = v -—

SISTELLA DE | UBRICACION | 4\ _ i | _ous.mn.fuao_ @nn@ mu

SISIEILA DE FRERG \_ 0,00000000 //..\u\_x_._ﬂnﬂ ..m._bl.....
| o — 0310-STP-00B5 HH ...... 1 STPOTD-1 m m
w0 WQI10D3T 3 @Mﬂ. ; n_lu 2
01220 [ war 1ouo7 0318-STP.0070 n S
e [ wess 10007 m %

b APSD CORREA COLECTORA =
% mw_nﬁbmwwm Ly =l
[k =tevasioe ,.nuu o
[ 00000 | CAION DE AL BEENTACION <1l =
WID1220 CICLONES o D
— S B
COMEMET
ZnC
Fig.1.- Circuito de Molino SAG = 3
53
Ll . . © ©
(= Fuente: HMI EWSO001. Tintaya — Antapaccay s
= S =
o 75 J==)
LE3 S 8
== s o
72 s .=
oL 7]
o o
= 3 s E
oo =S
lm w
=1 =
o,




REPQSITORIO DE &%, UNIVERSIDAD

CATOLICA
TESIS UCSM g DE SANTA MARIA

1.3 Objetivos

1.3.1 General

Elaborar la filosofia y disefiar la estrategia de control usando un sistema de control

distribuido para el proceso de molienda SAG.

1.3.2 Especificos

Estudiar el tipo de arranque mas eficiente para el proceso de Molienda SAG.

e Disefio del controlador de Alimentadores de Acopio (Apron Feeders).

e Disefio de Controlador de Linea de Proceso de agua.

e Disefo del Controlador — Alimentadores de Bolas.

e Disefio del Controlador Alimentacion de Carga Fresca — Molino SAG.

e Disefo del Controlador Descarga de Mineral — Molino SAG.

e Disefio de la etapa de comunicacion entre el DCS (Infusion - Invensys) de la

central de control y el controlador de molienda SAG.

1.4 Hipotesis

Es posible realizar una filosofia de control, de acuerdo a los requerimientos para el

molino SAG del proyecto Tintaya — Antapaccay y disefiar las estrategias de control para

cada sistema que conforme el circuito de molienda.
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1.5 Variables de Estudio

1.5.1 Dependientes

e Sistema de control para el circuito de molienda SAG.

1.5.2 Independientes

e Carga de material dentro del molino SAG.

e Potencia generada por el anillo de rotor del molino SAG.
e Flujo de agua para el centrifugado del material.

e Flujo de lechada de cal para el centrifugado del material.
e Carga de bolas dentro de molino SAG.

e Frecuencia de la correa de alimentacion del molino SAG.

1.6 Alcances

La elaboracién de la filosofia de control y el disefio de la estrategia de control
utilizando sistema de control distribuido, plateando la correcta operacion del Molino

SAG en una planta de molienda.

La arquitectura propuesta por Bechtel Corporation, maximizara la produccion y
ahorrara energia, lo que mejorara la confiabilidad de los equipos y del proceso lo cual

permitira a los operadores de control un tarea mas simple.
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1.7 Area de Desarrollo

¢ Ingenieria y Precomisionado.

1.8 Linea de Desarrollo

e Instrumentacion.

e Automatizacién y Control de Procesos.

1.9 Tipo de Desarrollo

o Disefio de Ingenieria de Control.

e Implementacién en Campo.

1.10 Nivel de Desarrollo

e Aplicativa experimental.
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CAPITULO II
MARCO TEORICO

2.1 Descripcion del Proceso Planta Concentradora de Tintaya — Antapaccay

El yacimiento de cobre Antapaccay esta ubicado a 10 kilémetros de la operacién minera
Tintaya de Xstrata Copper, en la provincia de Espinar, Region Cusco, a una altura de
4.200 msnm. La planta concentradora (linea Gnica) tiene la capacidad para tratar 70.000
tpd [tonelada x dia] de mineral sulfurado mediante trituracion/flotacion, con una
produccion inicial de 160.000 tpa [tonelada x afio] de cobre en concentrados.

La concentradora presenta un recurso mineral de 720Mt con una ley de 0,56% de cobre
mas contenido de oro, considerando una ley de corte al 0,2% de cobre. Tiempo de vida

Gtil inicial de 20 afos.

El mineral es transportado de la mina (dos tajos abiertos) a la planta de Chancado
Primario a través de camiones mineros. EI mineral es descargado en una parrilla fija
donde es conducida hacia triturador o chancador, posteriormente el material triturado
fino es descargado al Apron Feeder (pista alimentadora) quien transportara el material
hacia Sacrifical Conveyor (faja de sacrificio) donde se detectara la presencia de
materiales no deseados o sobre cargas de mineral. Todo el mineral menor a %" sera
transportada a través Overland Conveyor (faja transportadora) con longitud
de 7 kilometros hacia el Coarse Ore Stockpile (acopio de material grueso),
el material sera descargado en cuatro Reclaim Apron Feeder los cuales

alimentaran al SAG Mill Feed Conveyor (faja alimentadora molino SAG).
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La carga de mineral ingresa al Molino SAG junto a la lechada de cal y agua,
donde el material serd& molido hasta obtener una granulometria fina, el
material que no logre obtener la granulometria deseada, sera descargada en
Pebbles Conveyor (faja Pebbles) donde el material sera acumulado en el
Stockpile y descargara en los Pebbles Crusher a través de dos fajas
transportadoras, donde el material sera triturado para obtener una mejor
granulometria, una vez que se complete el proceso en Pebbles Crusher, el
mineral sera transportado nuevamente al Molino SAG a través de la faja de
descarga del circuito de Chancado Pebbles creando un circuito cerrado entre
estas dos etapas. Paralelamente, el material que haya alcanzado una
granulometria fina sera descargado a través del harnero del molino SAG
hacia un cajon distribuidor, donde el material sera bombeado a través de
dos bombas hacia dos hidrociclones los cuales separan la mena de la ganga
y otras particulas compactas mas pesadas que el agua, esta separacion se
produce a la velocidad de rotacion generada al inyectarse agua en el interior
del cuerpo de los hidrociclones, la pulpa obtenida sale a través de tubos y
conducidas hacia los colectores de los molinos bolas. En los molinos se
volvera a moler la pulpa para obtener un granulometria mas fina y méas pura
la cual sera descargada mediante rebose hacia el cajon distribuidor, creando
un nuevo circuito cerrado para este proceso.

La pulpa acondicionada y clasificada es enviada hacia un cajon de distribucion, que
alimenta a las baterias de los hidrociclones, los cuales clasifican la pulpa separandolas
en dos estados underflow y overflow, los cuales ingresaran a las Celdas de Flotacion

Rougher, con un agitador. El relave de flotacion Rougher discurre por el canal hacia los
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espesadores de recuperacion de agua, el concentrado ingresa a un cajon de distribucién
y mediante dos bombas, posteriormente es enviado al cajon distribuidor de
alimentacion de relomienda. La pulpa almacenada en el cajon de remolienda es
bombeada hacia las baterias de hidrociclones, donde el overflow y el underflow
ingresan a los cajones de alimentacion de los molinos verticales (molinos ISA),
posteriormente la pulpa de remolienda Rougher es bombeada hacia el segundo tanque
de flotacion Cleaner y la pulpa de remolienda Scavenger es bombeada hacia el primer
tanque de flotacion Cleaner, el producto del segundo tanque ingresa a la tercera etapa
de limpieza, el concentrado obtenido sera bombeado hacia el cajon de concentracién
final CU para completar el ciclo, mientras que el concentrado del primer tanque ingresa
al Cleaner Scavenger Flotacion donde se cumplira el ciclo de proceso de Scavenger
Regrind originando un circuito cerrado entre estas etapas, esta etapa transfiere las colas
a través de una bomba hacia Tailings Thickening (relaves) los cuales seran enviados a
los depositos de residuos de Tintaya.El circuito de flotacion tienes dos curier donde

registran las leyes de alimentacion, concentrado y colas en todo el sistema de flotacion.

El concentrado final almacenado en cajon de concentracion CU serda bombeado hacia lo
tanques de almacenamiento, donde el concentrado pasara por un tambor rotatorio que
sera bombeada hacia la planta de concentrado CU Final, el concentrado obtenido sera
transportada hacia la planta de filtros a través de una faja transportadora en donde el
concentrado serd almacenado y posteriormente transportado a través de camiones hacia
el puerto de Matarani de la ciudad de Mollendo del departamento de Arequipa.

El diagrama completo del Proceso de la Planta Concentradora esta representado por la

Fig.2.1, también ver Anexos.
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2.1.1 Circuito de Molienda de Tintaya — Antapaccay

La planta de molienda esta conformado por dos circuitos: circuito de molienda
semiautégena o SAG (Semi-Autogenous Grinding) y un circuito de molienda

secundaria conformada por dos molinos bolas.

El prop6sito del circuito de molienda SAG es el de moler el mineral hasta dejarlo de
un tamafio maximo definido por el harnero vibratorio. El propdsito del circuito de
molienda secundaria con bolas es el de entregar una pulpa de mineral de tamario de
particulas adecuado para su procesamiento en la planta de flotacién. Estos dos

circuitos estan conectados en serie a través de un pozo.

El circuito SAG esta conformado por una correa transportadora de alimentacién de
mineral, una linea de agua, una linea de lechada de cal, un molino SAG, un harnero
vibratorio, un sistema de correas trasportadoras de retorno de mineral grueso a
molienda y chancador Pebbles.

El mineral que ingresa a este circuito proviene del proceso del chancado primario.
Al mineral se le agrega agua y lechada de cal al ingreso de la molienda SAG, al cual
se denomina “alimentacion fresca”. Una vez procesada la alimentacion fresca por el
molino, entra en la etapa de clasificacion por el harnero vibratorio, en donde
aquellas particulas que no han alcanzado el tamafio especificado, vuelven al proceso

de molienda.

Publicacion autorizada con fines académicos e investigativos
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Esto se pude realizar de dos maneras: pasando o no por el chancador Pebbles. El
material ha alcanzado el tamafio adecuado, sera descargado en el pozo, en donde

sera bombeado hacia el segundo circuito.

El circuito de molienda secundaria esta conformado por un pozo, una linea de agua,
una linea de lechada de cal, dos bombas centrifugas, dos molinos de bolas y dos
baterias de hidrociclones. La configuracion es de un circuito inverso dado que le
mineral entra primero a una fase de clasificacion en los hidrociclones y luego a

molienda de bolas.

El pozo recibe el producto de la molienda SAG y las descargas de los molinos de
bolas. En el pozo se agrega agua para formar una pulpa de mineral con una densidad
adecuada para alimentar mediante bombas centrifugas hacia los hidrociclones. En
los hidrociclones la pulpa de mineral que contiene las particulas de menor tamario
es enviada a los procesos de flotacion y la pulpa con particulas de mayor tamafio es
enviada a los molinos de bolas para una mayor conminucion. Finalmente el

producto de bolas vuelve al pozo de bombeo de mineral.
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2.2 Molienda Semiautdgena y Autégena

A principios de los 80 se desarrolla la molienda semiautégena (SAG) y autgena
(AG), buscando principalmente reducir los costos operativos al reducirse o
eliminarse el consumo de los elementos de molienda, e igualmente la potencia

absorbida por los molinos.

Molienda Autégena (AG): Es cuando el mineral se fragmenta en el interior del

molino sin ayuda de otro tipo de medio moledor que no sea el propio mineral.

Molienda Semiautégena (SAG): Se provocara la fragmentacion del mineral por el
efecto combinado del propio mineral y de un pequerio porcentaje de bolas de acero.

Fig.2.2.- Molienda Semiautogena

Fuente: Zenith Mining and Construccion

Los molinos SAG utilizan una combinacion de mineral y una pequefia cantidad de
bolas de acero (entre el 4 y el 15% del volumen del molino). Los molinos AG
trabajan mejor con materiales gruesos, que favorecen la rotura del material, en
cambio los molinos SAG trabajan mejor con materiales finos, dado que la rotura la

producen principalmente las bolas.
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2.3 Tipos de molienda

La molienda se puede realizar con materiales secos o a suspensiones de solidos en
liquido segun sea la calidad del material, para lo cual se desarrollaron dos tipos de

tecnologia:
e Tecnologia por via seca.

e Tecnologia por via himeda.

La tecnologia por via seca se utiliza cuando se dispone de materias primas
extremadamente puras o cuando se desea producir materiales de una calidad no muy

elevada, por ejemplo en la fabricacion de cemento.

La tecnologia por via hiumeda viene caracterizada por una reduccion rapida de los
materiales componentes de la mezcla y para una mejor homogenizacién. Con la
trituracion en humedo la materia primas se dispersa dé modo que permiten una
posterior reduccion de las particulas naturales, por ejemplo en la preparacion de

minerales para concentrado.

Ambas tecnologias utilizadas en procesos de molienda son factibles segin el
material que se desea procesar, por lo tanto, se considera los siguientes puntos de la
Tabla 2.1:

Molienda HUmeda Molienda Seca

Requiere menos potencia por tonelada | Requiere mas potencia por tonelada
tratada. tratada.

No requiere equipos adicionales para el | Si requiere equipos adicionales para
tratamiento de polvos. tratamiento de polvos.

Consume mas revestimiento (por | Consume menos revestimientos.
corrosion).

Tabla.2.1.- Tipos de Molienda

Fuente: Elaboracién propia
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Considerando los puntos descritos en la Tabla 2.1 se opto por utilizar la tecnologia
por via himeda en el circuito de molienda de Tintaya — Antapaccay, considerando
principalmente el ahorro de energia.

2.4 Tipos de Molinos

En esta seccion solo se describiran los molinos que se utilizan en el Proyecto de
Tintaya — Antapaccay.

2.4.1 Molino Bolas

En la Fig.2.3 se muestra el esquema con los principales elementos de un molino
de bolas con motor de anillo. Estd compuesto por un chute retractil que es
alimentado a través de una tolva de alimentacion, un mufién giratorio de entrada
que introduce el mineral hacia el interior del molino, un mufién para descarga
del material hacia el harnero vibratorio. El ingreso de bolas también se realiza a
través del chute retractil.

En la parte frontal por donde ingresa el material, se aprecia que el rotor es
precisamente el cilindro de conminucion del material, soportado por descansos
hidrostaticos que permiten su rotacion.

/ ROTATION 8
\__/ N\
f A
CROSS-SECTION
RING | OF SHELL LINERS
STATOR - MOTOR (EIERERS)

/
. sHELL
/S LINERS

FEED END
TRUNMION —
BEARING

RETRACTABLE ',
FEED CHUTE

BALL ~
CHARGE

. DISCHARGE
-~ TRUNMNION LINER

/
GRINDING _/ Yo/
BALLS | /

Fig.2.3.- Esquema General Molino de Bolas
Fuente: FLSmidth
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El cuerpo del molino consiste en un cilindro de acero giratorio con extremos
conicos. Este cilindro esta soportado en cada extremo por mufiones giratorios
sobre cojinetes, presenta revestimientos lineales de metal atornillados en las
paredes internas del molino tanto en la cabeza del molino como en la armazén

(véase Fig.2.4)

HEAD LINERS

SHELL LINERS

Fig.2.3.- Revestimientos Molino de Bolas
Fuente: FLSmidth

Perimetralmente en la cara frontal del molino, es rodeado por el estator (vease
Fig.2.3) que es responsable de la generacion del torque necesario para la
operacion que se transmite mediante un campo magnético en una interfaz de
polos eléctricos, el detalle se observa en la Fig.2.4. Este sistema motriz se le

denomina Gearless.

Cobertura rotor

Polos Electricos

Fig.2.4.- Esquema General Molinos de Bolas
Fuente: FLSmidth
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Principio de Funcionamiento:

La alimentacion del molino se realiza mediante la tolva de alimentacién que
descarga el material dentro del chute retractil, el material es introducido al
molino a traves del mufidn de entrada, el ingreso de las bolas, ingreso de agua y
lechada de cal también se realiza por ese medio. El ingreso de bolas dependera
del volumen total de la carga de agua y el mineral, formando un lodo liquido que
Ilenara los espacios entre las bolas de acero. EI volumen promedio sera del 35%
del volumen de carga total, permitiendo que el mineral se desborde a traves del

mufidn de descarga.

El giro del molino genera en su interior, una combinacion de fuerza centrifuga y
friccion que mediante elementos levantadores elevan la carga hasta que la fuerza
centrifuga llega a cero y por gravedad despega e impulsa en caida parabdlica,
generando una ola continua que impactara el material en la zona inferior del
molino. El golpe en conjunto con las bolas de acero, disminuiran continuamente
el tamafio de la carga. La velocidad critica es la velocidad del molino en el que
la fuerza centrifuga mantiene todo el material adherido en los levantadores
evitando el efecto de cascada que requiere molienda. Los molinos de bolas

operan entre el 72 a 76% de velocidad critica.

2.4.2 Molino SAG

El molino SAG (semiautogenous grinding mill) es un equipo creado para
conminuir material mediante impacto. En términos generales, la molienda que
utiliza como principio de conminucion solamente el impacto del mismo material
aledafio, se denomina molienda autégena (AG), sin embargo al incorporar una
porcién de bolas de acero (porcentualmente menor que un molino de bolas), se
le denomina molienda semiautogena (SAG). Ver referencia seccion 2.2.
Molienda SAG y AG.

En la Fig.2.5 se muestra el esquema con los principales elementos de un molino

SAG con motor de anillo. Esta compuesto por un chute alimentador por donde

ingresa le mineral hacia el molino, una cabeza alimentadora, armazones lineales
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en la cara frontal por donde ingresa la carga, el cilindro esta revestido
internamente por armazones elevadores, disco de frenos, sellos, elevadores de
pulpa, cono de descarga, mufién de descarga y un trommel por donde solo pasa

el material que haya alcanzado la granulometria deseada.

CHSCHARGE . Eras
TR i B
(TR RIS MOT SHECIART

- CASCHARGE CONE

TRLBNION LENER

—~ DISCHARGE HEAD

PROTOR
auARD

TWRICAL SECTION
CESCHARGE - FMND
GRATES

Fig.2.5.- Esquema General Molino SAG
Fuente: FLSmidth

Los componentes que conforman el motor de anillo del molino son, el rotor que
es precisamente el cilindro de conminucion del material, el estator que rodea
perimetralmente al rotor. El principio de funcionamiento es similar al explicado
en la seccién 2.4.1 Molino de Bolas.

Principio de Funcionamiento:

La carga del molino SAG se compone por materiales descargados en la tolva de
alimentacion, bolas de acero, lechada de cal y agua. La carga total del molino
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ocupa el 30 % del volumen del molino, donde las bolas solo suelen ocupar
aproximadamente el 8 a 15 % del volumen del molino.

La velocidad del molino SAG se puede variar para regular el efecto cascada
(tumbling) para el triturado del material utilizando los revestimientos elevadores
que ayudan aumentar la carga durante la rotacion del molino. La carga se eleva
dos tercios de la altura del cilindro antes de caer a la punta de la carga. La accién
de molienda dentro del cilindro es una combinacion de rotura de mineral a traves
de la accién de caida, el golpe entre las bolas y la abrasion de la carga por el

continuo frotamiento entre ellos, a esto se lo conoce accion cascada (véase

Fig.2.6).
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Fig.2.6.- Accion Cascada Molino SAG
Fuente: FLSmidth

La velocidad del molino genera gran parte de la accién de levamiento del
material. El molino SAG es accionado por motor variable el cual funciona entre
10 a 85 % de su velocidad critica, esta velocidad es la que genera la fuerza
centrifuga que mantiene el material adherido a la paredes internas del molino, si
la velocidad excede su porcentaje de trabajo evitara la accion cascada que se
requiere para el triturado del mineral.

Cuando la mena alcanza la granulometria ideal esta pasa hacia el cabezal de
descarga, formado por rejillas metélicas y elevadores de pulpa, esto se realiza a
través de los mufiones de descarga que envian el material hacia las pantallas

clasificadoras.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPQSITORIO DE CATOLICA

TESIS UCSM ot DE SANTA MARIA

Sistema de Clasificacion:

Este sistema es la etapa final del molino SAG, es donde la carga formada por el
mineral, el agua y la lechada de cal son descargadas en las pantallas
clasificadoras. Estas pantallas tienen ranuras por donde solo pasa el mineral que
alcanzo la granulometria ideal, posteriormente es descargada a través de una
canaleta hacia el sumidero del SAG que pasaran a la siguiente etapa de
molienda. Las particulas que no pudieron pasar por las ranuras de las pantallas
clasificadoras serén transportadas hacia el chancador Pebbles o recirculadas al
molino SAG.

2.5 Tipos de Accionamientos

En esta seccion se explicara los tipos de accionamientos que se implementan en los
molinos de bolas y los molinos SAG, también se detallara el beneficio de cada
accionamiento

2.5.1 Accionamiento mediante Engranajes

Tradicionalmente el accionamiento de los molinos de bolas es realizado por
motores de induccién en Europa y motores sincronicos en USA, la transmision
de potencia entre los motores y el cuerpo del molino es realizada por sistemas
mecanicos, integrados por una variedad de arreglos de engranajes y/o
embriagues.

En la Fig.2.7 se muestra la configuracion europea con corona dentada,
engranajes, pifiones, reductor y motor de induccion, para una velocidad nominal
de 1000 rpm. Esta configuracion simple puede ser usada como un sistema de
pifidn simple o dual, es decir, utilizar uno o dos motores. El uso de motores de
induccion de rotor bobinado asegura la entrega suficiente de torque para la
partida del molino pero presentando una limitacion en la corriente de partida; en
otras palabras no es necesario la instalacion de un embriague de aire para
suministrar el torque en la partida.
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Fig.2.7.- Configuracién Europea
Fuente: FLSmidth

En la Fig.2.8 se muestra el disefio americano tipico, con una corona dentada y
pifidn, pero sin reductor y utilizando un motor sincrénico de baja velocidad, es
decir un motor con gran cantidad de polos, por ejemplo con una velocidad
nominal de 200 rpm. El uso de motores sincrdnicos tiene la caracteristica de un
bajo torque de partido, el sistema de pifion equipado con un embriague de aire o
hidraulico entre el motor y el pifién. ElI embriague permite al motor partir y

alcanzar la velocidad nominal previa a la partida del molino.

Fig.2.8.- Configuracion Americana
Fuente: FLSmidth
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2.5.2 Accionamiento por Motores Sincrénicos

Los motores sincrénicos son un tipo de motor eléctrico de corriente alterna,
caracterizados principalmente por tener una velocidad de giro del eje en régimen
permanente directamente proporcional a la frecuencia de suministro eléctrico e
inversamente proporcional a los polos de la maquina; existen motores
monofasicos y polifasicos, sin embargo en la industria se utiliza los motores

sincrénicos trifasicos.

Un motor sincronico trifasico esta constituido por un estator y un rotor; el estator
contiene un devanado trifasico que al ser alimentado por una fuente trifasica crea
un “campo magnético rotatorio”, se denomina asi a la resultante entre la
interaccion de las fuerzas magneto motrices de los tres enrollados del estator,
cuando estos son alimentados desde una fuente trifasica de voltajes. Por otro
lado el rotor contiene un devanado de corriente continua, denominado devanado
de campo, y un devanado en cortocircuito, que impide el funcionamiento de la
maquina a una velocidad distinta a la de sincronismo, denominado devanado

amortiguador.

Existen dos tipos de rotores, el rotor de polos salientes es utilizado para
aplicaciones donde es necesario una baja velocidad de giro del motor y el motor
cilindrico se utiliza para aplicaciones de alta velocidad.

Los accionamientos de motores sincronicos que se utilizan actualmente tiene la
caracteristica de tener una velocidad variable y controlada. Las razones son las
siguientes:

- Depende de la dureza del material, la velocidad del molino puede ser
modificada reduciendo las perdidas enérgicas.

- Mayor posibilidad de eficiencia y confiabilidad.

- Posibilidad de controlar el motor a una velocidad reducida.

- Potencia que se desea generar.

- Tiempo de mantenimiento.
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2.5.2.1 Cicloconversores

Es un control de velocidad denominado Cicloconversores, es un circuito de
electrénica de potencia encargado de realizar una conversion AC-AC de forma
directa, sin pasar por una etapa DC. El esquema utilizado consta de dos motores
sincrénicos controlando dos pifiones conectados a una corona dentada. Los
motores utilizados son de pocos polos y son alimentados por Cicloconversores a

una baja frecuencia (véase Fig.2.9).

Acoplamiento

Cicloconversor
¥
[~ Ph Y d:
carga
compartida

-
Corona

dentada Moter Sincrénico

sin Escobillas
Fig.2.9.- Esquema de Accionamiento con Cicloconversores
Fuente: FLSmidth

Beneficios:

- Baja inversion inicial.

- Control de aceleracion y desaceleracion.

- Permite la operacién sobre y bajo la velocidad nominal.
- Capacidad de posicionamiento del molino.

- No pull-out torque.

Desventajas:

- Transmisién mecanica debido a los engranajes.
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- No le es inherente la caracteristica de sobrecarga.
- No contribuye con la generacion de reactivos.
- El estator y el rotor deben ser removidos para el mantenimiento.

2.5.2.2 Inversor Conmutado por Carga o Load Commutated Inverter (LCI)

Este esquema consta de dos motores sincrénicos de baja velocidad cada uno
conectada a un pifidn y estos a su vez controlando una corona dentada instalada
alrededor del molino. Los motores son alimentados por dos variadores de
frecuencia de frecuencia ““Load Commutated Inverter” los cuales comparten la

misma carga de dos motores DC, véase Fig.2.10.

Acoplamiento

Suminictre da Energia
utilizando LCT {Load
C Fak5d T A

3

Corona
dentada Motor Sincrénico
sin Escobillas

Fig.2.10.- Load Commutated Inverter
Fuente: FLSmidth
Beneficios:
- Controla la aceleracion del 10% a la velocidad de operacion.
- Bajo mantenimiento de motores.
- Operacidn sobre y debajo la velocidad base.

Desventajas:

- Transmisién mecanica mediante un arreglo de engranajes.
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- Necesita un sistema de andlisis de torsion en los ejes, debido a los peaks de
torque.

- No presenta capacidad de sobrecarga.

- No contribuye con energia reactiva.

2.5.2.3 Accionamiento Quadramatic

Es la combinacion de un control de torque y ajuste de posicion mediante
embriagues neumaticos es denominado el accionamiento Quadramatic, Fig.2.11.
Este metodo utiliza dos embriagues de aire, configuracion americana,
permitiendo la utilizacién de dos motores sincronicos de baja velocidad y torque
reducido.

Los motores pueden ser arrancados uno a la vez, para producir la reduccién en el

sistema de potencia.

Maneja corrientes de partida, relativamente bajas en los motores sincronicos lo
que permite un arranque con voltaje nominal. Presenta una condicion inicial de

carga compartida, que se logra mediante ajustes en el embriague de aire.

dentada Motor Smey 6nit_'o
fin Escobillag de
torquersducido con
encollados
Quadratozque

Fig.2.11.- Accionamiento Quadramatic
Fuente: FLSmidth
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2.5.3 Accionamiento por Motores Asincrénicos

Las maquinas asincronicas o de induccién son maquinas de corriente alterna,
utilizadas principalmente como motores, en cuyo caso el funcionamiento basico
consiste en alimentar el enrollado trifasico del estator desde una fuente trifasica
para producir un campo magnético rotatorio, de la misma forma que una
maquina sincrénica, este campo rotatorio induce corrientes alternas en el

enrollado del rotor produciéndose asi un toque motriz en el eje de la maquina.

Los motores de induccién son divididos en dos grupos dependiendo de la
construccion del rotor: rotor bobinado y jaula de ardilla, siendo el primero un
bobinado trifasico accesible mediante escobillas, en cambio el rotor de jaula de
ardilla esta constituido por una serie de conductores metélicos dispuestos
paralelamente unos a otros, y cortocircuitados en sus extremas por unos anillos

metalicos.

2.5.3.1 Motor Jaula de Ardilla

Estos motores de induccion se caracterizan por ser de alta velocidad, por lo cual

es necesaria la instalacion de reductores de velocidad a modo de reducir la

velocidad del molino. El sistema consiste en un modelo europeo tipico

utilizando motores de induccion de este tipo, véase el detalle en la Fig.2.12.
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Fig.2.12.- Configuracién motor Jaula de Ardilla
Fuente: FLSmidth

Beneficios:
- No es necesario la instalacion de embriagues para el arranque.
- Fé&cil mantenimiento.

- Confiables.

Desventajas:

- Es necesario un arreglo de engranajes.

- Es necesario la instalacion de reductores de velocidad

- Depende de condensadores para la regular el factor de potencia.

2.5.3.2 Motor Rotor Bobinado

Esta configuracion consta de dos motores de induccion de rotor bobinado
conectados a un reductor de velocidad mediante acoplamientos de alta
velocidad, que a su vez el reductor es conectado a un pifién utilizando un
acoplamiento de baja velocidad; los pifiones son conectados a una corona
dentada comun. El arranque de los motores se realiza mediante un sistema de
redstatos liquidos que al alcanzar la velocidad sincronica, cortocircuita las tres
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fases del rotor. El sistema para compartir la carga es similar al utilizado por dos

motores DC, véase Fig.2.13.

Reductor
Meplmm de
Tamiento de altavelocidad
baja veloradad ‘
,". .‘i_
.II_ r
Redstatog
liquday
.'I "I
Cw;;ia |
dentada I =
Disicn Mater Induccidn
derotor bobinado

Fig.2.13.- Configuracion motor de Rotor Bobinado
Fuente: FLSmidth

Beneficios:
- Bajo costo de inversion inicial.
- Facil mantencion

- Altamente confiables.

Desventajas:
- No utiliza control de velocidad.
- Necesita de un sistema de reostatos liquidos para el arranque.

2.5.4 Accionamiento sin Engranajes o Gearless Mill Drive (GMD)
Es utilizado para satisfacer las crecientes demandas de procesamiento de
minerales de alto rendimiento. Este tipo de accionamiento eléctrico sin

engranajes (Gearless) mediante motores anillo son utilizando en molinos

Semiautogenos (SAG) y de bolas de gran potencia.
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Este método elimina toda componente mecénica en el sistema de accionamiento
de los molinos mencionados, como la corona dentada, pifiones, caja de
engranajes, acoplamiento, eje de motores, descansos, entre otros.

El accionamiento Gearless consiste en un motor sincrénico disefiado para operar
a bajas velocidades, las cuales seran variables, serd controlado mediante una
fuente de Cicloconversores (CCV). El rotor del motor es a su vez el molino, es
decir, los polos del rotor son adosados alrededor de la estructura cilindrica del
molino. El estator es montado en la base del cilindro rodeando el rotor. De esta
manera, toda la potencia del accionamiento del molino es transmitida
magnéticamente en una interfaz de polos, observables en el detalle de la esquina

superior izquierda de la Fig.2.14.

Polos eléctricos

___‘ — Estator (estatico) Ductos de enfriamiento
—— Cobertura rotor

x\-\Poios montados en el flange del molino

Pernos de
regulacion
excéntrica

Flange de

montaje para

polos eléctricos
Estator

Cojinetes de | ~——Fundacién
descanso del

molino Unidades de H’
enfriamiento t

Fig.2.14.- Accionamiento Gearless
Fuente: FLSmidth

Este tipo de accionamiento es utilizado en los molinos SAG y molinos de Bolas

del proyecto Antapaccay, debido que su potencia nominal se encuentra entre 15

- 30[MW].
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2.6 Sistema de Control Distribuido (DCS)

Un sistema de control distribuido, es un sistema de control aplicado, a un sistema de
fabricacién, proceso o cualquier sistema dinamico, en el que los elementos del
tratamiento no son centrales en la localizacion, sino que se distribuyen a lo largo de
todo el sistema con cada componente 0 sub-sistema controlado por uno o maés
controladores. Todos los sistemas de control estdn conectados mediante redes de

comunicacion y de monitorizacion.

Es un sistema de control modular basado en microprocesadores, que es capaz de
ejecutar cualquier tipo de control de un proceso determinado. A través de modulos
configurables, médulos de comunicacion y médulos de entrada/salida (1/0).

El sistema de control distribuido puede adquirir grandes volumenes de informacion
y producir sefiales en tiempo real que actlen sobre el proceso. También la inclusion
de estaciones de trabajo basadas en video y controladores compartidos, capaces de
manejar complejas estrategias de control, conteniendo informacion de elementos
funcionales como controladores PID, totalizadores, temporizadores, circuitos

I6gicos, dispositivos de calculo, etc.

Por lo tanto se define como un sistema abierto, que permite la integracion de
equipos de distintos fabricantes que realicen una funcion especifica, donde realiza la
funcion de canalizador de todos los datos recogidos para transmitirlos a todos los
usuarios mediante lineas de comunicacion de alta velocidad. Se establece una

comunicacion cliente — servidor.

En la Fig.2.15 se muestra la comparacion entre un sistema de control centralizado y
un Distribuido.

Este sistema incluye interfaces humano maquina (HMI) para la operacion y
ejecucion de comandos del proceso.
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Fig.2.15.- Comparacion de Sistemas de Control Centralizado y un Distribuido
Fuente: Propia
2.6.1 Arquitectura de un sistema de control distribuido
Los sistemas de control distribuido estan formados por varios niveles de control,
los cuales trabajan en conjunto a fin de ejecutar tareas complejas con la mayor

efectividad posible y el méximo aprovechamiento en el uso de recursos. En la
Fig.2.16 se representa la arquitectura de un sistema de control distribuido.

. . Estaciones de Trahbajo,
de Direccion de .
aplicaciones en Red,
la Produccion

NIVEL 4

supervision del Producto, etc

de Mando
PC'sy PLC's
de Grupos
de Control y m m FLC's, PCs,

. Controladores,
Regulacion

transmisores, ete.

de Planta o
Proceso

Sensores,
modulos de E/S
¥ Actuadores.

NIVEL 1 NIVEL 2 | NIVEL 3

Fig.2.16.- Arquitectura de un sistema de control distribuido
Fuente: Internet
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El nivel 1, o nivel de planta, es aquel que se encuentra fisicamente en contacto
con el entorno a controlar. Se utilizan sensores, actuadores y modulos 1/0, los
cuales transmiten y reciben informacién utilizando un bus de comunicaciones.
Su funcion principal es comunicar al DCS las condiciones del proceso en todo
momento y realizar ajustes de acuerdo a la ldgica de control programada en
niveles superiores de la arquitectura.

En el nivel 2, o nivel de control, se encuentran las interfaces de operaciones de
cada uno de los procesos controlados en el nivel de planta. En este se encuentra
los procesadores de control y las estaciones de trabajo donde los operadores
pueden observar el proceso y tomar decisiones mas vinculadas al mismo. En este
nivel se encuentra también elementos como PLC y sistemas SCADA. Estos
elementos se comunican con el DCS haciendo uso de puentes de comunicacion
adecuados, poniendo a disposicion de los operadores toda la informacion

adquirida del proceso.

En el nivel 3, llamado nivel de mando o de ingenieria, se encuentran las
estaciones de trabajo y servidores con aplicaciones especificas que permiten
controlar y supervisar la linea de produccion. En este nivel se realizan las
configuraciones y modificaciones a la l6gica de control que regiran los procesos
de los niveles inferiores. Se puede encontrar en este nivel, servidores historicos

donde son almacenados todos los datos de control en planta.

En el nivel 4, llamado nivel de direccion de produccién o nivel administrativo,
se encuentran las estaciones de trabajo o Workstations con aplicaciones que
permiten adquirir datos ubicados en los servidores del nivel 3 para analizarlos y
enviarlos entre las Workstations que monitorean el proceso de produccion.

Toda esta estructura de control debe estar soportada por una plataforma de

comunicaciones lo suficientemente robusta como para brindar la eficiencia en la

comunicacion de los distintos niveles.
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2.6.2 Comunicacioén entre los diferentes niveles en un DCS

La arquitectura de un DCS tiene forma piramidal (ver Fig.2.16). Las distintas
redes de datos van desde los niveles inferiores de campo, hasta los niveles
superiores de administracion. Donde se puede definir en dos tipos de redes:
redes de control y redes de datos. Las redes de control estan ligadas a la parte
baja de la piramide, mientras que las redes de datos estan ligadas a la parte alta

de la piramide.

Estas redes estan basadas en tecnologia Ethernet, referidas a redes de area local
y dispositivos bajo el estandar IEEE 802.3, en los niveles inferiores de la
arquitectura de un DCS. Esto quiere decir que existen equipos como los PLC
que tienen interfaces fisicas Ethernet las cuales permiten la comunicacion con
estaciones de trabajo encargadas de supervision mediante un SCADA, o pueden
estar conectadas directamente al nodo de control de un DCS a través de un

interfaz Ethernet.

En los niveles de planta, control y mando de grupos de un DCS, se encuentran

comunicaciones Profibus, Fieldbus, Hart, Modbus entre otros, que permiten la

interconexién de los instrumentos con el sistema.
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CAPITULO 111
DISENO DE FILOSOFIA DE CONTROL

3.1 Circuito de Molienda SAG

La planta de molienda contempla un acopio abierto de 55,000 [t] de capacidad viva
provista de cuatro alimentadores de placas (Apron Feeder 0240-FEA-0005 al 0008)
para la recuperacion de mineral desde la pila de acopio, tres en operacién continua y
un equipo en standby, indistintamente. El circuito de molienda esta compuesto por
un molino SAG de 12.2 m x 6.7m (40 x 22 pies) (0310.MLS-0001) de 24 [MW],
provisto de un tromel corto, cuyo sobre tamafio alimenta al harnero vibratorio
(0310-SCR-0001) de doble parilla de 3.7 x 7.3m (12 x 24 pies), para la

clasificacion.

La clasificacion, el producto grueso es conducido mediante correas hacia la planta
de chancado Pebbles, mientras que el producto fino es enviado al circuido de
molienda secundaria, compuesto de dos molinos de bolas de 7.9m x 12.2m (26 x 40
pies) (0310.MLB-0001 & 0002) cada uno operando en circuito cerrado inverso con
dos baterias de 12 ciclones (0310-CSC-0001 & 0002) de 823 mm (33 pulgadas) de
diametro. Cada bateria de ciclones cuenta ademas con dos salidas adicionales (14
posiciones totales). La operacion normal del proyecto Antapaccay contempla él
envio de la totalidad de los Pebbles chancados a la alimentacion del molino SAG.

El disefio de la planta ha considerado un tratamiento promedio de 70,000 t/d de
mineral, con un esquema operacional de 365 dias por afio, 24 horas al dia 'y 92 % de
utilizacion efectiva. Se ha estimado un producto final de molienda que alimenta a
flotacion, con granulometria media de 80% bajo 160 micrones, y con 33 % de

solidos de peso.

El diagrama completo del circuito molienda esté representada con el Fig.3.1, en este
capitulo solo se consideran los lazos de control del circuitol (Molino SAG).
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Fig.3.1.- Diagrama Esquematico de Molienda de Tintaya — Antapaccay
Fuente: Bechtel LTDA

Filosofia de Operacion:

El acopio de mineral grueso es un recinto abierto con una carga viva de 55,000 [t],
permitiendo una autonomia maxima cercana a 18 horas. La descarga del acopio a través
de tres Apron Feeders bastara para proveer la totalidad del flujo demandado por
molienda (3,170 t/h nominales y 3,646 t/h de disefio).

Alimentacion molino SAG

El variador de frecuencia instalado en la correa transportadora (0240-CVB-0005) que
alimenta al molino SAG tiene dos objetivos fundamentales, primero actuar como
arrancador suave y segundo como herramienta de mantenimiento. La alimentacién de
mineral al molino SAG seré controlada por medio de la variacién de la velocidad de los
alimentadores de placa (0240-FEA-0005 a 0008).

Publicacién autorizada con fines académicos e investigativos
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Carguio de Bolas molino SAG

La carga de bolas del molino SAG, el cual esta provisto por dos tolvas de
almacenamiento cubiertas 0240-BNC-0006 y 0007, de 400 [t] de capacidad cada una,
provistas de sistemas de descarga y conteo. Estas tolvas abastecerdn con bolas de 5” de
didmetro, via descarga directa del alimentador rotatorio sobre la correa de alimentacion
(0240-CVB-0005) del molino.

Descarga del molino SAG

El molino SAG cuenta, para su clasificacion de su descarga, con un trommel corto y un
harnero vibratorio 0310-SCR-0001. Ambos equipos requieren de la adicion de agua de
modo de efectuar una eficiente clasificacion del material que serd transportado a
Pebbles y al Circuito Secundario. Se ha conceptuado dicha adicién en forma manual, de
modo que el operador de terreno debe ajustar el caudal en cada punto, siendo el objetivo
la obtencion de Pebbles lo mas libre que sea posible sin restos de barro.

Agua de Proceso

Se contemplan tres lineas de ingreso de agua durante la alimentacién del molino SAG y
una linea de agua para la descarga a traves del Trommel, de modo de efectuar una
eficiente clasificacion de los Pebbles. Se ha conceptuado dicha adicion en forma
manual, de modo que el operador de terreno debe ajustar el caudal en cada punto,
siendo el objetivo la obtencion de Pebbles mas libre de barro para obtener mineral mas
fino.

Lechada de Cal
Cuenta con dos lineas de ingreso de cal durante la alimentacion del molino SAG, cada

una con un didmetro de 1 % “. El control es a través de una relacion entre el peso vs

flujo que determinara la actuacién de cada una de las valvulas.

Publicacién autorizada con fines académicos e investigativos
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3.2 Lazos de Control Molienda SAG

3.2.1 Lazo de Control — Alimentacion de Carga de Mineral Faja 5

Estd compuesto por cuatro Apron Feeders o alimentadores de acopio que
abasteceran de carga de mineral a la faja 0240-CVB-0005. Conformado por el
transmisor 0240-WIT-01140 encargado de medir el peso de la carga de mineral,
estas sefiales ingresan al controlador 0240-WIC-01140, donde la sefial de salida
controlara la variacion de velocidad de cada motor 0240-FEA-0005-M1 a 0008-
M1.

La filosofia de control contempla cuatro lazos de control.

Condiciones para

Habilitar el Control
Controlador N Motor M1 N Planta N
0240-FEA-0007-COB1 " 0240-FEA-0005-M1 . ”

Transmisor
0240-WIT-01140

Fig.3.2.- Diagrama de Bloques Apron Feeder 0240-FEA-0005
Fuente: Elaboracién Propia

Condiciones para
Habilitar el Control

Y

Controlador Motor M1
0240-FEA-0006-COB1 0240-FEA-0006-M1

A\ 4

Planta

h 4
A 4

Transmisor
0240-WIT-01140

Fig.3.3.- Diagrama de Bloques Apron Feeder 0240-FEA-0006
Fuente: Elaboracién Propia
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Para que los controladores de los Apron Feeders estén habilitados es necesario

cumplir las siguientes condiciones:

- Sensores de Atoro desblogueados.

- Sensores de Velocidad deben medir una velocidad minina de 1000ppm.

- No detectar el desalineamiento a lo largo de la Faja 5 a través de los Pull-
Cord.

Condiciones para
Habilitar el Control

h 4

Controlador Motor M1
0240-FEA-0007-COB1

0240-FEA-0007-M1 » Planta

A 4
A J

Transmisor
0240-WIT-01140 |

Fig.3.4.- Diagrama de Bloques Apron Feeder 0240-FEA-0007
Fuente: Elaboracién Propia

Condiciones para
Habilitar el Control

A 4

Controlador Motor M1
0240-FEA-0006-COB1 0240-FEA-0008-M1 ”

Y
A

Planta

\ 4

Transmisor |
0240-WIT-01140 |

Fig.3.5.- Diagrama de Blogues Apron Feeder 0240-FEA-0008
Fuente: Elaboracion Propia
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3.2.2 Lazo de Control — Carguio de Bolas

Estd compuesto por dos tolvas 0240-BNC-0006 y 0240-BNC-0007 que
abasteceran bolas de 5” de diametro hacia el molino SAG, via descarga directa
del alimentador rotatorio sobre la faja 0240-CVB-0005 por accién de los
motores 0240-FET-0005-M1 y 0240-FET-0006-M1. La cantidad de bolas es
controlada a través del transmisor de potencia 0310-JIT-01220, dentro del
controlador existe una funcion que determina el porcentaje de bolas que debe
tener el molino SAG el cual no puede exceder del 30% de la carga de mineral.

A esto se lo conoce como el método de inferencia en base a la potencia, donde
se mide el nivel de llenado volumétrico de carga total versus el consumo de

potencia.

Condiciones para
Habilitar el Control

l

Controlador N Motor M1
0240-CVB-0005 0240-FET-0005

Planta

A J

A
A 4

Transmisor
0310-)IT-01220

Fig.3.6.- Diagrama de Bloques Tolva alimentadora 0240-FET-0005
Fuente: Elaboracién Propia

Condiciones para
Habilitar el Control

|

Controlador Motor M1
0240-CVB-0005 "] 0240-rET-0006

v
h 4
A J

Planta

Transmisor
0310-JIT-01220

Fig.3.7.- Diagrama de Bloques Tolva alimentadora 0240-FET-0006

Fuente: Elaboracién Propia
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3.2.3 Lazo de Control — Agua de Proceso

Las valvulas 0310-FV-01202, 0310-FV-01202B y 0310-FV-01202C regularan
el ingreso de agua al molino SAG para controlar el porcentaje de solidos a través
del controlador 0310-FIC-01202.

Este lazo de control, utiliza un control en relacién compuesto por el transmisor
0240-WIT-01140 encargado de medir el peso de la faja de alimentacién del
Molino SAG 0240-CVB-0005 y el transmisor 0310-FIT-01202 encargado de
controlar el flujo de agua de Proceso. Mediante una relacion del 0310-FY-01202
se obtiene una escala de peso vs flujo que determinara la apertura de las
valvulas, los porcentajes de apertura estan entre el 20% y 30%.

Agua al Molino Sag

Valvula
0310-FV-01202A

»
»

SP %

Balanza Faja | Control Razén | + Controlador ‘ L Valvula
0240-CVB-0005 0310-FY-01202 - 0310-FIC-01202 ‘ ™| 0310-FV-01202B

h

A

Valvula

Escala
0310-FV-01202C

Peso Vs Flujo

—

Flujometro
0310-FIT-01202

Fig.3.8.- Diagrama de Blogues Proceso de Agua de Alimentacion Molino SAG

Fuente: Elaboracién Propia

3.2.4 Lazo de Control — Lechada de Cal

Este control tiene como objetivo regular los flujos de Cal de ingreso al Molino
SAG a través de dos lineas de alimentacion:

El flujo de la linea 1 (tuberia 221) es censada por el transmisor 0310-FIT-
01201A, la sefial sera enviada al controlador 0310-FIC-01201A, que tiene como
objetivo mantener un flujo constante para permitir un buen control del pH. La
salida de controlador regula la apertura de la valvula 0310-FV-01201A
permitiendo la descarga de lechada de cal hacia el Molino SAG.
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La linea 2 trabaja de manera similar a la linea 1, pero ambas compuestas por
controladores independientes. El flujo de linea 2 (tuberia 226) es censada por el
transmisor 0310-FIT-01201B, la sefial sera enviada al controlador 0310-FIC-
01201B que tomara accion sobre la apertura de la valvula 0310-FV-01201B.

Este lazo de control, utiliza un control en relacion, compuesto por el transmisor
0240-WIT-01140 encargado de medir el peso de la faja de alimentacién del
Molino SAG 0240-CVB-0005 y los transmisores 0310-FIT-01201A y 0310-
FIT-01202B encargados de controlar el flujo de Lechada de Cal. Mediante una
relacion del 0310-FY-01201 se obtiene una escala de peso vs flujo que
determinara la apertura de las valvulas, los porcentajes de apertura estan entre el
35% y 45%.

Lecha de Cal
i Linea 1

Control Razén o * Controlador Valvula Tuberia -
0310-FY-01201 - 0310-FIC-01201A 0310-FV-01201A 221 -

Faja 0240-CVB-
0005
0240-WI-01140

Y

A 4

A 4

Flujémetro
0310-FIT-01201A

Fy

Lecha de Cal
Controlador Valvula Tuberia Linea 2‘

0310-FIC-01201B 0310-FV-01201B 226 =

h 4
h 4

Fluj 0 |
0310-FIT-012018 |~

Fig.3.9.- Diagrama de Blogues Lechada de Cal
Fuente: Elaboracion Propia

3.2.5 Lazo de Control — Alimentacion de Carga Fresca Molino SAG

Este lazo de control en cascada tiene como objetivo regular la potencia del
molino SAG segun el ingreso de carga de mineral con el fin de ahorrar energia.

Est&4 compuesto por dos lazos:

Lazo interno que regula la velocidad de la faja 5, donde la sefial es censada por
el transmisor 0240-WIT-01140, esta sefial es enviada al controlador 0240-WIC-

Publicacién autorizada con fines académicos e investigativos
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01140. La sefal de salida del controlador ajustara la velocidad del motor 0240-
CVB-0005-M1.

Y el lazo externo que regula la potencia del molino SAG, la sefial es censada por
el transmisor 0310-J1T-01220, la sefial es enviada al controlador Vendor SAG.

La sefal de salida del controlador ajustara la potencia del molino.

T Alimentacién SAG
SP - TN-H + Controlador Controlador Motor Fajas »  Molino SAG imentacion =
- Vendor SAG 0240-WIC-01140 > 0240-CVB-0005-M1 > 0240-CVB-0005 - i

A

0240-WIT-01140 [

Potencia
0310-JIT-01220 [

Fig.3.10.- Diagrama de Bloques Alimentacion de Carga Fresca Molino SAG
Fuente: Elaboracion Propia

3.2.6 Lazo de Control — Descarga de Mineral Molino SAG

Este lazo tiene como objetivo mantener la vibracion una uniforme para la
clasificacion de mineral. La vibracion es censada por los transmisores 0310-VT-
01292 y 01293 y la sefial enviada al controlador Vendor SCR-1.

La salida del controlador regulara la potencia del motor 0310-SCR-0001-M1.

Descarga mineral
SP Controlador Y Motor - H??:;?o 9 N
Vendor SCR-1 71 0310-SCR-0001-M1 4 . . i

Vibratorio

Sensores
0310-VT-01292 |«
0310-VT-01293

Fig.3.11.- Diagrama de Bloques Descarga de Mineral Molino SAG

Fuente: Elaboracién Propia
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CAPITULO IV

DISENO DE ESTRATEGIA DE CONTROL

4.1 Diagrama de Proceso e Instrumentacion (P&ID)

Partiendo del Diagrama Esquematico Fig.3.1 identificamos los procesos que
acttan sobre el molino SAG, como carguio de bolas, lechada de cal, agua de

proceso, alimentadores de acopio y alimentacion de carga.

Por lo tanto en este capitulo se mostraran los P&IDs de los procesos
mencionados en los cuales se muestra a detalle de instrumentacion, tanto en
forma de monitoreo, como permisivos o funcionamiento como variables de
proceso en lazos de control junto los elementos de control como las valvulas

proporcionales.

También se especifica el diametro de las tuberias para las diferentes lineas
(lechada de cal y agua de proceso), instrumentos locales (mandmetros, etc),
elementos mecanicos (valvulas manuales, etc) y elementos de control (detalle de

los Vendor).
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4.2 Tabla de referencia

En las siguientes tablas de referencia se detallara los elementos que integran
cada lazo de control a implementar y la descripcién de cada uno.

CONTROL DE ALIMENTACION DE MINERAL FAJA 5 — 0240-FEA-0005
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0240-WIT-01140 Transmisor de Peso en faja 5
0240-WIC-01140 Control de Peso de faja 5

0240-FEA-0007-COB1 | Controlador Vendor
0240-FEA-0005-M1 Motor de accionamiento Apron Feeder

0240-SE-01023 Detector de Velocidad Inductivo Apron Feeder

0240-ST-01630 Transmisor Encoder Apron Feeder

0240-LX/LSH-01024 Level Switch Alto Microwave Chute de Descarga Apron Feeder
0240-HS-01021 Pull-Cord - Switch Apron Feeder

0240-HS-01022 Pull-Cord - Switch Apron Feeder

DESCRIPCION DEL LAZO
El transmisor 0240-WIT-01140 mide el peso de carga de ingreso al Molino SAG y manda la

sefial de control al controlador 0240-WIC-01140 quien enviara los comandos de control
hacia el controlador Vendor quien controla al motor 0240-FEA-0005-M1.

Para que se habilite el control se necesita tener las condiciones iniciales del detector de
velocidad 0240-SE-01023, el status del Encoder 0240-ST-01630 que debe mantener una
velocidad minima de 1000 ppm vy los Pull-Cord 0240-HS-01021/01022 que determinan el

alineamiento del Apron Feeder, sin estas condiciones el motor no seré accionado.

Observaciones:
Diagrama P&ID

Ladgica de Control — Infusion Invensys

Tabla.4.1.- Control de Alimentacion de Mineral Faja 5 — 0240-FEA-0005
Fuente: Elaboracion Propia
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CONTROL DE ALIMENTACION DE MINERAL FAJA 5 — 0240-FEA-0006
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0240-WIT-01140 Transmisor de Peso en faja 5
0240-WIC-01140 Control de Peso de faja 5

0240-FEA-0006-COB1 | Controlador Vendor
0240-FEA-0006-M1 Motor de accionamiento Apron Feeder

0240-SE-01053 Detector de Velocidad Inductivo Apron Feeder

0240-ST-01660 Transmisor Encoder Apron Feeder

0240-LX/LSH-01054 Level Switch Alto Microwave Chute de Descarga Apron Feeder
0240-HS-01051 Pull-Cord - Switch Apron Feeder

0240-HS-01052 Pull-Cord - Switch Apron Feeder

DESCRIPCION DEL LAZO
El transmisor 0240-WIT-01140 mide el peso de carga de ingreso al Molino SAG y manda la

sefial de control al controlador 0240-WIC-01140 quien enviara los comandos de control
hacia el controlador Vendor quien controla al motor 0240-FEA-0006-M1.

Para que se habilite el control se necesita tener las condiciones iniciales del detector de
velocidad 0240-SE-01053, el status del Encoder 0240-ST-01660 que debe mantener una
velocidad minima de 1000 ppm vy los Pull-Cord 0240-HS-01521/01052 que determinan el

alineamiento del Apron Feeder, sin estas condiciones el motor no sera accionado.

Observaciones:
Diagrama P&ID

Ladgica de Control — Infusion Invensys

Tabla.4.2.- Control de Alimentacion de Mineral Faja 5 — 0240-FEA-0006
Fuente: Elaboracion Propia
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CONTROL DE ALIMENTACION DE MINERAL FAJA 5 - 0240-FEA-0007
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0240-WIT-01140 Transmisor de Peso en faja 5
0240-WIC-01140 Control de Peso de faja 5

0240-FEA-0007-COB1 | Controlador Vendor
0240-FEA-0007-M1 Motor de accionamiento Apron Feeder

0240-SE-01083 Detector de Velocidad Inductivo Apron Feeder

0240-ST-01690 Transmisor Encoder Apron Feeder

0240-LX/LSH-01084 Level Switch Alto Microwave Chute de Descarga Apron Feeder
0240-HS-01081 Pull-Cord - Switch Apron Feeder

0240-HS-01082 Pull-Cord - Switch Apron Feeder

DESCRIPCION DEL LAZO
El transmisor 0240-WIT-01140 mide el peso de carga de ingreso al Molino SAG y manda la

sefial de control al controlador 0240-WIC-01140 quien enviara los comandos de control
hacia el controlador Vendor quien controla al motor 0240-FEA-0007-M1.

Para que se habilite el control se necesita tener las condiciones iniciales del detector de
velocidad 0240-SE-01083, el status del Encoder 0240-ST-01690 que debe mantener una
velocidad minima de 1000 ppm Yy los Pull-Cord 0240-HS-01581/01082 que determinan el

alineamiento del Apron Feeder, sin estas condiciones el motor no seré accionado.

Observaciones:
Diagrama P&ID

Ladgica de Control — Infusion Invensys

Tabla.4.3.- Control de Alimentacion de Mineral Faja 5 — 0240-FEA-0007
Fuente: Elaboracion Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE ALIMENTACION DE MINERAL FAJA 5 - 0240-FEA-0008
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0240-WIT-01140 Transmisor de Peso en faja 5
0240-WIC-01140 Control de Peso de faja 5

0240-FEA-0008-COB1 | Controlador Vendor
0240-FEA-0008-M1 Motor de accionamiento Apron Feeder

0240-SE-01113 Detector de Velocidad Inductivo Apron Feeder

0240-ST-01720 Transmisor Encoder Apron Feeder

0240-LX/LSH-01114 Level Switch Alto Microwave Chute de Descarga Apron Feeder
0240-HS-01111 Pull-Cord - Switch Apron Feeder

0240-HS-01112 Pull-Cord - Switch Apron Feeder

DESCRIPCION DEL LAZO
El transmisor 0240-WIT-01140 mide el peso de carga de ingreso al Molino SAG y manda la

sefial de control al controlador 0240-WIC-01140 quien enviara los comandos de control
hacia el controlador Vendor quien controla al motor 0240-FEA-0008-M1.

Para que se habilite el control se necesita tener las condiciones iniciales del detector de
velocidad 0240-SE-01113, el status del Encoder 0240-ST-01720 que debe mantener una
velocidad minima de 1000 ppm y los Pull-Cord 0240-HS-01111/01112 que determinan el

alineamiento del Apron Feeder, sin estas condiciones el motor no seré accionado.

Observaciones:
Diagrama P&ID

Ladgica de Control — Infusion Invensys

Tabla.4.4.- Control de Alimentacion de Mineral Faja 5 — 0240-FEA-0008
Fuente: Elaboracion Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE ALIMENTACION DE BOLAS - 0240-FET-0005
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0310-JIT-01220 Transmisor de Potencia Molino SAG - 0310-MLS-0001
0240-CVB-0005-COB | Controlador Vendor Faja 5
0240-QS-01172 Detector Contador de Bolas Alimentacion de Bolas SAG
0240-QX-01172 Detector Espejo de Bolas Alimentacion de Bolas SAG
0240-QQ-01172 Contador Totalizador de Bolas
0240-HS-01173 Selector de Tolva de alimentacién en modo manual
0240-WY-01173 Conversor de Peso — segun la potencia del Molino SAG
0240-QY-01173 Conversor de Cantidad — accién manual
0240-FET-0005-M1 Motor de accionamiento de tolva 5

DESCRIPCION DEL LAZO

A través del selector manual, definimos con que tolva se desea trabajar, esto es una

condicion inicial para que recibe el controlador Vendor 0240CVB-0005-COB. La sefal del

controlador actuara sobre el motor 0240-FET-0005-M1 quien suministrara bolas.

El control trabaja a través del contador de bolas 0240-QQ-01172 y el transmisor de potencia
0310-J1T-01220, quienes determinan la cantidad de ingreso de bolas al Molino SAG, a

través del conversor de peso 0240-WY-01173.

Observaciones:
Diagrama P&ID

Ldgica de Control — Infusion Invensys

Tabla.4.5.- Control de Alimentacion de Mineral Faja 5 — 0240-FET-0005
Fuente: Elaboracion Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE ALIMENTACION DE BOLAS - 0240-FET-0006
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0310-JIT-01220 Transmisor de Potencia Molino SAG - 0310-MLS-0001
0240-CVB-0005-COB | Controlador Vendor Faja 5
0240-QS-01174 Detector Contador de Bolas Alimentacion de Bolas SAG
0240-QX-01174 Detector Espejo de Bolas Alimentacion de Bolas SAG
0240-QQ-01174 Contador Totalizador de Bolas
0240-HS-01173 Selector de Tolva de alimentacién en modo manual
0240-WY-01173 Conversor de Peso — segun la potencia del Molino SAG
0240-QY-01173 Conversor de Cantidad — accién manual
0240-FET-0006-M1 Motor de accionamiento de tolva 5

DESCRIPCION DEL LAZO

A través del selector manual, definimos con que tolva se desea trabajar, esto es una

condicion inicial para que recibe el controlador Vendor 0240-CVB-0005-COB. La sefial del

controlador actuara sobre el motor 0240-FET-0006-M1 quien suministrara bolas.

El control trabaja a través del contador de bolas 0240-QQ-01174 y el transmisor de potencia
0310-J1T-01220, quienes determinan la cantidad de ingreso de bolas al Molino SAG, a

través del conversor de peso 0240-WY-01173.

Observaciones:
Diagrama P&ID

Ladgica de Control — Infusion Invensys

Tabla.4.6.- Control de Alimentacion de Mineral Faja 5 — 0240-FET-0006
Fuente: Elaboracion Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE FLUJO DE AGUA FRESCA - MOLINO SAG
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0310-FIT-01202 Transmisor de Flujo — agua de proceso 0310-MLS-0001
0310-FIC-01202 Controlador de Flujo — agua de proceso 0310-MLS-0001
0310-FV-01202A Vélvula de Control por Segmento - agua de proceso
0310-FV-01202B Vélvula de Control por Segmento - agua de proceso
0310-FV-01202C Valvula de Control por Segmento - agua de proceso
0310-FY-01202A Escalamiento Peso vs Flujo — Control de Relacion
0310-FY-01202B Apertura de Valvulas — agua de proceso alimentacién molino

SAG
0320-DIC-01202 Control de Tonelaje de alimentacion del molino SAG
0240-WIT-01140 Transmisor de Tonelaje de alimentacion del molino SAG.

DESCRIPCION DEL LAZO

El objetivo de este lazo es controlador el porcentaje de solido del Molino SAG. La Salida de

controlador 0310-DI1C-01202 daré el setpoint de referencia para controlar la apertura de las
valvulas 0310-FV-01202A, 0310-FV-01202B y 0310-FV-01202C, quienes regularan el flujo

de agua.

EL controlador 0310-DIC-01202 esta determinado por el escalamiento de 0310-FY-01202A
y 0310-FY-01202B. Datos de control seran obtenidos de los transmisores 0310-FIT-01202 y
0240-WIT-01140.

Porcentaje de apertura de Valvulas no mayor a 40%.

Observaciones:
Diagrama P&ID

Légica de Control — Infusion Invensys

Tabla.4.7.- Control de Flujo Agua de Proceso Molino SAG
Fuente: Elaboracion Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE FLUJO DE LECHADA DE CAL - MOLINO SAG
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0310-FIT-01201A Transmisor de Flujo — lechada de cal 0310-MLS-0001
0310-FIT-01201B Transmisor de Flujo — lechada de cal 0310-MLS-0001
0310-FIC-01201A Controlador de Flujo — lechada de cal 0310-MLS-0001
0310-FIC-01201B Controlador de Flujo — lechada de cal 0310-MLS-0001
0310-FV-01201A Valvula de Control por Segmento — lechada de cal
0310-FV-01201B Valvula de Control por Segmento — lechada de cal
0310-FY-01201 Escalamiento Peso vs Flujo — Control de Relacion
0240-WIT-01140 Transmisor de Tonelaje de alimentacion del molino SAG
0240-WIC-01140 Control de Tonelaje de alimentacion del molino SAG

DESCRIPCION DEL LAZO

En este control solo se controla el accionamiento de la valvula 0310-FV-01201A en modo

automatico (peticion de cliente Xstrata). EI Accionamiento de la valvula 0310-FV-01201B

sera controlado en modo manual, a través de un selector.

El transmisor 0310-FIT-01201A mide el flujo de ingreso de la lechada de cal y manda un
sefial al controlador 0310-FIC-01201A, quien controlara la posicion de apertura de la

vélvula 0310-FV-01201A

Observaciones:
Diagrama P&ID

Ladgica de Control — Infusion Invensys

Tabla.4.8.- Control de Flujo Lechada de Cal Molino SAG

Fuente: Elaboracion Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE ALIMENTACION DE CARGA FRESCA — MOLINO SAG
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0240-WIT-01140 Transmisor de Tonelaje de alimentacion del molino SAG
0240-CVB-0005-M1 Motor de Alimentacion Molino SAG
0240-WIC-01140 Control de Tonelaje de alimentacion del molino SAG
0310-JIT-01220 Transmisor de Potencia Molino SAG - 0310-MLS-0001
0310-MLS-0001-COB | Control Vendor Molino SAG

DESCRIPCION DEL LAZO

El lazo interno estd compuesto por el transmisor 0240-WIT-01140 que mide la carga de

mineral y manda una sefial al controlador 0240-WIC-01140 quien controlara la velocidad de

la faja 5 0240-CVB-0005-M1.

El lazo externo esta compuesto por el transmisor 0310-JIT-01220 que mide la potencia del
Molino SAG y manda un sefial al controlador Vendor SAG que es el set point del
controlador 0240-WIC-01140, el cual modula la velocidad del motor de anillo de Molino

SAG.

Observaciones:
Diagrama P&ID

Légica de Control — Infusion Invensys

Tabla.4.9.- Control de Alimentacién Carga Fresca Molino SAG

Fuente: Elaboracién Propia

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CONTROL DE DESCARGA DE MINERAL - MOLINO SAG
ELEMENTOS DE LAZO DE CONTROL

TAG DESCRIPCION
0310-VT-01292 Transmisor de Vibracion — Harnero Vibratorio
0310-VT-01293 Transmisor de Vibracion — Harnero Vibratorio
0310-TT-01292 Transmisor de Temperatura — condicion de arranque
0310-TT-01293 Transmisor de Temperatura — condicion de arranque
0310-SCR-0001-M1 Motor — Harnero Vibratorio
0310-SCR-0001-COB Controlador Vendor — Harnero Vibratorio

DESCRIPCION DEL LAZO
Los transmisores 0310-VT-01292 y 0310-VT-01293 miden la vibracion que genera el

harnero vibratorio para la clasificacion de mineral, una hacia los molinos Pebbles que
recirculan hacia el molino SAG y los que alcanzan la granulometria deseada pasan hacia los

hidrociclones.

La sefial de control de salida de transmisores iran al controlador VVendor 0310-SCR-0001-

COB quien controlara la vibracion ejercida por el motor 0310-SCR-0001-M1.

Observaciones:
Diagrama P&ID

Légica de Control — Infusion Invensys

Tabla.4.10.- Control de Descarga de Mineral Molino SAG
Fuente: Elaboracion Propia

4.3 Instrumentacion
Los sensores y actuadores fueron seleccionados, revisados y aprobados por el
Area de Ingenieria de Instrumentacion & Control de Bechtel del Proyecto

Antapaccay Expansion Tintaya.

En las siguientes tablas se resume las caracteristicas de los equipos utilizados.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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4.4 Sistema de Control Distribuido - DCS

El detalle del DCS para el Proyecto Antapaccay — Expansion Tintaya abarca los
PCS (Sistema de Control de Procesos) para las areas de proceso de acuerdo a las
especificaciones técnicas requeridas por el cliente Xstrata Cooper.

El DCS es implementado con el software Infusion y con hardware de control de
IA Foxboro, proveidos por Invensys. Esta plataforma ofrece la integracion de los

distintos protocolos de comunicacion en la misma placa base como:

- Foundation Fieldbus.
- Profibus.

- Modbus.

- HART.

- Ethernet.

-  FoxCom

- DeviceNet.

-  Discretas.

- 4-20mA.

Infusion ECS ofrece el manejo de equipos redundantes lo que asegura el
funcionamiento de la plataforma. La utilizacion de multiples médulos 1/0 que
permitiran integrar cualquier sistemas de terceros (Vendor) sin problemas de
conflicto de comunicacion.

4.4.1 Arquitectura del Sistema
La plataforma Infusion ECS tiene la capacidad de realizar multiples sesiones
de Ingenieria de manera simultanea, para este propdsito el ECS tiene una

base de datos que permite un control eficaz y genera una copia de seguridad.

La ECS tiene la capacidad la integracion de cualquier plataforma de control
como PLC, DSC y SCADA, para més de 800 interfaces aplicadas en todos
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los sistemas, por esta razon la comunicacion de equipos de terceros (Vendor)
como PLCs han sido considerados de tipo nativo para propdsitos de

monitoreo exclusivamente integrada en la MESH Network.
La MESH Network ha sido disefiada para:

- Proporcionar la mas alta disponibilidad de comunicacion Peer to Peer entre
cualquier tipo de procesador (Control, Comunicacion y/o Aplicacion)
independiente del disefio de la topologia como &rbol invertida.

- Comunicacion de Procesadores Unicast de manera simultanea.

- La MESH Network puede es compartida con sistemas de terceros, tales
como PLCs y SCADA.

- La red viene predisefiada y configurada desde fabrica lo que permite una

aplicacion répida y segura.

- El disefio considera una velocidad de 1 Gbps entre switches BackBone, entre
switches puede estar a una distancia de 80 Km conectada con Fibra Optica.

- También considera una velocidad de 1 Gbps entre switches EDGE y
BackBone, entre los switches pueden estar a una distancia de 10 Km
conectada con Fibra Optica tipo monomodo.

- El disefio considera una velocidad de 100 Mbps entre procesadores de
control FCP270 e interruptores EDGE, distancia maxima 2 Km, la fibra

utilizada es del tipo multimodo.

La arquitectura de control del proyecto se representa en la Fig.4.5.
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4.4.2 Topologia de la Red

La topologia implementada en el proyecto es la de Arbol Invertido
modificado dado que la red del proyecto es muy grande y por la utilizacion
de los switches principales con conexiones redundantes entre ellos, esto
depende del disefio del fabricante (Invensys).

El tipo de topologia es adecuada para redes de control seguras con
limitaciones fisicas especificas, permitiendo la inclusién de switches

standars (EDGE).

El disefio se aplica a Enterasys Switches y a soluciones de terceros. La
principal ventaja es la utilizacion de OIM (administracion de dispositivos),
que permite compartir las redes de sistemas de terceros. Asi mismo la
aplicacion de la red de comunicaciones depende de la OIM y mediante el uso

de una herramienta estandar para la configuracion de la topologia MESH.

Enterasys considera los siguientes aspectos:

- Velocidad de 1 Ghps entre switches troncales, con distancia maxima de 80
Km, conexion Fibra Optica.

- Considera velocidades de 100 Mbps entre procesadores de control, PLCs de
terceros e interruptores EDGE, distancia entre ellos max. 100 mts con linea

de cobre y 2 Km con FO multimodo.
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4.5 Logica de Control

La logica de control del proyecto esta desarrollada en la herramienta de disefio
de Invensys Archestra, que permite una programacién mediante bloques de

funciones.

La logica de control contemplan los siguientes controladores:

- Control de Alimentacién de Carga Fresca — Faja 5, 0240-WIC-01140
0 Arranque Apron Feeder 0240-FEA-0005-M1.
o Arrangque Apron Feeder 0240-FEA-0006-M1.
0 Arranque Apron Feeder 0240-FEA-0007-M1.

o Arrangque Apron Feeder 0240-FEA-0008-M1.

- Control Alimentacién de Bolas Molino SAG — Controlador VVendor.
o Arranque Tolva de Alimentacion 0240-FET-0005-M1.

o Arranque Tolva de Alimentacién 0240-FET-0006-M1.

- Control de Flujo de Agua Fresca — 0310-FIC-01202.
- Control de Flujo de Cal — 0310-FIC-01201A Y 0310-FIC-01201B.
- Control de Alimentacién de Carga Fresca Molino SAG — 0240-WIC-01140.

- Control de Descarga de Mineral Molino SAG 0310-SCR-0001-COB.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




12nyoag - Apaondojup — ADINLL 012404 (AquANg

=
oc
= | nMn 89 LO00 VAL O8I0 420334 Woadp — J04IM0D 3P DASOT-"9 '} 51
a
5SS
rc ==
w = <
=2 v
= <C LU
> 0O N0
1T - R s ' ems . i = L — Z | +
= E ] _ = Eoan (LN T ET = TN
. %& T3 T LN [T ]
5 ‘\, 52 YR ST N SrENT a Ll
WX g W 0Ty R s e 2
AT INIL NOISHDE - AT Db el AN QIO Cieked 3 T NP VSN 1 VAR 3 T

. _W_ t
et i
NOITYLRIMTY OLDD Mﬁm
OYTIOTIA VDA Wq “
i il
ilt:
| o L
El - @ w.s “m u« {
! WOLEVAI NS VI TYE -2 M0N0 [ W30 L w
B m
SRYATFE a w ..”m s @
I : o BT
a {1 ([l
WOLEYAIE YIEYTY a0 T DTI0LY TIAN - dE0EID
LT 2005 0K W IO00Y1A0kD ) -
a

OO 30 HOTIEING HLLEYY

A" LTI A e AT Lomad

YALEYE ¥V auM0EIg #ﬁﬁﬁ‘m
a € meumee b e
t i
i
JEA T
] " e -
LOAT 0000V DO M DY OHOR

T30 MOUTWLNIMTY 30 Y3800

a OId02¥ 30 V1Id VOUYDS3a EN OOY LNIWIY ¥2IMNYHAIH O¥aINN a

referenciar esta.tesis

QId02¥ 30 ¥Vid S3800Y LNIWITY-0L0

ak G _ ] i a 5 ¥ £ _ [ _ b

(NN
=)
=
o=
o
=
77}
=,
o
L
e=

(7¢]

(=}

>

e

©

(=2}

-—

(7¢]

(b)

>

k=

(<5}

(72)

o

S

=

‘O

=}

o

(&)

(35

(7¢]

(<5}

(=

—

(=

(=}

(&)

©

=]

«©

= N
(Jp) S
£ =
o <
(Jp) m
(9p) S
Ll <
= L
=
=
a

En su investigacion no olvide




121yaag - Spaopdopuy — vimulf opafosd apuang
69 9000 FIL0FZ0 43paad uoidy — joiiuo) ap 0AS0T- 51

DE SANTA MARIA

Q
=
-
%)
e
(5N}
=
=
=

CATOLICA

e P e e "= [] | ‘ b I g ! aees F T —— & | b
£ _ - _ _ £ e OOy L AR5 ..__.-..__.__ L . T oAy A B T _q.ﬂu...:._!un. =T =
3L AT AT aaatn W | E G Mulilih lE LRI ED WO R VY —Eau.
z sl o == amom
47 3t EETRCERN 4 ST a = e m o m
o 3oy EEE v Sk e
A INILL WIS - Aok N QLR Dl N 2 N T 1N ST 1l N3 T
El
MOIDWLHIAMTY TORLNOT
OO 3OTIA W ORI S 5N
. 41
[ somsssew | orawnods oo omnwo
= 5u....Uuu=u._u¢=E._u..unua-u
2 ] e - . .
= S um AT TRy 10 remeomn OIRd RIMIE DYL 30 CHOAYS
E(ﬁ“”.ﬂl. re—— —r W\_] - |1 i—u“hle,huﬂ{ulu_._U R
i
[T} & . -
— i FRVRORD 4a ] ¥
nIInvaE.i ] 5 i - 0
WOLLEW - T - SEIEI0 _M AEVHORD YR ALTE VNEYTY DTIOLY T2AN -dH 530
SLUE ” ﬁuﬂw_ | ) .
f £ e %)
[~ =l g
DR I0E B0 BOGIHAND LAY — CHID 1IA MY HOOWLHIMTY (G353 w
il =
P —— (3]
_ - . H CL ] g mv
Cm———— iy g
T BO00Y TR0 B
WOLEYd WIS SHI6I0 V -B
G e €2
a -/ B
Q -
2~
SO0 = 0D % ﬁ
_ [ e L o
O TRYR 0 W MO (14 55 MO m m
130 NRIVLRIMTY 30 ¥ HHOD Ie -m
=}
(o
a CId02V 30 ¥id ¥2HY2830d €N HOOV LNIWITY ¥21TINVHAIH avaiNn m m
o A
THIOSY IOV STE00YINIRIT0T0 i
— = @
n m
e =
(NN © o
= . S 2
(=) ]
= S 5
S @ S 2
(&)
o
oty =
(77 L3 [ 8 i g i F £ 4 3 (5~ =
£ 3 s g
o u = =
Lt L | E
oc - L 5
= n
= o
a w




12my2ag - Apoovdopuy — vAopul] op2dodd rapuang

0 S000FIL0FT0 42p23f uoidy — jo4Jua)) ap vNB0T- '8t 514

UNIVERSIDAD
CATOLICA
DE SANTA MARIA

L
a
o
T =
o PR
g
&U
oD
o

o
[y =

e R ey e S| ] | L | i g 1 F ol b1 T | T
£ _ oo _ _ £ 1E0FI0Or=y LA EE0RISE ._ e ka B anm YR W BT q.“..,.:._ii_n__ e =
v = 3T AT TR s | B _._-l_..n._ NS L AN D e m.r.ﬂ
9,75 e 0Ty At cucmaw| 5| s o | g
%& ‘ T W EETRCETHINY A, BTN ST T _ T m ram | v | &
2 D) 9| Ty R v Sk e
m WAYINLL NQIENE - AuTrobol INY QUL DELA (b o TR
4
|
ROIOWLIN MY T LMD
QWO D0TIA MONIE I
-
a
El e =
E QW HTDAE DL 30 INYD
L)
WIONMITEIND 20 YIEAND W30
S T ey P | [ <
T
“w b
_,__HL B IEVHENI YALLEIE YRR TY
a W!v
. L6WT000IDO0NE 4 wn
SHMATEE s — mlt R o
-——— =
OATDE 30 208 3RaNE WiEvd ) . m ﬁ
— ¥ 240 NOVId v (401
1uH (=2}
= a —
e ot [}
FOLLEYE WY - dwas30 e s
a > .=
g TR RN HIN T R -ﬂ« n S
‘of 2
. ] (<5}
_ . n S
,_& [ W o ©m
R P L o
130 HOVTY.ANIANY 30 ¥YIUHOD m sl
@ 3
a Qld02V 30 ¥1id VOUVISIa PN JOAVLINIWIY ¥2ITINYHAIH AvaiNn w m
o O
< =
] QId02v 30 ¥Vid SIHOAYLININITY-010 77 Jm
(<5}
e =
=
o
¥ (=}
o
(3]
=]
I I I I I n—m_
ar 5 8 ' a S [ E @ 3 =
(=]
-—
=
©
=
o
(&}
<
L
=
=
Q.

En su investigacion no olvide




121y22g - Avaovdojuy — vdvjul] opalosd auang

=
('
2 = 122 SO00-FIL0FT0 42pa2d wosdy — oiuo) ap vS0T-"6'p SId
a
DS E
e ==
W= <
=2 v
= <T Ll S R g L . I e ] ' e, S _ _ ]
> 0O N m._ :._.....:_ _ ..._.u.__..._ =W — wm A LM Ed B 3.“-% s I _...I..n_" A
230 WA ‘!I..E EAERERED L e I -
5 Y S TRE 4 BT a = W]
g . FOWITIY TRLHIEE WLveISx A.n__._ AT e =
WAYLHLL NOISdE - AWk Ny QLR N 20 1 N TR 1Y § TS 13 el T N33 0 2]

]
ili
i
]

(]
-
E
s
&
:
]
3
e T S

B Y oy T e

TYIDCTRA MISHEHRA Y

v w
g
L N VISHEDFIRD 30 VORINS ‘d¥IERa
VLML B VT S OERT L
°
w a1 1 1]

4
, _ s ] avanmssons s s
— S -

WOLL Y B WY TY - g R VISRIDFIND 10 VORIND ‘dEIER

B i S ey

=

STILY TRMH S

5 &
p— o]
i e

DEED A NI BTV JUIEID M.wx

|

WOLLWYE YTV SHIERD

DRI B B0 B LYY

a G

I

] ADK EmaYRd ORI MO T 0 —
VWD NOISY LN IETY 30 WEH B0

QIdO2VY 30 VId ¥OREYIS3IO LN JOOY LNIWITY ¥2IMNYHaIH OvadiNn

OIdOT¥ 30 71id 5359009 INIATT7-0r0

ok 1 ] & ] g ¥ £ 4 I

(NN
=)
=
o=
o
=
77}
=,
o
L
e=

(7¢)
(=}
>
—
©
(=)
-—
[7¢}
(b)
>
£
(<5}
(72}
o
S
=
‘O
=]
(3]
(&)
(35
(7¢]
(<5}
(=
—
(=
(=}
(&)
[3~]
=]
«©
= N
N S
) =
> =
%) =
2] 8
Ll (3~
— gL
=
=]
o

@
n
D

—
[3°]

s
»n
(<b)
S

S
(&)
=
(<b)
e
(5]

S
(«b)
S
D

S

=
o
o
o
=

S
(&)
(3]
(=)}

o—
(7¢)
(b}
—

£
-
wn
{=

Ll




121y2ag - Avaavdoyuy — pADINL] 0192404 (ATUAN T

=
<
D —_— - . -
= = ¢L 43padd wosdp DIIUAI[RY ap pUpLIe]aq — 04D 3P DAB0T-GI F BT
a <
A =
rc ==
w = <
=2 v
= <C LU
200 S R A e e e T T T ; T ; ok K Fo 7 T
£ _ sz _ _ _ alabind = = S _mﬂnl_.ﬁiﬂ === T AT IS 2
EIEWN L] LGl ARG HO Wi | OO
WORL DA el 2 T “
FEYTH SEWHREIHME ASTIOT SET | oy |0 swamd | B0 tan wema H
of @ s mmviens S et
WARLHIL NOISH S = A Dlad W LNY D23 Ol i o
4
E%
® .‘\ 1// _\\ .//._
= El‘.nm!rn} [ T
HOOVLNIWITY OVOID0T13A VIDONIH3I43H a -/:nu-v a —./ l\
£ E43
ase le
| OF LR OADM 20FLIDIdM 1
HOOVLNIWITY OYOIS0TN3A VIDONIY3I43H a _/nu-\\\ a / \_ L 1 ‘// ﬂ_\_
TR - LA
—] 3 (4 |
N [~ A
E - ﬂw——u.,”i\_ll ﬁr:_w_ﬁ.- _H ==
HOOVLNIWITY OYOIS0TN3A VIDONIY3I43H a - a /
a TR0 Loim 2]
¥ o (=]
s.\ \ll//. VDY MOIDIOW TOELNDD " =
L1 T N W we Ty ..nld.
— HOOYLNIWNITY OYTOID0OTN3A VIONIH343H a aul\ a g
B W LESLIE 0L ﬁ
[7¢]
T¥D NOIDIOY TORLNOD N Jnﬂ m -B
{27 ]
4 [P | worLioLma = B
N/ o
o I
SYE ONMON NOIDYLNINTY Y3dd00 [y 3830 0 [75)
| o o
S
S
D 9O
(A=
= | % m
RHOIDYLNISNITY 30 TOBLNOD (/2] m
o 9
= £
] = ..n_uu
OIdO2V Y¥1id S3H0aVLINIWITY-0L0 m =
Ll Shi=
[am ] S o
v 1= e e
o I
== 52
== T 19
B S 8
E S i & g L 9 5 ¥ g z L = o
Been B
o ENG
o o rz =
T c S
e - O S
m wn
= I
[a N ]




121y22g - Apoovdojuy — pavIuL] 0pf0sd (aquANT

&L DY’ ouloJy SUjog 2p LOPDIUAMIIF — [041H0T) 3P DHSOT-[ 51

UNIVERSIDAD
CATOLICA
DE SANTA MARIA

== s | g _ T _ 7 _ 5 _ 7 _ - _ Z.o T
£ _ _ _ EREC0 OO WAEZLREET il:.....:._ il 2 - ﬁ.nﬂn_mt_n L —= S Al _,.__mn_“n.._n Rt
TZI0 NI e EENEE m n-i!.“ oo an o L e T B
- LT e awm m waEHTH
v EXWICIRI A T S Ea TR wamm | g TR e m 3
| B [ i
& oormrom s & T
ANLMLL MOHIENWRE - ANV O LR ACkA TR I G I ] RN B T TR T
-.uu
M%
2 m
T NG i
2 O " K
._mu n wiy) THO FOO0LE4 h I
) e i
{5 Loy ———— um
(pe—
b b (sonoL3doka
1 @ n SODOLIA0NT
E)
w .__n.m H¥E OHIOR ¥ 5¥108 30 OO INIM z I —
_..fm_m W e :E
NJ - £ Or J LT T
i X
s
£
A Rl B DR Y EL LU N TR Tl._ n.) FROTE0IAL IS n | =m Ll .
5 laucoH Kzl L0 TE0DeLTd P —— [FET—— mu
0 SLeOHmIORE (= OIS INIMTY 30 YIHE0D u._._h
G Mn-
H

SYI0E 30 BOOYLNIMTY CONYHOIH YWILSIS
Lt TS T

LT LT T L s

o e i
N nq_uw y ) g
..OIJ] LION 5200134 um M

UEODE

SYI0R 30 YUY WOV VYO EY S

W PORAT S DUWEL XN L == PERT

N FIG0LFH0NT

O¥S ONITOW v S¥V108 30 HOaYLNIWITY

O%S ONIMTOW NOIOY LNIWITY-0£0

referenciar esta.tesis

ak 6 2 L a S ¥ |5 Z L

REPOSITORIO DE
TESIS UCSM

wn
o
=
)
(3]
(=)
=
[72)
(<5]
=
£
(<5}
n
(=]
=
=
)
=}
]
(&)
<
wn
[<5]
[=
=
=
(=
(&)
(3]
=]
%]
N
=
(=]
-—
=
(5]
<
S
(&)
1]
=
2
=
o

En su investigacion no olvide




UNIVERSIDAD

REPOSITORIO DE

CATOLICA
TESIS UCSM DE SANTA MARIA
=
< m [&] | [u] | w L (4]
£ il
eooreE | [T [FRPTEE E'ﬁ ;
o 15 1/ gyt
- == 88 BE
A §§§§§
GOE G QO QoS ;Euﬁg i
- 20|
:E g B
: L H
. 53!553
| 5 HHHE
:
= L=
H H
. ;i§§§§‘”
el i 3
2 EEE!E %3
N § Esggh EE
9 = 5.
o g -c|?7] a
_ P z - =
o [
Z (o]
3 = 35
@ E @ ] : o '.!s
8 :Onl ;%@(JW%J ;i E & . E‘-
_ 5w | ; ] &
Zl & ] ¥ E
gz £5
. 3 = . o8
g o 3%
= : 53
_ i N R
: 3
. ; - 5
| o
z E g
] E= . Ejﬁt:!ﬂ
Ty e
gljl = EdE
N : A
g
] -
s

Publicacion autorizada con fines académicos e investigativos
En su investigacion no olvide referenciar esta tesis




=

—
(=]
2 = SL
DS W [91yoag - Aeadedeluy — eAelul] 0199401 :81uan
m ,w << ©10U3)0d - DYS OUI|O|A Sejog ap Jopeiuswi|y — [041U0D 3p ©o1Bo1-'¢T 014
= _N n_.n S e i e Sy e S 8 | L e ey e ion I S ' O W —— fus -
=2 ® 0O ﬂ_ e _ _ PRSI AR AR TR e u::__ - ] e L T T e e o [ S—

2 e — n...ﬁ....m =] el EREE v
o[ @ mummm e |
WAYLNIL NOISNY RS - A0k LNy OULD3 AR LY T YU G O A MR I A DA KA1

00 -31vosg
C-IIVISH

— N A 12D

3 OZZLOAM 0z LOIDr ATy
a / a a / \
- H

A WOV T 0 ELHOAMOFE T._. ._ T1EYNT DELLLDAM OFC A

f \ WOz
N DZZLOLIr
a /

VS ONIMOW ¥IDNILOd - dYD2530

4
% ._ 13534 DELLLDAMTOFT A

[

? OVS ONITTOIW SV1049 3d vOdVvD
OVS ONITOW-0LL

referenciar esta.tesis

oL L&} I a2 I L a ] F I E 4 L

L
a
o
T =
o PR
g
nNU
oD
o

o
[y =

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide




9. 121y22g - dv2ovdpjuy — vAppul ] opadosd aquang
OFS OUIJop\ D SOJ0g 2P WOIIIPY J04IH0) — [0 3P DASOT-#1 F 514

UNIVERSIDAD
CATOLICA
DE SANTA MARIA

i 17—+ TR B~ 8 | L T s ! cmen T T —— | -

m _ e -_ _ £ B0 WK WA BT .._.u.._.._ ] A [ VO T TAEIRTL L _..W .ﬁ.ﬂsu.._uﬂ.._ ] .
T3 A s | 2 [z mma | —— A G IR il

DL HIAM A s | £ [E e | e
B WY -ETCETNNEL-STIERT S e [T m nEm aam m
=
o| i sy Eucm s $
AYLNLL HQIENNE - Aol LNy QUL DA Qe AN 8 1 S R G TS YA 15 A

b
a e
VRO DELLIDAM e LR TR
f

¥ RS - [ eowse |
3 " N A e ——

LSWI0R 30 80 LTALA dRIFA0

| werwoe
p— |- ——— N
o WLAATE ﬂ\\l af..
—] i~ o Lo . - - ——

L

L
a
o
T =
o PR
g
&U
oD
o

o
[y =

a OVEM VTR ALOD HOOY NN oY Lasas Ty -u..._xr.n_._n un\n\n”_unu‘/r”/_ Eﬁﬂﬁuﬂhwﬂ_ﬂﬁﬁﬂﬂrﬂﬂt A
T B .
e e — - 8
A v mremne =
“Fiioon | cioos - WOFINNN DY NOUANT ©
] b0 1ooos l B0 -— (=)
(LT I L T —
foococa T amanis| 2]
L0000 | oo e et}
SO00CH | GOO0E s A = (/2]
S0000E L0008 g, = .m
2 st e =V
Ly o e 113 )
== 2%
[
_ e &
WDV ¥ 053
E 8
o EEEL Ay D ==
m - O
c =
4 o o
oxloar
T 0 =
o P
=
— =
o wreiacons . " iemond] =
FEd OO2AS (&)
v DWS ONITOW SYW1089 NOIDIOY TOULNOD m
<
DWS ONITOW SY108 NOIDIOV TOH1NOD-0C0 m
T T T T T T T £
ok 5} ] L a G ¥ E [4 _. =
(5]
<
a
(&}
1]
=
=
=
o

En su investigacion no olvide




=

c .
a < /. 121y23q - Ap0doiuy — DADIUML] 0102404 (FTUANT
= AMn T SO00-FAD-OFT0 HOLDIUGWIF 3P D307 — [041U0T) 3P VNS0T "CT 514
PSS =
o= =
w = <t
=2 v
== w e e e Tl | ] _ z | El | g ) . ] T | H T
o200 £1 [T e i e e ) L) B s H e e e T

TEIIE VNI Ll i L] SUH [ I W Wb Wibid | merem
| sevnn conniil S eanenn o e m S— ]
5| M s mmasy B2 ———————
WAL L NDISNHRE = AVD D LN Ol DA TN OO

referenciar esta.tesis

(NN
=)
=
o=
o
=
77}
=,
o
L
e=

(7¢]

(=}

>

e

©

(=)

-—

(7¢]

(b)

>

k=

(<5}

(72)

o

S

=

‘O

=}

o

(&)

(35

(7¢]

(<5}

(=

—

(=

(=}

(&)

©

=]

«©

= N
(Jp) S
£ =
o <
(Jp) m
(7p) 'S
Ll <
= L
=
=]
a

En su investigacion no olvide




=
oc
mun AMn 8/ 121y22q - Av2ovdpruy — vADINL] 0102804 (ATUAN T
= T/T SO00-FADOFT0 MOLDIMAMI[E 3P D240 — [04IUOT) 3P DASOT- 9] 514
n o=
rc ==
W= <
=g &
= <C LU
s < Ml am | ] 1 E | I._v | [m | z ]
== — S -ILJWHH ﬂ _.Ea == Lo s el Y o R _(_..._ﬂ_ﬂ ./% m
N ERE MO | aerm I
[P iy ,Hu.m —at
] . 2T ELHOZE YIS W_ = T
WANLNIL NDEEMY Y = AYDDed LNy O 034 Cd fe SERTRL N T
d _ m m “
il
I
] il
!
a . 8
m.m =
.
| — N =
it a
i R
2 _mi =/
in o =
bt 2 S
© o
- - T =
o S
D 9O
(A=
(E=
a a8 M )
i
=g
. B S =
- (—— © ©
(e EWE ONITGH NOIZ¥ NS FITY-0ED m m
== v N S s
=
o (7p] (= &)
% % ot I 8 2 : g g v & z ' I ..nwu
E & g 2
L 5] =
e - =
=
S c
a w




UNIVERSIDAD
CATOLICA

L
a
o
T =
o PR
g
nNU
oD
o

o
[y =

DE SANTA MARIA

6L

[91yoag - Aeaoedeiuy — eAeiul] 0199401 :81uan
VS OUIJO UgIoeIusWI|Y 3p 3INYD [e [eD dp UQIIPY — |043U0D 3p edlbo-'2T 1614

o T e — e —— ] _ T ) ) ) g : zZ T
e T S -1 BEIER TR EE @ I T TR B 1 e o g e B
P - T
m. _ — _ _ e g O g g = - —— ._ = S 12l RO LT ...ﬁ.u."__n ;&\m
=% 30 L YN AT o ) Ll i) _ LN ) MO OVEER YR | Deora

LT
(1 £ WS S ITHOET NI A4S0 Simeanid

A g [Frivd o @
:

T | vaseEs

- RERRLER - TIT: T
WAYLNIL HOISHYADG - AT D’ LN QUL DRk

T

L P L ST IR VTR NRI RN

< AW ELITENWOLE T

TWINM TYD NOIIOY ¥INATY A

€ AWWIITINXDME e

EVWINM T NOIIOY ¥INATYA

g
TRTLL ATVIEH TELDDD WIS
coL 3 WINATYA ornid sA0s3d
n ¥ 30 A% SA OrNS WIDNIONOdSIHEOD
= - WIINIANOESIHLOD AT ¥ANND
X1 WIDZT1LDd 10N YIOZLDd - .d_..tu_l_n_ D:3aTvoss
i ) TELDODD -ITYIEH
'|_m L
n ok
§ 1
Do 3aIvoase
Lo " “ W
L TEETLL IIIVISH [GEI T T0ZI0Ad WL ILIAMDFT
K N N
n

PELTVIDZEOIE

T

OYSAH WY ILNHD ¥ %D - 2509VL

[] [+]

3 NIML MWMd 0OCI¥3d
(xhd ¥ IWNOI OO0I¥3d NOD
n “UACK QIOINOHE © X

X4 WLIZLOIS :

v S N

<
/

\:ug:

aLozioid Tn
N N

13 VI0ZEDIS n

£ /.: L dd
BLOZLONS L S| — W | wiozrows

n n
VD VINIT dOO0T WOLIITIS  DWSW WY ILNHD ¥ VD 1 2S09VL

”
N

OWS ONITOW NOIDYLINIWITY ILNHD 1Y2 3d NOI12Iav

O¥S ONI'TOW-0OL L

s e
ey B e o S
B e st Pty

ak G

B T e P e

Bt i A4 b 8 AT b Bk

(7]
o
=
)
(3]
(=)
-

€émicos e inves

3

Publicacion autorizada con fines acad

En su investigacion no olvide referenciar esta tesis




=
oc
3 AMn 08
%u < = [91yoag - Aeaoedeiuy — eAeul] 0199401 :81uan
TE.= VS OUI[OIA UgIoeIUBWI|Y 8p 3INYD [e enby 8p UQIdIPY — [013U0D 8p ©21607-"8T b1
=2 v mm— S g ‘ : EI— = I TR _ & :
=< u E] [ ] ¢ﬁn_w5a_a$>ﬁmﬂmﬁ :._,._3;_ e [ @ 3o oz P o w1 A
T e = eE = —— e e
3] ‘ AOMETTIY BLHIZF WLV LS W. — ..:u.lm ::__.._..mt..l.sian m
WAYIMIL MOISMSERE - AVDONYLMY OL03A0M *ARINTER T 1
. i
. i
7 L M_Mm
° f/vf \\ COTYdS3H ONOD JTOTIAS “ w W
1 e ans DO AADS G mmm
; _\\ |/ s E.\Muw._.u“./_i - nm«_nuuw-k-/l u \\\ll// m
— T - B i - . _r/un__n_.u\"\
a _r/. l\. B2 r/ |\\\ \

a ~_\\..//. :_\\.

woRTiRAS Co:iITwoss |/_ Eili

- _/l .\\ TOEEDTTVISH _/M-WNPME\.._\ “ Lol W MMWM (%)

U mm. (=]

i =

- =] Moz 1 %mwm =

H (=2}

il =

: : | .
Lruu_ u\\l - 'y 4% ”\II/_AA -\I a wum m -B
| ozocioas ETOTIOAL WIDTLOAS | woTeows HH S @
\ : , iy =3
BYEI WITY 31MHD ¥ S0 30 YN 05a0VL OYEN MITY SLNHD ¥ 2084 20 ¥NOY  25ADVL OVEM WITY SLNHS ¥ S0d 30 ¥NOW : 9200VL a o m

— YOHYIS30 ILNHD YNBY - dE3IE30 — 0
2 3
E S
Q| ==
a a 1= m

(&)
DWS ONITOW NOIDVLNIWITY ILNHD ¥NOY 30 NOI121av M .Wlu.
e — o 9
— OVS ONITOW-0L T — =
< g
n - —
e =
L v v = 5
(am] M (=}
=
S g o
o = O
R S S
= (&) aL G a8 i a S ¥ T Z L ..m <
A = ==
n =
oL S 8
o o rz =
— =
oc - L 5
S c
a w




=
oc
s I
%u < < [91yoag - Aeaoedeiuy — eAeiul] 0199401 :81uan
e=S=Z [eD - enby [011U0D 3P BINAJRA 8P OJUSIWRUOIIIY — [011U0) ap edIbo1-6T 4
N e w R R AR S S S B s S a8 L ! ] . ! 5 L— [ [ ————.
N M E m: _ — _ _ #igz—} n.._-.“_":.._ P I —— U__ _I-m _____________ I=] ST .ﬂ.nﬂ...-ﬂ._“-‘hﬂ-”.-_- aaaaaaa - ."M.ﬂ“ aﬁu ”!n b e e o T ! T
= C D 2 31 SYHIET AU i T .::I..rn “ “‘ﬂ .ﬂ_._.
JRp— a-_gx—_l_.n_n-cpﬂnru.-‘x a .“—.--u” l““_n.l-” m Lo ud hﬂ“ m
a i e L I
WAGLNIL NSNS - ATl LN QLA O L T TN G PN A TR A VM L R
N [ M
@ & e
= ] 1ON"WLOTIONX WS OMTOR
4 = iz
B 8
% [eozionaoteEl
a EOTHONXOLE
OVYE ONIMCN YOUYIE30 ILNHD ¥ O83D08d 30 ¥VNEY 30 NOISIOY 30 vVINATYA
E|
¥ &
— [ £
Sh
W ﬁw‘ B 10100 0K
a £ [SiDTiDnxoLel %
a  SsDTIONXOLE TWINIT WD NCIDIOY .W
©
] OVE ONITON NOISYLNSMITY SLNHD ¥ TWINIT TVD 30 ROIDIOY 30 ¥INATYA -Mv
[7¢}
S @
(=27 ]
a S
o & @ pa
CHE 8 =
; S @
— 5 .m al
5 c e < 5
- O
L DWLDTIONNDLE] (1 m
E o WEIE E VAN IV NOIDEOY % MM
w R
DVE ONTON NOIDWAININMTY LNHD ¥V E VINT TWD 30 NOISIOY 30 Y INATY A e vﬂ'b
_ = o
n ”m
S =
L ==
(=) . %S ONINOW-0lL s e
= S =
cc (7p) =S
B S 8
= | | | | | _ — =]
(7] ok 1] a L a g | E s < =
oL NG
o o rz =
~— s S
[a'mgil = O 5
m wn
=i =
a w




UNIVERSIDAD
CATOLICA

L
a
o
T =
o PR
g
&U
oD
o

o
[y =

DE SANTA MARIA

Z8
[91yoag - Aeadedeiuy — eAeiul] 0199401 :81uan
T000-S1IN-0TE0 OVS OUIJO|Al OJUBILBUOIOUNS 3P SBUOIdIPUOD — [013U0D 8p ©21607-"02 b1
BT T T TR | g | T o L 5 ' m e et i st e e e e b e +
mr _ E:-l_ _ a1l g g 5_.:_.. _ =T = e Lorbabla ..._qm.ﬁmsﬂnnﬂ —
e = ===li=f—===. Eal o e
WY S TRMICITHITL A B0 D0 ST ATy Tamn| g T | i | §

o| il Do a4 =

AT AH A NS - ATy INY QLR - e ey
4
]
a 4 I S000EATOFE T o

DYS NOIDVLNIWIY ¥3IHH0D
T EOTEONXOLE
e Q5320dd 3d ¥YNaY NOI2IOY YINATYA
_ [ 8
10T L004LEDLE _ Z_Jh_l_._u_u_“_.ml_z
n
a wOIINYRAIH OYaIND OAONYNOIZNNS 29%5 ONITOW - 442530
A HFLTD ELLFDA MOFT |-

4 I
¥ O%S ONITOW-0LL

ol 1 B I =] I L I a I 5 I ¥ I e I E4 3

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide

referenciar esta.tesis




=
oc
o = €8
<< =
=g < [91yoag - Aeadedeiuy — eAelul] 0199401 :81uan
m m = T000-4DS-0TE0 01I0IRIQIA 0J3UIeH [011U0D — [041U0D 8p ©dIB0T-'TZ v 6I4
=2 v
W m M M_r_: N |_... _ Hi—“ e .....n_.__ S vy \W!u_.ﬁ_.:..-l..:-_..ﬁ 5 .I-:.__ leber ”uﬂ-&lun--.:_,:.:_ L _ﬂ..uD.Hu.E,. - -
LV SETYNCERN 4 BTSN T SV |_|=Ml_”.._ .:m.m..lnnm [IES T ]
5] ‘ FONTIY ELLHOEE Y LvLSY mwm I ___.__.‘_..ﬂ,_.__-._::o_:.ﬂi. .
W APLHIL HOIEN S = Mot W LN Y S5 Sl N T 1 B R DR YT 1 T
|
E]
— “1'1
| ENw
()
a (7¢)
(=]
=
N =
=)
B
(72}
. £ %
Y X
g =
- g3
58
a =] m
S o
©
_ g ®
< g
s =
L ¥ o o
a M (=)
= S =
oc w o & 8 i I 9 _ 5 I v I g I z L = O
- = %
R g S
oL NG
o a 2 2
~— s =
[a'mgil = O 5
m wn
=i =
o w




UNIVERSIDAD

REPOSITORIO DE CATOLICA

TESIS UCSM 2@ DE SANTA MARIA

4.6 Interfaz Hombre Maquina

En esta seccion solo se detallara los interfaces implementados en el Proyecto
Antapaccay Expansion Tintaya.

Estaciones de trabajo:

- Estaciones de Ingenieria, utilizan los modelos P92 configurados con el
software Wonderware, proporciona una plataforma de trabajo para que el
usuario interacte con sistemas de Invensys Foxboro o Terceros. Sistema
operativo Windows XP.

- Estaciones de Trabajo, utilizan modelos P90, configurados con Microsoft
Windows Server 2003 como sistema operativo.

- Historiador Server, utilizan modelos P91, también utiliza Microsoft
Windows Server 2003, proporciona una plataforma de trabajo para Invensys

Foxboro o Terceros aplicaciones configuradas por el usuario.

Para el disefio de los HMI se utilizaron los P&ID del Proyecto, de manera que el
control del proceso sera facil de entender y manejar para el operador.

El operador tendra la opcidn de cambiar los parametros de automatico/manual y
remoto/local, podra modificar parametros de control segln el proceso lo exija,
arranque de motores, apertura de valvulas, monitoreo de sefiales de proceso a
través de los TREND configurados, manejo de histéricos para detectar posibles

fallas y verificar alarmas y eventos.
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4.7 Respuesta de Procesos

Una vez concluida la logica de control, se procede analizar la respuesta de cada
proceso que fueron obtenidos con el método de curva de reaccion, aplicando un
cambio al proceso mediante el actuador, esperamos la reaccion del proceso para
estabilizarse.

Cabe resaltar que el control de “Adicion de Cal” no ha sido implementado aun y las
tolvas de alimentacion de bolas se encuentran operando en modo manual.

4.7.1 Lazo de Control — 0240-FEA-0005

Se cambid el porcentaje de velocidad de 55% a 60% para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.26 y podemos inferir los pardmetros de tiempo de retardo (6),

constante de tiempo ({) y ganancia (Kp) mostrados en la Tabla 4.14.

Curva de Reaccion
Kp 0 g
4,976 68 52

Tabla.4.14.- Parametros Curva de Reaccion 0240-FEA-0005
Fuente: Elaboracion Propia

Tiempo MV PV

08:04:47 55 323,53

08:04:48 55 323.53

08:04:49 55 323.53

08:04:50 55 32353 G 497 pe—o%s
08:04:51 55 323.53 =

08:04:52 55 323.53 d 52s+1
08:04:53 55 323.53

08:04:54 55 323.53

Tabla.4.15.- Respuesta Laze de Control 0240-FEA-0005
Fuente: Elaboracion Propia (Parte I de §)
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08:04:55 55 32353 08:05:34 55 32353
08:04:56 55 32353 08:05:35 55 32353
08:04:57 55 32353 08:05:36 55 32353
08:04:58 55 32353 08:05:37 55 32353
08:04'59 55 32353 08:05:38 55 32353
08:05:00 55 32353 08:05:39 55 32353
08:05:01 55 32353 08:05:40 55 32353
08:05:02 55 32353 08:05:41 55 32353
08:05:03 55 32353 08:05:42 55 32353
08:05:04 55 32353 08:05:43 55 32353
08:05:05 55 32353 08:05:44 55 32353
08:05:06 55 32353 08:05:45 55 32353
08:05:07 55 32353 08:05:46 55 32353
08:05:08 55 32353 08:05:47 60 32353
08:05:00 55 32353 08:05:48 60 32353
08:05:10 55 32353 08:05:49 60 32353
08:05:11 55 32353 08:05:50 60 32353
08:05:12 55 32353 08:05:51 60 32353
08:05:13 55 32353 08:05:52 60 32353
08:05:14 55 32353 08:05:53 60 32353
08:05:15 55 32353 08:05:54 60 32353
08:05:16 55 32353 08:05:55 60 323.98
08:05:17 55 323.53 08:05:56 60 324.43
08:05:18 55 32353 08:05:57 60 324.88
08:05:19 55 323.53 08:05:58 60 325.33
08:05:20 55 32353 08:05:59 60 325.78
08:05:21 55 32353 08:06:00 60 326.23
08:05:22 55 32353 08:06:01 60 326.68
08:05:23 55 32353 08:06:02 60 327.13
08:05:24 55 32353 08:06:03 60 327.58
08:05:25 55 32353 08:06:04 60 328.03
08:05:26 55 32353 08:06:05 60 328.48
08:05:27 55 32353 08:06:06 60 328.93
08:05:28 55 32353 08:06:07 60 329.38
08:05:29 55 32353 08:06:08 60 329.83
08:05:30 55 32353 08:06:09 60 330.28
08:05:31 55 32353 08:06:10 60 330.73
08:05:32 55 32353 08:06:11 60 331.18
08:05:33 55 32353 08:06:12 60 331.63
Tabla.4.15.- Respuesta Lazo de Control 0240-FEA-0005 Tabla.4.15.- Respuesta Lazo de Control 0240-FEA-0003
Fuente: Elaboracion Propia (Parte 2 de 8) Fuenie: Elghoracion Propia (Parte 3 de §)
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08:06:13 60 332.08 08:06:53 60 349.81
08:06:14 60 332.53 08:06:54 60 350.215
08:06:15 60 332.98 08:06:55 60 350.62
08:06:16 60 333.43 08:06:56 60 350.59
08:06:17 60 333.88 08:06:57 60 350.56
08:06:18 60 334.33 08:06:58 60 350.53
08:06:19 60 334.78 08:06:59 60 350.5
08:06:20 60 335.23 08:07:00 60 350.47
08:06:21 60 335.68 08:07:01 60 350.44
08:06:22 60 336.13 08:07:02 60 350.41
08:06:23 60 336.58 08:07:03 60 350.38
08:06:24 60 337.03 08:07:04 60 350.35
08:06:25 60 337.48 08:07:05 60 350.32
08:06:26 60 337.93 08:07:06 60 350.29
08:06:27 60 338.38 08:07:07 60 350.26
08:06:28 60 338.83 08:07:08 60 350.23
08:06:29 60 339.28 08:07:09 60 350.18
08:06:30 60 339.73 08:07:10 60 350.15
08:06:31 60 340.18 08:07:11 60 350.12
08:06:32 60 340.63 08:07:12 60 350.09
08:06:33 60 341.08 08:07:13 60 350.06
08:06:34 60 341.53 08:07:14 60 350.03
08:06:35 60 341.98 08:07:15 60 350
08:06:36 60 342.43 08:07:16 60 349.97
08:06:37 60 342.88 08:07:17 60 349.94
08:06:38 60 343.33 08:07:18 60 349.91
08:06:39 60 343.78 08:07:19 60 349.88
08:06:40 60 344.23 08:07:20 60 349.85
08:06:41 60 344.68 08:07:21 60 349.82
08:06:42 60 345.13 08:07:22 60 349.79
08:06:43 60 345.58 08:07:23 60 349.76
08:06:44 60 346.03 08:07:24 60 349.73
08:06:45 60 346.48 08:07:25 60 349.7
08:06:46 60 346.93 08:07:26 60 349.67
08:06:47 60 347.38 08:07:27 60 349.64
08:06:48 60 347.785 08:07:28 60 349.61
08:06:49 60 348.19 08:07:29 60 349.58
08:06:50 60 348.595 08:07:30 60 349.55
08:06:51 60 349
- = e Tabla.4.15.- Respuesta Lazo de Control 0240-FEA-0005

Tabla.4.15.- Respuesta Lazo de Control 0240-FEA-0005 Fuente: Elaboracion Propia (Parte 5 de §)

Fuente: Elaboracion Propia (Parte 4 de §)
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08:07:31 60 349.52 08:08:11 60 348.41
08:07:32 60 349.49 08:08:12 60 348.41
08:07:33 60 349.46 08:08:13 60 348.41
08:07:34 60 349.43 08:08:14 60 348.41
08:07:35 60 349.4 08:08:15 60 348.41
08:07:36 60 349.37 08:08:16 60 348.41
08:07:37 60 349.34 08:08:17 60 348.41
08:07:38 60 349.31 08:08:18 60 348.41
08:07:39 60 349.28 08:08:19 60 348.41
08:07:40 60 349.25 08:08:20 60 348.41
08:07:41 60 349.22 08:08:21 60 348.41
08:07:42 60 349.19 08:08:22 60 348.41
08:07:43 60 349.16 08:08:23 60 348.41
08:07:44 60 349.13 08:08:24 60 348.41
08:07:45 60 349.1 08:08:25 60 348.41
08:07:46 60 349.07 08:08:26 60 348.41
08:07:47 60 349.04 08:08:27 60 348.41
08:07:48 60 349.01 08:08:28 60 348.41
08:07:49 60 348.98 08:08:29 60 348.41
08:07:50 60 348.95 08:08:30 60 348.41
08:07:51 60 348.92 08:08:31 60 348.41
08:07:52 60 348.89 08:08:32 60 348.41
08:07:53 60 348.86 08:08:33 60 348.41
08:07:54 60 348.83 08:08:34 60 348.41
08:07:55 60 348.8 08:08:35 60 348.41
08:07:56 60 348.77 08:08:36 60 348.41
08:07:57 60 348.74 08:08:37 60 348.41
08:07:58 60 348.71 08:08:38 60 348.41
08:07:59 60 348.68 08:08:39 60 348.41
08:08:00 60 348.65 08:08:40 60 348.41
08:08:01 60 348.62 08:08:41 60 348.41
08:08:02 60 348.59 08:08:42 60 348.41
08:08:03 60 348.56 08:08:43 60 348.41
08:08:04 60 348.53 08:08:44 60 348.41
08:08:05 60 348.5 08:08:45 60 348.41
08:08:06 60 348.47 08:08:46 60 348.41
08:08:07 60 348.44 08:08:47 60 348.41
08:08:08 60 348.41 08:08:48 60 348.41
08:08:09 60 348.41 08:08:49 60 348.41
08:08:10 60 348.41 08:08:50 60 348.41
Tabla.4.15.- Respuesta Lazo de Control 0240-FEA-0003 Tabla.4.15.- Respuesta Lazo de Control 0240-FEA-0005
Fuente: Elaboracion Propia (Parte 6 de §) Fuente: Elaboracidn Propia (Parte 7 de §)
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08:08:51 60 348.41 08:09:31 60 348.41
08:08:52 60 348.41 08:09:32 60 348.41
08:08:53 60 348.41 08:09:33 60 348.41
08:08:54 60 348.41 08:09:34 60 348.41
08:08:55 60 348.41 08:09:35 60 348.41
08:08:56 60 348.41 08:09:36 60 348.41
08:08:57 60 348.41 08:09:37 60 348.41
08:08:58 60 348.41 08:09:38 60 348.41
08:08:59 60 348.41 08:09:39 60 348.41
08:09:00 60 348.41 08:09:40 60 348.41
08:09:01 60 348.41 08:09:41 60 348.41
08:09:02 60 348.41 08:09:42 60 348.41
08:09:03 60 348.41 08:09:43 60 348.41
08:09:04 60 348.41 08:09:44 60 348.41
08:09:05 60 348.41 08:09:45 60 348.41
08:09:06 60 348.41
08:09:07 60 348.41
08:09:08 60 348.41 Tabla 4.15.- Respuesta Lazo de Control
08:09:09 60 348.41 0240- FEA-0005
080910 60 34841 Fuente: Elaboracion Propia (8 de 8)
08:09:11 60 348.41
08:09:12 60 348.41
08:09:13 60 348.41
08:09:14 60 348.41
08:09:15 60 348.41
08:09:16 60 348.41
08:09:17 60 348.41
08:09:18 60 348.41
08:09:19 60 348.41
08:09:20 60 348.41
08:09:21 60 348.41
08:09:22 60 348.41
08:09:23 60 348.41
08:09:24 60 348.41
08:09:25 60 348.41
08:09:26 60 348.41
08:09:27 60 348.41
08:09:28 60 348.41
08:09:29 60 348.41
08:09:30 60 348.41
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Fig.4.26.-Respuesta - 0240-FEA-0005
Fuente: Elaboracion Propia

Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.26), se obtienen los parametros del controlador. Para lo cual

utilizaremos el método de sintonizacién de Zieger y Nichols (ver tabla 4.16).

Se selecciona un control PID por el comportamiento del Peso como variable de
proceso, se caracteriza por tener la velocidad de respuesta lenta y tiempo muertos

considerables.

Parametros PID -ZN

Kp Ti Td
PID 1.28/(Kp)o 20 0.50
PID(s) 0.1844146 136 34
PID(min) | 0.00307358 | 2.26666667 | 0.56666667

Tabla.4.16.- Parametros PID-ZN para 0240-FEA-0005
Fuente: Elaboracion Propia
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4.7.2 Lazo de Control — 0240-FEA-0006

Se cambio el porcentaje de velocidad de 65% a 70% para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.27 y podemos inferir los parametros de tiempo de retardo (6),

constante de tiempo () y ganancia (Kp) mostrados en la Tabla 4.17.

Curva de Reaccion
Kp 0 g
7.148 69 72

Tabla.4.17.- Parametros Curva de Reaccion 0240-FEA-0006
Fuente: Elaboracion Propia

Tiempo MV PV 7.148{3_695
10:11:35 65 355.13 Gr=
10:11:36 65 355.13 f 72s+ 1
10:11:37 65 355.13

10:11:38 65 355.13

10:11:39 65 355.13

10:11:40 65 355.13

10:11:41 65 355.13

10:11:42 65 355.13

10:11:43 65 355.13

10:11:44 65 355.13

10:11:45 65 355.13

10:11:46 65 355.13

10:11:47 65 355.13

10:11:48 65 355.13

10:11:49 65 355.13

10:11:50 65 355.13

10:11:51 65 355.13

10:11:52 65 355.13

10:11:53 65 355.13

10:11:54 65 355.13

Tabla.4.18.- Parametros Curva de Reaccion 0240-FEA-0006
Fuente: Elaboracion Propia
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10:1155 65 355.13 10:12:35 65 355.13
10:11:56 65 355.13 10:12:36 65 355.13
10:11557 65 355.13 10:12:37 65 355.13
10:11:58 65 355.13 10:12:38 65 355.13
10:11:59 65 355.13 10:12:39 70 355.13
10:12:00 65 355.13 10:12:40 70 355.13
10:12:01 65 355.13 10:12:41 70 355.13
10:12:02 65 355.13 10:12:42 70 355.13
10:12:03 65 355.13 10:12:43 70 355.13
10:12:04 65 355.13 10:12:44 70 355.58
10:12:05 65 355.13 10:12:45 70 356.03
10:12:06 6 355.13 10:12:46 70 356.48
10:12:07 65 355.13 10:12:47 70 356.93
10:12:08 65 355.13 10:12:48 70 357.38
10:12:09 65 355.13 10:12:49 70 357.83
10:12:10 65 355.13 10:12:50 70 358.28
10:12:11 65 355.13 10:12551 70 358.73
101212 65 355.13 10:12552 70 359.18
10:12:13 65 355.13 10:12553 70 359.63
10:12:14 65 355.13 10:12:54 70 360.08
10:12:15 65 355.13 10:12:55 70 360.53
10:12:16 65 355.13 10:12:56 70 360.98
10:12:17 65 355.13 10:12:57 70 361.43
10:12:18 6 355.13 10:12:58 70 361.88
10:12:19 65 355.13 10:12:59 70 362.33
10:12:20 65 355.13 10:13:00 70 362.78
10:12:21 65 355.13 10:13:01 70 363.23
10:12:22 65 355.13 10:13:02 70 363.68
10:12:23 65 355.13 10:13:03 70 364.13
10:12:24 65 355.13 10:13:04 70 364.58
10:12:25 6 355.13 10:13:05 70 365.03
10:12:26 65 355.13 10:13:06 70 365.48
10:12:27 65 355.13 10:13:07 70 365.93
10:12:28 65 355.13 10:13:08 70 366.38
10:12:29 65 355.13 10:13:09 70 366.83
10:12:30 65 355.13 10:13:10 70 367.28
10:12:31 65 355.13 10:13:11 70 367.73
10:12:32 65 355.13 10:13:12 70 368.18
10:12:33 65 355.13 Tabla.4.18.- Respuesta Lazo de Control 0240-FEA-0006
10:12:34 65 355.13 Fuente: Elaboracion Propia (Pate 3 & §)

Tabla.4.18.- Respuesta Lazo de Control 0240-FEA-0006
Fuente: Elaboracion Propia (Parte 2 de 8)
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10:13:13 70 368.63 10:13:54 70 387.08
10:13:14 70 369.08 10:13:55 70 387.53
10:13:15 70 369.53 10:13:56 70 387.98
10:13:16 70 369.98 10:13:57 70 388.43
10:13:17 70 370.43 10:13:58 70 388.88
10:13:18 70 370.88 10:13:59 70 389.33
10:13:19 70 371.33 10:14:00 70 389.78
10:13:20 70 371.78 10:14:01 70 390.23
10:13:21 70 372.23 10:14:02 70 390.68
10:13:22 70 372.68 10:14:03 70 391.13
10:13:23 70 373.13 10:14:04 70 391.58
10:13:24 70 373.58 10:14:05 70 391.55
10:13:25 70 374.03 10:14:06 70 391.52
10:13:26 70 374.48 10:14:07 70 391.49
10:13:27 70 374.93 10:14:08 70 391.46
10:13:28 70 375.38 10:14:09 70 391.43
10:13:29 70 375.83 10:14:10 70 391.4
10:13:30 70 376.28 10:14:11 70 391.37
10:13:31 70 376.73 10:14:12 70 391.34
10:13:32 70 377.18 10:14:13 70 391.31
10:13:33 70 377.63 10:14:14 70 391.28
10:13:34 70 378.08 10:14:15 70 391.25
10:13:35 70 378.53 10:14:16 70 391.22
10:13:36 70 378.98 10:14:17 70 391.19
10:13:37 70 379.43 10:14:18 70 391.16
10:13:38 70 379.88 10:14:19 70 391.13
10:13:39 70 380.33 10:14:20 70 391.1
10:13:40 70 380.78 10:14:21 70 391.07
10:13:41 70 381.23 10:14:22 70 391.04
10:13:42 70 381.68 10:14:23 70 391.01
10:13:43 70 382.13 10:14:24 70 390.98
10:13:44 70 382.58 10:14:25 70 390.95
10:13:45 70 383.03 10:14:26 70 390.92
10:13:46 70 383.48 10:14:27 70 390.89
10:13:47 70 383.93 10:14:28 70 390.86
10:13:48 70 384.38 10:14:29 70 390.83
10:13:49 70 384.83 10:14:30 70 390.8
10:13:50 70 385.28 10-14:31 70 390.77
1013551 70 385.73 10:14-32 70 390.74
10:13:52 70 386.18 10-14:33 70 390.71
10:13:53 70 386.63 10:14:34 70 390.68
Tabla.4.18.- Respuesta Lazo de Control 0240-FEA-0006 Tabla.4.18.- Respuesta Lazo de Control 0240-FEA-0006

Fuente: Elaboracion Propia (Parte 4 de §) Fuente: Elaboracicn Propia (Parte 5 de §)
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10:14:35 70 390.65 10:15:15 70 390.65
10:14:36 70 390.62 10:15:16 70 390.68
10:14:37 70 390.59 10:15:17 70 390.71
10:14:38 70 390.56 10:15:18 70 390.74
10:14:39 70 390.53 10:15:19 70 390.77
10:14:40 70 390.5 10:15:20 70 390.8
10:14:41 70 390.47 10:15:21 70 390.87
10:14:42 70 390.44 10:15:22 70 390.87
10:14:43 70 390.41 10:15:23 70 390.87
10:14:44 70 390.38 10:15:24 70 390.87
10:14:45 70 390.35 10:15:25 70 390.87
10:14:46 70 390.32 10:15:26 70 390.87
10:14:47 70 390.29 10:15:27 70 390.87
10:14:48 70 390.26 10:15:28 70 390.87
10:14:49 70 390.23 10:15:29 70 390.87
10:14:50 70 390.2 10:15:30 70 390.87
10:14:51 70 390.17 10:15:31 70 390.87
10:14:52 70 390.14 10:15:32 70 390.87
10:14:53 70 390.11 10:15:33 70 390.87
10:14:54 70 390.08 10:15:34 70 390.87
10:14:55 70 390.05 10:15:35 70 390.87
10:14:56 70 390.08 10:15:36 70 390.87
10:14:57 70 390.11 10:15:37 70 390.87
10:14:58 70 390.14 10:15:38 70 390.87
10:14:59 70 390.17 10:15:39 70 390.87
10:15:00 70 390.2 10:15:40 70 390.87
10:15:01 70 390.23 10:15:41 70 390.87
10:15:02 70 390.26 10:15:42 70 390.87
10:15:03 70 390.29 10:15:43 70 390.87
10:15:04 70 390.32 10:15:47 70 390.87
10:15:05 70 390.35 10:15:48 70 390.87
10:15:06 70 390.38 10:15:49 70 390.87
10:15:07 70 390.41 10:15:50 70 390.87
10:15:08 70 390.44 10:15:51 70 390.87
10:15:09 0 39047 Tabla.4.13.- Respuesta Lazo de Control 0240-FEA-0006
10:15:10 70 390.5 .. ,
101511 =0 39053 Fuente: Elaboracion Propia (Parte 7 de §)
10:15:12 70 390.56
10:15:13 70 390.59
10:15:14 70 390.62

Tabla.4.18.- Respuesta Lazo de Control 0240-FEA-0006
Fuente: Elgboracion Propia (Parte 6 de 8}
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10:15:52 70 390.87
10:15:53 70 390.87
10:15:54 70 390.87
10:15:55 70 390.87
10:15:56 70 390.87
10:15:57 70 390.87
10:15:58 70 390.87
10:15:59 70 390.87
10:16:00 70 390.87
10:16:01 70 390.87
10:16:02 70 390.87
10:16:03 70 390.87
10:16:04 70 390.87
10:16:05 70 390.87
10:16:06 70 390.87
10:16:07 70 390.87
10:16:08 70 390.87
10:16:09 70 390.87
10:16:10 70 390.87
10:16:11 70 390.87
10:16:12 70 390.87
10:16:13 70 390.87
10:16:14 70 390.87
10:16:15 70 390.87
10:16:16 70 390.87
10:16:17 70 390.87
10:16:18 70 390.87
10:16:19 70 390.87
10:16:20 70 390.87
10:16:21 70 390.87
10:16:22 70 390.87
10:16:23 70 390.87
10:16:24 70 390.87
10:16:25 70 390.87
10:16:26 70 390.87
10:16:27 70 390.87
10:16:28 70 390.87
10:16:29 70 390.87
10:16:30 70 390.87

Tabla.4.18.- Respuesta Lazo de Control 0240-FEA-0006
Fuente: Elaboracién Propia (Parte 8 de 8)
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Fig.4.27.- Respuesta - 0240-FEA-0006
Fuente: Elaboracion Propia

Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.27), se obtienen los pardmetros del controlador. Para lo cual

utilizaremos el método de sintonizacion de Zieger y Nichols (ver tabla 4.19).

Se selecciona un control PID por el comportamiento del Peso como variable de
proceso, se caracteriza por tener la velocidad de respuesta lenta y tiempo muertos

considerables.

Parametros PID -ZN
Kp Ti Td
PID 1.2¢/(Kp)0 20 | 0.50
PID(s) 0.17517822 138 | 345
P1D(min) 0.00291964 2.3 0.575

Tabla.4.19.- Parametros PID-ZN para 0240-FEA-0006
Fuente: Elaboracion Propia
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4.7.3 Lazo de Control — 0240-FEA-0007

Se cambio el porcentaje de velocidad de 30% a 35% para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.28 y podemos inferir los parametros de tiempo de retardo (6),

constante de tiempo ({) y ganancia (Kp) mostrados en la Tabla 4.20.

Curva de Reaccion
Kp 0 g
6.936 76 77

Tabla.4.20.- Parametros Curva de Reaccion 0240-FEA-0007
Fuente: Elaboracion Propia

Tiempo MV PV 6.93 6{3_?65
11:25:34 30 226.36 G f=
11:25:35 30 226.36 77s + 1
11:25:36 30 226.36

11:25:37 30 226.36

11:25:38 30 226.36

11:25:39 30 226.36

11:25:40 30 226.36

11:25:41 30 226.36

11:25:42 30 226.36

11:25:43 30 226.36

11:25:44 30 226.36

11:25:45 30 226.36

11:25:46 30 226.36

11:25:47 30 226.36

11:25:48 30 226.36

11:25:49 30 226.36

11:25:50 30 226.36

11:25551 30 226.36

11:25:52 30 226.36

11:25:53 30 226.36

11:25:54 30 226.36

11:25:55 30 226.36

Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007
Fuente: Elaboracion Propia (Parte I de 8)
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11:25:56 30 226.36 11:26:36 30 226.36
11:25:57 30 226.36 11:26:37 30 226.36
11:25:58 30 226.36 11:26:38 30 226.36
11:25:59 30 226.36 11:26:39 35 226.36
11:26:00 30 226.36 11:26:40 35 226.36
11:26:01 30 226.36 11:26:41 35 226.36
11:26:02 30 226.36 11:26:42 35 226.36
11:26:03 30 226.36 11:26:43 35 226.36
11:26:04 30 226.36 11:26:44 35 226.36
11:26:05 30 226.36 11:26:45 35 226.36
11:26:06 30 226.36 11:26:46 35 226.36
11:26:07 30 226.36 11:26:47 35 226.81
11:26:08 30 226.36 11:26:48 35 227.26
11:26:09 30 226.36 11:26:49 35 227.71
11:26:10 30 226.36 11:26:50 35 228.16
11:26:11 30 226.36 11:26:51 35 228.61
11:26:12 30 226.36 11:26:52 35 229.06
11:26:13 30 226.36 11:26:53 35 229.51
11:26:14 30 226.36 11:26:54 35 229.96
11:26:15 30 226.36 11:26:55 35 230.41
11:26:16 30 226.36 11:26:56 35 230.86
11:26:17 30 226.36 11:26:57 35 231.31
11:26:18 30 226.36 11:26:58 35 231.76
11:26:19 30 226.36 11:26:59 35 232.21
11:26:20 30 226.36 11:27:00 35 232.66
11:26:21 30 226.36 11:27:01 35 233.11
11:26:22 30 226.36 11:27:02 35 233.56
11:26:23 30 226.36 11:27:03 35 234.01
11:26:24 30 226.36 11:27:04 35 234.46
11:26:25 30 226.36 11:27:05 35 234.91
11:26:26 30 226.36 11:27:06 35 235.36
11:26:27 30 226.36 11:27:07 35 235.81
11:26:28 30 226.36 11:27:08 35 236.26
11:26:29 30 226.36 11:27:09 35 236.71
11:26:30 30 226.36 11:27:10 35 237.16
11:26:31 30 226.36 11:27:11 35 237.61
11:26:32 30 226.36 11:27:12 35 238.06
11:26:33 30 226.36 11:27:13 35 238.51
11:26:34 30 226.36

117635 30 53636 Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007

Fuente: Elaboracion Propia (Parte 3 de §)
Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007

Fuente: Elaboracion Propia (Parte 2 de §)
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11:27:14 35 238.96 11:27:55 35 257.41
11:27:15 35 239.41 11:27:56 35 257.86
11:27:16 35 239.86 11:27:57 35 258.31
11:27:17 35 240.31 11:27:58 35 258.76
11:27:18 35 240.76 11:27:59 35 259.21
11:27:19 35 241.21 11:28:00 35 259.66
11:27:20 35 241.66 11:28:01 35 260.11
11:27:21 35 242.11 11:28:02 35 260.56
11:27:22 35 242.56 11:28:03 35 261.01
11:27:23 35 243.01 11:28:04 35 260.98
11:27:24 35 243.46 11:28:05 35 260.95
11:27:25 35 243.91 11:28:06 35 260.92
11:27:26 35 244.36 11:28:07 35 260.89
11:27:27 35 244.81 11:28:08 35 260.86
11:27:28 35 245.26 11:28:09 35 260.83
11:27:29 35 245.71 11:28:10 35 260.8
11:27:30 35 246.16 11:28:11 35 260.77
11:27:31 35 246.61 11:28:12 35 260.74
11:27:32 35 247.06 11:28:13 35 260.71
11:27:33 35 247,51 11:28:14 35 260.68
11:27:34 35 247.96 11:28:15 35 260.65
11:27:35 35 248.41 11:28:16 35 260.62
11:27:36 35 248.86 11:28:17 35 260.59
11:27:37 35 249.31 11:28:18 35 260.56
11:27:38 35 249.76 11:28:19 35 260.53
11:27:39 35 250.21 11:28:20 35 260.5
11:27:40 35 250.66 11:28:21 35 260.47
11:27:41 35 251.11 11:28:22 35 260.44
11:27:42 35 251.56 11:28:23 35 260.41
11:27:43 35 252.01 11:28:24 35 260.38
11:27:44 35 252.46 11:28:25 35 260.35
11:27:45 35 252.91 11:28:26 35 260.32
11:27:46 35 253.36 11:28:27 35 260.29
11:27:47 35 253.81 11:28:28 35 260.26
11:27:48 35 254.26 11:28:29 35 260.23
11:27:49 35 254.71 11:28:30 35 260.2
11:27:50 35 255.16 11:28:31 35 260.17
112751 35 255,61 11:28:32 35 260.14
112752 35 256.06 11:2833 35 260.11
112753 35 25651 11:28:34 35 260.08
112754 35 256.96 11:28:35 35 260.05

Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007  Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007

Fuente: Elaboracion Propia (Parte 4 de §) Fuente: Elaboracion Propia (Parte 5 de §)
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11:28:36 35 260.02 11:29:17 35 260.17
11:28:37 35 259.99 11:29:18 35 260.2
11:28:38 35 259.96 11:29:19 35 260.23
11:28:39 35 259.93 11:29:20 35 260.26
11:28:40 35 259.9 11:29:21 35 260.29
11:28:41 35 259.87 11:29:22 35 260.32
11:28:42 35 259.84 11:29:23 35 260.35
11:28:43 35 259.81 11:29:24 35 260.38
11:28:44 35 259.78 11:29:25 35 260.41
11:28:45 35 259.75 11:29:26 35 260.44
11:28:46 35 259.72 11:29:27 35 260.47
11:28:47 35 259.69 11:29:28 35 260.5
11:28:48 35 259.66 11:29:29 35 260.53
11:28:49 35 259.63 11:29:30 35 261.04
11:28:50 35 259.6 11:29:31 35 261.04
11:28:51 35 259.57 11:29:32 35 261.04
11:28:52 35 259.54 11:29:33 35 261.04
11:28:53 35 259.51 11:29:34 35 261.04
11:28:54 35 259.48 11:29:35 35 261.04
11:28:55 35 259.51 11:29:36 35 261.04
11:28:56 85 259.54 11:29:37 35 261.04
11:28:57 35 259.57 11:29:38 35 261.04
11:28:58 35 259.6 11:29:39 35 261.04
11:28:59 35 259.63 11:29:40 35 261.04
11:29:00 35 259.66 11:29:41 35 261.04
11:29:01 35 259.69 11:29:42 35 261.04
11:29:02 35 259.72 11:29:43 35 261.04
11:29:03 35 259.75 11:29:44 35 261.04
11:29:04 35 259.78 11:29:45 35 261.04
11:29:05 35 259.81 11:29:46 35 261.04
11:29:06 35 259.84 11:29:47 35 261.04
11:29:07 35 259.87 11:29:48 35 261.04
11:29:08 35 259.9 11:29:49 35 261.04
11:2009 | % Lo Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007
11:29:10 35 259.96
11:29-11 35 59.99 Fuente: Elaboracion Propia (Parte 7 de §)
11:29:12 35 260.02
11:29:13 35 260.05
11:29:14 35 260.08
11:29:15 35 260.11
11:29:16 35 260.14

Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007
Fuente: Elaboracion Propia (Parte 6 de §)
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11:29:50 35 261.04
11:29:51 35 261.04
11:29:52 35 261.04
11:29:53 35 261.04
11:29:54 35 261.04
11:29:55 35 261.04
11:29:56 35 261.04
11:29:57 35 261.04
11:29:58 35 261.04
11:29:59 35 261.04
11:30:00 35 261.04
11:30:01 35 261.04
11:30:02 35 261.04
11:30:03 35 261.04
11:30:04 35 261.04
11:30:05 35 261.04
11:30:06 35 261.04
11:30:07 35 261.04
11:30:08 35 261.04
11:30:09 35 261.04
11:30:10 35 261.04
11:30:11 35 261.04
11:30:12 35 261.04
11:30:13 35 261.04
11:30:14 35 261.04
11:30:15 35 261.04
11:30:16 35 261.04
11:30:17 35 261.04
11:30:18 35 261.04
11:30:19 35 261.04
11:30:20 35 261.04
11:30:21 35 261.04
11:30:22 35 261.04
11:30:23 35 261.04
11:30:24 35 261.04
11:30:25 35 261.04
11:30:26 35 261.04

Tabla.4.21.- Respuesta Lazo de Control 0240-FEA-0007
Fuente: Elaboracion Propia (Parte 8 de 8)
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Fig.4.28.- Respuesta - 0240-FEA-0007
Fuente: Elaboracion Propia

Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.28), se obtienen los parametros del controlador. Para lo cual

utilizaremos el método de sintonizacién de Zieger y Nichols (ver tabla 4.22).

Se selecciona un control PID por el comportamiento del Peso como variable de
proceso, se caracteriza por tener la velocidad de respuesta lenta y tiempo muertos

considerables.

Parametros PID -ZN

Kp Ti Td
PID 1.28/(Kp)o 20 0.560
PID(s) | 0.17528683 152 38.5
PID(min) | 0.00292145 | 2.53333333 | 0.64166667

Tabla.4.22.- Pardmetros PID-ZN para 0240-FEA-0007
Fuente: Elaboracion Propia
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4.7.4 Lazo de Control — 0240-FEA-0008

Se cambi6 el porcentaje de velocidad de 45% a 50% para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.29 y podemos inferir los pardmetros de tiempo de retardo (6),

constante de tiempo () y ganancia (Kp) mostrados en la Tabla 4.20.

Curva de Reaccion
Kp 0 g
6.92 72 80

Tabla.4.23.- Parametros Curva de Reaccion 0240-FEA-0008

Fuente: Elaboracion Propia

Tiempo MV PV 6.92 E—?ES
11:35:52 45 280.23 Gr =
11:35:53 45 280.23 f 80s + 1
11:35:54 45 280.23

11:35:55 45 280.23

11:35:56 45 280.23

11:35:57 45 280.23

11:35:58 45 280.23

11:35:59 45 280.23

11:36:00 45 280.23

11:36:01 45 280.23

11:36:02 45 280.23

11:36:03 45 280.23

11:36:04 45 280.23

11:36:05 45 280.23

11:36:06 45 280.23

11:36:07 45 280.23

11:36:08 45 280.23

11:36:09 45 280.23

11:36:10 45 280.23

11:36:11 45 280.23

Tabla.4.24.- Respuesta Lazo de Control 0240-FEA-0008
Fuente: Elaboracion Propia (Parte 1 de 8)
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11:36:12 45 280.23 11:36:52 45 280.23
11:36:13 45 280.23 11:36:53 45 280.23
11:36:14 45 280.23 11:36:54 45 280.23
11:36:15 45 280.23 11:36:55 45 280.23
11:36:16 45 280.23 11:36:56 45 280.23
11:36:17 45 280.23 11:36:57 50 280.23
11:36:18 45 280.23 11:36:58 50 280.23
11:36:19 45 280.23 11:36:59 50 280.23
11:36:20 45 280.23 11:37:00 50 280.23
11:36:21 45 280.23 11:37:01 50 280.23
11:36:22 45 280.23 11:37:02 50 280.68
11:36:23 45 280.23 11:37:03 50 281.13
11:36:24 45 280.23 11:37:04 50 281.58
11:36:25 45 280.23 11:37:05 50 282.03
11:36:26 45 280.23 11:37:06 50 282.48
11:36:27 45 280.23 11:37:07 50 282.93
11:36:28 45 280.23 11:37:08 50 283.38
11:36:29 45 280.23 11:37:09 50 283.83
11:36:30 45 280.23 11:37:10 50 284.28
11:36:31 45 280.23 11:37:11 50 284.73
11:36:32 45 280.23 11:37:12 50 285.18
11:36:33 45 280.23 11:37:13 50 285.63
11:36:34 45 280.23 11:37:14 50 286.08
11:36:35 45 280.23 11:37:15 50 286.53
11:36:36 45 280.23 11:37:16 50 286.98
11:36:37 45 280.23 11:37:17 50 287.43
11:36:38 45 280.23 11:37:18 50 287.88
11:36:39 45 280.23 11:37:19 50 288.33
11:36:40 45 280.23 11:37:20 50 288.78
11:36:41 45 280.23 11:37:21 50 289.23
11:36:42 45 280.23 11:37:22 50 289.68
11:36:43 45 280.23 11:37:23 50 290.13
11:36:44 45 280.23 11:37:24 50 290.58
11:36:45 45 280.23 11:37:25 50 291.03
11:36:46 45 280.23 11:37:26 50 291.48
11:36:47 45 280.23 11:37:27 50 291.93
11:36:48 45 280.23 11:37:28 50 292.38
11:36:49 45 280.23 11:37:29 50 292.83
11:36:50 45 280.23

11:36:51 45 280.23

Tabla. 4.24.- Respuesta Lazo de Control 0240-FEA-0008 Tabla.4.24.- Respuesia Laze de Control 0249-FEA-0008
Fuente: Elaboracién Propia (Parte 2 de §) Fuente: Elaboracion Propia (Parte 3 de 8)
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11:37:30 50 293.28 11:38:10 50 311.28
11:37:31 50 293.73 11:38:11 50 311.73
11:37:32 50 294.18 11:38:12 50 312.18
11:37:33 50 294.63 11:38:13 50 312.63
11:37:34 50 295.08 11:38:14 50 313.08
11:37:35 50 295.53 11:38:15 50 313.53
11:37:36 50 295.98 11:38:16 50 313.98
11:37:37 50 296.43 11:38:17 50 314.43
11:37:38 50 296.88 11:38:18 50 314.88
11:37:39 50 297.33 11:38:19 50 315.33
11:37:40 50 297.78 11:38:20 50 315.3
11:37:41 50 298.23 11:38:21 50 315.27
11:37:42 50 298.68 11:38:22 50 315.24
11:37:43 50 299.13 11:38:23 50 315.21
11:37:44 50 299.58 11:38:24 50 315.18
11:37:45 50 300.03 11:38:25 50 315.15
11:37:46 50 300.48 11:38:26 50 315.12
11:37:47 50 300.93 11:38:27 50 315.09
11:37:48 50 301.38 11:38:28 50 315.06
11:37:49 50 301.83 11:38:29 50 315.03
11:37:50 50 302.28 11:38:30 50 315
11:37:51 50 302.73 11:38:31 50 314.97
11:37:52 50 303.18 11:38:32 50 314.94
11:37:53 50 303.63 11:38:33 50 314.91
11:37:54 50 304.08 11:38:34 50 314.88
11:37:55 50 304.53 11:38:35 50 314.85
11:37:56 50 304.98 11:38:36 50 314.82
11:37:57 50 305.43 11:38:37 50 314.79
11:37:58 50 305.88 11:38:38 50 314.76
11:37:59 50 306.33 11:38:39 50 314.73
11:38:00 50 306.78 11:38:40 50 314.7
11:38:01 50 307.23 11:38:41 50 314.67
11:38:02 50 307.68 11:38:42 50 314.64
11:38:03 50 308.13 11:38:43 50 314.61
11:38:04 50 308.58 11:38:44 50 314.58
11:38:05 50 309.03 11:38:45 50 314.55
11:38:06 50 309.48 11:38:46 50 314.52
11:38:07 50 309.93 11:38:47 50 314.49
11:38:08 50 310.38

11:38:09 50 310.83

Tabln.4.24.- Respuesta Lazo de Control 0240-FEA-0008 Tabla.4.24.- Respuesta Lazo de Control 0240-FEA-0008
Fuente: Elaboracion Propia (Parte 4 de §) Fuente: Elaboracion Propia (Parte § de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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11:38:48 50 314.46 11:39:28 50 313.86
11:38:49 50 314.43 11:39:29 50 313.89
11:38:50 50 314.4 11:39:30 50 313.92
11:38:51 50 314.37 11:39:31 50 313.95
11:38:52 50 314.34 11:39:32 50 313.98
11:38:53 50 314.31 11:39:33 50 314.01
11:38:54 50 314.28 11:39:34 50 314.04
11:38:55 50 314.25 11:39:35 50 314.07
11:38:56 50 314.22 11:39:36 50 314.1
11:38:57 50 314.19 11:39:37 50 314.13
11:38:58 50 314.16 11:39:38 50 314.16
11:38:59 50 314.13 11:39:39 50 314.19
11:39:00 50 314.1 11:39:40 50 314.22
11:39:01 50 314.07 11:39:41 50 314.25
11:39:02 50 314.04 11:39:42 50 314.28
11:39:03 50 314.01 11:39:43 50 314.31
11:39:04 50 313.98 11:39:44 50 314.34
11:39:05 50 313.95 11:39:45 50 314.37
11:39:06 50 313.92 11:39:46 50 314.4
11:39:07 50 313.89 11:39:47 50 314.43
11:39:08 50 313.86 11:39:48 50 314.46
11:39:09 50 313.83 11:39:49 50 314.49
11:39:10 50 313.8 11:39:50 50 314.83
11:39:11 50 313.77 11:39:51 50 314.83
11:39:12 50 313.74 11:39:52 50 314.83
11:39:13 50 313.71 11:39:53 50 314.83
11:39:14 50 313.68 11:39:54 50 314.83
11:39:15 50 313.65 11:39:55 50 314.83
11:39:16 50 313.62 11:39:56 50 314.83
11:39:17 50 313.59 11:39:57 50 314.83
11:39:18 50 313.56 11:39:58 50 314.83
11:39:19 50 313.59 11:39:59 50 314.83
11:39:20 50 313.62 11:40:00 50 314.83
11:39:21 50 313.65 11:40:01 50 314.83
11:39:22 50 313.68 11:40:02 50 314.83
11:39:23 50 313.71 11:40:03 50 314.83
11:39:24 50 313.74 11:40:04 50 314.83
11:39:25 50 313.77 11:40:05 50 314.83
11:39:26 50 313.8

11:39:27 50 313.83

Tabla.4.24.- Respuesta Lazo de Control 0240-FEA-0008 Tabla.4.24.- Respuesta Lazo de Control 0240-FEA-0008

Fuente: Elaboracion Propia (Parte 6 de §) Fuente: Elaboracion Propia (Parte 7 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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11:40:06 50 314.83
11:40:07 50 314.83
11:40:08 50 314.83
11:40:09 50 314.83
11:40:10 50 314.83
11:40:11 50 314.83
11:40:12 50 314.83
11:40:13 50 314.83
11:40:14 50 314.83
11:40:15 50 314.83
11:40:16 50 314.83
11:40:17 50 314.83
11:40:18 50 314.83
11:40:19 50 314.83
11:40:20 50 314.83
11:40:21 50 314.83
11:40:22 50 314.83
11:40:23 50 314.83
11:40:24 50 314.83
11:40:25 50 314.83
11:40:26 50 314.83
11:40:27 50 314.83
11:40:28 50 314.83
11:40:29 50 314.83
11:40:30 50 314.83
11:40:31 50 314.83
11:40:32 50 314.83
11:40:33 50 314.83
11:40:34 50 314.83
11:40:35 50 314.83
11:40:36 50 314.83
11:40:37 50 314.83
11:40:38 50 314.83
11:40:39 50 314.83
11:40:40 50 314.83
11:40:41 50 314.83
11:40:42 50 314.83

Tabla.4.24.- Respuesta Lazo de Control 0240-FEA-0008
Fuente: Elaboracién Propia (Parte 8 de 8)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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Fig.4.29.- Respuesta - 0240-FEA-0008
Fuente: Elaboracién Propia
Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.29), se obtienen los pardmetros del controlador. Para lo cual

utilizaremos el método de sintonizacién de Zieger y Nichols (ver tabla 4.25).

Se selecciona un control PID por el comportamiento del Peso como variable de
proceso, se caracteriza por tener la velocidad de respuesta lenta y tiempo muertos

considerables.

Parametros PID -ZN
Kp Ti | Td
PID 1.2¢/(Kp)® 20 | 0.50
P1D(s) 0.19267823 144 36
PID(min) 0.0032113 24 | 06

Tabla.4.25.- Parametros PID-ZN para 0240-FEA-0008
Fuente: Elaboracion Propia

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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4.7.5 Lazo de Control — Agua de Proceso

Se cambi6 el porcentaje de solidos de 35% a 40% para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.30 y podemos inferir los pardmetros de tiempo de retardo (6),

constante de tiempo () y ganancia (Kp) mostrados en la Tabla 4.26.

Curva de Reaccion
Kp 0 g
14.15 89 39

Tabla.4.26.- Parametros Curva de Reaccién Agua de Proceso

Fuente: Elaboracion Propia

Tiempo MV PV 14.1 56_895
18:50:23 35 762.43 e =
18:50:24 35 762.43 f 39s+1
18:50:25 35 762.43

18:50:26 35 762.43

18:50:27 35 762.43

18:50:28 35 762.43

18:50:29 35 762.43

18:50:30 35 762.43

18:50:31 35 762.43

18:50:32 35 762.43

18:50:33 35 762.43

18:50:34 35 762.43

18:50:35 35 762.43

18:50:36 35 762.43

18:50:37 35 762.43

18:50:38 35 762.43

18:50:39 35 762.43

18:50:40 35 762.43

18:50:41 35 762.43

18:50:42 35 762.43

18:50:43 35 762.43

Tabla.4.27.- Respuesta Lazo de Control Agua de Proceso
Fuente: Elaboracion Propia (Parte I de §8)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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18:50:44 35 762.43 18:51:24 35 762.43
18:50:45 35 762.43 18:51:25 35 762.43
18:50:46 35 762.43 18:51:26 35 762.43
18:50:47 35 762.43 18:51:27 35 762.43
18:50:48 35 762.43 18:51:28 35 762.43
18:50:49 35 762.43 18:51:29 35 762.43
18:50:50 35 762.43 18:51:30 35 762.43
18:50:51 35 762.43 18:51:31 35 762.43
18:50:52 35 762.43 18:51:32 35 762.43
18:50:53 35 762.43 18:51:33 35 762.43
18:50:54 35 762.43 18:51:34 35 762.43
18:50:55 35 762.43 18:51:35 35 762.43
18:50:56 35 762.43 18:51:36 35 762.43
18:50:57 35 762.43 18:51:37 35 762.43
18:50:58 35 762.43 18:51:38 35 762.43
18:50:59 35 762.43 18:51:39 35 762.43
18:51:00 35 762.43 18:51:40 35 762.43
18:51:01 35 762.43 18:51:41 35 762.43
18:51:02 35 762.43 18:51:42 35 762.43
18:51:03 35 762.43 18:51:43 35 762.43
18:51:04 35 762.43 18:51:44 35 762.43
18:51:05 35 762.43 18:51:45 35 762.43
18:51:06 35 762.43 18:51:46 35 762.43
18:51:07 35 762.43 18:51:47 35 762.43
18:51:08 35 762.43 18:51:48 35 762.43
18:51:09 35 762.43 18:51:49 35 762.43
18:51:10 35 762.43 18:51:50 40 762.43
18:51:11 35 762.43 18:51:51 40 762.43
18:51:12 35 762.43 18:51:52 40 762.43
18:51:13 35 762.43 18:51:53 40 764.23
18:51:14 35 762.43 18:51:54 40 766.03
18:51:15 35 762.43 18:51:55 40 767.83
18:51:16 35 762.43 18:51:56 40 769.63
18:51:17 35 762.43 18:51:57 40 771.43
18:51:18 35 762.43 18:51:58 40 773.23
18:51:19 35 762.43 18:51:59 40 775.03
18:51:20 35 762.43 18:52:00 40 776.83
18:51:21 35 762.43 18:52:01 40 778.63
18:51:22 35 762.43

18:51:23 35 762.43

Tabla.4.27.- Respuesta Lazo de Control Agua de Proceso  Tabla.4.27.- Respuesta Lazo de Control Agua de Proceso
Fuente: Elaboracién Propia (Parte 2 de §) Fuente: Elaboracidn Propia (Parte 3 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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18:52:02 40 780.43 18:52:43 40 840.98
18:52:03 40 782.23 18:52:44 40 841.03
18:52:04 40 784.03 18:52:45 40 841.08
18:52:05 40 785.83 18:52:46 40 841.13
18:52:06 40 787.63 18:52:47 40 840.12
18:52:07 40 789.43 18:52:48 40 839.11
18:52:08 40 791.23 18:52:49 40 838.1
18:52:09 40 793.03 18:52:50 40 837.09
18:52:10 40 794.83 18:52:51 40 836.08
18:52:11 40 796.63 18:52:52 40 835.07
18:52:12 40 798.43 18:52:53 40 834.06
18:52:13 40 800.23 18:52:54 40 833.97
18:52:14 40 802.03 18:52:55 40 833.88
18:52:15 40 803.83 18:52:56 40 833.79
18:52:16 40 805.63 18:52:57 40 833.7
18:52:17 40 807.43 18:52:58 40 833.61
18:52:18 40 809.23 18:52:59 40 833.52
18:52:19 40 811.03 18:53:00 40 833.43
18:52:20 40 812.83 18:53:01 40 833.34
18:52:21 40 814.63 18:53:02 40 833.25
18:52:22 40 816.43 18:53:03 40 833.16
18:52:23 40 818.23 18:53:04 40 833.18
18:52:24 40 820.03 18:53:05 40 833.18
18:52:25 40 821.83 18:53:06 40 833.18
18:52:26 40 823.63 18:53:07 40 833.18
18:52:27 40 825.43 18:53:08 40 833.18
18:52:28 40 827.23 18:53:09 40 833.18
18:52:29 40 829.03 18:53:10 40 833.18
18:52:30 40 830.83 18:53:11 40 833.18
18:52:31 40 832.63 18:53:12 40 833.18
18:52:32 40 833.53 18:53:13 40 833.18
18:52:33 40 834.43 18:53:14 40 833.18
18:52:34 40 835.33 18:53:15 40 833.18
18:52:35 40 836.23 18:53:16 40 833.18
18:52:36 40 837.13 18:53:17 40 833.18
18:52:37 40 838.03 18:53:18 40 833.18
18:52:38 40 838.93 18:53:19 40 833.18
18:52:39 40 839.43 18:53:20 40 833.18
18:52:40 40 839.93 18:53:21 40 833.18
18:52:41 40 840.43 18:53:22 40 833.18
18:52:42 40 840.93 18:53:23 40 833.18

Tabla. 4.27.- Respuesta Lazo de Confrol Agua de Proceso Tabla.4.27.- Respuesta Laze de Control Agua de Proceso
Fuente: Elaboracion Propia (Parte 4 de §) Fuente: Elaboracion Propia (Parte 5 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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18:53:24 20 §33.18 18:54:05 20 833.18
18:53:25 20 833.18 18:54:06 20 83318
18:53:26 20 §33.18 18:54:07 20 833.18
18:53:27 20 833.18 18:54:08 20 83318
18:53:28 20 833.18 18:54:09 20 83318
18:53:29 20 §33.18 18:54:10 20 833.18
18:53:30 20 833.18 185411 20 83318
18:53:31 20 §33.18 18:54:12 20 833.18
18:53:32 20 833.18 185413 20 83318
18:53:33 20 §33.18 18:54:14 20 83318
18:53:34 40 §33.18 18:54:15 10 83318
18:53:35 20 833.18 18:54:16 10 83318
18:53:36 10 §33.18 18:54:17 10 §33.18
18:53:37 20 §33.18 18:54.18 10 83318
18:53:38 20 §33.18 1854119 40 833.18
18:53:39 20 833,18 18:54:20 20 83318
18:53:40 20 833.18 18:54:21 20 83318
18:53:41 40 833.18 18:54:22 40 833.18
18:53:42 10 833.18 18:54:23 40 83318
18:53:43 10 §33.18 18:54:24 40 833.18
18:53:44 40 §33.18 18:54:25 10 83318
18:53:45 10 833.18 18:54:26 10 833.18
18:53:46 20 §33.18 18:54:27 10 83318
18:53:47 10 §33.18 18:54:28 10 83318
18:53:48 10 833.18 18:54:29 40 833.18
18:53:49 10 833.18 18:54:30 10 83318
18:53:50 40 833.18 18:54:31 10 833.18
18:53:51 20 §33.18 18:54:32 20 83318
18:53:52 20 833.18 18:54:33 20 83318
18:53:53 20 833.18 18:54:34 10 833.18
18:53:54 20 §33.18 18:54:35 20 83318
18:53:55 20 833.18 18:54:36 20 833.18
18:53:56 20 833.18 18:54:37 20 83318
18:53:57 40 i Tabla.4.27.- Respuesta Lazo de Control Agua de Proceso
18:53:58 20 833.18
16:53:59 40 833.18 Fuente: Elaboracion Propia (Parte 7 de §)
18:54:00 20 §33.18
18:54:01 20 833.18
18:54:02 20 §33.18
18:54:03 20 833.18
18:54:04 10 83318 Tabla.4.27.- Respuesta Lazo de Control Agua de Proceso

Fuente: Elaboracion Propia (Parte 6 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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18:54:38 40 833.18
18:54:39 40 833.18
18:54:40 40 833.18
18:54:41 40 833.18
18:54:42 40 833.18
18:54:43 40 833.18
18:54:44 40 833.18
18:54:45 40 833.18
18:54:46 40 833.18
18:54:47 40 833.18
18:54:48 40 833.18
18:54:49 40 833.18
18:54:50 40 833.18
18:54:51 40 833.18
18:54:52 40 833.18
18:54:53 40 833.18
18:54:54 40 833.18
18:54:55 40 833.18
18:54:56 40 833.18
18:54:57 40 833.18
18:54:58 40 833.18
18:54:59 40 833.18
18:55:00 40 833.18
18:55:01 40 833.18
18:55:02 40 833.18
18:55:03 40 833.18
18:55:04 40 833.18
18:55:05 40 833.18
18:55:06 40 833.18
18:55:07 40 833.18
18:55:08 40 833.18
18:55:09 40 833.18
18:55:10 40 833.18
18:55:11 40 833.18
18:55:12 40 833.18
18:55:13 40 833.18
18:55:14 40 833.18

Tabla.4.27.- Respuesta Lazo de Control Agua de Proceso
Fuente: Elaboracién Propia (Parte 8 de 8)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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Fig.4.30.- Respuesta - Agua de Proceso
Fuente: Elaboracion Propia

Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.30), se obtienen los parametros del controlador. Para lo cual

utilizaremos el método de sintonizacién de Zieger y Nichols (ver tabla 4.28).

Se selecciona un control PI por el comportamiento del flujo de agua como variable
de proceso, se caracteriza por tener una capacitancia media, velocidad de respuesta

pequefio y tiempo muerto pequefio.

Parametros PID -ZN
Kp Ti
PI 0.9(K5)/0 0/0.3
PI(s) 5.58050562 | 29.6666667
Pl(min) 5.58 0.49444444

Tabla.4.28.- Parametros PID-ZN para lazo de control 0310-FI1C-01202
Fuente: Elaboracion Propia

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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4.7.6 Lazo de Control — Alimentacion Carga Fresca Molino SAG

Se cambid la variable control de 1500 — 1600 Tn/h para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.31 y podemos inferir los pardmetros de tiempo de retardo (6),

constante de tiempo () y ganancia (Kp) mostrados en la Tabla 4.29.

Curva de Reaccion
Kp 0 g
19.928 96 92

Tabla.4.29.- Parametros Curva de Reaccion Carga Fresca Molino SAG

Fuente: Elaboracion Propia

Tiempo MV PV(TN) 19.928e —96s
14:23:03 20 1106 -
14:23:04 20 1106 ! 92s +1
14:23:05 20 1106

14:23:06 20 1106

14:23:07 20 1106

14:23:08 20 1106

14:23:09 20 1106

14:23:10 20 1106

14:23:11 20 1106

14:23:12 20 1106

14:23:13 20 1106

14:23:14 20 1106

14:23:15 20 1106

14:23:16 20 1106

14:23:17 20 1106

14:23:18 20 1106

14:23:19 20 1106

14:23:20 20 1106

14:23:21 20 1106

14:23:22 20 1106

14:23:23 20 1106

14:23:24 20 1106

Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Moline Sag
Fuente: Elaboracion Propia (Parte 1 de 8)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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14:23:25 20 1106 14:24:05 20 1106
14:23:26 20 1106 14:24:06 20 1106
14:23:27 20 1106 14:24:07 20 1106
14:23:28 20 1106 14:24:08 20 1106
14:23:29 20 1106 14:24:09 20 1106
14:23:30 20 1106 14:24:10 20 1106
142331 20 1106 142411 20 1106
14:23:32 20 1106 14:24:12 20 1106
142333 20 1106 142413 20 1106
14:23:34 20 1106 14:24:14 20 1106
14:23:35 20 1106 14:24:15 20 1106
142336 20 1106 142416 20 1106
14:23:37 20 1106 14:24:17 20 1106
142338 20 1106 142418 20 1106
14:23:39 20 1106 14:24:19 20 1106
14:23:40 20 1106 14:24:20 20 1106
14:23:41 20 1106 142421 20 1106
14:23:42 20 1106 14:24:22 20 1106
1423:43 20 1106 142423 20 1106
14:23:44 20 1106 14:24:24 20 1106
142345 20 1106 142425 20 1106
14:23:46 20 1106 14:24:26 20 1106
14:23:47 20 1106 14:24:27 20 1106
142348 20 1106 142428 20 1106
14:23:49 20 1106 14:24:29 20 1106
1423550 20 1106 1424:30 20 1106
14:23:51 20 1106 14:24:31 20 1106
1423552 20 1106 142432 20 1106
1423553 20 1106 142433 25 1106
14:23:54 20 1106 14:24:34 25 1106
14:23:55 20 1106 14:24:35 25 1106
14:23:56 20 1106 14:24:36 25 1106
14:23:57 20 1106 14:24:37 25 1106
14:23:58 20 1106 14:24:38 25 1106
14:23:59 20 1106 14:24:39 25 1106
14:24:00 20 1106 14:24:40 25 1106
14:24:01 20 1106 14:24:41 25 1106.8
14:24:02 20 1106 14:24:42 25 1107.6
14:24:03 20 1106 Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino Sag
14:24:04 20 1106 Fuente: Elaboracidn Propia (Parte 3 de §)

Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino Sag
Fuente: Elaboracin Propia (Parte 2 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CATOLICA

TES HGSht e DE SANTA MARIA
14:24:43 25 1108.4 14:25:23 25 1143.76
14:24:44 25 1109.2 14:25:24 25 1144.77
14:24:45 25 1110 14:25:25 25 1145.78
14:24:46 25 11108 14:25:26 25 1146.79
14:24:47 25 11116 14:25:27 25 11478
14:24:48 25 1112.4 14:25:28 25 114881
14:24:49 25 1113.2 14:25:29 25 1149.82
14:24:50 25 1114 14:25:30 25 1150.83
14:24:51 25 1114.8 14:25:31 25 1151.84
14:24:52 25 11156 14:25:32 25 1152.85
14:24:53 25 11164 14:25:33 25 1153.86
14:24:54 25 1117.2 14:25:34 25 1154.87
14:24:55 25 1118 14:25:35 25 1155.88
14:24:56 25 11188 14:25:36 25 1156.89
14:24:57 25 11196 14:25:37 25 1157.9
14:24:58 25 11204 14:25:38 25 1158.91
14:24:59 25 11212 14:25:39 25 1159.92
14:25:00 25 1122 14:25:40 25 1160.93
14:25:01 25 1122.8 14:25:41 25 1161.94
14:25:02 25 11236 14:25:42 25 1162.95
14:25:03 25 11244 14:25:43 25 1163.96
14:25:04 25 11252 14:25:44 25 1164.97
14:25:05 25 1126 14:25:45 25 1165.98
14:25:06 25 11268 14:25:46 25 1166.99
14:25:07 25 11276 14:25:47 25 1168
14:25:08 25 1128.61 14:25:48 25 1169.01
14:25:09 25 1129.62 14:25:49 25 1170.02
14:25:10 25 1130.63 14:25:50 25 1171.03
14:25:11 25 1131.64 14:25:51 25 1172.04
14:25:12 25 1132.65 14:25:52 25 1173.05
14:25:13 25 1133.66 14:25:53 25 1174.06
14:25:14 25 1134.67 14:25:54 25 1175.07
14:25:15 25 1135.68 14:25:55 25 1176.08
14:25116 25 1136.69 14:25:56 25 1177.09
14:25:17 25 1137.7 14:25:57 25 1178.1
14:25:18 25 1138.71 14:25:58 25 1179.11
14:25:19 25 1139.72 14:25:59 25 1180.12
14:25:20 25 1140.73 14:26:00 25 1181.13
14:25:21 25 1141.74 Tabla. 4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino Sag
14:25:22 25 1142.75 Fuene: Elaboacidn Prapia (Pate 5 e §)

Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino Sag
Fuente: Elaboracion Propia (Parte 4 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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14:26:01 25 1182.14 14:26:41 25 1205.64
14:26:02 25 1183.64 14:26:42 25 1205.64
14:26:03 25 1185.14 14:26:43 25 1205.64
14:26:04 25 1186.64 14:26:44 25 1205.64
14:26:05 25 1188.14 14:26:45 25 1205.64
14:26:06 25 1189.64 14:26:46 25 1205.64
14:26:07 25 1191.14 14:26:47 25 1205.64
14:26:08 25 119264 14:26:48 25 1205.64
14:26:09 25 1194.14 14:26:49 25 1205.64
14:26:10 25 1195.64 14:26:50 25 1205.64
14:26:11 25 1197.14 14:26:51 25 1205.64
14:26:12 25 1198.64 14:26:52 25 1205.64
14:26:13 25 1200.14 14:26:53 25 1205.64
14:26:14 25 1201.64 14:26:54 25 1205.64
14:26:15 25 1203.14 14:26:55 25 1205.64
14:26:16 25 1204.64 14:26:56 25 1205.64
14:26:17 25 1206.14 14:26:57 25 1205.64
14:26:18 25 1207.64 14:26:58 25 1205.64
14:26:19 25 1209.14 14:26:59 25 1205.64
14:26:20 25 1210.94 14:27:00 25 1205.64
14:26:21 25 121274 14:27:01 25 1205.64
14:26:22 25 121454 14:27:02 25 1205.64
14:26:23 25 1216.34 14:27:03 25 1205.64
14:26:24 25 1218.14 14:27:04 25 1205.64
14:26:25 25 1219.94 14:27:05 25 1205.64
14:26:26 25 1221.74 14:27:06 25 1205.64
14:26:27 25 122354 14:27:07 25 1205.64
14:26:28 25 1221.74 14:27:08 25 1205.64
14:26:29 25 1219.94 14:27:09 25 1205.64
14:26:30 25 1218.14 14:27:10 25 1205.64
14:26:31 25 1216.34 14:27:11 25 1205.64
14:26:32 25 121454 14:27:12 25 1205.64
14:26:33 25 121274 14:27:13 25 1205.64
14:26:34 25 1210.94 14:27:14 25 1205.64
14:26:35 25 1209.14 14:27:15 25 1205.64
14:26:36 25 1207.34 14:27:16 25 1205.64
14:26:37 25 120554 14:27:17 25 1205.64
14:26:38 25 1205.64 14:27:18 25 1205.64
14:26:39 25 1205.64 Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino Sag
14:26:40 25 1205.64 Fuente: Elaboraciin Propia (Parte 7 de §)

Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino Sag
Fuente: Elaboracion Propia (Parte 6 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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14:27:19 25 1205.64
14:27:20 25 1205.64
14:27:21 25 1205.64
14:27:22 25 1205.64
14:27:23 25 1205.64
14:27:24 25 1205.64
14:27:25 25 1205.64
14:27:26 25 1205.64
14:27:27 25 1205.64
14:27:28 25 1205.64
14:27:29 25 1205.64
14:27:30 25 1205.64
14:27:31 25 1205.64
14:27:32 25 1205.64
14:27:33 25 1205.64
14:27:34 25 1205.64
14:27:35 25 1205.64
14:27:36 25 1205.64
14:27:37 25 1205.64
14:27:38 25 1205.64
14:27:39 25 1205.64
14:27:40 25 1205.64
14:27:41 25 1205.64
14:27:42 25 1205.64
14:27:43 25 1205.64
14:27:44 25 1205.64
14:27:45 25 1205.64
14:27:46 25 1205.64
14:27:47 25 1205.64
14:27:48 25 1205.64
14:27:49 25 1205.64
14:27:50 25 1205.64
14:27:51 25 1205.64
14:27:52 25 1205.64
14:27:53 25 1205.64
14:27:54 25 1205.64
14:27:55 25 1205.64

Tabla.4.30.- Respuesta Lazo de Control Alimentacion Carga Fresca Molino SAG
Fuente: Elaboracién Propia (Parte 8 de 8)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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Fig.4.31.- Respuesta - Alimentacion Carga Fresca Molino SAG
Fuente: Elaboracion Propia

Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.31), se obtienen los pardmetros del controlador. Para lo cual

utilizaremos el método de sintonizacion de Zieger y Nichols (ver tabla 4.31).

Se selecciona un control PID por el comportamiento del Peso como variable de
proceso, se caracteriza por tener la velocidad de respuesta lenta y tiempo muertos

considerables.

Parametros PID -ZN
Kp Ti Td
PID 1.2¢/(Kp)® 20 | 0.50
P1D(s) 0.05770775 192 48
PID(min) 0.0009618 32 | 08

Tabla.4.31.- Parametros PID-ZN para lazo de control Alimentacion Molino SAG
Fuente: Elaboracion Propia

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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4.7.7 Lazo de Control — Descarga de Mineral Molino SAG

Se cambi6 el porcentaje de velocidad de 85% a 100%para ver la reaccion del
proceso. Graficando los valores de la tabla obtenemos la curva de reaccion
mostrada en la Fig.4.32 y podemos inferir los pardmetros de tiempo de retardo (6),

constante de tiempo () y ganancia (Kp) mostrados en la Tabla 4.32.

Curva de Reaccion
Kp 0 g
0.164 128 9

Tabla.4.32.- Parametros Curva de Reaccidn Descarga de Mineral Molino SAG

Fuente: Elaboracion Propia

Tiempo MV PV(mm/s) 0.1648_1285
19:23:03 85 20.924 —
19:23:04 85 20.924 s 9s +1
19:23:05 85 20.924

19:23:06 85 20.924

19:23:07 85 20.924

19:23:08 85 20.924

19:23:09 85 20.924

19:23:10 85 20.924

19:23:11 85 20.924

19:23:12 85 20.924

19:23:13 85 20.924

19:23:14 85 20.924

19:23:15 85 20.924

19:23:16 85 20.924

19:23:17 85 20.924

19:23:18 85 20.924

19:23:19 85 20.924

19:23:20 85 20.924

19:23:21 85 20.924

19:23:22 85 20.924

19:23:23 85 20.924

Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag
Fuente: Elaboracién Propia (Parte 1 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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19:23:24 85 20.924 19:24:05 85 20.924
19:23:25 85 20.924 19:24:06 85 20.924
19:23:26 85 20.924 19:24:07 85 20.924
19:23:27 85 20.924 19:24:08 85 20.924
19:23:28 85 20.924 19:24:09 85 20.924
19:23:29 85 20.924 19:24:10 85 20.924
19:23:30 85 20.924 19:24:11 85 20.924
19:23:31 85 20.924 19:24:12 85 20.924
19:23:32 85 20.924 19:24:13 85 20.924
19:23:33 85 20.924 19:24:14 85 20.924
19:23:34 85 20.924 19:24:15 85 20.924
19:23:35 85 20.924 19:24:16 85 20.924
19:23:36 85 20.924 19:24:17 85 20.924
19:23:37 85 20.924 19:24:18 85 20.924
19:23:38 85 20.924 19:24:19 85 20.924
19:23:39 85 20.924 19:24:20 85 20.924
19:23:40 85 20.924 19:24:21 85 20.924
19:23:41 85 20.924 19:24:22 85 20.924
19:23:42 85 20.924 19:24:23 85 20.924
19:23:43 85 20.924 19:24:24 85 20.924
19:23:44 85 20.924 19:24:25 85 20.924
19:23:45 85 20.924 19:24:26 85 20.924
19:23:46 85 20.924 19:24:27 85 20.924
19:23:47 85 20.924 19:24:28 85 20.924
19:23:48 85 20.924 19:24:29 85 20.924
19:23:49 85 20.924 19:24:30 85 20.924
19:23:50 85 20.924 19:24:31 85 20.924
19:23:51 85 20.924 19:24:32 85 20.924
19:23:52 85 20.924 19:24:33 85 20.924
19:23:53 85 20.924 19:24:34 85 20.924
19:23:54 85 20.924 19:24:35 85 20.924
19:23:55 85 20.924 19:24:36 85 20.924
19:23:56 85 20.924 19:24:37 85 20.924
19:23:57 85 20.924 19:24:38 85 20.924
19:23:58 85 20.924 19:24:39 85 20.924
19:23:59 85 20.924 19:24:40 85 20.924
19:24:00 85 20.924 19:24:41 85 20.924
19:24:01 85 20.924 19:24:42 85 20.924
19:24:02 85 20.924 19:24:43 85 20.924
19:24:03 85 20.924 19:24:44 85 20.924
19:24:04 85 20.924 19:24:45 85 20.924
Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag

Fuente: Elaboraciin Propia (Parte 2 de §) Fuente: Elaboracion Propia (Parte 3 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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19:24:46 85 20.924 19:25:27 100 23.398
19:24:47 85 20.924 19:25:28 100 23.398
19:24:48 85 20.924 19:25:29 100 23.398
19:24:49 85 20.924 19:25:30 100 23.398
19:24:50 85 20.924 19:25:31 100 23.398
19:24:51 85 20.924 19:25:32 100 23.398
19:24:52 85 20.924 19:25:33 100 23.398
19:24:53 85 20.924 19:25:34 100 23.398
19:24:54 85 20.924 19:25:35 100 23.398
19:24:55 85 20.924 19:25:36 100 23.398
19:24:56 85 20.924 19:25:37 100 23.398
19:24:57 85 20.924 19:25:38 100 23.398
19:24:58 85 20.924 19:25:39 100 23.398
19:24:59 85 20.924 19:25:40 100 23.398
19:25:00 85 20.924 19:25:41 100 23.398
19:25:01 85 20.924 19:25:42 100 23.398
19:25:02 85 20.924 19:25:43 100 23.398
19:25:03 85 20.924 19:25:44 100 23.398
19:25:04 85 20.924 19:25:45 100 23.398
19:25:05 85 20.924 19:25:46 100 23.398
19:25:06 85 20.924 19:25:47 100 23.398
19:25:07 85 20.924 19:25:48 100 23.398
19:25:08 85 20.924 19:25:49 100 23.398
19:25:09 100 20.924 19:25:50 100 23.398
19:25:10 100 20.924 19:25:51 100 23.398
19:25:11 100 20.924 19:25:52 100 23.398
19:25:12 100 20.924 19:25:53 100 23.398
19:25:13 100 21.424 19:25:54 100 23.398
19:25:14 100 21.924 19:25:55 100 23.398
19:25:15 100 22.424 19:25:56 100 23.398
19:25:16 100 22.924 19:25:57 100 23.398
19:25:17 100 23.024 19:25:58 100 23.398
19:25:18 100 23.124 19:25:59 100 23.398
19:25:19 100 23.224 19:26:00 100 23.398
19:25:20 100 23.304 19:26:01 100 23.398
19:25:21 100 23.384 19:26:02 100 23.398
19:25:22 100 23.398 19:26:03 100 23.398
19:25:23 100 23.398 19:26:04 100 23.398
19:25:24 100 23.398 19:26:05 100 23.398
19:25:25 100 23.398 19:26:06 100 23.398
19:25:26 100 23.398 19:26:07 100 23.398
Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag
Fuente: Elaboracion Propia (Parte 4 de §) Fuente: Elaboracion Propia (Parte § de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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19:26:08 100 23.398 19:26:48 100 23.398
19:26:09 100 23398 19:26:49 100 23398
19:26:10 100 23.398 19:26:50 100 23.398
192611 100 23.398 1926551 100 23.398
1926:12 100 23.398 19:26:52 100 23.398
192613 100 23.398 19:26:53 100 23.398
19:26:14 100 23398 19:26:54 100 23398
192615 100 23.398 19:26:55 100 23.398
19:26:16 100 23.398 19:26:56 100 23.398
19:26:17 100 23.398 1926557 100 23.398
19:26:18 100 23.398 19:26:58 100 23.398
19:26:19 100 23.398 19:26:59 100 23.398
19:26:20 100 23.398 19:27:00 100 23.398
19:26:21 100 23.398 19:27:01 100 23398
19:26:22 100 23398 19:27:02 100 23.398
19:26:23 100 23.398 19:27:03 100 23.398
19:26:24 100 23.398 19:27:04 100 23.398
19:26:25 100 23.398 19:27:05 100 23.398
19:26:26 100 23398 19:27:06 100 23.398
19:26:27 100 23398 19:27:07 100 23.398
19:26:28 100 23.398 19:27:08 100 23.398
19:26:29 100 23398 19:27:09 100 23.398
19:26:30 100 23.398 19:27:10 100 23.398
19:26:31 100 23.398 192711 100 23398
19:26:32 100 23398 192712 100 23.398
19:26:33 100 23.398 192713 100 23398
19:26:34 100 23.398 19:27:14 100 23.398
19:26:35 100 23398 192715 100 23.398
19:26:36 100 23.398 19:27:16 100 23.398
19:26:37 100 23398 192717 100 23.398
19:26:38 100 i’ Table.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag
19:26:39 100 23.398 Fuane: Elboracin P (Bae )
19:26:40 100 23398
19:26:41 100 23.398
19:26:42 100 23.398
19:26:43 100 23.398
19:26:44 100 23.398
19:26:45 100 23.398
19:26:46 100 23.398
19:26:47 100 23.398

Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino Sag
Fuente: Elaboracidn Propia (Parte 6 de §)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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19:27:18 100 23.398
19:27:19 100 23.398
19:27:20 100 23.398
19:27:21 100 23.398
19:27:22 100 23.398
19:27:23 100 23.398
19:27:24 100 23.398
19:27:25 100 23.398
19:27:26 100 23.398
19:27:27 100 23.398
19:27:28 100 23.398
19:27:29 100 23.398
19:27:30 100 23.398
19:27:31 100 23.398
19:27:32 100 23.398
19:27:33 100 23.398
19:27:34 100 23.398
19:27:35 100 23.398
19:27:36 100 23.398
19:27:37 100 23.398
19:27:38 100 23.398
19:27:39 100 23.398
19:27:40 100 23.398
19:27:41 100 23.398
19:27:42 100 23.398
19:27:43 100 23.398
19:27:44 100 23.398
19:27:45 100 23.398
19:27:46 100 23.398
19:27:47 100 23.398
19:27:48 100 23.398
19:27:49 100 23.398
19:27:50 100 23.398
19:27:51 100 23.398
19:27:52 100 23.398
19:27:53 100 23.398
19:27:54 100 23.398

Tabla.4.33.- Respuesta Lazo de Control Descarga de Mineral Molino SAG
Fuente: Elaboracién Propia (Parte 8 de 8)

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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Fig.4.32.- Respuesta Modelo Descarga de Mineral Molino SAG
Fuente: Elaboracion Propia

Una vez identificados los parametros del proceso obtenidos de la curva de reaccion
(ver Fig.4.32), se obtienen los pardmetros del controlador. Para lo cual

utilizaremos el método de sintonizacion de Zieger y Nichols (ver tabla 4.34).

Se selecciona un control PI por el comportamiento del flujo de agua como variable
de proceso, se caracteriza por tener una capacitancia baja, velocidad de respuesta

pequefio y tiempo muerto pequefio.

Parametros PID -ZN
Kp Ti
Pl 0.9(K{)/6 0/0.3
Pl(s) 0.01043719 | 42.6666667
P1(min) 0.01 0.71111111

Tabla.4.34.- Parametros PID-ZN para lazo de control Descarga Molino SAG
Fuente: Elaboracion Propia

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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CAPITULO V
PRUEBAS

Este capitulo reflejara las pruebas de Pre — Comisionamiento que se realiz6 en cada de lazo
de control mencionado en el capitulo 4, con excepcion del control de carguio de bolas y
control de lechada de cal que se probaron en modo manual y en modo remoto desde el
DCS, esto se dio que el cliente tomo posicion de las areas antes de la sintonizacion.

Las pruebas se realizaron bajo la supervision Ing. Nelson Bedoya (FLSmidth), Ing. Claudio
Miranda Badilla (Lider DCS - Pre operaciones Bechtel), Sr. Rene Roque Salas (Ingeniero

Supervisor DCS - Area Molienda Bechtel) y Personal de Invensys Per(.

Cada control estuvo acompaiiado por una secuencia de pruebas que se realizaron tanto
modo manual / Automético y Local / Remoto.

En esta etapa, primero se realizo las pruebas de la filosofia de control en modo manual, una
vez obtenido los resultados esperados, se implemento la estrategia de control que consiste
en la l6gica de control, la cual fue cargada al DCS (Capitulo 4 — Seccidn 4.5), segundo se
implemento las estaciones de control y de ingenieria, para monitoreo de las sefiales y

tendencias de los procesos.

Para lo cual se trabajé con los siguientes lazos de control:

- Control de Alimentadores de Acopio Faja5 - Apron Feeders.
- Control de Alimentacién de Carga Fresca Molino SAG.

- Control Carguio de Bolas (Modo Manual)

- Control de Adicion de Agua Fresca.

- Control de Descarga Molino SAG.
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5.1 Desarrollo de las Pruebas

Para estas pruebas se sigui0 la siguiente secuencia de trabajo:

- Arranque de Motores.

- Aperturay Cierre de Valvulas de Control.

- Pruebas de Agua de Proceso Alimentacion Molino SAG
- Carguio de Bolas (Modo Manual)

- Pruebas de Carga del Molino SAG del 10% al 35%.

5.1.1 Arranque de Motores

En las pruebas de comisionado de los motores se realizaron los arranques en modo
manual, modo remoto, interloks de control y configuracion de equipos desde el
DCS. Los parametros de trabajo de los motores se pueden verificar en la Tabla 4.13.
Estas pruebas consisten en accionar los motores en vacio (sin carga), durante un
minimo de cuatro horas y posteriormente ocho horas. Durante las dos pruebas se
verifico la temperatura registrada por las RTDs situada en la cabeza de cada motor
no excediendo los 150°C.

Apron Feeders:

Estas pruebas consistieron en generar fallas con el fin de probar las protecciones de
los motores y de las unidades hidraulicas de manera de verificar los parametros
configurados en el DCS, a continuacion se detalla los parametros de configuracion
tipicos para la unidad hidraulica (ver tabla 5.1) y los motores (ver tabla 5.2).

Las condiciones principales que se monitoreo fueron los pull cords de cada Apron
Feeders y los Level Switch de los chute alimentadores.

La referencia de los parametros de configuracion es para los cuatro Apron Feeders.
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LG1.BI01 | Pet mode AUTO (HMI) LG2.BI01 | End de Proceso LG3 BIO1 Peticidn Partir desde HMI LG4.BI01 | Endl Proceso (LG2.BO02)
LG1EI02 | Pet modo AUTO (Logic) L2.BI02 | End Seguridad LG3.BID2 Peticion Parada desde HMI LG4.BI02 | Falla de Comunicacion a Logica [LG2.B003)
LG1.BI03 | Pet mode Man (HMI) LG2.BI03 | UH en Falla (Sum Alarm) Desde Campo LG3.BIO3 Peticidn Partida AUTO LG4.6103 | Falla de Partida (L52.B004)
LG1.EID4 | Pet mod MAN (Logic) L52.BI04 | Resumen de Alarma UH Drive 1 Desde Campo LG3.BID4 Peticion Detencion AUTO LG4.BID4 | End Seguridad (LG2.BO0T7)
LG1.BI0S | Resumen Falla (LG2.BO01) | LG2.BIOS LG3 BIOS FBK REM(1)/LOC(0) Desde Campo LG4.BIOS | UH en Falla (LG2.BOOS)
LG1.BIE | Forzar modo AUTO LG2.BI06 | Falla Comunicacion Desde Campo (Na hace lagica solo conectado) | LG3.BID6 Flag AUT{1)/MAN(0){LGLBOO1) LG4 BIO6 | Parada de EMERGENCIA (LG2.BOOG)
LG1.EIO7 | Forzar modo MAN LG2.BI07 | Parada de EMERGENCIA Desde Campe LG3.BID7 Permisivo de Partida LG4.BIO7
LG1EBIOB | Pet modo REM (HMI) LG2.BIOB | UH Drive 1 Funcionando Desde Campo LG3.BID8 Resumen de Falla para detener el motor(LG2.8001) | LG4.BIDE
LG1.BI09 | Pet modo REM {Logic) LG2.BI09 LG3.BI09 Partida LOC (LOC PE-Campo) LG4.BI09
LG1.BI10 | Forzar modo REM L52.BI10 | Flag de PARTIDA (LG3.B001) LG3.BI10 Peticion Partir LOC HMI LG4.BI10
LG1.BI11 | Pet mode LOC (HMI) LG2.BI11 | Flag REM{1)/LOC(0) (Campa) LG3 R Enclavamiento de Proceso(LG2.8101) LG4.BI11
LG1.BI12 | Pet mode LOC (Legic) LG2BI12 |R de Alarma NO RECONOCIDA LG3 BI12 LG4.BI12
LG1.BI13 | Forzar modo LOC LG2.BI13 | Estado Requerido por Logica (LG3.B008) LG3.BI13 UH Listo para Partir LG4 BI13
LG1.BI14 LG2.BI14 LG3.BI14 LG4.BI14
LG1.BI1S L52.BI15 LG3.BI1S LG4.BI15 | Estado requeride por Iogica (LG3.BO0S)
LG1BIL6 LG2BI16 | FBKREM(1)/LOC(0) Desde Campo (LG3.BIOS) LG BI16 Peticion Parar LOC HMI LG4.BI16
LG1.BO01 | Flag AUTO/MAN L52.B001 | R de Falla para detener el motor LG3.BO01 Comando PARTIR(1)/PARAR(0) Campo (LG2.BI10) LG4.BO01 | Endl Proceso
LG1.BO02 | Requerimiento REM/LOC | LG2.BO02 | Encl Proceso Activo ("bypasseada” en modo LOC) LG3.B002 LG4.B002 | Falla de Comunicacion a Logica
LG1.BO03 LG2.BO03 | Falla de Comunicacion a Logica LG3.BOD3 | Listo/Partir Originado en Logica LG4.B003 | Falla de Partida
LG1.B004 L52.BO04 | Bit Falla de Partida LG3 BOO4 Boton Partir desde HMI hacia otras logicas LG4.B004 | Endl Seguridad
LG1.B005 L52.B005 | Bit de UH en Falla (Sum Alarm) a Ligica LG3 BO0S LG4.B005 | UH en Falla
LG1.BO06 L2.BO0G | Bit de Parada de Emergendia a Logica LG3.BO0G LG4.BO06 | Parada de EMERGENCIA
LG1.6007 L62.8007 | Endl de Seguridad LG3.B007 | Comando a la BALIZA LG4.6007
LG1.B008 L52.B008 | Reset de Alarma, hacia campo LG3.BO08 Estado requerido por ldgica LG4.B008
L52.RO01 | Resumen para permisivo LG2 RID1 Resumen de sin Permiso(0= Permise Ok)(LG2.RO01)

Tabla.5.1.- Pardmetros de Configuracion Unidad Hidraulica UH

Fuente: Invensys

LG1.BI0L | Pet modo AUTO (HMI) LG2.BIO1 Encl de Proceso LG3.8I01 Peticion Partir desde HMI LG4.BI01 Encl Proceso (LG2.BO02)

LG1.BIDZ | Petmodo AUTO (Logic) | LG2.BID2 Encl Seguridad LG3.BI02 Peticidn Parada desde HMI LG4.BI02 Falla de Comunicacion a Légica (LG2.BO03)

L51.BI03 [ Pet mode Man (HMI) LG2.BI03 LG3.BI03 Peticign Partida AUTO LG4.BI03 Falla de Partida (LG2.5004)

L51.BI04 | Pet mod MAN (Logic) LG2 BI04 Falla Tension Control LG3.B104 Peticidn Detencién AUTO LG4.Bl04 Encl Seguridad (LG2.B007)
Resumen Falla

LG1BIOS | (LG2.BOO1) LGZ_BIOS Falla Eléctrica LG3.BI0S Flag REM/LOC (LG1.B002) LG4.BI0S

LG1.BIO6 | Forzar modo AUTO LG2 BIO6 Falla Comunicacion LG3.8I06 Flag AUT/MAN(LG1.BOO1) LG4.BI06 Falla Tension Control (LG2.8008)

LG1.BIO7 | Forzar modo MAN LG2_BIO7 Parada de EMERGENCIA LG3.BI07 Permisivo de Partida LG4.BI07 Falla Eléctrica (LG2.8005)

LG1.BIOS | Pet modo REM [HMI) LG2 BIO8 FBK DETENIDO (No hace légica solo conectado) | LG3.BI08 Resumen Falla para detener el motor (LG2.8001) | LG4.BIOS Parada de EMERGENCIA (LG2.BO06G)

LG1.BI09 | Pet modo REM (Logic) LG2.BI02 FBK Funcionando LG3.BI09 Partida LOC (LOC PB-Campo) LG4.BI09

LG1.BI10 | Forzar modo REM LGZ2.BI10 Flag de PARTIDA (LG3.B001) LG3.B110 Petician Partir LOC HMI LG4.BI10

LG1BI11 | Pet medo LOC (HMI) LGZ.BI11 Flag REM/LOC (LG1.B002) LG3.BI11 Enclavamiento de Preceso(LG2.BI01) LG4.BI11

LG1.BI12 | Pet medo LOC (Logic) LG2 BI12 Alarma NO RECONOCIDA LG3.BI12 LG4.BI12

LG1.BI13 | Forzar modo LOC LG2 BI13 Estado Requerido por Logica (LG3.BO0S) LG3.813 LG4.BI13

LG1.BI14 LGZ.El14 LG3.BI14 LG4.8114

LG1.BI15 LG2 BI1S LG3.BI15 LG4.BI1S Estado requerido por logica (LG3.BO0B)

LG1.B116 LG2.BI16 LG3.BI16 Peticidn Parar LOC HMI LG4.B116 Reset Primera Salida

L51.8001 | Flag AUTO/MAN LG2_BOO1 Resumen de Falla para detener el motor LG3.B001 Comando PARTIR/PARAR Campo (LG2.B110) LG4.8001 Encl Proceso

L51.8002 | Flag REM/LOC LG2_BOO2 Encl Proceso Activo ("bypasseada” modo LOC) | LG3.BO0Z LG4.8002 Falla de Comunicacion a Légica

L51.B003 LG2 BOO3 Falla de Comunicacion a Logica LG3.8003 Listo/Partir LG4.B003 Falla Partida

L51.8004 LG2 BOD4 Bit Falla de Partida LG3.8004 Botdn Partir defde HMI hacia otras logicas LG4.B004 Encl Seguridad

LG1.8005 LG2.BO0S Bit de Falla Eléctrica a Logica LG3.B005 LG4.B005

L51.B006 LG2 BOOG Bit de Parada de Emergencia a Logica LG3.8006 LG4.B006 Falla tension

L51.B007 LG2 BOO7 Encl de Seguridad LG3.8007 Comando a la BALIZA LG4.8007 Falla Eléctrica

LG1.B008 LG2_BO08 Falla de tension LG3.B008 Estado requerido por légica LG4.BO08 Parada de EMERGENCIA

Tabla.5.2.- Parametros de Configuracion Motor Apron Feeder

Fuente: Invensys
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Interloks de control:

Teniendo configurados los parametros de configuracion de las Unidades Hidraulicas
y Motores se procedi6 a forzar las sefiales de control, de manera que si falla un

equipo este sera detectada desde el DCS a través de las siguientes pantallas.

UH1_0vL1 UH1_OVL1_DETALLE
LOCAL |

No Listo para Partir A
REMOTO |

Enclavamiento Proceso

Local v

Manual Falla de Partida
Detenido

Detalle del Motor

Falla Comunicacion

Enclavamiento Seguridad I

Falla UH |

Parada Emergencia

Detalle de Permisivos

Detalle de Sefiales

|  RECONOCER

— —

FEAOOOS_ENCLSEG

Falla Partida Cuerdas Emergencia

Correa Alim. M. Sag Funcionando

Nivel Alto Atollo
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FEAQOQ5_PERMISIVOS FEADOCGS_FALLA UH
Temperatura Alta Motor Auxiliar

Nivel Minimo Aceite en Estanque

Temperatura Maxima Aceite
Temperatura Minima Aceite
Presion Baja Bomba 1

Linea Succion Bomba 1

Temp. Alta Motor Electrico 1

Parada de Emergencia

Presion Baja Acumulador Bba 1B

OVL_240 FEAOOO5_DETALLE

Fig.5.1.- Pantallas de Control Apron Feeders
Fuente: Invensys
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El procedimiento realizado en pruebas de pre comisionado y comisionado.

- Verificacién de Gabinetes de Control.

- Verificacion de Protocolos de Comunicacion Profibus.

- Verificacion de Instrumentacion UH.

- Desactivar paradas de Emergencia, arranques desde Sala de Control.

- Verificacién de Interloks, deben encontrarse operativos (sin marca roja).

- Primer Arranque, se realiza desde campo a través de del supervisor de Area.
- Verificar status del motor desde Sala de Control.

- Forzar Fallas en Campo, para ser detectadas desde Sala de Control.

- Parada de Motor, se realiza desde campo a través de del supervisor de Area.
- Segundo Arranque, se realizad a través del DCS.

- Confirmacién de arranque del Motor en campo y en DCS.

- Verificacién de lectura de parametros desde el DCS.

- Parada de Motor, se realiza desde Sala de Control a través del DCS.

- Confirmacién de parada de motor en campo y en DCS.
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Faja de Alimentacion Molino SAG - 0240-CVB-0005

Estas pruebas consistieron en generar fallas con el fin de probar las protecciones de
los motores y de las unidades hidraulicas de manera de verificar los parametros
configurados en el DCS, a continuacion se detalla los pardmetros de configuracion
tipicos para la unidad hidraulica (ver tabla 5.1) y los motores (ver tabla 5.3).

Las condiciones principales que se monitoreo fueron los pull cords, sensores de
rotura de faja y des alineamiento de faja.

LG1.BI01 | Petmodo AUTO [HMI) [ LGZ.BID1 End de Proceso LG3.BI01 | Peticion Partir desde HMI LG4.8I01 | Endl Proceso (LG2.B002)
Falla de Comunicacion a Logica
LG1.BI02 [ Petmodo AUTD (Logic) | LGZ.BIOZ Endl Seguridad LG3.BI02 Peticion Parada desde HMI LG4.BI02 | (LG2.B003)
LG1.BI03 [ Petmodo Man (HMI) LG2.BI03 VIDF en Falla LG3.B103 Peticion Partida AUTO LG4 BI03 | Falla de Partida (LG2.B004)
Falla Tension Control (No hace |dgica solo estd
LG1EBI04 | Petmod MAN (Logic) LG2 BIO4 conectade) LG3.BI04 | Peticion Detencion AUTO LG4.8I04 | Encl Seguridad (LG2.8007)
Resumen Falla
LG1.BIOS | (LG2.BO01) LG2.BI05 - LG3.BI05 | Flag REM/LOC (LG1.BO02) LG4.BI05
Falla Tension Control
LG1.BI0& | Forzar modo AUTO LG2_BIO& Falla Comunicacion {No hace logica solo conectado) LG3.BI0& Flag AUT/MAN(LG1.B001) LG4 BI06 | (LG2.BODE)
LG1.BI07 | Forzar modo MAN LG2.BI07 Parada de EMERGENCIA LG3.BI07 Permisivo de Partida LG4 BI07 | Falla Eléctrica (LG2.BOOS)
Resumen de Falla para detener el motor Parada de EMERGENCIA
LG1.BI08 | Petmodo REM (HMI) LG2.BI08 Listo para Operar (LG2.BI08 & LG2.BI0S = FBK FUN) LG3.6I08 | (LG2.BOO1) LG4.8108 | (LG2.8006)
LG1.BI09 [ Petmodo REM (Logic) LG2.BI0S Operacién Habili (L52.B108 & LG2.BI09 =FBK FUN) [ LG3.BI09 Partida LOC (LOC PE-Campo) LG4.BI09
LG1.B110 | Forzar modo REM LG2.BI10 Flag de PARTIDA (LG3.BC01) LG3.BI10 Peticion Partir LOC HMI LG4.BI10
LG1.BI11 | Petmodo LOC (HMI) LG2.B111 Flag REM/LOC (LG1.8002) LG3.8111 | Enclavamiento de Proceso(LG2.BI01) LG4.BI11
LG1.B112 | Petmodo LOC (Logic) LG2.BI12 R de Alarma NO RECONOCIDA LG3.B112 LG4.8112
LG1.BI13 [ Forzar medo LOC LG2.BI13 Estado Requerido por Logica (LG3.BOOB) LG3.BI13 VDF Listo LG4.B113
LG1.BI14 LG2.BI14 LG3.BI14 LG4 BI14
Estado requerido por logica
LG1.B115 LG2.BI15 LG3.BI15 LG4.BI15 | (LG3.BO08)
LG1EI1S LG2.BI16 LG3.BI16 Peticion Parar LOC HMI LG4 Bll6
Comando PARTIR/PARAR Campo
LG1.BO01 [ Flag AUTO/MAN LG2.B001 R de Falla para detener el motor LG3.B001 | (LGZ.BI1O) LG4 BOO1 | Encl Proceso
LG1.B002 | Flag REM/LOC LG2.BO02 | End Proceso Activo ["by da” en medo LOC) LG3.B002 LG4.8002 | Falla de Comunicacién a Légica
LG1.6003 LG2.B003 | Falla de Comunicacion a Logica LG3.8003 | Listo/Partir 1G4.8003 | Falla Partida
Boton Partir desde HMI hacia otras
LG1.B004 LG2.B004 | Bit Falla de Partida LG3.B004 | logicas LG4.8004 | End Seguridad
LG1.B005 LG2.B005 Bit de Falla Eléctrica a Logica LG3.B005 LG4 BOOS | VDF en Falla
LG1BO06 LG2 BODG Bit de Parada de Emergencia a Logica LG3.BO06 LG4 B006 | Falla tension
LG1.B007 LG2.B007 | Endl de Seguridad LG3.B007 | Comando a la BALIZA LG4 8007 | Falla Eléctrica
LG1.BO08 LG2.B008 Falla de tensidn LG3.B008 | Estado requerido por logica LG4.8008 | Parada de EMERGENCIA
Resumen de sin Permiso (0 = Permiso
LG2.RO01 R de sin Permiso (0= Permiso Ok) LG2.RID1 Ok)(LG2.RO01)
LG2.RO02 FBK Funci do (LG2.BIO8 & LG2.BI0S = FEK FUN)

LG2.RO03 [ Sin FBK Funcionando (LG2.BIOE & LG2.BIDS = FEK FUN)

Tabla.5.3.- Pardmetros Motor Faja de Alimentacion 0240-CVB-0005

Fuente: Invensys

Los pardmetros configurados de la Unidad Hidréulica de la Faja Transportadora es igual
mostrada en la tabla 5.1.
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Interloks de Control:

Las pruebas para la faja de alimentacion fueron realizadas entre 10% a 35% segln
su capacidad. La Fig.5.2 muestra las pantallas de control, donde se verifico el

detalle funcional del motor y su verificacion de fallas.

M3_0VL1

No Listo para Partir A

REMOTO Falla Partida
Deteccion de Metal

Local v

Manual

Molino Sag Fincionando

Nivel Alto Chute Correa M. Sag

Detenido

Detalle del Motor

M3_OVL1_DETALLE - CVBOO05_ENCLSEG

Rotura Correa

Desalineamiento Correa

Reworol
|
oo |
CPani
PARAR

00 H 0.0 KW 00 A Cuerda Emergencia Lado lzq.
Velocidad Velocidad Cuerda Emergencia Lado Der.
## RPM 0.0 %

Temperatura Alta Alta Reductor

Enclavamiento Proceso

Falla Comunicacion
Falla del Contactor

Enclavamiento Seguridad

Falla Tension

Falla VDF CVB0OOO5_PERMISIVOS

ity Emergen‘:ia —

Detalle de Permisivos

[_reconocer]

Fig.5.2.- Pantallas de Control Faja de Alimentacion 0240-CVB-0005
Fuente: Invensys
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El procedimiento realizado en pruebas de pre comisionado y comisionado.

- Verificacién de Gabinetes de Control.

- Verificacion de Protocolos de Comunicacion Profibus.

- Verificacion de Instrumentacion UH.

- Verificacion de Pull Cords, Rotura y Des alineadores de Faja

- Desactivar paradas de Emergencia, arranques desde Sala de Control.

- Verificacion de Interloks, deben encontrarse operativos (sin marca roja).

- Primer Arranque, se realiza desde campo a través de del supervisor de Area.
- Verificar status del motor desde Sala de Control.

- Forzar Fallas en Campo, para ser detectadas desde Sala de Control.

- Parada de Motor, se realiza desde campo a través de del supervisor de Area.
- Segundo Arranque, se realizad a través del DCS.

- Confirmacion de arranque del Motor en campo y en DCS.

- Verificacién de lectura de parametros desde el DCS.

- Parada de Motor, se realiza desde Sala de Control a través del DCS.

- Confirmacion de parada de motor en campo y en DCS.

Carguio de Bolas — Molino SAG

Como se menciond antes, el control para Carguio de Bolas no se llegd a concluir
por peticion del cliente Xstrata Cooper. Todas las pruebas se realizaron en modo
Local /Remoto. Los parametros de configuracion en el DCS son los mismos
mostrados en la tabla 5.2.

Interloks de Control:

Los interloks de los dos carguios de bolas son iguales, solo se detallara del 0240-
FET-0005.
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REPOSITORIO DE

wows

No Listo para Partir A

|SELECCIONAR| | SELECCIONAR|

M1_OVL1_DETALLE

00 H 0.0 % 0.0 A

Enclavamiento Proceso |I

Falla Comunicacion

Local

Manual

Detenido

Falla del Contactor
J Alim. FET0005 No Seleccionado
Enclavamiento Seguridad |

Molino SAG No Funcionando

Falla Tension

Falla Eléctrica |

Parada Emergencia

Detalle de Permisivos

RECONOCER

M1_OVL1_FALLA_ELECTRICA FET0005_ENCLSEG >

Falla de Seiial

: Sin Encavamiento de Seguridad
Sobrecarga ‘

Motor Bloqueado

Falla de Comunicacion
Retroaliment. de Corriente
Caorriente Alta

Corriente Baja

Tiempo de enfriamiento

Perdida de Fase FETO005_PERMISIVOS "y

Falla en DI

Falla en DI2 -

Sin Permisivos

Fig.5.3.- Pantallas de Control Carguio de Bolas
Fuente: Invensys
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Molino SAG

Estas pruebas consistieron en generar fallas con el fin de probar las protecciones de
los motores y de las unidades hidraulicas de manera de verificar los parametros
configurados en el DCS, a continuacion se detalla los pardmetros de configuracion
tipicos de arranque del Molino SAG son igual a los mostrados en la Tabla 5.2.

Interloks de Control:

Local
Manual

Detenido

M1_OVLT_DETALLE

Horémetro Corriente  Corriente ' Falla de Seiial
R = = _ﬁ_k ! Sobrecarga ‘1
Enclavamiento Proceso . Motor Bloqueado
Falla Comunicacién Falla de Comunicacion
Falla del Contacter Retroaliment. de Corriente
Enclavamiento Seguridad [ Corriente Alta |
Falla Tension - Corriente Baja
Falla Eléctrica | Tiempo de enfriamiento
Parada Emergencia Perdida de Fase
} RECONOCERI Falla en DI2

Fig.5.4.- Pantallas de Control Molino SAG
Fuente: Invensys
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El procedimiento realizado en pruebas de pre comisionado y comisionado:

- Verificacion de Construccion e Instalacion del Molino, revision de P&IDs.
- Calibracion de Instrumentos.

- Alineamiento de Ejes del Molino.

- Verificacion de Presiones de UH.

- Verificacion de Sistema de Frenos.

- Realizar un Mapeo de Proceso del Procedimiento de Energizacion de Equipos.
- Plan de Energizacion

- Etiqueta de Energizacion

- Sefalizacion para desocupar el Area de Pruebas

- Retirar Bloqueo.

- Desactivar paradas de Emergencia, arranques desde Sala de Control.

- Verificacion de Interloks, deben encontrarse operativos (sin marca roja).

- Primer Arranque, se realiza desde campo a través de del supervisor de Area.
- Verificar status del motor desde Sala de Control.

- Forzar Fallas en Campo, para ser detectadas desde Sala de Control.

- Parada de Motor, se realiza desde campo a través de del supervisor de Area.
- Segundo Arranque, se realizad a través del DCS.

- Confirmacion de arranque del Motor en campo y en DCS.

- Verificacién de lectura de parametros desde el DCS.

- Parada de Motor, se realiza desde Sala de Control a través del DCS.

- Confirmacion de parada de motor en campo y en DCS.

- Monitoreo de Vibracion ejercida por el Molino SAG.

5.1.2 Aperturay Cierre de Valvulas de Control

Otra de las pruebas realizadas por pre operaciones, es la respuesta de las valvulas de
control, donde se verifico el Tag del equipo, respuesta de apertura o cierre frente
una accién rampa, calibracién del posicionador segun la sefial de entrada de
corriente. Los parametros de trabajo de las valvulas se pueden verificar en la Tabla
4.12.
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Valvulas de Agua de Proceso Alimentacion Molino SAG

De igual forma que los motores se configuro los parametros de las valvulas en el

DCS para verificar fallas durante las pruebas (ver tabla 5.4).

LG1EI01 Pet modo AUTO (HMI) LG2BI01 | Comando de ABRIR/CERRAR(LG3.BO01) LG3.BIO1 | Pet ABRIR [HMI) LG4.BI0O1 | Fallaal ABRIR
LG1.BI02 Pet modo AUTO (Logic) LG2BI02 | Comando CERRAR/ABRIR [LG3.BO02) LG3.BI02 [ Pet CERRAR (HMI) LG4.BI02 | Falla al CERRAR
LG1.BI03 Pet modo MAN (HMI) LG2.BID3 FBk de ABIERTOD LG3.BI03 | Pet ABRIR (logic) LG4.BIO3 | Falla de Comunicacion
LGLEID4 | Petmodo MAN [Logic) LG2.BID4 | Fbk de CERRADD LG3.BI04 | Pet CERRAR (Logic) LG4.BI04 | Resumen de Falla
LG1.BI0S Resumen de Falla (LG2.8004) LG2.BI0S LG3.BI05 | Flag REM/LOC [LG1.BOQ2) LE4.BI0S

LGLEID6 | Forzara AUTO LG2.BI& | Falla de FEM [BLKSTA.B24) LG3.BI06 | Flag AUT/MAN [LG1.BOO1) LG4.BI06

LG1.BIO7 Forzar a MAN LG2.BIO7 LG3.BIO7 Enclavamiento de Apertura LG4.BIOT

LG1.BI08 Pet modo REM (HMI) LG2.BI08 LG3.BI08 | Enclavamiento de Cierre LG4.BI08

LG1.BI09 Pet modo REM (Logic) LG2.BI09 LG3.BI09 | PetLOCABRIR LG4.BI09

LGLBI10 | Forzara REM LG2.BI10 LG3.BI10 | PetLOC CERRAR LG4.BI10

LG1EI11 Pet modo LOC (HMI) LG2.BI11 LG3.BI11 | Falla de Comunicacidn (LG2.BO03) LG4.BI11

LG1.B112 Pet modo LOC (Logic) LG2.BI12 | Alarma no Reconocida LG3.BI12 (R de Falla (LG2.B004) LE4.BI12

LG1.EI13 Forzara LOC LG2.BI13 LG3.BI13 | Fbk ABIERTO LG4.BI13

LGLEBI14 LG2.BI114 LG3.B114 | Fbk CERRADO Lz4.8I14

LG1.BI1S LG2.BI15 LG3.BI15 | Seleccion de modo de Falla LG4.BI15 | ResetdeFalla
LGLBI16 LG2.Bl16 LG3.Bl16 Lz4.BI16

LG1.BO01 | Flag AUTO/MAN LG2.BO01 | Falla de Apertura LG3.B001 | Comando ABRIR/CERRAR LG4.B001 | Fallaal ABRIR
LGLBO0Z | Flag REM/LOC LG2.B002 | Falla de Cierre LG3.B002 | Comando CERRAR/ABRIR L=4.B002 | Falla al CERRAR
LG1.BO03 LG2.B003 | Falla de COMUNICACIGN LG3.B003 | Indicador de ultimo comando enviado LG4.B003 | Falla de Comunicacion
LG1BO04 LG2.B004 | R 1 de Falla LG3.B004 |ResetdeFalla L54.B004

LG1.BO05 LG2.BO05 | Valvula en Recorrido LG3.B005 LG4.B005

LG1.BO08 LG2.B006 LG3.B008 Li4.B006

LG1.BOO7 LG2.B007 LG3.8007 LG4.B007

LG1BO08 LG2.B008 LG3.B008 LG4.B008

Tabla.5.4.- Pardmetros de Valvulas Agua de Proceso Alimentacion Molino SAG

Fuente: Invensys

Interloks de Control:

Las pantallas que se muestran en la Fig.5.5 se aplican en todas las valvulas
mencionadas en tabla 4.12. El detalle de falla de cada valvula se basa en falla de

comunicacion, falla al abrir y falla al cerrar.
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Fig.5.4.- Pantallas de Control Molino SAG
Fuente: Invensys

5.1.3 Pruebas de Agua de Proceso Alimentacion Molino SAG

En la Fig.5.5 muestra la prueba realizada en el Lazo de Control de Agua de Proceso,
donde la sefial de accién de control es enviada a las valvulas 0310-FV-01202A/B/C
encargada de alimentar de agua al Molino SAG, regulando el porcentaje de solidos

a través del controlador 0310-DIC-01202 y del controlador 0310-FIC-01202.
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Fig.5.5.- Prueba Agua de Proceso Alimentacion Molino SAG

Fuente: Reporte de Pruebas Pre Comisionado

Como se observar en la grafica cuando el porcentaje de solidos excede el 70% el
lazo de control se activa regulando el flujo de ingreso de agua al Molino SAG

obteniendo un respuesta adecuada. La posicién de las valvulas de operaciones vario

entre el 35% al 60% de apertura.

5.1.4 Prueba de Carguio de Bolas

La prueba en modo automatico no se pudo concluir, pero su funcionamiento en

modo manual permite realizar las pruebas de carga del Molino SAG en modo

automatico.
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5.1.5 Pruebas de Carga del Molino SAG del

Las pruebas fueron verificadas por el Vendor de FLSmidth Ing. Nelson Bedoya,
quien emitid los siguientes resultados en su reporte (el reporte completo no puede
ser adjuntado por temas de confiabilidad entre FLSmidth y Bechtel, solo se detallara

los datos obtenidos durante las pruebas).

Los resultados de las prueba muestra el detalle con minima carga al 10% y maxima
carga al 35% de bolas, segun especificaciones del VVendor.
Las primeras pruebas se realizaran frente la potencia del molino SAG frente al

ingreso de bolas.

WET SAG/BALL MILL CIRCUIT
ES MIDTH
MINERALS
PROCESS DATA INPUT/SUMMARY
INPUT EATA:
CUSTOMER: [{STRATA c'o BECHTEL
PROJECT: STANDARD COMCENTRATOR SAG MILL Fygq (microns): 300,000 yj
PROPOSAL NO: 08-21010-726 SAG MILL Fgp {microns): 50,000
SITE LOCATION: |FERU PEBBLE CRUSHER Py (microns): 6,300 p
ELEVATION: |4000 metars ASL SAG MILL Pgg (microns): 2,100 i
SAG MILL Py (pebble crushing adjustment): 2730 p
CIRCUIT TYPE: SAG/CYC/BALL BALL MILL Fgg (microns):
MATERIAL: Capper L4 BALL MILL Pgg (microns):
ORE SPECIFIC GRAVITY: 2. PEBELE RECIRCULATION:
CAPACITY: 4,400. DMIPH W BALL MILL SPLIT:
BOND WORK INDEX: 16500 kwHMT W BALL MILL CIRCULATING LOAD:
FEED MOISTURE: 5.0% - SOLIDS (3):  SAG MILL:
AVAILABILITY: 92.8% BALL MILL:
DAILY TONNAGE (DMTPD): 98,000.00 CYCLOME FEED:
CYCLOME OVERFLOW:
PROCESS DATA:
PROCESS POWER BASE ADJUSTMENTS | ADJUSTMENTS TOTAL POWER MILL @TY / SIZE / POWER
SAG MILL (@ pinion) 17967.58 KW 1.15 (diam) 1.00 20,663 KW 27,709 HP (1) 40-0" = 25-0" SAG Mill /32,184 HP (24,000 KW)
BALL MILL (@& pinion) 37265.00 KW 1.000 {fina) 0.95 (SAG prod) 35,405 KW 47,478 HP (2) 26™-0"x 40°-6" Ball Mill /21,992 HP (16,400 KW)

Fig.5.5.- Prueba Molino SAG - Ingreso de Datos de Proceso
Fuente: Reporte de Pruebas FLSmidth

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




REPOSITORIO DE

TESIS UCSM

Respuesta al 10% de Carga de Bolas

UNIVERSIDAD
CATOLICA

DE SANTA MARIA

Se ajustd el controlador al 10% (minimo) de Carga de Bolas, equivale a 448,817 Kg

de carga ingresante al molino SAG. En la Fig.5.6 se observa la variacion de la

potencia con respecto al porcentaje carga.

Esl'l"IIDTH

WET SAG/BALL MILL CIRCUIT

MINERALS
SAG MILL POWER
s TomeR: BECHTEL cio XSTRATA MILL VOLUME
PROJECT: STANDARD CONGENTRATOR (ANTAPACCAY) SHELL: HE150080  TaAMEm®
PROPOSAL NO: 08-91010-728 HEADS: e 4122988 118TSm*
MILL SZE: 400 = 250 SAG M | TOTAL: WEW@ET  ABABIm®
MILL DIAMETER: 0007 3910848 11.92 m{ed) WET/DRY GRINDING: WET
MILL LENGTH: 25000 220088 671 mis) MILL DISCHARGE: GRATE
TRUNMION LD 008 308 m MEDIA MATERIAL: s W
DL RATIC: (K BALL CHARGE: o
MOTOR P OWER (@10 SF ) 26,000 W METAL LINER CONDITION: o -
PROCESS POWER 6 20663 kW LINERPROFILE: Faawy -
DRIVE TYPE Gass  w
GOOD MILL FLOW
MILL 8000 % TCS 7.00 % TCS 74.00 % TCS B0.00 % TCS 85.00% TCS TOTAL
LOADING ] 521 ReM 507 RPM SA0RPM 1042 RPM CHARGE
% BHP B BHP BV B B B Bov BHP B 5 P
1 16471 12283 1835 1ame a4 15143 21882 18T mam 17,401 W|aAm a7
1% 16714 12484 18664 138 0512 15572 2285 16,518 2,678 17,657 1015418 wa5a1
2% 17143 12784 18,143 14215 21,143 15,767 B 17 045 24,206 18,110 a1 aTT 472366
1% 17502 13128 19655 1887 21,708 16,188 2,269 17,500 24, 5% 18,505 1067335 284,140
14 18325 13885 20463 15259 2z 601 16854 24433 18220 25,980 19,35 1093283 25915
15 184828 14040 21025 15678 B2 17318 25,102 18720 26,673 12,801 1119251 507,689 |
16% 14795 14761 22,104 16484 24414 18,206 2 03 19 pi2 28,063 0,812 1145210 519,464
[ 20.2m 15213 22781 16988 25,181 18,763 2r 201 0 78 28,901 21,50 1171168 531298
1% 20538 15315 2205 17002 25,330 18,880 27 384 20,421 20,09 21,687 1197126 543,013
1% 20635 15388 23082 17,183 25,450 18,578 27513 0517 =75 21,78 1223084 554787
2 2073 15454 FERET] Tr.257 5,559 19,059 27 81 20,608 2,35 21.8m 134004 566562
21 20821 15801 23361 17421 25,802 18341 27 mae .80 .67 Zm 1275000 sTa.38
2% 21073 15715 235w 17548 B 18,381 25088 20,953 2,85 2,25 1,300,958 580,111
% FIRE 15787 2365 17540 %6.127 18,283 25245 21,053 0,011 2,50 12816 501,585
2% 21227 154%0 23708 17576 26,180 18,523 2,303 21,105 0,072 az5 1352474 613,660
2% 21287 15874 23770 1726 26,254 19.578 28382 21188 20,158 2,48 taraswm 544
2% 21347 15918 238 1rre 309 1864 28263 .28 W0 55 1A0L790 708
2 21421 15974 23921 17838 6,420 19.702 28,562 21208 0,347 2,63 1430748 648,983
2% 21455 15999 23950 17866 26,461 18,732 20,606 naw 0,34 a5 1456707 80758
2% 21478 16,018 23083 17885 2% 488 18,753 28 37 21,355 0,427 22,690 1482665 7252
% 21504 16,038 24013 7807 2% 522 18,778 ETE 2138 0,464 =78 150862 684,307
are FIEE 16058 2404 Tr.830 6556 19,803 28,709 21208 30,50 2,747 153458 635,081
= 2156 16078 24077 17.855 6,503 19831 28,749 4w 0,546 P 158053 707,856
e 2155 16073 24068 17548 25,583 18,524 2,739 2140 0,535 =10 1588457 718,630
3% 2150 16,080 24018 At 2% 528 18,782 28 679 21,39 0,471 2.7 1612455 731205
3% 21474 16018 23879 17882 25 2a5 18,750 2882 21 351 4z 56 1EIAL T 783,178
* Maminal Expacisd Opaming Condifion NOTES: 1. Valuss good up fo mendmurm 15% ball charge

2 Oparafion above T TGS may caums arrasic padfommancs

Fig.5.6.- Prueba de Potencia Molino SAG — Carga de Bolas al 10%
Fuente: Reporte de Pruebas FLSmidth

Los resultados de la prueba a minima carga del Lazo de Control Vendor — Molino
SAG se muestran en la Fig.5.7. En las graficas muestran como el controlador
Vendor responde ante la disminucién de carga dentro del molino, reduciendo la
potencia con el fin de generar la misma fuerza centrifuga dentro del molino y

mantener el efecto cascada dentro del mismo.
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Fig.5.7.- Prueba de Potencia vs. Carga Molino SAG (minima)
Fuente: Reporte de Pruebas Pre Comisionado
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Respuesta al 16% de Carga de Bolas

Se ajustd el controlador al 16% (maximo) de Carga de Bolas, equivale a 718,107 Kg
de carga ingresante al molino SAG. En la Fig.5.8 se observa la variacion de la

potencia con respecto al porcentaje carga.

@ mMIDTH WET SAG/BALL MILL CIRCUIT
MINERALS

SAG MILL POWER

JICUSTOMER: BECHTEL cfo XSTRATA MILL VOLLUME
PROJECT: STAMDARD CONCENTRATOR (ANTAPACCAY) SHELL: AN T4EOAm T
PROPOSAL NO: 08-91010-725 HEADS: (1507 § 41729887  11675m*
MILL SIZE: A0 % 2507 SAG M I TOTAL: 305389ZN*  864.80m*
MILL DIAMETER: 40000  3910M(eM) 1192 m (eir) WET/IDRY GRINDING: WET
MILL LENGTH: 25000 2200M{e} 671 m e MILL DISCHARGE: GRATE
TRUNNION | D.: 10.0m 305m MEDIA MAT ERIAL: Fugec -
DL RATIO: 1LTFT BALL CHARGE:
MOTOR POWER (@10 SF. ) 24,000 kW METAL LINER CONDITION: Mew -
PROCESS POWER: 27TOSHP  AESIKW LINER PROFILE: seavy -
DRIVE TYPE: Gearex - )
. GOOD MILL FLOW
MILL 60.00 % TCS .00 % TCS 74.00 % TCS 80.00 % TCS 85.00 % TCS TOTAL
LOADING 7.35 RPM 821 RPM 907 RPM 280 RPM 10.42 RPM CHARGE
% BHP BEW BHP BEW BHP B BHP BaW BHP BEW b g
10% a a a a a a a a a a 1,477,389 547,453
1% a a a a a a a a [ a 1,453, 347 559234
12% a a [ [ [ a [ a [ a 1,479,305 671,009
13% a a o o o a o a [ i 1,505, 263 682783
14% a a a a a a a a a a 1,531,222 654,558
15% a a [ [ [ a [ a [ a 1,557,180 706,332
16% 23249 17.337 25 961 19,350 0674 21380 30,908 23118 32936 24,561 1,583,138 T18107
17 23,618 17612 2373 19,667 29.128 21771 31,400 23483 33458 24,950 1,609,006 729881
18% 24,076 17.354 26 885 0,043 9684 22 143 32,102 73339 34,108 25,435 1,635,054 741656
1% 24,545 18,304 A3 20,439 20273 2257 IZTET 24.405 34773 25,931 1,661,012 753430
20% 25,080 18,687 7983 20,867 30,807 23,048 33,413 24316 3550 26,474 1,686,970 765205
1% 27,630 20504 30,854 23,008 34077 25412 36,840 7 AT2 33,143 29,189 1.712.928 TTESTS
239 27 588 20648 30,918 23.054 34,145 25463 36,914 7527 3827 29,248 1,738,835 T8AT54
23% 27 B30 20543 30921 23,058 34.151 25 467 36,990 7532 39378 29,753 1,764,844 800528
24% 27611 20550 30,833 22,992 34.054 25394 36,815 7 AS3 33,118 23,169 1,790,802 812303
25% 27558 20,550 0773 22,948 33,988 25,345 36,744 27401 39,041 23,113 1,816,750 824077
6% 27511 20515 30T 23909 33,930 25302 36,682 7354 38974 29,064 1,842 719 835852
7% 27.485 20496 0552 22,887 33,895 25379 36,647 7 A28 38,938 25,035 1,868,677 847526
8% 27 412 20441 30610 33 96 33 808 25211 36,549 7 255 38,833 28,359 1,804,635 850401
2% 27329 20379 51T 22,757 33.706 25135 36,438 TFATI 38.716 28,871 1,500, 553 871175
3% 27.254 20324 0434 22,685 3614 25,066 36,333 7 098 38610 24,792 1,946, 551 882950
3% 27,185 20272 30,356 23837 33,528 25,002 36,246 7029 38,511 28,718 1,972, 509 894724
%% 27 122 20235 30286 23,585 33 450 24,944 38,162 26,967 38423 28,652 1,998, 467 06459
33 27.M5 20,145 30166 22485 33318 24 845 36,020 26 860 38271 28,539 2,004, 435 918273
34% 26,865 20,033 29,900 22,370 33.133 24,708 35,819 711 38058 28,380 2,060,383 930,048
35% 26.730 13333 29,843 22.259 32 968 24.584 35,501 26578 37.868 28239 2076341 341822
* Nominal Expecied Opeming Condisn NOTES: 1. Values good up lo medmum 15% bal charge

2. Operation above T8% TCS may cause esalc pedonmance

Fig.5.8.- Prueba de Potencia Molino SAG — Carga de Bolas al 16%
Fuente: Reporte de Pruebas FLSmidth

Los resultados de la prueba a minima carga del Lazo de Control Vendor — Molino
SAG se muestran en la Fig.5.9. En las graficas muestran como el controlador
Vendor responde ante el aumento de carga dentro del molino, aumentando la
potencia con el fin de generar la misma fuerza centrifuga dentro del molino y

mantener el efecto cascada dentro del mismo.
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Fig.5.9.- Prueba de Potencia vs. Carga Molino SAG (maxima)
Fuente: Reporte de Pruebas Pre Comisionado
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Prueba Volumen de Carga Molino SAG

La prueba de volumen de carga del Molino SAG, se realiz6 al 25% de su carga
total, con carga de bolas al 12% y operando a una potencia de 20,663 KW.

Los parametros PID obtenidos luego de la sintonizacién se observan la Tabla 4.31.
Estos parametros fueron obtenidos por medio del método de ajuste sistematico

(Prueba y error).

ESmu OTH WET SAG/BALL MILL CIRCUIT
MINERALS

SAG MILL VOLUME LOADING

CUSTOMER: XSTRATA do BEGHTEL
PACUECT: STANDARD CONCENTRATOR NEW FEED iper mill): 8,288 WMTPH
PRAOPOSAL NO: DE-S1010-726 PEEELE RECIACULATION 0%
MILL SIZE: (1) 4070 » 250" SAG Mil TOTAL FEED ipar mil: 7,168 WMTPH
SOLIDS: T0.0%
EFFECTIVE DIAMETER: a1k 1192m ORE SPECIFIC GRAVITY: 280
EFFECTIVE LENGTH: 2ot E7im SLURRAY BULK DENSITY BibH:  128Tm3
TRUNNION LD.: ot s0sm BALL BULK DENSITY zo kit 485Tim3
TOTAL VOLUME: 30,539 ft2 86480 m3 FLOW EFFECTS: POSITVE
BALL CHARGE: 12.00% CRATE OPEN AREA: weih:  asam:
TOTAL CHARGE:
MILL DISTANCE BALL CHARGE ELURRY TOTAL
VOLUME CENTERLINE-TO-CHARGE] FILL EALL WEIGHT FILL SLURRY WEIGHT VOID WEIGHT WEIGHT
% i’ m in mm % Ib e % I kg Ib kg b [
0% 0,00 0,00 R o o] 35%e BE2,732 301,360 o o BB2,732 301,360
1% 305.3% BES 23318 5,923.1 1% BE.563 40,172 34 B38,141 3E0,178 3,860 4,473 G3E, 585 424,623
2% E10.7E 17.30 210,01 53344 2% 177,126 80344 3% E13.490 SES, 097 18721 E945 1,010,337 458 386
e Bi8.17 2504 20232 5,138.9 A% 265,660 120,516 3% 788,639 S,B15 23,581 13,418 1,084,109 491,749
4% 1,221.56 34.59 18533 49613 A% 354 351 160,687 I 764,188 346,633 33,442 17,891 1,157,881 525,211
5% 1,528.95 43.24 16E.85 47068 5% 442814 200,859 nE 739,536 335,452 43,302 22363 1,231,653 538,674
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Fig.5.10.- Prueba de Volumen de Carga Molino SAG
Fuente: Reporte de Pruebas FLSmidth

Los resultados de la prueba del lazo del controlador Vendor se muestran en la
grafica Fig.5.11.
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CONCLUSIONES

Primera: Se realiz6 una filosofia de control, de acuerdo con los requerimientos del
Cliente Xstrata Cooper y disefiar las estrategias de control para el proceso de
molienda SAG.

Segunda: Se implementd el Arquitectura de control de Invensys permite la inclusion
de varios subsistemas como Allen Bradley, Siemens, ABB, utilizando
controladores Foxboro permite el manejo de protocolos de comunicacion
como Foundation Fieldbus, Profibus, DeviceNet, HART, Ethernet y 4 —
20mA.

Tercera: Se realizo el controlar el flujo de carga de los Alimentadores de Acopio
(Apron Feeders) hacia la Faja de Alimentacion del Molino SAG
implementando un control PID obteniendo una respuesta adecuada segun los
parametros de disefio del proyecto.

Cuarta: Se realizo el controlar el flujo de Agua de Proceso ingresante al Molino SAG
implementando un control continuo PI, obteniendo una respuesta adecuada
segun los parametros de disefio del proyecto.

Quinta: La ingenieria disefiada para los Alimentadores de Acopio contemplo un
cuarto Apron Feeder para utilizar de soporte cuando se realicen
mantenimientos en los supresores de polvo.

Sexta: Se realizo el controlar la alimentacion de Carga Fresca del Molino SAG
implementando un control Continuo PID, obteniendo una respuesta

adecuada segun los parametros de disefio del proyecto.

Sétima: Se control6 la velocidad del molino seglin la carga de mineral al molino
SAG, se realiz0 el estudio del movimiento de carga que apunta a examinar

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPOSITORIO DE CATOLICA

TESIS UCSM 2 DE SANTA MARIA

los mecanismos de consumo de energia del molino y el aprovechamiento de
la energia en el proceso de molienda segun las especificaciones del proyecto.

Octava: Las propiedades de la carga consideradas en el proyecto considero que la
presencia de tamafios mayores de carga es importante para mantener un
volumen de carga interna adecuado al interior del molino, lo que permite
operar con velocidades mayores sin arriesgar la integridad de los

revestimientos.

Novena: Se estimd el nivel de llenado de carga de mineral del Molino SAG, se realiz
una relaciéon entre mediciones puntuales del nivel de llenado volumétrico
con el molino detenido y presion de inyeccion de lubricante en los descansos
del molino al momento de detenerlo. Asi, al variar la presion en los
descansos, se considera que ha ocurrido variaciones en el peso de la carga
interna y ello debe reflejar variaciones en el nivel de llenado volumétrico del

molino.

Decima: La ingenieria contempla a futuro una faja alimentadora de carga, que estara
ubicada en los chute de alimentacion de los molinos bolas, con el fin de no
disminuir la produccién cuando el molino SAG se encuentre en

mantenimiento.
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RECOMENDACIONES

Primera: Los instrumentos de campo deberian ser calibrados tanto en el laboratorio de
pruebas como en el proceso, dado que en las pruebas pre operacionales se
encontraron equipos configurados con otras unidades de ingenieria que no
correspondia a los especificados en los datasheet aprobados por los

supervisores de campo.

Segunda: Durante la pruebas pre operacionales se detectd que el molino giraba con
bolas de acero y agua, ocasionado dafios a los revestimientos del molino
SAG, esto se dio, dado que los operadores registraron una carga normal
dentro del molino. Por lo que se sugiere la instalacion de impactometros
alrededor del molino con el fin de detectar y diferenciar los cambios de carga
y su movimiento dentro del molino a través del sonido emitido por carga y

por las bolas de acero.

Tercera: Se recomienda limitar el acceso a la pantallas de algunas areas debido que
durante las pruebas pre operacionales se detectaron sabotajes internos con el

fin de ganar tiempo en trabajos de constructivos.

Cuarta: Crear tres tipos de acceso a los operadores: acceso de monitoreo de sefiales,
acceso de modificacién de parametros y acceso de modificacion de I6gica de
control. Crear usuarios y contrasefias personales detallando nombre y

apellidos.
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~ APRON FEEDER § PRON FI m_ummw __u«<_um>c:o UNIT APRON mmmoomm FINE CHUTE w.uw_u w%,,_owmqmmwmwwﬁ_mm %ﬁ _,mmmﬂww_w w,%mx%mzo D1 STAND Y nw_m w_omq“ mﬂmm Mu_ﬂ_wm%: wﬁm%m_wroﬂmqnm»mw m>mmﬂﬁ>_uwwmcm_uo_rm2_a
1524 mm (80°) width x £.35 m long, 1 279 t/h max cap. \J\Wmﬂmyﬂwva&:__n Unit > 4-FOR DUST SUPPRESSION SYSTEM SEE P&ID 25560-220-M6-0240-00006. e B 7Ty —
A ) C 2 KW Cooler Pump of Hydraulic Unit 5. PULL CORDS TAGGED 01021 & 01051 WILL BE AT LEFT SIDE OF APRON FEEDER AS PER PRODUCT FLOW.
B o 0.67 KW Heater of Hydraulic Unit and 6. DETAILED INFORMATIION ABOUT APRON FEEDER SIGNALS IN DO. N° 25580-220-V1AMHFA-00157 :
I~~~ ; "PROFIBUS INTERFACE MEMORY MAP".
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APRON FEEDER APRON FEEDER v APRON FEEDER APRON FEEDER APRON FEEDER STOCKPILE DISCHARGE CHUTE APRON FEEDER APRON FEEDER APRON FEEDER
MAINTENANCE HOIST & TROLLEY /Y MAINTENANCE HOIST & TROLLEY MAINTENANCE HOIST & TROLLEY 1524 mm (60") width x 9.35 m long, 1 279 t/h max cap. FINE CHUTE carbon steel with abrasion OIL COLLECTOR TRAY OIL COLLECTOR TANK DISCHARGE CHUTE
5ton. Cap. 6.6 m hook lift, 11.5 m runyay length ) 32%Cap. 29mho runway lenght _)3.2t¢aR,, 72 e L.44 ) runway lenght N Capacity, hydraulic adjustable speed drige, C.S. resistant steel lined C.S. carbon steel abrasion
5.9 kW: 2 X 0.22 _A<r€f\<ﬁ u 3.8/0.54 kW 3.8/0.54 kW 2.2 kW Cooler Pump of Hydraulic Unit, ﬁ “ resistant steel liner

~ 9 2x 0.14 /0.04 kW u 2x0.14/0.04 kW 0.67 kW Heater of Hydraulic Unit and
J b )T/«\./\)\J\uﬂx\)\)\)\/\) 0.12 kW Pump of Gresae Lube System. ,V\J\I/\)\/\)\)\}\/\J\)\./\/\)\) b
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Aiu | 01141 01142 | Vi H H 1 829 mm (727) Width x 229.1 m Tong,
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NOTAS
1.- FOR P&ID LEGEND AND SYMBOLS REFER TO DRAWINGS 25580-220-M6-0000-00001 TO 25580-220-M6-0000-00006. 0240-SLW-0005
0240-CNH-0023 0240-CNH-0151 0240-BNC-0006 & 0007 0240-CNH-0021 2 *INDICATES SUPPLIED WITH VENDOR PACKAGE. 0240-FET-0005 & 0006 0240-ZMD-0006 0240-ZMH-0016
SAG MILL FEED CONVEYOR SAG MILL BALL STORAGE BIN SAG MILL BALL HANDLING 3.- SEE P&ID 25580-220-M6-0310-00001 FOR DETAIL OF CHUTE. SAG MILL BALL FEEDER BELT SCALE SAG MILL FEED CONVEYOR  SAG MILL BALL FEEDERS
TAIL PULLEYMAINTENANCE H&T WINCH FOR LIFTING OF LADDER 400t Cap. each for 127 mm (5") diaballs, ~ MAINTENANCE HOIST & TROLLEY 4.- SERVICE AIR AT BALL LOADING AREA. rotary feeder 1.8 t balls /h cap. METAL DETECTOR HYDRAULIC UNIT
8t Cap. N STOCK PILE TUNNEL concrete, rubber lined with C.S. 3.0t, 6.5 m hook lif .7 runway length. 5- /\/\L.m%i@ (5") Dia. Ball FOR 0240-CVB-0005  for 1829 mm (72") width belt hydraulic unj Il feeders
3.0 m hook lift, 5 m runway 1tCap. 11 backing plate w.mx\/“\)wm\%s\ 6.- PULL CORDS TAGGED WITH "01141" CORRELATIVE, AND OTHERS CONVEYOR INSTRUMENTS D) 2 W 2 5904 /h Cap. for magnetic material i 3
9.6/1.6 kW 4kw /\ WITH "A" SUFFIX, WILL BE AT LEFT SIDE OF CONVEYORS AS PER PRODUCT FLOW. NV \)3 /A A
2 X 0.34/0.07 kW w 1 7.- FOR THE SECOND LEVEL MAINTENANCE.
8.- EQUIPMENTS WITHOUT MECHANICAL POSITION SWITCHS.
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rnAAITANINA NN = ‘/- UNIVERSIDAD

ErgOonE BT 25580 Minera Xstrata Tintaya S.A.
T=SIS UCSIW Antapaccay - Expansion Tintaya
0310-FIT -01201A
GENERAL 4 | Service CAL A CHUTE ALIMENTACION MOLINO SAG
5 | Line number P&ID 1 1/2"-0391-ML-00221-C1E2R | 25580-220-M6-0310-00001
6 | Hazardous area class | Ignition temp ident number GENERAL PURPOSE |N/A
7 | Ambient temperature Min | Max -5°C | 18°C
8 |Environ. Condit|Seismic Norm| Sea Level Elevat. WET & DUSTY |NTE E.030 ZONE 2 |4100 m
PIPE 9 | Line size Line Schd. Liner Mat. / Thickness 11/2in |80 | NA
LINE 10| Pipe mat. class|{Pipe material | Pipe insulation C1lE2R |CS ASTM A53-B/API 5L-B GE |
11| Fluid name Fluid state MILK OF LIME Liquid
12 Corrosive| Erosive Toxic |Bui|d-uptendency No Yes Yes Yes
13[ PROCESS DESIGN CONDITIONS Units Minimum Normal Maximum
14| Design pressure kPa-g 730 1034
15| Design temperature °C -10 35
16| Limits on pressure drop across flowmeter kPa | e 0
17| Fluid Conductivity pS/cm
18| % Solids %
PROCESS 19| Critical pressure Density/Sp gr @ base kPa-g kg/m3
20| Base pressure Base temperature kPa °oC
CONDITIONS{ 21| MATERIAL FLOW CONDITIONS Units @ Minimum flow| @ Norm flow | @ Maximum flow
22| Flow rate m3/h 2.2 2.9 5.8
23| Inlet pressure kPa-g 608 608 608
24| Inlet temperature °C
25| Density / Specific gravity kg/m3 1160
26| Velocity m/s
27| Viscosity cP
28| Vapor pressure kPa
29| Molecular wt |Specific Heat Rati0| Min | Nor| Max
30| Meter type FLANGED 49| Enclosure Type NEMA 4X
31| End conn nom size 11/2in Rating{ cl 150 50| Enclosure Material ALUMINUM EPOXY COATE
32| End conn term category| flanged | Type |RF 51| Cert/Approval type GENERAL PURPOSE
33| Flange Ansi Std. B 16.5 52 | Power Supply 115 VAC / 60 Hz
34| Bolting material NA 53 [ Diagnostic Capability | YES
35| Exterior coating matl POLYURETHANE 54 | Diagnostic Fail Action | ALARM
36| End termination matl [ NA 55 [ Output Signal Type FOUNDATION FIELDBUS
37| Gasket material NA 56 | Digital Communication | FOUNDATION FIELDBUS
38| Face to Face Dims 7.87 in TRANS / |57 Process Alarm FOUNDATION FIELDBUS
METERING I35 Body Size 112in MONITOR |58/ Indicator/Type DIGITAL _ |LCD
ELEMENT 761 Body Material 304 SST 59 | Analog Sig Isolation NA
41| Liner Material Linatex Natural Rubber 60 | Mounting Type/Loc WALL |FIELD
42| Mounting Type/Loc Flanged 61| Signal Cable Length 15m
43| Electrode Type FLUSH 62 | Operating Temp -25a 65T
44| Electrode Material Nickel Alloy C-276 63 | Empty Pipe Detection [INCLUDED
45| Power Supply FROM TRANSMITTER 64 [ Paint Specification POLYURETHANE
46| Enclosure Type NEMA 4X 65 | Accuracy +/- 0,25% OF RATE
47| Ground Type/Material [ STRAP SS PURCHASEL66| M R No.| 25580-220-MRA-JQ01-00001
48| Electrical Connection |2 x 1/2" FNPT 67| Item No | 2.001
Notes: Seller to complete or correct all instrument properties or calculated values of proposed items.
68 Tag No Calibration Range Min|Range Max|  Units Calib. Min | Calib. Max Units
69| 0310-FIT -01201A Transmitter 0 6.5 m3h
70
71
72 Tag No Instrument type Manufacturer Model humber
73| 0310-FIT -01201A Flowmeter ROSEMOUNT 8732ESR1G4NAM5DTB6Q4
74| 0310-FE -01201A Flow sensor ROSEMOUNT 8705LHA015C1WONAQ4DT
75 FIT:08712-0060-0001/08712-0061-0001
BECHTEL CONFIDENTIALA® Bechtel Corporation 2011. Al rights reserved.
Contains confidential information proprietary to Bechtel not to be disclosed to third parties without Bechtel's prior written permission.
0 | MCE| CSN ROV 3/25/2011 | Issued for Purchase INSTRUMENT DATA SHEET X
C |[MCE| CSN [ ROV [ 10/13/2010 | Issued for Bid Magnetic Flowmeter M&M Xstrata

copper

Publice cidn ;

En su invesugacion no oiviae reterenciar esia 1esis



rnAAITANINA NN = ‘/- UNIVERSIDAD

ErgOonE BT 25580 Minera Xstrata Tintaya S.A.
T=SIS UCSIW Antapaccay - Expansion Tintaya
0310-FIT -01201B
GENERAL 4 | Service CAL A CHUTE ALIMENTACION MOLINO SAG
5 | Line number P&ID 1 1/2"-0391-ML-00226-C1E2R | 25580-220-M6-0310-00001
6 | Hazardous area class | Ignition temp ident number GENERAL PURPOSE |N/A
7 | Ambient temperature Min | Max -5°C | 18°C
8 |Environ. Condit|Seismic Norm| Sea Level Elevat. WET & DUSTY |NTE E.030 ZONE 2 |4100 m
PIPE 9 | Line size Line Schd. Liner Mat. / Thickness 11/2in |80 | NA
LINE 10| Pipe mat. class|{Pipe material | Pipe insulation C1lE2R |CS ASTM A53-B/API 5L-B GE |
11| Fluid name Fluid state MILK OF LIME Liquid
12 Corrosive| Erosive Toxic |Bui|d-uptendency No Yes Yes Yes
13[ PROCESS DESIGN CONDITIONS Units Minimum Normal Maximum
14| Design pressure kPa-g 730 1034
15| Design temperature °C -10 35
16| Limits on pressure drop across flowmeter kPa | e 0
17| Fluid Conductivity pS/cm
18| % Solids %
PROCESS 19| Critical pressure Density/Sp gr @ base kPa-g kg/m3
20| Base pressure Base temperature kPa °oC
CONDITIONS{ 21| MATERIAL FLOW CONDITIONS Units @ Minimum flow| @ Norm flow | @ Maximum flow
22| Flow rate m3/h 2.2 2.9 5.8
23| Inlet pressure kPa-g 608 608 608
24| Inlet temperature °C
25| Density / Specific gravity kg/m3 1160
26| Velocity m/s
27| Viscosity cP
28| Vapor pressure kPa
29| Molecular wt |Specific Heat Rati0| Min | Nor| Max
30| Meter type FLANGED 49| Enclosure Type NEMA 4X
31| End conn nom size 11/2in Rating{ cl 150 50| Enclosure Material ALUMINUM EPOXY COATE
32| End conn term category| flanged | Type |RF 51| Cert/Approval type GENERAL PURPOSE
33| Flange Ansi Std. B 16.5 52 | Power Supply 115 VAC / 60 Hz
34| Bolting material NA 53 [ Diagnostic Capability | YES
35| Exterior coating matl POLYURETHANE 54 | Diagnostic Fail Action | ALARM
36| End termination matl [ NA 55 [ Output Signal Type FOUNDATION FIELDBUS
37| Gasket material NA 56 | Digital Communication | FOUNDATION FIELDBUS
38| Face to Face Dims 7.87 in TRANS / |57 Process Alarm FOUNDATION FIELDBUS
METERING I35 Body Size 112in MONITOR |58/ Indicator/Type DIGITAL _ |LCD
ELEMENT 761 Body Material 304 SST 59 | Analog Sig Isolation NA
41| Liner Material Linatex Natural Rubber 60 | Mounting Type/Loc WALL |FIELD
42| Mounting Type/Loc Flanged 61| Signal Cable Length 15m
43| Electrode Type FLUSH 62 | Operating Temp -25a 65T
44| Electrode Material Nickel Alloy C-276 63 | Empty Pipe Detection [INCLUDED
45| Power Supply FROM TRANSMITTER 64 [ Paint Specification POLYURETHANE
46| Enclosure Type NEMA 4X 65 | Accuracy +/- 0,25% OF RATE
47| Ground Type/Material [ STRAP SS PURCHASEL66| M R No.| 25580-220-MRA-JQ01-00001
48| Electrical Connection |2 x 1/2" FNPT 67| Item No | 2.002
Notes: Seller to complete or correct all instrument properties or calculated values of proposed items.
68 Tag No Calibration Range Min|Range Max|  Units Calib. Min | Calib. Max Units
69| 0310-FIT -01201B Transmitter 0 6.5 m3h
70
71
72 Tag No Instrument type Manufacturer Model humber
73| 0310-FIT -01201B Flowmeter ROSEMOUNT 8732ESR1G4NAM5DTB6Q4
74| 0310-FE -01201B Flow sensor ROSEMOUNT 8705LHA015C1WONAQ4DT
75 FIT:08712-0060-0001/08712-0061-0001
BECHTEL CONFIDENTIALA® Bechtel Corporation 2011. Al rights reserved.
Contains confidential information proprietary to Bechtel not to be disclosed to third parties without Bechtel's prior written permission.
0 | MCE| CSN ROV 3/25/2011 | Issued for Purchase INSTRUMENT DATA SHEET X
C |[MCE| CSN [ ROV [ 10/13/2010 | Issued for Bid Magnetic Flowmeter M&M Xstrata

copper

Public: cisn as

En su invesugacion no oiviae reterenciar esia 1esis



1 [ Job No. | Customer 25580 [ Minera Xstrata Tintaya S.A.
2 | Project Name Antapaccay - Expansion Tintaya
3 | Tag number 0310-FIT -01202
GENERAL 4 | Service AGUA DE PROCESO A CHUTE ALIMENTACION MOLINO SAG
5 | Line number P&ID 20"-0310-WP-03315-C1E2A [25580-220-M6-0310-00001
6 | Hazardous area class | Ignition temp ident number | GENERAL PURPOSE {N/A
7 | Ambient temperature Min ] Max -5°C 18 °C
8 |Environ. Condit{Seismic Norm| Sea Level Elevat. WET & DUSTY |NTE E.030 ZONE 2 ]4100 m
PIPE 9 | Line size Line Schd. Liner Mat. / Thickness 20in ISTD |
LINE 10} Pipe mat. class|Pipe material | Pipe insulation C1E2A  |CS ASTM A53-B/API 5L-B |
11} Fluid name Fluid state PROCESS WATER Liquid
12| Corrosive |  Erosive Toxic | Build-up tendency No No No No
13| PROCESS DESIGN CONDITIONS Units Minimum Normal Maximum
14| Design pressure kPa-g 730 1034
15| Design temperature °C -10 35
16| Limits on pressure drop across flowmeter kPa | e
17| Fluid Conductivity uSiem
18| % Solids %
PROCESS 19| Critical pressure Density/Sp gr @ base kPa-g 1000 kg/m?®
20| Base pressure Base temperature 101.3 kPa 15 °C
CONDITIONS| 21] MATERIAL FLOW CONDITIONS Units @ Minimum flow] @ Norm flow | @ Maximum flow
22| Flow rate m¥h 1200 1499 1800
231 Inlet pressure kPa-g
24| Inlet temperature °C 10 22
25| Density / Specific gravity kg/m?* 1000
26| Velocity m/s 1.78 2.22 2.66
271 Viscosity cP
28| Vapor pressure kPa
29] Molecular wt | Specific Heat Ratio| Min | Nor | Max
30] Meter type FLANGED 49| Enclosure Type NEMA 4
31] End conn nom size 20 in Ratin% cl 150 50 { Enclosure Material ALUMINUM EPOXY COATE
32{End conn term category] FLANGED] Type |RF 51| Cert/Approval type GENERAL PURPOSE
33| Flange Ansi Std. ANSI| B16.5 52 | Power Supply 115 VAC / 60 Hz
34| Bolting material NA 53 | Diagnostic Capability | YES
35| Exterior coating matl  |VTS 54 | Diagnostic Fail Action | ALARM
36| End termination matl  |NA 55 | Output Signal Type FOUNDATION FIELDBUS
37| Gasket material NA 56 | Digital Communication | FOUNDATION FIELDBUS
38| Face to Face Dims VTS in TRANS/ | 57| Process Alarm FOUNDATION FIELDBUS
METERING '35 Body Size 20in MONITOR | 58] Indicator/Type DIGITAL _ |L.CD
ELEMENT I, Body Material 316 88T 59| Analog Sig Isolation NA
411 Liner Material PTFE 60 | Mounting Type/Loc BRACKET ]FIELD
42| Mounting Type/Loc FLANGED | 61| Signal Cable Length 15 m
43} Electrode Type FLUSH 62| Operating Temp VTS
44| Electrode Material 316 SST 63 | Empty Pipe Detection { REQUIRED
45{ Power Supply FROM TRANSMITTER 64 | Paint Specification VTS
46] Enclosure Type Nema 4 65| Accuracy +/- 0,25% OF RATE
47| Ground Type/Material | STRAP [ss PURGHASEL88 | M R No.| 25580-220-MRA-JQ01-00001
48] Electrical Connection | 2x 1/2" FNPT 67 | ltem No | 2.067
Notes: Seller to complete or correct all instrument properties or calculated values of proposed items.
68 Tag No Calibration Range Min|Range Max}]  Units - Calib. Min | Calib. Max Units
69| 0310-FIT -01202 Transmitter 0 1800 m3h
70
71
72 Tag No Instrument type Manufacturer Model number
73| 0310-FIT -01202 Flowmeter ROSEMOUNT 8732ESR1G4ANAMSDTB6Q4
74{0310-FE -01202 Flow Tube ROSEMOUNT 8705TSA200CTWONAQ4ADT
75
BECHTEL CONFIDENTIALA® Bechte! Corporation 2011, All rights reserved.
Contains confldential information proprietary to Bechtel not to be disclosed to third parties without Bechtel's prior written permission.
I ﬁ INSTRUMENT DATA SHEET %
e | [/”
s a2 Magnetic Flowmeter M&M xstrata
0 J.MCE] CAE |{ ROV | 7/20/2011 | Issued for Purchase Coppey
A [DAC] csN| R@V | 4M5/2011 | issued for Approval and Bid Client No.: Sheet 1 of 2 Form Rev 0
No| By | Chk | Appr Date Description DS No.: 25580-220-JQD-JQ01-02075 | Code: 22189 IRev: 0




REPQSITORIO DE &%, UNIVERSIDAD

TESIS UCSM NE CATOLICA
DE SANTA MARIA
h _N
xstrata ¢ metso ANTAPACCAY PROJECT
cO p p er
BASIC ENGINEERING XSTRATA NUMBER: SHEET
?iév‘ﬂ?gzﬁgigx ';'SEFE’ER 25580-220-V1A-MHFA-00027 oy
INSTRUMENTS' LIST METSO NUMBER: REV.
2141020342002 4

REV.| DATE | BY |VER.| APR.| AUT | TE DESCRIPTION

1 8/20/2010 | JVC | DHF | RCG | RCG B |FIRST ISSUE

REVISED AS COMMENTS 25580-220-G26-GPS-00444 AND
2 11/10/2010| DHF | JVC | RCG | RCG B OTHER CHANGES ARE MARKED ON RED COLOR

REVISED AS COMMENTS 25580-220-G26-GPS-01439 AND
3 12/8/2010 | DHE| JVC | RCG | RCG B OTHER CHANGES ARE MARKED ON RED COLOR

4 1/26/2011 | DHF | JVC | RCG | RCG J |CERTIFIED AS 25580-220-G26-GPS-02071

CERTIFIED
DOCUMENT

R.C.G. 26/01/11

THIS EQUIPMENT WILL BE CONSTRUCTED ACCORDING TO

THIS CERTIFIED DOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT
C FOR KNOWLEGDE H ELIMINATED
D TO QUOTE J CERTIFIED
SELLER DOCUMENT REVIEW
E FOR CONSTRUCTION
Permission to proceed does not constitute acceptance or approval of design detail, calculations,
nalysis test methads_or materials developed ar selec: ELLER andd
SELLER from full compliance with contractual obligation.
1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed
4 Review not required. Work may proceed
2 Revise & Resubmit. Work may proceed
subject to incorporation of changes 5 Cancelled / Superseded
Document Status: 4
Reviewer Name: pate: 10/27/2011 00:00:00
piscipiine: EM - Mechanical Doc Type Code: LA
b 25580-220 b 25580-220-V1A-MHFA-00027

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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% () _“ copper
Ll m BASIC ENGINEERING XSTRATA NUMBER: SHEET
N
N - 1?160" WIDE APRON FEEDER 25580-220-V1A-MHFA-00027
HNv Mnu I TAG N° 0240-FEA-0005 12
INSTRUMENTS' LIST METSO NUMBER: REV.:
2141020342002 4
2 AG IDENTIFICATION LOCATION DESCRIPTION (FUNCTION) MANUFACTURER MODEL TYPE OBSERVATION
HS-01021-01 60" APRON FEEDER 0240-FEA-0005 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
HS-01022-01 60" APRON FEEDER 0240-FEA-0005 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
SUPPLIED BY
-01024 / LSH-01024 60" APRON FEEDER 0240-FEA-0005 PLUGGED DISCHARGE CHUTE HYCONTROL HYCMWSSTSR110X| MICROWAVE LEVEL SWITCH BECHTEL
SE/SSL-01023 60" APRON FEEDER 0240-FEA-0005 ZERO SPEED DETECTOR MILLTRONICS MSP-12/MF A4P LIGHT PULSES MEASURE
YA-01025 / YL-01025 60" APRON FEEDER 0240-FEA-0005 PRE-START WARNING EDWARDS SIGNALING | B-KM-8130-N5 749R1 HORN & BEACON SUPPLIED BY
N5-40WH BECHTEL
PSH-01637 GREASE LUBE SYSTEM HIGH PRESSURE SENSOR ASTA TP AT DA 40 IA DIAPHRAGM
LSL-01638 GREASE LUBE SYSTEM LOW LEVEL SWITCH KAP LB305H LIMIT SWITCH
KS-01639 GREASE LUBE SYSTEM CICLE COUNTER KAP LB305K LIMIT SWITCH
PI-00XXX GREASE LUBE SYSTEM PRESSURE GAUGE WOERNER HDB.A Em_wwwqﬂn_umio
COMPONENTS AS
CUSTOMER
PSV-00XXX GREASE LUBE SYSTEM PRESSURE RELIEF VALVE WOERNER / WIKA 111.16 MANOMETER SPECS.
TE-01646 HYDRAULIC DRIVE LUBE SYSTEM OIL TEMPERATURE SENSOR INOR 66RNS1011251213 >z>_.mm02ww,mn_mﬂmwcxm BY HAGGLUNDS
LIT-01647 HYDRAULIC DRIVE LUBE SYSTEM LOW LEVEL SENSOR Bhler 63 kN L=370 LEVEL SENSOR BY HAGGLUNDS
i ) VD 2.2 LE.1/-30C-
L PDSH-01642 HYDRAULIC DRIVE LUBE SYSTEM OIL FILTER PRESSURE SWITCH (DRAIN LINE) Hégglunds Drives SO36.03507800 FILTER INDICATOR BY HAGGLUNDS
a
o . ) VD 2.2 LE.1/-30C- .
PDSH-01640 HYDRAULIC DRIVE LUBE SYSTEM OIL FILTER PRESSURE SWITCH (RETURN LINE) Hagglunds Drives 037803507800 FILTER INDICATOR BY HAGGLUNDS
o
= 75-01643 HYDRAULIC DRIVE LUBE SYSTEM SUCTION VALVE LIMIT SWITCH (MAIN HYD PUMP) STEUTE ES 95 R 10/1S SUCTION LINE INDICATOR | BY HAGGLUNDS
wn
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= xstrata ¢~ metso INSTRUMENT LIST ANTAPACCAY PROJECT
(Jp) () = copper
R —-
Ll m BASIC ENGINEERING XSTRATA NUMBER: SHEET
N
N - 1?160" WIDE APRON FEEDER 25580-220-V1A-MHFA-00027
W Mnu I TAG N° 0240-FEA-0005 2y 2
INSTRUMENTS' LIST METSO NUMBER: REV.:
2141020342002 4
i AG IDENTIFICATION LOCATION DESCRIPTION (FUNCTION) MANUFACTURER MODEL TYPE OBSERVATION
PSL-01648 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR HYDAC EDS 410-060-4-062 PRESSURE SWITCH BY HAGGLUNDS
PSL-01649 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR (ACCUMULATOR) HYDROPA DS-802/M 0,5-15 bar PRESSURE SWITCH BY HAGGLUNDS
PIT-01645 HYDRAULIC DRIVE LUBE SYSTEM PRESSURE TRANSMITTER HYDAC HDA4745-A-400-000 PRESSURE TRANSMITTER BY HAGGLUNDS
2701630 HYDRAULIC DRIVE LUBE SYSTEM SPEED DRIVE SENSOR (ENCODER) Hagglunds DRIVES SPDB-3600 SPEED ENCODER BY HAGGLUNDS
FY-01651 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW A-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
FY-01652 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW B-PORT) Hagglunds DRIVES 577 6216056 SOLENOID BY HAGGLUNDS
»
o
=
SHUT-OFF VALVE SWITCH (A-PORT) =
75-01653 HYDRAULIC DRIVE LUBE SYSTEM s et REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS S
=
3
SHUT-OFF VALVE SWITCH (B-PORT) "
75-01654 HYDRAULIC DRIVE LUBE SYSTEM o, Wi GIE REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS >
. 2]
TE-01655 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE MOTOR #1 ABB 3GZF360 PTC BY HAGGLUNDS =
o
L
TE-01656 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE COOLING MOTOR ABB 3GZF360 PTC BY HAGGLUNDS m
4
@
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REPOSITORIO DE »F7%,c  UNIVERSIDAD

TESIS LIC CATOLICA

- A _N
S metso ANTAPACCAY PROJECT
xstrata
copper
BASIC ENGINEERING XSTRATA NUMBER: SHEET
$§'GV\Q?§2§';RF%’: zgggER 25580-220-V1A-MHFA-00177
- - : REV.
INSTRUMENTS' LIST METSO NUMBER:
2141020343002 2
REV.| DATE | BY |VER.|APR.| AUT | TE DESCRIPTION

1 | 4/12/2010 | JVC | DHF | RCG | RCG B |FIRST ISSUE

2 8/1/2011 | JVC | DHF | RCG | RCG E |GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
o o developed A el "

; P ;
SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed

4—Review notrequired—Work may-proceet
5 Revise & Resubmit. Work may proceed

subject to incorporation of changes 5 Cancelled / Superseded
Document status: 4 _
n Name: 5ae-9/5/2011 00:00:00
oispine: EM - Mechanical — peerppecose: VIA
Job# 25580-220 vp # 25580-220-V1A-MHFA-0017[7
o002 0240-FEA-0006;

Equip

pogram #  GRD-102034-083-11,
Job # VP #

EQ Equip #

CERTIFIED
DOCUMENT

R.C.G. 01/08/11

THISEQUIPMENTWILLBE CONSTRUCTERCCORDING O

THISCERTIFIEDDOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT

C FOR KNOWLEGDE H ELIMINATED

D TO QUOTE J CERTIFIED

E FOR CONSTRUCTION

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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= xstrata ) INSTRUMENT LIST ANTAPACCAY PROJECT
o
% 4BASIC ENGINEERING XSTRATA NUMBER: SHEET
) 960" WIDE APRON FEEDER 25580-220-V1A-MHFA-00177
N
= TAG N° 0240-FEA-0006
w m_Zm.:uC_(_mZ.ﬁm. LIST METSO NUMBER: REV.:
2141020343002 2
TAG IDENTIFICATION LOCATION DESCRIPTION (FUNCTION) MANUFACTURER MODEL TYPE OBSERVATION
HS-01051-01 60" APRON FEEDER 0240-FEA-0006 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
HS-01052-01 60" APRON FEEDER 0240-FEA-0006 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
" SUPPLIED BY
LX-01054 / LSH-01054 60" APRON FEEDER 0240-FEA-0006 PLUGGED DISCHARGE CHUTE HYCONTROL HYCMWSSTSR110X] MICROWAVE LEVEL SWITCH BECHTEL
SE/SSL-01053 60" APRON FEEDER 0240-FEA-0006 ZERO SPEED DETECTOR MILLTRONICS MSP-12/MF A4P LIGHT PULSES MEASURE
" B-KM-8130-N5 / SUPPLIED BY
YA-01055 / YL-01055 60" APRON FEEDER 0240-FEA-0006 PRE-START WARNING EDWARDS SIGNALING A9R-N5-40WH HORN & BEACON BECHTEL
PSH-01667 GREASE LUBE SYSTEM HIGH PRESSURE SENSOR ASTA TP AT DA 40 1A DIAPHRAGM
LSL-01668 GREASE LUBE SYSTEM LOW LEVEL SWITCH KAP LB305H LIMIT SWITCH
KS-01669 GREASE LUBE SYSTEM CICLE COUNTER KAP LB305K LIMIT SWITCH
Pl GREASE LUBE SYSTEM PRESSURE GAUGE WOERNER HDB.A THERE'S NO TAG
FOR THIS
COMPONENTS AS
CUSTOMER
PSV GREASE LUBE SYSTEM PRESSURE RELIEF VALVE WOERNER / WIKA 111.16 MANOMETER SPECS.
TE-01676 HYDRAULIC DRIVE LUBE SYSTEM OIL TEMPERATURE SENSOR INOR 66RNS1011251213 >z>_.%_mnwzww_m_u_u_m%ﬁp._.cwm BY HAGGLUNDS
LIT-01677 HYDRAULIC DRIVE LUBE SYSTEM LOW LEVEL SENSOR Bihler 63 kN L=370 LEVEL SENSOR BY HAGGLUNDS

REPQOSITORIO DE

1VOS

i tigat

€MmICosS € Inves

I3

d

Ines aca

torizada con f

X
(773
<)
p—
<
)
173
>
S
i3
o
=
D
S
D
S
D
S
D
=
=
S
(=]
(=
=
=
S
=
Gl
—
g 38
-m v
<) =
= =
7
=
L

Publ




PDSH-01672

HYDRAULIC DRIVE LUBE SYSTEM

OIL FILTER PRESSURE SWITCH (DRAIN LINE)

Hagglunds Drives

VD 2.2
LE.1/-30C-SO378-03
507800

FILTER INDICATOR

BY HAGGLUNDS

PDSH-01670

HYDRAULIC DRIVE LUBE SYSTEM

OIL FILTER PRESSURE SWITCH (RETURN LINE)

Hagglunds Drives

VD 2.2
LE.1/-30C-SO378-03
507800

FILTER INDICATOR

BY HAGGLUNDS

ZS-01673 HYDRAULIC DRIVE LUBE SYSTEM SUCTION VALVE LIMIT SWITCH (MAIN HYD PUMP) STEUTE ES 95 R 10/1S SUCTION LINE INDICATOR BY HAGGLUNDS
PSL-01678 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR HYDAC EDS 410-060-4-062 PRESSURE SWITCH BY HAGGLUNDS
PSL-01679 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR (ACCUMULATOR) HYDROPA DS-802/M 0,5-15 bar PRESSURE SWITCH BY HAGGLUNDS
PIT-01675 HYDRAULIC DRIVE LUBE SYSTEM PRESSURE TRANSMITTER HYDAC HDAA4745-A-400-000 PRESSURE TRANSMITTER BY HAGGLUNDS

ZT-01660

HYDRAULIC DRIVE LUBE SYSTEM

SPEED DRIVE SENSOR (ENCODER)

Hagglunds DRIVES

SPDB-3600

SPEED ENCODER

BY HAGGLUNDS

1VOS

igat

t

IS

ta tes

FY-01681 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW A-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
FY-01682 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW B-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
75-01683 HYDRAULIC DRIVE LUBE SYSTEM S ALV S TCH (A-PORT) REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS
75-01684 HYDRAULIC DRIVE LUBE SYSTEM m:cﬁ%mﬂw\_w_w/_\m w_,\k_mqmq%mﬂ\_%d REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS
TE-01685 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE MOTOR #1 ABB 3GZF360 PTC BY HAGGLUNDS
TE-01686 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE COOLING MOTOR ABB 3GZF360 PTC BY HAGGLUNDS
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REPQSITORIO DE

UNIVERSIDAD

SANTA MARIA

xstrata () metso ANTAPACCAY PROJECT
copper
BASIC ENGINEERING XSTRATA NUMBER: SHEET
gg‘:\:?gﬁgi@ﬁ EEEEER 25580-220-V1A-MHFA-00178
R : REV.
ELECTRICAL LOADS' LIST METSO NUMBER:
2141020343004 2
REV.| DATE | BY |VER.|APR.| AUT | TE DESCRIPTION
1 | 6/30/2011 | JVC | DHF | RCG | RCG | B |FIRSTISSUE
2 | 8/1/2011 | JVC |DHF | RCG | RCG | E GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,

aTalysis; testTmethods; or materiat orSetectedt by SELLER: At dues Tt Tefieve
SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed

4 Review not required. Work may proceed
2 Revise & Resubmit. Work may proceed

subject to incorporation of changes 5 Cancelled / Superseded
Document Status: 4 —
P— 52 9/5/2011 00:00:00
piscipine: EM - Mechanical Doc Type Code: V1A
ooz 25580-220 w1 25580-220-V1IA-MHFA-0017B
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Joby P#
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THISEQUIPMENTWILLBE CONSTRUCTEBCCORDINGO

THISCERTIFIEDDOCUMENT.

TE-TYPEOFE

MISSION (by METSO)

A PRELIMINARY

F AS PURCHASED

B FOR APPROVED

G AS BUILT

C FOR KNOWLEGDE

H ELIMINATED

D TO QUOTE

J CERTIFIED

E FOR CONSTRUCTION
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= 1) metso
[a=| xstrata ) '
P LOADS' LIST ANTAPACCAY PROJECT
= =
= B d5ASIC ENGINEERING XSTRATA NUMBER: SHEET
(77) V3l =c0" WIDE APRON FEEDER
m = m AG N° 0240-FEA-0006 25580-220-V1A-MHFA-00178
— m (JpMELECTRICAL LOADS' LIST METSO NUMBER: REV.
w nA.v % 2141020343004 2
"NOMINAL CURRENT SCM-SQUIRREL CAGE MOTOR MA-WOUND ROTOR
LEGEND: |P-START CURRENT MS-SYNCHRONOUS MOTOR ME-SPECIAL MOTOR
B-LOCKED ROTOR WITHSTAND TIME (s) MC-DIRECT CURRENT MOTOR
IDENTIFICATION NOMINAL POWER | POLES NN cos PROTECTION
L APPLICATION TYPE| HP o NovBeR| VOLTAGE (W) [PHAsE| N @ IP/IN o> |18 (5)|MoTOR FRAME[ PRUSCTION |MANUFACTURER|  0BS

0240-FEA-0006-M1 PUMP OF HYDRAULIC MOTOR scm| 75.00 56.00 4 460 3 89 948 | o83 MIBN o> SMCL - 1pss ABB

0240-FEA-0006-M2 COOLER PUMP OF HYDRAULIC UNIT scm| .00 2.20 6 460 3 IP55 HACOLINDS | e ioon

0240-FEA-0006-HXD HEATER OF THE HYDRAULIC UNIT 0.90 0.67 460 ; ; N ; ; BACKER  |TYPE OE33LK7

0240-FEA-0006-M3 PUMP OF GREASE LUBE SYSTEM scm| o.16 0.07 230 1 16 180 |o7s| s 71 IPW55 WEG

HEATER OF HYDRAULIC DRIVE MOTOR 0.06 - 230 1
HEATER OF THE COOLER FAN MOTOR 0.027 - 230 1

REPOSITORIO DE
TESIS UCSM



REPOSITORIO DE SETR gﬂ\(lil'?&l\DAD
TESIS LGSM ;

:i, E SANTA MARIA
xstrata () metso ANTAPACCAY PROJECT
”~

copper
BASIC ENGINEERING XSTRATA NUMBER: SHEET
$X'GV\:\||?§2§';RF(E§ SEE;DER 25580-220-V1A-MHFA-00189

- 3 : REV.
CONTROL CABLES' LIST METSO NUMBER:
2141020344007 2

REV. DATE BY |VER.| APR. | AUT TE DESCRIPTION

1 4/14/2011 | DHF | JVC | RCG | RCG B |FIRST ISSUE

2 8/5/2011 | DHF | JVC | RCG | RCG E |GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute or approval of design detail,
analysis, test methods, or materials developed or selected by SELLER, and does not relieve
SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed

4 Review not required. Work may proceed
> Revise & Resubmit. Work may proceed

subject to incorporation of changes 5 Cancelled / Superseded
Document Status: 4 -
Pv— 50 97772011 000000
piscipline: EM = Mechanical Doc Type Ccde:mi
“ons 25580-220 s 25580-220-VIA-MHFA-0018D
Subm 002 £qup# 0240-FEA-0007;
Program# GRD-102034-083-11;
Job # VP #
SEQ# Equip #
CERTIFIED
DOCUMENT
R.C.G. 05/08/11
THISEQUIPMENTWILL BE CONSTRUCTEBCCORDING O
THISCERTIFIEDDOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT

C FOR KNOWLEGDE H ELIMINATED

D TO QUOTE J CERTIFIED

E FOR CONSTRUCTION

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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TESIS UCSM

BASIC ENGINEERING XSTRATA NUMBER: SHEET
25580-220-V1A-MHFA-00189
WIDE APRON FEEDER
4T AG N° 0240-FEA-0007 METSO NUMBER: ISSUE
! 2141020344007
ONTROL CABLES' LIST 2
Cable From To
Conductor Signal Type Coll Note
i o o i Route
Iitem| Identification Nominal) = N N zoB_.:m_ Insulation (Data, Power, Feature Length Equipament Equipament Number
Voltage | Cable | Cond. Section (m)
v) Circuit (mm?) Type _ Voltage (kV)|  Control)
CONTROL
1 | HS0108101C001 | 120 5 1 15 PVC 0,6kV Control HS-01081-01 PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE|
2 | HS0108201C001 120 5 1 15 PVC 0,6kV Control HS-01082-01 PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE|
3 LX01084C001 120 5 1 15 PVC 0,6kV Control LX-01084 PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE|
4 LSH01084C001 120 7 1 15 PVC 0,6kV Control LSH-01084 PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE|
5 SSL010831001 24 2 1 0.25 PVC 300V Data Armored SE-01083 AMPLIFIER MFA 4P SEE DRAWING 2111020344014 METSO SCOPE
6 SSL01083C001 120 7 1 15 PVC 0,6kV Control AMPLIFIER MFA 4P PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE]
7 YA01085C001 120 3 1 15 PVC 0,6kV Control YA-01085 PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE|
8 YL01085C001 120 3 1 15 PVC 0,6kV Control YL-01085 PCS SEE DRAWING 2111020344014 CUSTOMER SCOPE|
9
10 | PSH01697C001 120 7 1 15 PVC 0,6kV Control PSH-01697 0240-FEA-0007-JBD2 SEE DRAWING 2111020344014 METSO SCOPE (%)
11 LSL01698C001 120 7 1 15 PVC 0,6kV Control LSL-01698 0240-FEA-0007-JBD2 SEE DRAWING 2111020344014 METSO SCOPE (1)
12 KS01699C001 120 5 1 15 PVC 0,6kV Control KS-01699 0240-FEA-0007-JBD2 SEE DRAWING 2111020344014 CUSTOMER SCOPE|
13
14 |HS01691ESC001| 120 3 1 15 PVC 0,6kV Control 0240-FEA-0007-COB2 0240-FEA-0007-JBDL CUSTOMER SCOPE|
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X -
xstrata () metso ANTAPACCAY PROJECT
D copper
m BASIC ENGINEERING XSTRATA NUMBER: SHEET
— A 25580-220-V1A-MHFA-00189
(Jp) () b0" WIDE APRON FEEDER
Cc — < ° -FEA- METSO NUMBER: |ISSUE
i = AG N° 0240-FEA-0007 2141020344007
=) ONTROL CABIES'1IST 2
= T
w Mn.u Cable From To
Conductor Signal Type Coil Note
i o o i Route
Identification Nominalf -~ N N zoB_.:m_ Insulation (Data, Power, Feature Length Equipament Equipament Number
Voltage | Cable | Cond. Section (m)
v) Circuit (mm?) Type _<o_~mm_w kv)| control)
DATA
ZT01690A001 8 0.25 PVC Data ZT-01690 0240-FEA-0007-COB1 SEE DRAWING 2111020344014 METSO SCOPE

REPOSITORIO DE

TESIS UCS
En su investigacion no olvide referenciar esta tesis

Publicacion autorizada con fines académicos e investigativos




xstrata

T metso

ANTAPACCAY PROJECT

2
B XSTRATA NUMBER: [SHEET
m ASIC ENGINEERING 25580-220-V1A-MHFA-00189
(Jp) b0" WIDE APRON FEEDER
oc o -FEA- METSO NUMBER: |SSUE
Ll — AG N° 0240-FEA-0007 2141020344007
== '=)CONTROL CABLES' LIST 2
”Nu Cable From To
Conductor Signal Type Coil Note
i 0 0 R Route
Identification Nominall = N N ZQB_,:m_ Insulation (Data, Power, Feature Length Equipament Equipament Number
Voltage | Cable | Cond. Section (m)
(v) Circuit (mm?) Type _ Voltage (kV)|  Control)
POWER

0240FEA0007M1FO01 460 4 1 PVC 1kv Power 0240-FEA-0007-M1 MCC SEE DRAWING 2111020344014 CUSTOMER SCOPE

0240FEA0007M2F01 460 4 1 PVC 1kv Power 0240-FEA-0007-M2 MCC SEE DRAWING 2111020344014 CUSTOMER SCOPE

0240FEA0007HXDFO01 460 3 1 PVC 1kv Power 0240-FEA-0007-HXD MCC SEE DRAWING 2111020344014 CUSTOMER SCOPE

0240FEA0007M3FO01 230 2 1 PVC 1kv Power 0240-FEA-0007-M3 mMccC SEE DRAWING 2111020344014 CUSTOMER SCOPE
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TE‘(‘I(‘ 1LINCAKA

CLIENT:

P.O.N°:

UNIT:

PROJECT TITLE:

PROJECT LOCATION:

EQUIPMENT TITLE:

EQUIPMENT N°:

REFER TO SPECIFICATION N°:
For General Requirements

APPLICABLE CODES

XSTRATA TINTAYA S.A.

ANTAPACCAY PROJECT

CUSCO, PERU

25580-220-POA-MHFA-00001

UNIVERSIDAD
CATOLICA

LOW VOLTAGE AC INDUCTION MOTORS

0240-FEA-0006-M1

25580-220-3PS-MUMI-00001

STOCKPILE CRUSHER RECLAIM APRON FEEDER

NEMA MG 1-2006 Revision 1

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
analysis, test methods, or materials developed or selected by SELLER, and does not relieve

©

CO M M E N TS : SELLER from full compliance with contractual obligation.
. s oo
TAG ID S As per MR. oTSTTE e msasatars s DO Ty CTe V1A
ons 25580-220 vp 25580-220-VIA-MHFA-001
CERTIFIED
Program s GRD-102034-083-11,
DOCUMENT = =
R.C.G. 05/08/11
THISEQUIPMENTWILLBE CONSTRUCTEBCCORDINGO N° Metso: 2141020343005
THISCERTIFIEDDOCUMENT.
2 5-Aug-11 GRD 25580-220-G26-GPS-06225 DHF JVC RCG
1 30-Jun-11 FIRST ISSUE DHE JVC RCG
REV DATE REASON FOR REVISION BY CHECK EGS PE CLIENT
JOB No.
DATA SHEET FOR LOW VOLTAGE
™ DATA SHEET No. REV. No.
x;fg[-a (¢’ metso INDUCTION MOTORS
- 1
Sheet 1 0of 4

Electronic documents, once

printed, are uncontrolled and may become outdated

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD
ATOLICA
BE SANTA MARIA

SR E AR

n
XSTRATA TINTAYA S.A.
I SProJECT: ANTAPACCAY PROJECT
LOCATION: CUSCO, PERU

EQUIPMENT NO.:
P.O. NO.:
UNIT:

0240-FEA-0006-M1
25580-220-POA-MHFA| >
LOW VOLTAGE AC INDUCTION MOTORS

LINE No.| DESCRIPTION uNits | speciFiED | SELLER PROPOSAL

1.00 [GENERAL

1.01 Manufacturer - By Seller ABB LV Motors

1.02 JAddress / Location of assembly plant - By Seller Vaasa Finland

1.03 Phone / fax - By Seller +358102211

1.04 lemail address - By Seller NA

1.05 Proposal No. / Date - By Seller NA

1.06 Location of Assembly Plant - By Seller Vaasa Finland

1.07 Catalog / Serial / Model / No. - By Seller 3GBN802230-BDG
2.00 |SITE CONDITIONS (Environment)

2.01 Altitude m.a.s.l. 4200 4200

2.02 JAmbient temperature max °C 22 22

2.03 JAmbient temperature min °C -10 -10

2.04 JAmbient temperature Average °C 8.3 8.3

2.05 Hazardous Location Motors - Not Required Not Rquiered

2.06 Explosion Proof Class - N/A IN/A

2.07 Explosion Proof Group - N/A IN/A

2.08 Explosion Proof Division - N/A IN/A
3.00 |POWER SYSTEM

3.01 Rated Voltage Vi 480 460

3.02 Phases ph 3 ph 3

3.03 Frequency Hz 60 60

3.04 Short circuit Capacity KA 65 kA NA

3.05 Grounding Type - Solid Solid
4.00 |MOTOR STANDARD NEMA MG-1 2006 NEMA
5.00 |LOAD MECHANICAL CHARACTERISTICS

5.01 Driven equipment - As per MR Hydraulic Motor

5.02 Shaft coupling method - As per MR Torsionally felxible coupling

5.03 Mounting Position - As per MR Vertical

5.04 Speed Type - As per MR

5.05 Speed Range - As per MR

5.06 Duty Type - As per MR

5.07  |Locations Indoor/outdoor Outdoor Outdoor
6.00 |MOTOR DATA

6.01 [Type of Induction Motor - SCIM SCIM

6.02 Power Output HP/KW each specific application 75156

6.03 Rated Voltage \ 460 460

6.04 Phases ph 3 3

6.05 Frequency Hz 60 60

6.06 Service Factor @ operating altitude - 1.15 1.15

6.07 Poles - By Seller 4

6.08 RPM RPM By Seller 1785

6.09 Minimum terminal voltage during starting per unit 0.85 0.86

6.10 Nema Design - B B

6.11 Insulation Class - F F

6.12 [Temperature rise - Class B (80°C) at full load F

6.13 Special insulations considerations - Not required NA

6.14 Enclosure - TEFC TEFC self ventilated

6.15 Frame - By Seller M3BN 405 SMC 4 / 405

6.16 eight b/ kg By Seller 1090 / 495

6.17 Starting Method DOL: Direct On Line each specific application

SS: Sof_t Starter ) } DOL
AFD: Adjustable Frequency Driver

~ DATA SHEET FOR LOW VOLTAGE J08 o,

X Tmetso INDUCTION MOTORS DATA SHEET No. REV. No.
Xstrata _ 2

¥ Sheet 2 of 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein shall be
held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA / ANTAPACCAY
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XSTRATA TINTAYA S.A.

EQUIPMENT NO0240-FEA-0006-M1

=PROJECT: ANTAPACCAY PROJECT P.O.NO.: 25580-220-POA-MHFA-00001
LOCATION: CUSCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL

6.16 Motor Efficiency Type - NEMA Premium High Efficiency (IE2)

6.17 Efficiency at 100% of full load % By Seller 94.5

6.18 Efficiency at 75 % of full load % By Seller 94

6.19 Efficiency at 50 % of full load % By Seller 91.7

6.20 Power Factor at 100% of full load % By Seller 0.83

6.21 Power Factor at 75 % of full load % By Seller 0.77

6.22 Power Factor at 50 % of full load % By Seller 0.68

6.23 Full Load Current A By Seller 89

6.24 Locked rotor current @ Full Voltage A By Seller 844

6.25 Locked rotor current @ 90% Voltage A By Seller

6.26 [Sound Power Level (No Load) @ 1 meter dBA 90 dBA (Max) - By Motor 70 dBA (at load)

Manufacturer

6.27 JAllowable Stall Time @ Full Voltage (s) sec By Seller NA

6.28 JAllowable Stall Time @ 90 % Voltage (s.) sec By Seller NA

6.29 Starting Torque @ Minimum Starting Voltage % 120% of driven load 239%

6.30 Winding Connection Wye Delta

6.31 Number of starts per hours (cold/hot) No. By Seller 375

6.32 [Thermal life of insulation at rated load at 40° ambient. yrs By Seller 25

7.00 BEARINGS

7.01 [Type - Anti-friction Ball Bearings

7.02 Lubrication Method - Re-greasable Re-greasable

7.03 Manufacturer & Number - By Seller 6315/C3 - 6316/C3

7.04 Bearing Life. L-10 life, 100,000 hrs for direct coupled; According ISSO 281
60,000 hours for conveyor idlers and blower; 80,000
hours for gear drives, reducers and pillow block for hrs By Seller
lconveyor pulleys and 3,000 hours for trolleys and hoists

7.05 Bearing Protection Labyrinth type Taconite seal Labyrinth seal

8.00 IADDITIONAL REQUIREMENTS FOR AFD SERVICE NA

8.01 Inverter Type -

8.02 Rated operation modes - VT / CT / CP -

8.03 Rated power output at Base Speed hp

8.04 Base Speed rpm

8.05 Constant Power speed range rpm

8.06 Constant Torque speed range rpm

8.07 Continuous Constant Torque speed range rpm

8.08 Variable Torque speed range rpm

8.09 Variable Torque speed exponent -

8.10 Starting (breakaway) torque per unit

8.11 Run up torque per unit

8.12 Inching speed rpm

8.13 Inching torque per unit

8.14 Inching duration min

g DATA SHEET FOR LOW VOLTAGE JO8 No.
X ?:, metso INDUCTION MOTORS DATA SHEET No. REV. No.
xstrata
) Sheet 3 of 4 ) 2

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein
shall be held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA /
ANTAPACCAY

Publicacion autorizada con fines académicos e investigativos
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XSTRATA TINTAYA S.A.

- N ST
EQUIPMENT NO.: 0240-FEA-0006-M1

mPROJECT: ANTAPACCAY PROJECT P.O.NO.: 25580-220-POA-MHFA-00001
SLOCATION: CUSCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL

9.00 JACCESSORIES
9.01 Space Heaters Required for TEFC 75 kW /

100 hp motors and above
9.02 Space Heaters Volts \V2 220V 220
9.03 Space Heaters Watts W By Seller 60W
9.04 Separate Space Heater Connection - Required Yes
9.05 Space heater terminal box location - By Seller Inside main terminal box
9.06 RTD's - NA
9.07 Winding Temperature RTD’s ( 6 - 2 per phase ) B Required for 298 kW / 400 NA

- - - hp motors and above

9.08 Bearing Temperature RTD’s ( 2 - 1 per bearing ) NA
9.09 Separate RTD box - Required NA
9.10 RTD’s terminal box location - By Seller NA
9.11 Moisture System for Submersible Motors - humidity sensor required NA
9.12 Cable Entry Length for Submersible Motors - By Seller NA
9.13 Ground lugs inside main terminal box - Required Yes
9.14 Ground lugs on frame (2/0 AWG cable) - Required Yes
9.15 Main terminal box location - By Seller Top
9.16 Space heater terminal box location - By Seller Inside the main terminal box
9.17 Motor Manufacturer nameplate with all motor parameters - Required Yes
9.18 Nameplates shall be stainless steel Required Yes
9.19 Nameplates shall include operation altitude of 4200 masl indication Required Yes
9.20 Lifting lugs or eyesbolts for frames 182 and larger Required Yes

According to requirements

10.00 [TESTING of NEMA MG1 p. 12.55.2
10.01 ROUTINE TESTS
10.02  |Measurement of Winding Resistance - Required Yes
10.03  |No load current and speed at rated voltage and frequency - Required Yes
10.04  |Current input at rated frequency with rotor at standstill for squirrel-cage motors - Required Yes
10.05 [High-potential test - Required Yes
10.06 R
10.07 ISPECIAL TESTING -
10.08 |Determination of efficiency at 100%, 75% and 50% of full load % Not Required
10.09 |Determination of power factor at 100%, 75% and 50% of full load % Not Required
10.10 |Temperature rise test °C Not Required
10.11  |Measure locked rotor current A Not Required
10.12  |Measure breakdown and starting torques - Not Required
10.13  |Sound test per IEEE 85 dBA Not Required
10.14  |Speed torque test - Not Required
10.15 [Bearing Temperature °C Not Required
JOB No.
X b metso DATA SHEET FOR LOW VOLTAGE INDUCTION DATA SHEET No REV. No
- MOTORS - e
¥strata
Sheet4of 4 ' 2
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TESIS UcSM__
/x A
xstrata ¢ metso ANTAPACCAY PROJECT

copper

UNIVERSIDAD

CATOLICA .
E SANTA MARIA

BASIC ENGINEERING XSTRATA NUMBER: SHEET
60" WIDE APRON FEEDER 25580-220-V1A-MHFA-00184

TAG N° 0240-FEA-0007

: REV.
INSTRUMENTS' LIST METSO NUMBER:
2141020344002 2
REV.| DATE BY |VER.| APR.| AUT | TE DESCRIPTION

1 | 4/12/2011 | JVC | DHF | RCG | RCG B |FIRST ISSUE

2 8/5/2011 | JVC | DHF | RCG | RCG E |GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

ta proceed does not constitute. ar approval of design detail

analysis, test methods, or materials developed or selected by SELLER, and does not relieve
SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed

4 Review not required. Work may proceed
2 Revise & Resubmit. Work may proceed
subject to incorporation of changes 5 Cancelled / Superseded

Document Status: 1

Reviewer Name pate:9/5/2011 00:00:00
piscipline: EM - Mechanical Doc Type Code: VLA
Jon# 25580-220 vr # 25580-220-VIA-MHFA-0018}#
subm 002 equip# 0240-FEA-0007;
program # GRD-102034-083-11;
Job # VP #
SEQ # Equip #
CERTIFIED
DOCUMENT
R.C.G. 05/08/11
THISEQUIPMENTWILLBE CONSTRUCTERCCORDING O
THIS CERTIFIEDDOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT

C FOR KNOWLEGDE H ELIMINATED

D TO QUOTE J CERTIFIED

E FOR CONSTRUCTION

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




X -
= xstrata ) INSTRUMENT LIST ANTAPACCAY PROJECT
o
72 [BASIC ENGINEERING XSTRATA NUMBER: SHEET
7w} 60" WIDE APRON FEEDER 25580-220-V1A-MHFA-00184
N
= TAG N° 0240-FEA-0007
= INSTRUMENTS' LIST METSO NUMBER: REV.:
2141020344002 2
TAG IDENTIFICATION LOCATION DESCRIPTION (FUNCTION) MANUFACTURER MODEL TYPE OBSERVATION
HS-01081-01 60" APRON FEEDER 0240-FEA-0007 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
HS-01082-01 60" APRON FEEDER 0240-FEA-0007 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
" SUPPLIED BY
LX-01084 / LSH-01084 60" APRON FEEDER 0240-FEA-0007 PLUGGED DISCHARGE CHUTE HYCONTROL HYCMWSSTSR110X] MICROWAVE LEVEL SWITCH BECHTEL
SE/SSL-01083 60" APRON FEEDER 0240-FEA-0007 ZERO SPEED DETECTOR MILLTRONICS MSP-12/MF A4P LIGHT PULSES MEASURE
" B-KM-8130-N5 / SUPPLIED BY
YA-01085 / YL-01085 60" APRON FEEDER 0240-FEA-0007 PRE-START WARNING EDWARDS SIGNALING A9R-N5-40WH HORN & BEACON BECHTEL
PSH-01697 GREASE LUBE SYSTEM HIGH PRESSURE SENSOR ASTA TP AT DA 40 1A DIAPHRAGM
LSL-01698 GREASE LUBE SYSTEM LOW LEVEL SWITCH KAP LB305H LIMIT SWITCH
KS-01699 GREASE LUBE SYSTEM CICLE COUNTER KAP LB305K LIMIT SWITCH
Pl GREASE LUBE SYSTEM PRESSURE GAUGE WOERNER HDB.A THERE'S NO TAG
FOR THIS
COMPONENTS AS
CUSTOMER
PSV GREASE LUBE SYSTEM PRESSURE RELIEF VALVE WOERNER / WIKA 111.16 MANOMETER SPECS.
TE-01706 HYDRAULIC DRIVE LUBE SYSTEM OIL TEMPERATURE SENSOR INOR 66RNS1011251213 >Z>_.m0_mOZMW_M_u_um~Wﬁp._.C_Nm BY HAGGLUNDS
LIT-01707 HYDRAULIC DRIVE LUBE SYSTEM LOW LEVEL SENSOR Bihler 63 kN L=370 LEVEL SENSOR BY HAGGLUNDS
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PDSH-01702

HYDRAULIC DRIVE LUBE SYSTEM

OIL FILTER PRESSURE SWITCH (DRAIN LINE)

Hagglunds Drives

VD 2.2
LE.1/-30C-SO378-03
507800

FILTER INDICATOR

BY HAGGLUNDS

PDSH-01700

HYDRAULIC DRIVE LUBE SYSTEM

OIL FILTER PRESSURE SWITCH (RETURN LINE)

Hagglunds Drives

VD 2.2
LE.1/-30C-SO378-03
507800

FILTER INDICATOR

BY HAGGLUNDS

ZS-01703 HYDRAULIC DRIVE LUBE SYSTEM SUCTION VALVE LIMIT SWITCH (MAIN HYD PUMP) STEUTE ES 95 R 10/1S SUCTION LINE INDICATOR BY HAGGLUNDS
PSL-01708 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR HYDAC EDS 410-060-4-062 PRESSURE SWITCH BY HAGGLUNDS
PSL-01709 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR (ACCUMULATOR) HYDROPA DS-802/M 0,5-15 bar PRESSURE SWITCH BY HAGGLUNDS
PIT-01705 HYDRAULIC DRIVE LUBE SYSTEM PRESSURE TRANSMITTER HYDAC HDAA4745-A-400-000 PRESSURE TRANSMITTER BY HAGGLUNDS

ZT-01690

HYDRAULIC DRIVE LUBE SYSTEM

SPEED DRIVE SENSOR (ENCODER)

Hagglunds DRIVES

SPDB-3600

SPEED ENCODER

BY HAGGLUNDS
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FY-01711 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW A-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
FY-01712 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW B-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
75-01713 HYDRAULIC DRIVE LUBE SYSTEM S ALV S TCH (A-PORT) REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS
7501714 HYDRAULIC DRIVE LUBE SYSTEM m:cﬁ%mﬂw\_w_w/_\m w_,\k_mqmq%mﬂ\_%d REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS
TE-01715 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE MOTOR #1 ABB 3GZF360 PTC BY HAGGLUNDS
TE-01716 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE COOLING MOTOR ABB 3GZF360 PTC BY HAGGLUNDS
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UNIVERSIDAD

REPQSITORIO DE
SC
xstrata () metso ANTAPACCAY PROJECT

copper
BASIC ENGINEERING XSTRATA NUMBER: SHEET
?gg\:?gﬁgfg EEEEER 25580-220-V1A-MHFA-00186

) § : REV.
ELECTRICAL LOADS' LIST METSO NUMBER:
2141020344004 2

REV.| DATE | BY |VER.|APR.| AUT | TE DESCRIPTION

1 | 6/30/2011 | JVC | DHF | RCG | RCG B |FIRST ISSUE

2 8/3/2011 | JVC | DHF | RCG | RCG E |GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
analysis, test methods, or materials developed or selected by SELLER, and does not relieve
ELLER Trom Tl Compliance oDiigaton.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed

4 Review not required. Work may proceed
& Resubmit_Work 4
subject to incorporation of changes 5 Cancelled/ Superseded

Document status: 4

Reviener Name: 0xe:9/5/2011 00:00:00
piscipine EM - Mechanical SocType Code VIA

s 25580220 1+ 25580-220-V1A-MHFA-0018p
subm 002 caip s 0240-FEA-0007;
program#  GRD-102034-083-11;

Job # VP #
SEQ# Equip#

CERTIFIED
DOCUMENT

R.C.G. 03/08/11

THISEQUIPMENTWILLBE CONSTRUCTERCCORDING O

THISCERTIFIEDDOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT

C FOR KNOWLEGDE H ELIMINATED

D TO QUOTE J CERTIFIED

E FOR CONSTRUCTION

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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m <t [~ @[BASIC ENGINEERING XSTRATA NUMBER: SHEET
L2 = = D e PRON FEEDER 25580-220-V1A-MHFA-00186
W m M ELECTRICAL LOADS' LIST METSO NUMBER: REV.
= 2141020344004 )

-NOMINAL CURRENT SCM-SQUIRREL CAGE MOTOR MA-WOUND ROTOR

LEGEND: IP-START CURRENT MS-SYNCHRONOUS MOTOR ME-SPECIAL MOTOR
B-LOCKED ROTOR WITHSTAND TIME (s) MC-DIRECT CURRENT MOTOR
IDENTIFICATION NOMINAL POWER | POLES NN cos PROTECTION
TAG APPLICATION TYPE| HP kW) nuwger| VOLTAGE ) |PHASE] IN (&) IP/IN o |8 [MoToR FRAME[ PRUECION |MANUFACTURER 0BS
0240-FEA-0007-M1 PUMP OF HYDRAULIC MOTOR scm| 75.00 56.00 4 460 3 89 948 | o83 MIBN o> SMCL - 1pss ABB
CANCELED
HAGGLUNDS TYPE: HDCA
0240-FEA-0007-M2 COOLER PUMP OF HYDRAULIC UNIT scMm| 3.00 2.20 6 460 3 IP55 DRIVES 27545500
0240-FEA-0007-HXD HEATER OF THE HYDRAULIC UNIT 0.90 0.67 460 - - - - - - BACKER TYPE OE331/K7
0240-FEA-0007-M3 PUMP OF GREASE LUBE SYSTEM scMm| 0.16 0.07 230 1 16 1.80 075 | 8 71 IPW55 WEG

HEATER OF HYDRAULIC DRIVE MOTOR 0.06 - 230 1

HEATER OF THE COOLER FAN MOTOR 0.027 - 230 1

REPOSITORIO DE
TESIS UCSM
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XSTRATA TINTAYA S.A.
I SProJECT: ANTAPACCAY PROJECT
LOCATION: CUSCO, PERU

EQUIPMENT NO.:
P.O. NO.:
UNIT:

0240-FEA-0006-M1
25580-220-POA-MHFA| >
LOW VOLTAGE AC INDUCTION MOTORS

LINE No.| DESCRIPTION uNits | speciFiED | SELLER PROPOSAL

1.00 [GENERAL

1.01 Manufacturer - By Seller ABB LV Motors

1.02 JAddress / Location of assembly plant - By Seller Vaasa Finland

1.03 Phone / fax - By Seller +358102211

1.04 lemail address - By Seller NA

1.05 Proposal No. / Date - By Seller NA

1.06 Location of Assembly Plant - By Seller Vaasa Finland

1.07 Catalog / Serial / Model / No. - By Seller 3GBN802230-BDG
2.00 |SITE CONDITIONS (Environment)

2.01 Altitude m.a.s.l. 4200 4200

2.02 JAmbient temperature max °C 22 22

2.03 JAmbient temperature min °C -10 -10

2.04 JAmbient temperature Average °C 8.3 8.3

2.05 Hazardous Location Motors - Not Required Not Rquiered

2.06 Explosion Proof Class - N/A IN/A

2.07 Explosion Proof Group - N/A IN/A

2.08 Explosion Proof Division - N/A IN/A
3.00 |POWER SYSTEM

3.01 Rated Voltage Vi 480 460

3.02 Phases ph 3 ph 3

3.03 Frequency Hz 60 60

3.04 Short circuit Capacity KA 65 kA NA

3.05 Grounding Type - Solid Solid
4.00 |MOTOR STANDARD NEMA MG-1 2006 NEMA
5.00 |LOAD MECHANICAL CHARACTERISTICS

5.01 Driven equipment - As per MR Hydraulic Motor

5.02 Shaft coupling method - As per MR Torsionally felxible coupling

5.03 Mounting Position - As per MR Vertical

5.04 Speed Type - As per MR

5.05 Speed Range - As per MR

5.06 Duty Type - As per MR

5.07  |Locations Indoor/outdoor Outdoor Outdoor
6.00 |MOTOR DATA

6.01 [Type of Induction Motor - SCIM SCIM

6.02 Power Output HP/KW each specific application 75156

6.03 Rated Voltage \ 460 460

6.04 Phases ph 3 3

6.05 Frequency Hz 60 60

6.06 Service Factor @ operating altitude - 1.15 1.15

6.07 Poles - By Seller 4

6.08 RPM RPM By Seller 1785

6.09 Minimum terminal voltage during starting per unit 0.85 0.86

6.10 Nema Design - B B

6.11 Insulation Class - F F

6.12 [Temperature rise - Class B (80°C) at full load F

6.13 Special insulations considerations - Not required NA

6.14 Enclosure - TEFC TEFC self ventilated

6.15 Frame - By Seller M3BN 405 SMC 4 / 405

6.16 eight b/ kg By Seller 1090 / 495

6.17 Starting Method DOL: Direct On Line each specific application

SS: Sof_t Starter ) } DOL
AFD: Adjustable Frequency Driver

~ DATA SHEET FOR LOW VOLTAGE J08 o,

X Tmetso INDUCTION MOTORS DATA SHEET No. REV. No.
Xstrata _ 2

¥ Sheet 2 of 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein shall be
held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA / ANTAPACCAY

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD
ATOLICA
E SANTA MARIA

N /RN

n
XSTRATA TINTAYA S.A.
I SProJECT: ANTAPACCAY PROJECT
LOCATION: CUSCO, PERU

EQUIPMENT NO.:
P.O. NO.:
UNIT:

0240-FEA-0007-M1
25580-220-POA-MHFA-00001
LOW VOLTAGE AC INDUCTION MOTORS

LINE No.| DESCRIPTION uNits | speciFiED | SELLER PROPOSAL

1.00 [GENERAL

1.01 Manufacturer - By Seller ABB LV Motors

1.02 JAddress / Location of assembly plant - By Seller Vaasa Finland

1.03 Phone / fax - By Seller +358102211

1.04 lemail address - By Seller NA

1.05 Proposal No. / Date - By Seller NA

1.06 Location of Assembly Plant - By Seller Vaasa Finland

1.07 Catalog / Serial / Model / No. - By Seller 3GBN802230-BDG
2.00 |SITE CONDITIONS (Environment)

2.01 Altitude m.a.s.l. 4200 4200

2.02 JAmbient temperature max °C 22 22

2.03 JAmbient temperature min °C -10 -10

2.04 JAmbient temperature Average °C 8.3 8.3

2.05 Hazardous Location Motors - Not Required Not Rquiered

2.06 Explosion Proof Class - N/A IN/A

2.07 Explosion Proof Group - N/A IN/A

2.08 Explosion Proof Division - N/A IN/A
3.00 |POWER SYSTEM

3.01 Rated Voltage Vi 480 460

3.02 Phases ph 3 ph 3

3.03 Frequency Hz 60 60

3.04 Short circuit Capacity KA 65 kA NA

3.05 Grounding Type - Solid Solid
4.00 |MOTOR STANDARD NEMA MG-1 2006 NEMA
5.00 |LOAD MECHANICAL CHARACTERISTICS

5.01 Driven equipment - As per MR Hydraulic Motor

5.02 Shaft coupling method - As per MR Torsionally felxible coupling

5.03 Mounting Position - As per MR Vertical

5.04 Speed Type - As per MR

5.05 Speed Range - As per MR

5.06 Duty Type - As per MR

5.07  |Locations Indoor/outdoor Outdoor Outdoor
6.00 |MOTOR DATA

6.01 [Type of Induction Motor - SCIM SCIM

6.02 Power Output HP/KW each specific application 75156

6.03 Rated Voltage vV 460 460

6.04 Phases ph 3 3

6.05 Frequency Hz 60 60

6.06 Service Factor @ operating altitude - 1.15 1.15

6.07 Poles - By Seller 4

6.08 RPM RPM By Seller 1785

6.09 Minimum terminal voltage during starting per unit 0.85 0.86

6.10 Nema Design - B B

6.11 Insulation Class - F F

6.12 [Temperature rise - Class B (80°C) at full load F

6.13 Special insulations considerations - Not required NA

6.14 Enclosure - TEFC TEFC self ventilated

6.15 Frame - By Seller M3BN 405 SMC 4 / 405

6.16 eight b/ kg By Seller 1090 / 495

6.17 Starting Method DOL: Direct On Line each specific application

SS: Sof_t Starter ) } DOL
AFD: Adjustable Frequency Driver

~ DATA SHEET FOR LOW VOLTAGE J08 o,

X Tmetso INDUCTION MOTORS DATA SHEET No. REV. No.
xstrata 25580-220-V1A-MHFA-00187 2

Sheet 2 of 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein shall be
held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA / ANTAPACCAY

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




XSTRATA TINTAYA S.A.

EQUIPMENT NO0240-FEA-0007-M1

=PROJECT: ANTAPACCAY PROJECT P.O.NO.: 25580-220-POA-MHFA-00001
LOCATION: CUSCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL
6.16 Motor Efficiency Type - NEMA Premium High Efficiency (IE2)
6.17 Efficiency at 100% of full load % By Seller 94.5
6.18 Efficiency at 75 % of full load % By Seller 94
6.19 Efficiency at 50 % of full load % By Seller 91.7
6.20 Power Factor at 100% of full load % By Seller 0.83
6.21 Power Factor at 75 % of full load % By Seller 0.77
6.22 Power Factor at 50 % of full load % By Seller 0.68
6.23 Full Load Current A By Seller 89
6.24 Locked rotor current @ Full Voltage A By Seller 844
6.25 Locked rotor current @ 90% Voltage A By Seller
6.26 [Sound Power Level (No Load) @ 1 meter dBA 90 dBA (Max) - By Motor 70 dBA (at load)
Manufacturer
6.27 JAllowable Stall Time @ Full Voltage (s) sec By Seller NA
6.28 JAllowable Stall Time @ 90 % Voltage (s.) sec By Seller NA
6.29 Starting Torque @ Minimum Starting Voltage % 120% of driven load 239%
6.30 Winding Connection Wye Delta
6.31 Number of starts per hours (cold/hot) No. By Seller 375
6.32 [Thermal life of insulation at rated load at 40° ambient. yrs By Seller 25
7.00 BEARINGS
7.01 [Type - Anti-friction Ball Bearings
7.02 Lubrication Method - Re-greasable Re-greasable
7.03 Manufacturer & Number - By Seller 6315/C3 - 6316/C3
7.04 Bearing Life. L-10 life, 100,000 hrs for direct coupled; According ISSO 281
60,000 hours for conveyor idlers and blower; 80,000
hours for gear drives, reducers and pillow block for hrs By Seller
lconveyor pulleys and 3,000 hours for trolleys and hoists
7.05 Bearing Protection Labyrinth type Taconite seal Labyrinth seal
8.00 IADDITIONAL REQUIREMENTS FOR AFD SERVICE NA
8.01 Inverter Type -
8.02 Rated operation modes - VT / CT / CP -
8.03 Rated power output at Base Speed hp
8.04 Base Speed rpm
8.05 Constant Power speed range rpm
8.06 Constant Torque speed range rpm
8.07 Continuous Constant Torque speed range rpm
8.08 Variable Torque speed range rpm
8.09 Variable Torque speed exponent -
8.10 Starting (breakaway) torque per unit
8.11 Run up torque per unit
8.12 Inching speed rpm
8.13 Inching torque per unit
8.14 Inching duration min
g DATA SHEET FOR LOW VOLTAGE JO8 No.
xs[f[a ?:, metso INDUCTION MOTORS DATA SHEET No. REV. No.
f 25580-220-V1A-MHFA-00187 2
Sheet 3 of 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein
shall be held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA /
ANTAPACCAY

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




XSTRATA TINTAYA S.A.

- N ST
EQUIPMENT NO.: 0240-FEA-0007-M1

mPROJECT: ANTAPACCAY PROJECT P.O.NO.: 25580-220-POA-MHFA-00001
SLOCATION: CUSCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL

9.00 JACCESSORIES
9.01 Space Heaters Required for TEFC 75 kW /

100 hp motors and above
9.02 Space Heaters Volts \V2 220V 220
9.03 Space Heaters Watts W By Seller 60W
9.04 Separate Space Heater Connection - Required Yes
9.05 Space heater terminal box location - By Seller Inside main terminal box
9.06 RTD's - NA
9.07 Winding Temperature RTD’s ( 6 - 2 per phase ) B Required for 298 kW / 400 NA

- - - hp motors and above

9.08 Bearing Temperature RTD’s ( 2 - 1 per bearing ) NA
9.09 Separate RTD box - Required NA
9.10 RTD’s terminal box location - By Seller NA
9.11 Moisture System for Submersible Motors - humidity sensor required NA
9.12 Cable Entry Length for Submersible Motors - By Seller NA
9.13 Ground lugs inside main terminal box - Required Yes
9.14 Ground lugs on frame (2/0 AWG cable) - Required Yes
9.15 Main terminal box location - By Seller Top
9.16 Space heater terminal box location - By Seller Inside the main terminal box
9.17 Motor Manufacturer nameplate with all motor parameters - Required Yes
9.18 Nameplates shall be stainless steel Required Yes
9.19 Nameplates shall include operation altitude of 4200 masl indication Required Yes
9.20 Lifting lugs or eyesbolts for frames 182 and larger Required Yes

According to requirements

10.00 [TESTING of NEMA MG1 p. 12.55.2
10.01 ROUTINE TESTS
10.02  |Measurement of Winding Resistance - Required Yes
10.03  |No load current and speed at rated voltage and frequency - Required Yes
10.04  |Current input at rated frequency with rotor at standstill for squirrel-cage motors - Required Yes
10.05 [High-potential test - Required Yes
10.06 R
10.07 ISPECIAL TESTING -
10.08 |Determination of efficiency at 100%, 75% and 50% of full load % Not Required
10.09 |Determination of power factor at 100%, 75% and 50% of full load % Not Required
10.10 |Temperature rise test °C Not Required
10.11  |Measure locked rotor current A Not Required
10.12  |Measure breakdown and starting torques - Not Required
10.13  |Sound test per IEEE 85 dBA Not Required
10.14  |Speed torque test - Not Required
10.15 [Bearing Temperature °C Not Required
JOB No.
X b metso DATA SHEET FOR LOW VOLTAGE INDUCTION DATA SHEET No REV. No
- MOTORS - e
-l 25580-220-V1A-MHFA-00187 2
Sheet 4 0f 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein shall be held in
confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA / ANTAPACCAY

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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TESIS UCSM e DE SANTA MARIA

copper

BASIC ENGINEERING XSTRATA NUMBER: SHEET
?gg\:?gﬁgfg EE&?ER 25580-220-V1A-MHFA-00194
FEA- : REV.
ELECTRICAL LOADS' LIST METSO NUMBER:
2141020345004 2
REV.| DATE | BY |VER.|APR.| AUT | TE DESCRIPTION

1 | 6/30/2011 | JVC | DHF | RCG | RCG B |FIRST ISSUE

2 8/3/2011 | JVC | DHF | RCG | RCG E |GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
anatysis, testmethods, or materiats devetoped-or-setectedby SELLER-and-does ot efieve
SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed

4 Review not required. Work may proceed
2 Revise & Resubmit. Work may proceed
subject to incorporation of changes 5 Cancelled / Superseded

Document Status: 4

P —— 5ue: 97572071 00Z00:00

piscipine: EM - Mechanical Doc Type Code: V1A

s 25580-220 w7 25580-220-VIA-MHFA-00104
suom 002 cauip # 0240-FEA-0008;

Progam# GRD-102034-083-11;

Job # P #

SEQ# Equip #

CERTIFIED
DOCUMENT

R.C.G. 03/08/11

THISEQUIPMENTWILLBE CONSTRUCTEBCCORDINGO

THIS CERTIFIELDOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT

C FOR KNOWLEGDE H ELIMINATED

D TO QUOTE J CERTIFIED

E FOR CONSTRUCTION

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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3 m xstrata () metso LOADS' LIST ANTAPACCAY PROJECT
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m <t [~ @[BASIC ENGINEERING XSTRATA NUMBER: SHEET
L2 = = D e PRON FEEDER 25580-220-V1A-MHFA-00194
W m M ELECTRICAL LOADS' LIST METSO NUMBER: REV.
= 2141020345004 )

-NOMINAL CURRENT SCM-SQUIRREL CAGE MOTOR MA-WOUND ROTOR

LEGEND: IP-START CURRENT MS-SYNCHRONOUS MOTOR ME-SPECIAL MOTOR
B-LOCKED ROTOR WITHSTAND TIME (s) MC-DIRECT CURRENT MOTOR
IDENTIFICATION NOMINAL POWER | POLES NN cos PROTECTION
TAG APPLICATION TYPE| HP kW) nuwger| VOLTAGE ) |PHASE] IN (&) IP/IN o |8 [MoToR FRAME[ PRUECION |MANUFACTURER 0BS
0240-FEA-0008-M1 PUMP OF HYDRAULIC MOTOR scm| 75.00 56.00 4 460 3 89 948 | o83 MIBN o> SMCL - 1pss ABB
CANCELED
HAGGLUNDS TYPE: HDCA
0240-FEA-0008-M2 COOLER PUMP OF HYDRAULIC UNIT scMm| 3.00 2.20 6 460 3 IP55 DRIVES 27545500
0240-FEA-0008-HXD HEATER OF THE HYDRAULIC UNIT 0.90 0.67 460 - - - - - - BACKER TYPE OE331/K7
0240-FEA-0008-M3 PUMP OF GREASE LUBE SYSTEM scMm| 0.16 0.07 230 1 16 1.80 075 | 8 71 IPW55 WEG

HEATER OF HYDRAULIC DRIVE MOTOR 0.06 - 230 1

HEATER OF THE COOLER FAN MOTOR 0.027 - 230 1

REPOSITORIO DE
TESIS UCSM



REPQSITORIO DE 5&T%,  UNIVERSIDAD

CATOLICA
lC !
TESIS UC =% DE SANTA MARIA
xstrata (/) metso ANTAPACCAY PROJECT
CcO p p er

BASIC ENGINEERING XSTRATA NUMBER: SHEET
$§'GV\Q?§2§';RF%’: zgggER 25580-220-V1A-MHFA-00192
INSTRUMENTS' LIST METSO NUMBER: REV.

2141020345002 2
REV. DATE BY |VER.| APR. | AUT TE DESCRIPTION

1 7/1/2011 | JVC | DHF | RCG | RCG B |FIRST ISSUE

2 8/5/2011 | JVC | DHF | RCG | RCG E |GRD 25580-220-G26-GPS-06225

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
Jysis; test method erial tectedby SELLER.and-6 rel

SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT procee

4 Review not required. Work may proceed
2 Revise & Resubmit. Work may proceed

subject to incorporation of changes 5 Cancelled / Superseded

Document Status: 4

Reviewer Name: pate: 9/5/2011 00:00:00

piscipine: EM - Mechanical Doc Type Code: V1A

"o 25580-220 o s 25580-220-VIA-MHFA-DO1OR

sum 002 caup » 0240-FEA-0008;

program# GRD-102034-083-11;

Jotr -

SEQ# Equip #

CERTIFIED
DOCUMENT
R.C.G. 05/08/11

THISEQUIPMENTWILLBE CONSTRUCTERCCORDING O
THISCERTIFIEDDOCUMENT.

TE - TYPE OF EMISSION (by METSO)

A PRELIMINARY F AS PURCHASED
B FOR APPROVED G AS BUILT

C FOR KNOWLEGDE H ELIMINATED

D TO QUOTE J CERTIFIED

E FOR CONSTRUCTION

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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= xstrata ) INSTRUMENT LIST ANTAPACCAY PROJECT
o
72 [BASIC ENGINEERING XSTRATA NUMBER: SHEET
7w} 60" WIDE APRON FEEDER 25580-220-V1A-MHFA-00192
N
= TAG N° 0240-FEA-0008
= INSTRUMENTS' LIST METSO NUMBER: REV.:
2141020345002 2
TAG IDENTIFICATION LOCATION DESCRIPTION (FUNCTION) MANUFACTURER MODEL TYPE OBSERVATION
HS-01111-01 60" APRON FEEDER 0240-FEA-0008 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
HS-01112-01 60" APRON FEEDER 0240-FEA-0008 PULL CORD EMERGENCY STOP CONVEYOR COMPONENTS RS-2E PULLCORD SWITCH DPDT
" SUPPLIED BY
LX-01114 / LSH-01114 60" APRON FEEDER 0240-FEA-0008 PLUGGED DISCHARGE CHUTE HYCONTROL HYCMWSSTSR110X] MICROWAVE LEVEL SWITCH BECHTEL
SE/SSL-01113 60" APRON FEEDER 0240-FEA-0008 ZERO SPEED DETECTOR MILLTRONICS MSP-12/MF A4P LIGHT PULSES MEASURE
" B-KM-8130-N5 / SUPPLIED BY
YA-01115/ YL-01115 60" APRON FEEDER 0240-FEA-0008 PRE-START WARNING EDWARDS SIGNALING A9R-N5-40WH HORN & BEACON BECHTEL
PSH-01727 GREASE LUBE SYSTEM HIGH PRESSURE SENSOR ASTA TP AT DA 40 1A DIAPHRAGM
LSL-01728 GREASE LUBE SYSTEM LOW LEVEL SWITCH KAP LB305H LIMIT SWITCH
KS-01729 GREASE LUBE SYSTEM CICLE COUNTER KAP LB305K LIMIT SWITCH
Pl GREASE LUBE SYSTEM PRESSURE GAUGE WOERNER HDB.A THERE'S NO TAG
FOR THIS
COMPONENTS AS
CUSTOMER
PSV GREASE LUBE SYSTEM PRESSURE RELIEF VALVE WOERNER / WIKA 111.16 MANOMETER SPECS.
TE-01736 HYDRAULIC DRIVE LUBE SYSTEM OIL TEMPERATURE SENSOR INOR 66RNS1011251213 >Z>_.m0_mOZMW_M_u_um~Wﬁp._.C_um BY HAGGLUNDS
LIT-01737 HYDRAULIC DRIVE LUBE SYSTEM LOW LEVEL SENSOR Bihler 63 kN L=370 LEVEL SENSOR BY HAGGLUNDS

REPQOSITORIO DE

1VOS

i tigat

€MmICosS € Inves

I3

d

Ines aca

torizada con f

2
17}
<}
p—
<
)
177}
>
S
S
o
=
<1}
S
(<5}
S
1<)
.
(<)
=
=
©
o
c
=
B
=
L.
Gl
—
8
-m v
A
= =
»
(=
L

Publ




PDSH-01732

HYDRAULIC DRIVE LUBE SYSTEM

OIL FILTER PRESSURE SWITCH (DRAIN LINE)

Hagglunds Drives

VD 2.2
LE.1/-30C-SO378-03
507800

FILTER INDICATOR

BY HAGGLUNDS

PDSH-01730

HYDRAULIC DRIVE LUBE SYSTEM

OIL FILTER PRESSURE SWITCH (RETURN LINE)

Hagglunds Drives

VD 2.2
LE.1/-30C-SO378-03
507800

FILTER INDICATOR

BY HAGGLUNDS

ZS-01733 HYDRAULIC DRIVE LUBE SYSTEM SUCTION VALVE LIMIT SWITCH (MAIN HYD PUMP) STEUTE ES 95 R 10/1S SUCTION LINE INDICATOR BY HAGGLUNDS
PSL-01738 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR HYDAC EDS 410-060-4-062 PRESSURE SWITCH BY HAGGLUNDS
PSL-01739 HYDRAULIC DRIVE LUBE SYSTEM LOW CHARGE PRESSURE SENSOR (ACCUMULATOR) HYDROPA DS-802/M 0,5-15 bar PRESSURE SWITCH BY HAGGLUNDS
PIT-01735 HYDRAULIC DRIVE LUBE SYSTEM PRESSURE TRANSMITTER HYDAC HDAA4745-A-400-000 PRESSURE TRANSMITTER BY HAGGLUNDS

ZT-01720

HYDRAULIC DRIVE LUBE SYSTEM

SPEED DRIVE SENSOR (ENCODER)

Hagglunds DRIVES

SPDB-3600

SPEED ENCODER

BY HAGGLUNDS

1VOS

igat

t

IS

ta tes

FY-01741 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW A-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
FY-01742 HYDRAULIC DRIVE LUBE SYSTEM PROPORTIONAL VALVE (FLOW B-PORT) Hagglunds DRIVES 577 6216-056 SOLENOID BY HAGGLUNDS
75-01743 HYDRAULIC DRIVE LUBE SYSTEM S ALV S TCH (A-PORT) REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS
7501744 HYDRAULIC DRIVE LUBE SYSTEM m:cﬁ%mﬂw\_w_w/_\m w_,\k_mqmq%mﬂ\_%d REMOTE CONTROL RCE 4L MEK LIMIT SWITCH BY HAGGLUNDS
TE-01745 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE MOTOR #1 ABB 3GZF360 PTC BY HAGGLUNDS
TE-01746 HYDRAULIC DRIVE LUBE SYSTEM THERMISTOR HIGH TEMPERATURE COOLING MOTOR ABB 3GZF360 PTC BY HAGGLUNDS
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REPOSITORIO DE

CLIENT: XSTRATA TINTAYA S.A.

PROJECT TITLE: ANTAPACCAY PROJECT

PROJECT LOCATION: CUSCO, PERU

P.O.N°: 25580-220-POA-MHFA-00001

UNIT: LOW VOLTAGE AC INDUCTION MOTORS
EQUIPMENT TITLE: STOCKPILE CRUSHER RECLAIM APRON FEEDER
EQUIPMENT N°: 0240-FEA-0008-M1

REFER TO SPECIFICATION N°: 25580-220-3PS-MUMI-00001
For General Requirements

APPLICABLE CODES NEMA MG 1-2006 Revision 1
SELLER DOCUMENT REVIEW

COMMENTS: R
DO:::]:"(:I;::‘(:!DZ(E\IDH of changes 5 Cancelled / Superseded
e e =.:9/5/2011 00:00:00

TAG ID's As per MR. oiapine: EM - Mechanical o0s Type cote: VIA
Yoo 2obBU-220 Ve # 25580-220-VIA-MHFA-001¢

s 002 ANIA;
CERTIFIED
DOCUMENT
R.C.G. 05/08/11
THISEQUIPMENTWILLBE CONSTRUCTEBCCORDINGO N° Metso: 2141020345005
THISCERTIFIEDDOCUMENT.
2 5-Aug-11 GRD 25580-220-G26-GPS-06225 DHF JVC RCG
1 30-Jun-11 FIRST ISSUE DHE JVC RCG
REV DATE REASON FOR REVISION BY CHECK EGS PE CLIENT
JOB No.
DATA SHEET FOR LOW VOLTAGE
™ DATA SHEET No. REV. No.
xs%g[-a (¢’ metso INDUCTION MOTORS
25580-220-V1A-MHFA-00195 2
Sheet 1 0of 4

Electronic documents, once printed, are uncontrolled and may become outdated

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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XSTRATA TINTAYA S.A.
I SProJECT: ANTAPACCAY PROJECT
LOCATION: CUSCO, PERU

EQUIPMENT NO.:
P.O. NO.:
UNIT:

0240-FEA-0008-M1
25580-220-POA-MHFA-00001
LOW VOLTAGE AC INDUCTION MOTORS

LINE No.| DESCRIPTION uNits | speciFiED | SELLER PROPOSAL

1.00 [GENERAL

1.01 Manufacturer - By Seller ABB LV Motors

1.02 JAddress / Location of assembly plant - By Seller Vaasa Finland

1.03 Phone / fax - By Seller +358102211

1.04 lemail address - By Seller NA

1.05 Proposal No. / Date - By Seller NA

1.06 Location of Assembly Plant - By Seller Vaasa Finland

1.07 Catalog / Serial / Model / No. - By Seller 3GBN802230-BDG
2.00 |SITE CONDITIONS (Environment)

2.01 Altitude m.a.s.l. 4200 4200

2.02 JAmbient temperature max °C 22 22

2.03 JAmbient temperature min °C -10 -10

2.04 JAmbient temperature Average °C 8.3 8.3

2.05 Hazardous Location Motors - Not Required Not Rquiered

2.06 Explosion Proof Class - N/A IN/A

2.07 Explosion Proof Group - N/A IN/A

2.08 Explosion Proof Division - N/A IN/A
3.00 |POWER SYSTEM

3.01 Rated Voltage Vi 480 460

3.02 Phases ph 3 ph 3

3.03 Frequency Hz 60 60

3.04 Short circuit Capacity KA 65 kA NA

3.05 Grounding Type - Solid Solid
4.00 |MOTOR STANDARD NEMA MG-1 2006 NEMA
5.00 |LOAD MECHANICAL CHARACTERISTICS

5.01 Driven equipment - As per MR Hydraulic Motor

5.02 Shaft coupling method - As per MR Torsionally felxible coupling

5.03 Mounting Position - As per MR Vertical

5.04 Speed Type - As per MR

5.05 Speed Range - As per MR

5.06 Duty Type - As per MR

5.07  |Locations Indoor/outdoor Outdoor Outdoor
6.00 |MOTOR DATA

6.01 [Type of Induction Motor - SCIM SCIM

6.02 Power Output HP/KW each specific application 75156

6.03 Rated Voltage vV 460 460

6.04 Phases ph 3 3

6.05 Frequency Hz 60 60

6.06 Service Factor @ operating altitude - 1.15 1.15

6.07 Poles - By Seller 4

6.08 RPM RPM By Seller 1785

6.09 Minimum terminal voltage during starting per unit 0.85 0.86

6.10 Nema Design - B B

6.11 Insulation Class - F F

6.12 [Temperature rise - Class B (80°C) at full load F

6.13 Special insulations considerations - Not required NA

6.14 Enclosure - TEFC TEFC self ventilated

6.15 Frame - By Seller M3BN 405 SMC 4 / 405

6.16 eight b/ kg By Seller 1090 / 495

6.17 Starting Method DOL: Direct On Line each specific application

SS: Sof_t Starter ) } DOL
AFD: Adjustable Frequency Driver

~ DATA SHEET FOR LOW VOLTAGE J08 o,

X Tmetso INDUCTION MOTORS DATA SHEET No. REV. No.
xstrata 25580-220-V1A-MHFA-00195 2

Sheet 2 of 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein shall be
held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA / ANTAPACCAY
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XSTRATA TINTAYA S.A.

EQUIPMENT NO0240-FEA-0008-M1

=PROJECT: ANTAPACCAY PROJECT P.O.NO.: 25580-220-POA-MHFA-00001
LOCATION: CUSCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL
6.16 Motor Efficiency Type - NEMA Premium High Efficiency (IE2)
6.17 Efficiency at 100% of full load % By Seller 94.5
6.18 Efficiency at 75 % of full load % By Seller 94
6.19 Efficiency at 50 % of full load % By Seller 91.7
6.20 Power Factor at 100% of full load % By Seller 0.83
6.21 Power Factor at 75 % of full load % By Seller 0.77
6.22 Power Factor at 50 % of full load % By Seller 0.68
6.23 Full Load Current A By Seller 89
6.24 Locked rotor current @ Full Voltage A By Seller 844
6.25 Locked rotor current @ 90% Voltage A By Seller
6.26 [Sound Power Level (No Load) @ 1 meter dBA 90 dBA (Max) - By Motor 70 dBA (at load)
Manufacturer
6.27 JAllowable Stall Time @ Full Voltage (s) sec By Seller NA
6.28 JAllowable Stall Time @ 90 % Voltage (s.) sec By Seller NA
6.29 Starting Torque @ Minimum Starting Voltage % 120% of driven load 239%
6.30 Winding Connection Wye Delta
6.31 Number of starts per hours (cold/hot) No. By Seller 375
6.32 [Thermal life of insulation at rated load at 40° ambient. yrs By Seller 25
7.00 BEARINGS
7.01 [Type - Anti-friction Ball Bearings
7.02 Lubrication Method - Re-greasable Re-greasable
7.03 Manufacturer & Number - By Seller 6315/C3 - 6316/C3
7.04 Bearing Life. L-10 life, 100,000 hrs for direct coupled; According ISSO 281
60,000 hours for conveyor idlers and blower; 80,000
hours for gear drives, reducers and pillow block for hrs By Seller
lconveyor pulleys and 3,000 hours for trolleys and hoists
7.05 Bearing Protection Labyrinth type Taconite seal Labyrinth seal
8.00 IADDITIONAL REQUIREMENTS FOR AFD SERVICE NA
8.01 Inverter Type -
8.02 Rated operation modes - VT / CT / CP -
8.03 Rated power output at Base Speed hp
8.04 Base Speed rpm
8.05 Constant Power speed range rpm
8.06 Constant Torque speed range rpm
8.07 Continuous Constant Torque speed range rpm
8.08 Variable Torque speed range rpm
8.09 Variable Torque speed exponent -
8.10 Starting (breakaway) torque per unit
8.11 Run up torque per unit
8.12 Inching speed rpm
8.13 Inching torque per unit
8.14 Inching duration min
g DATA SHEET FOR LOW VOLTAGE JO8 No.
xs[f[a ?:, metso INDUCTION MOTORS DATA SHEET No. REV. No.
f 25580-220-V1A-MHFA-00195 2
Sheet 3 of 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein
shall be held in confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA /
ANTAPACCAY
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XSTRATA TINTAYA S.A.

- N ST
EQUIPMENT NO.: 0240-FEA-0008-M1

mPROJECT: ANTAPACCAY PROJECT P.O.NO.: 25580-220-POA-MHFA-00001
SLOCATION: CUSCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL

9.00 JACCESSORIES
9.01 Space Heaters Required for TEFC 75 kW /

100 hp motors and above
9.02 Space Heaters Volts \V2 220V 220
9.03 Space Heaters Watts W By Seller 60W
9.04 Separate Space Heater Connection - Required Yes
9.05 Space heater terminal box location - By Seller Inside main terminal box
9.06 RTD's - NA
9.07 Winding Temperature RTD’s ( 6 - 2 per phase ) B Required for 298 kW / 400 NA

- - - hp motors and above

9.08 Bearing Temperature RTD’s ( 2 - 1 per bearing ) NA
9.09 Separate RTD box - Required NA
9.10 RTD’s terminal box location - By Seller NA
9.11 Moisture System for Submersible Motors - humidity sensor required NA
9.12 Cable Entry Length for Submersible Motors - By Seller NA
9.13 Ground lugs inside main terminal box - Required Yes
9.14 Ground lugs on frame (2/0 AWG cable) - Required Yes
9.15 Main terminal box location - By Seller Top
9.16 Space heater terminal box location - By Seller Inside the main terminal box
9.17 Motor Manufacturer nameplate with all motor parameters - Required Yes
9.18 Nameplates shall be stainless steel Required Yes
9.19 Nameplates shall include operation altitude of 4200 masl indication Required Yes
9.20 Lifting lugs or eyesbolts for frames 182 and larger Required Yes

According to requirements

10.00 [TESTING of NEMA MG1 p. 12.55.2
10.01 ROUTINE TESTS
10.02  |Measurement of Winding Resistance - Required Yes
10.03  |No load current and speed at rated voltage and frequency - Required Yes
10.04  |Current input at rated frequency with rotor at standstill for squirrel-cage motors - Required Yes
10.05 [High-potential test - Required Yes
10.06 R
10.07 ISPECIAL TESTING -
10.08 |Determination of efficiency at 100%, 75% and 50% of full load % Not Required
10.09 |Determination of power factor at 100%, 75% and 50% of full load % Not Required
10.10 |Temperature rise test °C Not Required
10.11  |Measure locked rotor current A Not Required
10.12  |Measure breakdown and starting torques - Not Required
10.13  |Sound test per IEEE 85 dBA Not Required
10.14  |Speed torque test - Not Required
10.15 [Bearing Temperature °C Not Required
JOB No.
X b metso DATA SHEET FOR LOW VOLTAGE INDUCTION DATA SHEET No REV. No
- MOTORS - e
-l 25580-220-V1A-MHFA-00195 2
Sheet 4 0f 4

© Metso. This document contains information that has been prepared by METSO on behalf of XTRATA/ANTAPACCAY and all information contained herein shall be held in
confidence. Disclosure, reproduction, or other use of this document is prohibited without the prior written consent of METSO / XTRATA / ANTAPACCAY
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Ore hardness

Medium hardness

\NTAPACCAY PROJECT [ANTAPACCAY No.: FOLHA:
APRON FEEDER 0240-FEA-0005@0008 25580-220-V1A-MHFA-00038 1/3
DATA SHEET METSO No.: REV.:
40102034025 3
OPERATING REQUIREMENT/CONDITIONS
Material Description Copper ore
Physical Characteristics:
Bulk density for volume 1.6 t/m’ Moisture content 5 %
for weight 1.89 t/m’ Material temperature NA °C
Angle of repose 37-40 Degrees Plant site elevation 4200 m.a.s.l

Publicacion autorizada con fines

académicos e investigativos

En su investigacion no olvide referenciar esta tesis

Particle size distribution: Size % passing (Cum.)
305 mm (TBC) 100
168 mm (TBC) 80
Feed hopper capacity: NA (Stockpile) t
Apron feeder location: mlndoor DOutdoor
Operating schedule 24 hrs. / day 365 days / yr.
Ambient
DATA BOX Plant Site Temp
Op / Stby |Balance, eaclg] Design each | Moisture Content Bulk density Elevation Range
TAG un. t/h t/h % t/m’ mas.l. €
0240-FEA-0005 @ 0008 |3 op /1 stby 1112 1280 3.0-50 1.6 4200 -10 to +25
CAPACITY AND POWER REQUIREMENTS
Balance capacity: 1112 t/h Installed electrical power 56 kW
Balance capacity speed: 0.15 m/s Motor Manufacturer ABB
Maximum design capacity: 1280 t/h Motor Service Factor 1.15
Maximum design cap. speed: 0.22 m/s Motor RPM 1785
* These information will be confirmed after the drive purchase
MODEL AND SIZE
Name : Coarse Ore Reclaim Apron Feeder
Manufacturer : METSO BRASIL INDUSTRIA E COMERCIO LTDA.
Model : AF5-60
Sizes : width: 60" (1 524 mm)
length:  30.67' (9 350 mm)
SELLER DOCUMENT REVIEW

1 Work mayproceed

2 Revise & Resubmit

Reviewer Name:

subject o incorporation of changes

Permission to proceed does not constitute acceptance or approval of design detai, calculations,
analysis, test methods, or materials developed or selected by SELLER, and does not relieve

SELLER from full compliance with contractual obligation.

3 Revise & Resubmit. Work may NOT proceed

4 Review not required. Work may proceed
Work may proceed
5 Cancelled / Superseded

Document Status: L

oue:6/16/2011 00:00:00

piscipiine: EM - Mechanical

Doc Type Code: VIA

Jo0# 25580-220

vp # 25580-220-V1A-MHFA-0003]

sum 003

Equip # 0240-FEA-0005;0240-FEA.

B
10006;0240-FEA-0007;0240-FEA-00(

Progam# NIA,

Job #

VP

SEQ#

Equip#
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COMPONENTS

Reducer, MFR.

Variable speed drive

Countershaft ratio NA Reducer type / model NA
Chain ratio NA Reducer ratio NA
V-belt ratio NA

Other NA

Torque limiting device NA

Drive Reduction Efficiency __93%

HOPPER AND SKIRT

CARRYING ROLLERS AND SHAFT

RETURN ROLLERS AND SHAFT

Hardness Not specified BHN

HEAD SHAFT AND BEARINGS
Shaft, material C4140 forged steel Bearing
Bearing diameter 220 mm Lubrication

TAIL SHAFT AND BEARINGS
Shaft, material NA Bearing type
Bearing diameter Not specified mm Lubrication

INSTRUMENTATION AND CONTROLS

Pull cord safety switch Yes
Speed detector Yes
Discharge plugged chute detector (tilt switch) Yes
Discharge plugged chute detector (microwave switch) Yes
Hydraulic motor control unit Yes
Control Unit Yes

LUBRICATION SYSTEM
Local lubrication system, each bearing fitted with grease fitting
for manual lubrication:
Automatic central pressure system, manually operated:
Automatic central pressure system, electrically operated:

HEAD SPROCKET
Material Cast manganese alloy Pitch diameter 581 mm
Tooth hardness 360 - 440 HB Type: Segmented X Non-segmented
Number of teeth 21 Reversible Non-reversible
TAIL WHEEL
Material Diameter 558 mm

Splitm Solid I_XJ Type: Segmentem Non-segmented LXJ

Material Carbon steel A-36 Liner: Material ASTM A 532 Class Il Type D
Thickness 10 mm Thickness 38 mm
Hardness 500 - 650 BHN

Material Hardened forged steel Bearing: Type Not specified

Diameter 203 mm mm Material Not specified

No. of rollers 52 Diameter (I.D.) Not specified mm
Spacing in impact area 330 mm Lubrication Lifetime lubrication

Material Hardened forged steel Bearing type Not specified
Diameter 173 mm mm Bearing: Material Not specified
No. of rollers / side 14 Diameter (I.D.) Not specified mm
Lubrication Lifetime lubrication
FEEDER PAN
Material Manganese Steel ASTM A128 gr. B Height of flange edges 52 mm
Thickness 38 mm Weight of pans 88 (each) kg
Width of pan 1524 (60") mm Deflection limited by (Describe) 2 impact beam (impact rails)
FEEDER CHAINS
Crawler tractor chains mYes DNO
Link: Material hardened steel Pitch 171.5 (6.75") mm
Hardness Not specified BHN No. of strands 2
Bushing:  Material hardened steel Chain pull, operating: 10826 kegf
Hardness Not specified BHN Max. allowable chain pull 86000 kegf
Pin: Material hardened steel Chain weight 7.6 kg

Spherical roller pillow block
Automatic lubrication

Not specified
Lifetime lubrication

[No
[No
[No
No
No
No

(for head shaft bearing pillow block )

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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WEIGHTS

Heaviest piece for maintenance Drive unit Heaviest piece for erection Assembled frame
Weight 1500 kg Weight 25 000 kg
Dimensions 2320 x 1500 x 1000 _mm x mm X mm Dimensions 12580 x 2500 x 1590 mm X mm X mm
DIMENSIONAL DATA
G
K
k‘ 2
\ /7 \
§8¢
so( I
<P % B
o
n
VIEWZ-Z
}
.............. i R E ke L
————————————————————————————————— e
21
_________________________________ pWipg
A: 1345 mm F 7106 mm K 2576 mm
B: 4004 mm G 8152mm L 2600mm
C: 1969 mm H 1488 mm M *NAmm
D: 998 mm 1 9350mm N *NAmm
E: 742mm J 1400mm
Inlet Flanged : DYCS mNo
Outlet Flanged: mYes DNO
Slope angle of feeder: Odegrees
o 74 degrees
B 74 degrees
% *60degrees
* According to the preliminary data sheet recieved from Bechtel
3 3-Jun-11 CT-19569 PRZ FEZ ISK
2 | 4-Nov-10 CT-19086 FEZ MFR ISK.
1 9-Sep-10 First issued TOV MFR ISK
EVJ] DATE DESCRIPTION BY CHECK, | APPROV,
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REPOSITORIO DE

@ Serie LB Interruptor de Posicion

Industrial

M |nterruptor metalico para aplicaciones industriales

= 2 opciones de cuerpos: DIN EN 50041 y con 3 entradas de cables
® Grado de Proteccién IP66

@ Cabezales intercambiables entre todos los cuerpos

® Posibilidad de montaje de los cabezales de 90° en 90°

A Circuito con capacidad 10A

m Operacion de los contactos con polaridad doble ®

m Ruptura positiva del contacto NC @ ¥

® Larga vida mecanica de los cabezales ©

® Opcion de LED frontal de sefializacion ©
Esquemas Eléctricos
Za
Zb 21 2
21— » 13 — 14 Circuito A
H 1
B — 14 41 { 42 3
Circuito B >
33 — | : 34 &
&
1NA + INC 2NA + 2NC 3
=%
o . £
Especificaciones @
@
Capacidad Eléctrica 10A en 250Vca g
I3
Corriente nominal termal (lth) 10A (IEC 60947-5-1) %
Tension de Aislamiento (Ui) 500 Vca (IEC 60947-5-1) 8
[
Resistencia de Contacto 50 m&2 maximo inicial (em 1A 5Vcc) 2
Temperatura Ambiente +85°C maximo @
Grado de Proteccién IP66 (EN 60529)
Interruptor Interno 1NA+1NC Bipolar. Circuito Forma Zb (IEC 60947-5-1): Contactos NA e NC eléctricamente aislados

Con ruptura positiva del contacto NC (IEC 60947-5-1): Garantizado por el curso (&),
decripto en los diagramas
Interruptor Interno 2NA+2NC Circuito de Forma Za (IEC 60947-5-1)

Contactos NA y NC no aislado eléctricamente

Circuitos A y B aislado eléctricamente

Vida Mecanica 10.000.000 ciclos
Vida Eléctrica 200.000 ciclos
Materiales Cuerpo: Zamak inyectado pintado
Cabezales: Zamak inyectado cincado (cabezales de movimiento angular)

Termoplastico inyectado (otros cabezales)

@ Modelos con interruptor interno 1INA+1NC

@ KAP COMPONENTES ELETRICOS Ltda.
Rev. 08 R. Carmo do Rio Verde, 78 S. Paulo - SP 04729-010 Fone: (0XX11) 5641-9898 Fax: (0XX11) 5641-1486 e-mail: export@kap.com.br LB1

Publicacién autorizada con fines académicos e investigativos
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@ Serie LB Interruptor de Posicic.’m

Industrial
Dimensiones

Dimensiones en mm 712x35

W o \e

Codigo | L1(mm)| L2(mm) Cédigo | L1(mm)| L2(mm) Cédigo | L1(mm) | L2(mm)
LB3 B 315 16 LB3_K 37.5 16 LB3_S 50.5 16
LB4 B | 305 14 LB4 K | 365 14 LB4_S | 495 14

v 1)

Cadigo | L1(mm)| L2(mm) Codigo | L1{mm)| L2(mm) Cadigo | H1(mm)| L1(mm)| L2(mm)|
LB3_H 56.5 16 LB3_V 30.5 16 LB3 XJ| 215 18 41
LB4_H 55.5 14 LB4_V 25 14 LB4 XJ | 205 16 39
Rodete normal en termoplastico Rodete normal en termoplastico Rodete normal en termoplastico
Para rodete metélico sustituir H por H1 Para rodete metalico sustituir V por V1 Para rodete metélico sustituir J por J1

. 250x9

-

32 hasta 100l

H1

Sujeto a medificaciones sin previo aviso

Cédigo | H1(mm)| L1(mm)| L2(mm) Cédigo | H1(mm)| L1(mm)| Codigo  |H1(mm) |L1(mm) [L2(mm)
LB3_YD| 215 40 56 LB3_YL| 215 56 LB3_YL2| 215 60 56
LB4_YD| 205 38 54 LB4_YL| 205 54 LB4_YL2| 20.5 58 54

Rodete normal en termoplastico Rodete normal en termoplastico Rodete en termoplastico con anillo

Para rodete metalico sustituir D por D1 Para rodete metélico sustituir L por L1 externo en goma

Para rodamiento sustituir D por D2

- -

10

Cédigo | H1(mm)| L1(mm) Cédigo | H1(mm)| L1(mm) Caédigo | H1(mm)| L1(mm)
LB3_YT| 215 53 LB3_YM| 215 52 LB3_Z| 145 16
LB4_YT| 205 51 LB4_YM| 205 50 LB4_Z | 144 14

(*2) KAP COMPONENTES ELETRICOS Ltda.
Rev.08 R. Carmo do Rio Verde, 78 S. Paulo- SP 04729-010 Fone: (0XX11) §641-0898 Fax: (0XX11) 5641-1486 e-mail: export@kap.com.br LB3

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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REPOSITORIO DE

@ Serie LB Interruptor de Posicién

Industrial

Caracteristicas
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Los cabezales pueden ser montados Palanca del cabezal YD regulable de Los cabezales tipo Y... pueden
sobre el cuerpo en cuatro posiciones 6 en 6° o de 90 en 90° sobre 360° operar el contacto cuando
distintas (de 90 en 90°) (conforme DIN 43694) accionados en los 2 sentidos, o solo

cuando accionado en el sentido
horario o anti-horario

Recomendaciones de Accionamiento

fig 2

* En el cabezal de pistén (fig 1), el elemento operador externo debe accionar el centro del pistén y tener
movimiento paralelo al eje del mismo non excediendo el curso maximo permitido para el piston (de tope). Para
accionar un cabezal de pistén en el sentido transversal, utilice el tipo S (com rodillo - fig2))

Sujeto a modificaciones sin previo aviso

* En los cabezales rotativos con palanca y rodillo (fig 5), el elemento operador externo debe accionar
perpendicularmente al eje de rotacion de la palanca y de preferencia perpendicular a ella.

* En los cabezales de palanca horizontal e vertical (tipos H y V), se recomienda apenas un sentido de
accionamiento (fig 3 y fig 4).

* El elemento operador externo debe ser previsto de tal forma que la posicién del curso maximo de operacion
de los cabezales (de tope) nunca sea alcanzada.

* Recomienda-se angulo maximo de ataque de 30° para brazo de accionamiento. El elemento operador externo
debe prever que, después de operar el cabezal, no haya un distanciamiento repentino en relacion a este.

@ Tipico

Accesorios

* Para modelos con LED de sefializacién, agregue después del cédigo:
QO p/LED 6Vca/Vcc; Q1 p/12VcalVec; Q2 p/24Vca/Nee; Q3 p/d48VcalVece, Q5 p/110Vca e Q6 p/220Vca

Interruptor de Reposicion | Interruptor de Reposicion Prensa-Cable
ME (p/ LB41) MES5 (p/ LB415) (Consulte Catalogo ZA)
LB3 (p/ LB30) LB35 (p/ LB305)

Produto

« 8

(2) KAP COMPONENTES ELETRICOS Ltda.
Rev. 08 R. Carmo do Rio Verde, 78 S. Paulo-SP 04729-010 Fone: (0XX11) 5641-9898 Fax: (0XX11) 5641-1486 e-mail: export@kap.com.br LB4

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis
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Specifications

Safety

Note: The Milltronics MFA 4p (Motion Failure Alarm) is to be used only in the manner
outlined in this manual, otherwise protection provided by the equipment may be
impaired.

Power

* 100/115/200/ 230 V AC +15%, 50/60 Hz, 15 VA

Output

e 2 relays with Form C (S.PD.T) fail-safe contacts (relays operate in unison)

Resistive Rating:
+ 8A@250VAC

Repeatability

e +1%

Temperature coefficient (setpoint variance)

* 0.018%/°C(0.01%/°F)

Setpoint adjustment range

e 210 3,000 ppm (pulses per minute): standard model

¢ 0.15to 15 ppm: slow speed version

Dynamic range

e 0t07200 ppm

Page 2 MFA 4p - INSTRUCTION MANUAL 7ML19985FMO1



Weight

* polycarbonate enclosure: 1.5 kg (3.3 Ib.)

* mild steel or stainless steel enclosure: 4.3 kg (9.5 Ibs.)

Approvals?

i CE, CSA(C/US)' FM
¢ EMC performance available on request

Environmental
¢ location: Indoor/outdoor
* altitude: 2000 m max.
* ambient temperature: —20 °C to 50 °C (—4 °F to 122 °F)
¢ relative humidity: suitable for outdoor (Type 4X / NEMA 4X / IP65)*
¢ installation category: Il
¢ pollution degree: 4

*Type 4/ NEMA 4 /IP65 with mild steel enclosure

>
(’a
Related Equipment Ambient Temperature Range ~ Approx wt. %
RMA —40°Ct0 60 °C (—40 °Fto 140°F)  2.3kg (51b) =)
MSP-12 —40 °C to 60 °C (40 °F to 140 °F ) 14 kg (3 1b)
XPP-5 —40 °C to 60 °C (40 °F to 140 °F) 1.8 kg (4 Ib)
MSP-1 —40 °C to 80 °C (—40 °F to 180 °F ) 0.5kg (11b)
MSP-3 —40°Ct0 260 °C (-40°Fto 500°F) 1.4 kg (31b)
MSP-9 —40°C to 260 °C (40 °Fto 500 °F) 1.8 kg (4 Ib)

L EMC performance available upon request.

7ML19985FMO1 MFA 4p - INSTRUCTION MANUAL Page 3



Installation

Milltronics MFA 4p

The MFA 4p (and RMA if applicable) must be mounted in a non-hazardous area that is
clean, dry, vibration-free, within the ambient temperature range, and non-corrosive to the
electronics or its enclosure. The door should be accessible for viewing and to allow
calibration of the MFA 4p.

Note: Do not mount MFA 4p in direct sunlight.

Probe

The probe should be mounted onto a vibration free structure using the mounting flange.
The gap between probe and target should be large enough to prevent the target from
damaging the probe. The probe environment must be within the probe's ambient
temperature range and non-corrosive to the probe's body. Refer to Applications drawings
on page 23.

The probe design detects a changing magnetic field, typically caused by a ferromagnetic
target disturbing the probe's magnetic field. Extremely strong magnetic fields (like those
produced by the 30A/m requirements of 1EC 60004-8, Power Frequency Magnetic Field
Immunity test) will be detected and will result in loss of functionality.

Functionality loss indicators:

e alarm conditions by relay trip
e false pulse readings in LED1

c
)
=
K
S
8
7]
=

Consider the probe location carefully before installation. Avoid strong magnetic fields
(50/60 Hz) from nearby power transformers, heater elements, or large industrial motors,
because these can affect the probe’s performance.

Wiring
Where possible, the probe components should be interconnected via flexible conduit.
This allows for easier removal or adjustment of the probe and mounting flange assembly.

Note: Installation shall only be performed by qualified personnel and in accordance
with local governing regulations.

Page 4 MFA 4p - INSTRUCTION MANUAL 7ML19985FMO1



Dimensions

MFA 4p
Type 4X / NEMA 4 / 1P65 Polycarbonate Enclosure
160 mm
(6.325")
1 O e —— (%Tsm) 82mm
(059) (5138 "7 (3.225')
r@_g @“ [ E=f5---oooooooo
240 mm |
(9.455")
228
@ @ (8.9722? :
\@ @ I A = 3:::::::::::i
~_ 7 \
mounting holes lid screws
4.3 mm (0.170")
dia. 4 places Suitable location for conduit entrance
Notes:

¢ Non-metallic enclosure does not provide grounding between conduit
connections: use grounding type bushings and jumpers.
¢ Use only approved, suitable size hubs for watertight application.

7ML19985FMO1 MFA 4p - INSTRUCTION MANUAL Page 5

=
7]
(7}
Q
)
=
o
S




Interconnection

MSP-1, 3, or 9 Probe with RMA (remote mounted
pre-amplifier)

~ MFA 4p

RMA
TB1

BLK A T3]
[ WHT T f

\
SHIELD

-
@
0

Elnle]

S

7k W o 6 8 Z 9 S

Maximum cable length from probe to RMA is 30 m / 100 ft of shielded cable, 18 ga. wire.
See table on page 9 for cable lengths from RMA to main group.

MSP-12 Probe with IMA (internally mounted pre-
amplifier)

" MFA 4p

c
o
=
[&]
()
c
c
o
(8]
S
[}
=
[

BLK
[ RED

2 W oF 6

Wire can be run in conduit common to motor supply or control wiring. Connection to
probe leads can be made under probe cap. See table on page 9 for lengths from probe at
MFA 4p.
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XPP-5 with IMA (internally mounted pre-amplifier)

. MFA 4p

WHT
[ BLK
[ GRN

I oF 6

[

XPP-5 cable must be run in dedicated, approved metal conduit, boxes and fittings and to
procedures in accordance with all governing regulations. See table below for lengths
from probe at MFA 4p.

Note: Refer to Interconnection Diagram for the XPP-5 (drawing number 23650131) on
page 21.

Cable length from RMA or IMA to MFA 4p

Wire Length in feet Length in
gauge metres
22 AWG 2500 760
(0.34 mm?)
18 AWG 5000 1520
(0.75 mm?)
12AWG 25000 7600
(4 mm?)

>
=3
D
=
(@]
o
>
>
(9]
Q
=
(@]
S
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Connection to power:

1 2 3 4 5 6 7 8 9 10 N 12

@@@@@@

@
ot DL LEL

RL1 INPUT
RELAYS SHOWN IN

DE-ENERGIZED POSITION
250V~~~ 8AMP

e Terminal 10 @ must be connected to reliable ground.

e  The equipment must be protected by a 15A fuse or circuit breaker in the building
installation.

e Acircuit breaker or switch in the building installation, marked as the disconnect
switch, shall be in close proximity to the equipment and within easy reach of the
operator.

e ACinput circuit, relay circuits, min. 14 AWG copper wire

*  Recommended torque on terminal clamping screws, 7 in.lbs. max.

' WARNING: All field wiring must have insulation suitable for at least
. 250V
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Probes

Mini Sensing Probe MSP-1

1" UNF

/ 3/4" NPT

1/2" NPT or
PG16, TAPPED
BOTH SIDES

8mm o (0.312")
4 HOLES

e CPVC body comes with 2 CPVC locknuts
e 180 cm (6 ft.) of Belden 8760 supplied potted in probe
¢ Remote mounted pre-amp in NEMA 4 cast aluminum enclosure.

High Temperature Probe MSP-3

2'NPSL
MOUNTING FLANGE
S, /\ / /
s / ) /\\
/ / LOCKNUT %,
( o
g PROBE BODY 50,

172 NPT
or PG16,TAPPED
BOTH SIDES

CAP clw 1/2" NPT
CONDUIT ENTRANCE

e (Cast aluminum body comes with cast aluminum cap and zinc flange, zinc plated
locknut, and silicone rubber gasket

e See page 22 for Flange and Mounting Details

e Pre-amp is mounted in a NEMA 4 cast aluminum enclosure

7ML19985FMO1 MFA 4p - INSTRUCTION MANUAL Page 17



Probes

Stainless Steel Probe MSP-9

22 mm ¢ (0.875")
2 PLACES

86 mm o
(3.375")

GASKET

CLAMPS
4 PLACES

CAP clw
22 mm ¢ HOLE

Z
Mo Sf ©
T (e = )
(0.875") 79, "6 092, S 3
7 W
8mm o (0.312')

4 PLACES

Mounting Details

6 mm (0.25") diameter four holes equally
spaced on a 114 mm (4.5") BCD

102mm
(47

/
)&/ R-4 NGS 95 mm (3.75") diameter
Probe clearance hole

¢ i WA

probe flange panel

e For high temperature and corrosion resistance applications

e 304 stainless steel body comes with stainless steel clamp and silicone gasket
o 15m(5ft) Belden 83321 Teflon®’ cable potted in probe

e Pre-amp is mounted in an enamel painted steel Hammond 1414N4E enclosure

L Teflonisa registered trademark of E.I. du Pont de Nemours and Company

Page 18 MFA 4p — INSTRUCTION MANUAL 7ML19985FMO1



Standard Probe MSP-12

2" NPSL
MOUNTING
;éjg)?/’h\ /0 / GLOCKNUT
J
0

PROBE BODY

L

CAP c/w
%" NPT or PG16
CONDUIT ENTRANCE

¢ Phenolic body comes with die-cast aluminum cap and zinc flange, zinc plated

locknut, and neoprene gasket
e See page 22 for Flange and Mounting Details
e Pre-amp is potted in the probe body and comes with two 127 mm (5") long hook-up

wires

7ML19985FMO1 MFA 4p - INSTRUCTION MANUAL Page 19




Probes

Hazardous Locations XPP-5

" 143 mm
%" NPT | (5.63") ?043';‘”)'
cable i
SOW-18-3
412 mm
\ (1.62")
probe body \
(potted aluminum A nameplate
junction box)
probe body
(potted phenolic
housing)
171.5mm
(6.75")
2" NSPL nominal
locknut /

mounting flange

e  C.S.A Approved for:
Class |, Div1, Gr.A,B,C&D
Class |, Div1, Gr.E,F&G
Class I

e phenolic/aluminum body with die-cast flange and zinc-plated locknut

e see page 22 for mounting details, and pages 9 and 21 for interconnection
information.

e pre-amp and cable potted in the probe’s body

Page 20 MFA 4p — INSTRUCTION MANUAL 7ML19985FMO1



Applications

Bucket Elevators

[T downleg

probe (see
Figure A)

l

probe (see <
knee and

Figure A)
7E o " @ housing
; mm (4") ( ?

i

>
ie]
=
=
Q
=
o
)
w

preferred work floor
location for
chain and
sprocket
drive
elevators.
L N
For chain and sprocket drive Preferred location for belt-driven elevators
elevators, place the probe so that with ferrous bucket spacing greater than
the gap between the bucket and the 76 mm (3"), and non-ferrous buckets with
probe does not exceed 102 mm (4"). ferrous bolts.

To prevent damage to the probe from
eccentric bucket motion, ensure that
the gap is not less than 12.5 mm
(0.5") in the worst condition.

For ferrous buckets with spacings less than
76 mm (3") locate probe on the front of the leg.

Figure A
Sdgﬁator ?ﬁa"n”g";'[,‘ﬁd For elevators with ferrous walls,
locknut cut 88 mm to 95 mm (3.5" to 3.75")
T T b hole in the elevator wall. Any
7;# Ve ]\ ,/ Pprove position from A to C may be used
e I } i to maintain the gap.
s WL |~
zsn, I
=S s
- L

@
o
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Shafts

probe

1. - .
R key in keyway
«— 102 mm (4”) dia. min.

safety shield not shown

These methods are viable if the speed is such that the blades or key will provide the
number of pulses required at a minimum velocity of 1.5 m / minute (5 ft. / minute). In
applications where exposed moving parts are required, safety shields and precautions
should be applied.

Where conditions prevent the sensing of buckets, a belt pulley or paddle mounted on an
exposed shaft end, preferably the tail pulley, may be used.

n
c
o

=
1]

L

=3
=%

<

Belt Conveyors

50 x 50 x 25 mm (2" X 2"
X 1") ferrous blocks or
spoked wheel

probe

pI‘ObE ﬂ

Potential for damage in each application governs the minimum gap allowable. Maximum
gap for operation is 102 mm (4"), optimum 25 mm to 50 mm (1" to 2").

Screw Conveyors

The probe should be located at the idler end Arrows indicate permissible place-
(usually feed end) ment range of the probe

A ferrous mass added behind the flight of a screw conveyor, where it passes the probe
aids Borderline Operation. This mass must be added for all non-ferrous screws.

Page 24 MFA 4p — INSTRUCTION MANUAL 7ML19985FMO1



CONVEYOR COMPONENTS COMPANY

130 Seltzer Road, PO Box 167 ¢ Croswell, Ml 48422 USA
S HONE: (810) 679-4211 ¢ TOLL FREE (800) 233-3233 « FAX: (810) 679-4510
Email: info@conveyorcomponents.com e http://www.conveyorcomponents.com

MODEL RS: INSTRUCCIONES DE INSTALACION UNIDAD DE CONTROL DE PARADA

DE EMERGENCIA

INFORMACION TECNICA

Unidad a Prueba de lluvia (Estandard):

Tipo de Proteccion 1, 3, 3R, 4 y 4X construccion a prueba de polvo y lluvia, con resistencia a la corrosion.
Empaquetadura selladas para aplicaciones exteriores e interiores.
Cuerpo de Aluminio o opcional de acero fundido con 3 orificios para los cables de conexion en la parte base del equipo.

Unidad Dual:

Tipo de Proteccion 1, 3, 3R, 4 y 4X construccion a prueba de polvo y lluvia, también para uso en Class II, Groups E, F &

G y Class III Localizaciones Peligrosas..

Cuerpo de Aluminio o opcional de acero fundido con 1 orificio para los cables de conexion en la parte base del equipo..

Unidad a Prueba de Explosion:

Proteccion para uso en Class I, Groups C & D; and Class I, Groups E, F & G, y Class III Localizaciones peligrosas.
Cuerpo de Aluminio o opcional acero fundido con 1 orificio para los cables de conexion en la parte base del equipo.

Capacidad Eléctrica:

Figure 1: Contactos Eléctricos

INTERRUPTOR 1 SPDT

DP/DT Mirco-
Interruptor(es):

15 Amps, 125/250 VAC
N/A

SP/DT Micro-Interruptor(es):

20 Amps, 125/250/480 VAC
10 Amps, 125 VAC Inductivo

1 hp, 125 VAC 3/4 hp, 125 VAC
2 hp, 250 VAC 1 1/2 hp, 250 VAC
Y, Amp, 24 VDC N/A

v, Amp, 125 VDC N/A

v, Amp, 250 VDC N/A

NORMALMENTE
CERRADO

~—— NORMALMENTE
ABIERTO

COMUN

\

INTERRUPTOR 2 SPDT
NORMALMENTE
| CERRADO

| ==~ NORMALMENTE
| ABIERTO
|

:
%\

NORMALMENTE
CERRADO

==~ NORMALMENTE

Micro-interruptor(es) puede ser alambrado para una
operacion simple, es decir normal mente abierto o

normalmente cerrado como se requiera. Ver Figura 1.

Figure 2: Terminales Eléctricos

TERMINALES SP/DT:

NORMALMENTE NORMALMENTE
CERRADO ABIERTO

10170005.DOC

ABIERTO

INTERRUPTOR 1 DPDT
NORMALMENTE
| CERRADO

| ~—— NORMALMENTE
| ABIERTO
\

:
i
i

NORMALMENTE
CERRADO

~—— NORMALMENTE
ABIERTO

COMUN

INTERRUPTOR 2 DPDT
NORMALMENTE
CERRADO

} ~——=— NORMALMENTE
| ABIERTO
|

Q
Q
<
Z

NORMALMENTE
CERRADO

| ~—=— NORMALMENTE
| ABIERTO
|

:
i

NORMALMENTE
| CERRADO

| — = NORMALMENTE
| ABIERTO
|

:
i

NORMALMENTE
CERRADO
~—=— NORMALMENTE
ABIERTO

TERMINALES DP/DT:
NORMALMENTE

O O / CERRADO
COMUN NORMALMENTE
R ABIERTO
NORMALMENTE
COMUN CERRADO
NORMALMENTE
ABIERTO

©Copyright Conveyor Components, Co. 2004

1 OF 2




INSTRUCCIONES DE INSTALACION

1. La base del equipo debe ser montada en una superficie plana usando los tres (3) agujeros de montaje de la base (Ver

figura 2). Los agujeros son fabricados para pernos de 3/8".

Cada unidad puede cubrir un maximo de 200
pies de correa — 100 pies en cada direccion.
Consideraciones de seguridad indican que no
mas de 100 pies de cable deben ser instalados a
cada lado.

—

3. El perno ojo que soporta el cable debe ser
instalado en intervalos entre 8 — 10°.
Precauciones deben ser consideradas para que
el cable no quede suelto. Sin embargo si el
cable esta tirante, operaciones falsas de la
unidad pueden ocurrir.

6
[15e.

[ o

il

TOMA DE CABLE

Figura 3: Dimensiones

[] ]

?c/3p —]
[7.14mm]

AGUIJEROS TOMA DE CABLE

Esta unidad esta disefiada para servicio piloto. [13 439/ p?m]
El circuito de control debe ser alambrado a
través del circuito de partida del motor de la
correa u otro equipo que sera controlado. No
alambre la unidad directamente al circuito del
motor. Ver informacion de “Interruptor” en la
pagina frontal.

El control debe ser chequeado antes de la

instalacion por accionamiento del cable. El

equipo protegido debe parar y las alarmas

deben sonar como se requiere con un minimo

esfuerzo en el cable. La tension del cable

puede ser ajustada segun lo necesario

cambiando la posicion del cable en el brazo (ver figura 3).

Figura 4: Posicion del Cable

hga 7/16
[214.3mm]

| b

T/~ LUZ DE EMERGENCIA
(OPTCIONAL)

3/4 NPT ROSCADO

10170005.DOC

POSCION
DEL CABLE

FUERZA TOTAL
REQUERIDA (LIBRAS)

1 40
c 8
3 cl

POSCIONS DEL CABLE
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Power Unit PEC
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The worse it is, the better equipped we are. After more than four
decades of supplying drive systems for heavy industrial applications,
Hagglunds is accustomed to difficult demands. We provide what
you need to get the toughest jobs done right — no matter how harsh
the environment or how specialised the task.

Performance. Flexibility. Security.

Hagglunds unique hydraulic drive systems — combined with our
wealth of experience - provide advantages no other drive supplier
can match. With Hagglunds drives on your equipment, you receive:
e Maximum torque from zero speed.

¢ High performance regardless of conditions.

¢ Precise control of infi nitely variable speed.

¢ Standardised modules for design freedom.

e Smaller, lighter, more effective installations.

¢ Superior protection of equipment and processes.

Here. There. Everywhere.

A global leader in industrial drive solutions, Hagglunds has offices in
nearly twenty countries and distribution partners in many more. We
are where you are - with short lead times and fast, comprehensive
service that answers your needs.

Publicacién autorizada con fines académicos e investigativos

En su investigacion io olvide referenciar esta tesis
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A complete hydraulic drive system from
Hagglunds Drives comprises the Power unit
with electric motor, pump and tank, the control
system, the hydraulic motor and the piping
system. The power unit type PEC is described
in this publication and uses a closed loop
hydraulic system to provide a highly dynamic
drive system.

In most offerings, all items except the piping and
hydraulic motor are housed in a sound insulated
cabinet. The swash plate pump is driven by an
electric motor running efficiently at fixed speed.

The oil flow from the pump is determined by
the swash-plate angle, which is controlled by

a signal from the control system. Starting in an
unloaded, neutral condition, the system ramps
the flow up to the required direction and rate
and pressure is determined by the load up to the
limit set at the compensator. If pressure reaches
compensator setting the pump will destroke,
stopping the drive, so eliminating heat build up
but maintaining the set pressure and therefore
torque at the drive. The pump will stay in this
condition until the system is unloaded where-
upon the pump will immediately ramp up to the

Power Unit.

Electric Control
motor System
Hydraulic

pump

set flow rate or until the control is adjusted. The
pump and the hydraulic motor are connected to-
gether by flexible hoses and piping if necessary.

At the motor the oil is distributed through the
valve plate to the pistons in the cylinder block
50% of them with high pressure and 50% with
charge pressure. The oil pressure forces the
piston assemblies radially outwards against the
cam-ring. This produces a balanced and smooth
rotation with extremely high torque which drives
the machine. The speed of the motor is con-
trolled by the flow of oil from the pump. Drive
motor speed is therefore proportional to the
swash plate angle of the pump. If the swash
plate is controlled over-centre, the flow is re-
versed and the motor direction is therefore
reversed.

Both the hydraulic motor and the pump have
a very low moment of inertia, which makes it
possible to change speed and stop or reverse
direction quickly.

A proportion of the return flow is used to provide
oil conditioning by cooling and filtering. The oil in
the motor and pump case which provides lubri-
cation and local cooling is fed back to tank via
an adequately sized drain line.

Hydraulic
motor.

Publicacién autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




. UNIVERSIDAD
REPQSITORIO DE CATOLICA

TESIS UCSM < DE SANTA MARIA

Power Unit with one pump.

1. The free standing cabinet is built of a robust 3. The hydraulic pumps are of the variable dis-
steel framework with sound insulated doors, placement axial piston type with very fast
panels and cover. It is surface treated to acting pressure compensator override. This
prevent corrosion and ageing in tough pro- virtually eliminates overloads and is a major
cess industry environments. The solution is an factor in system reliability. All control valves
open one, which simplifies accessibility during are built in to keep pipe work to an absolute
maintenance and service. minimum. The electro-hydraulic stroker pro-

vides variable flow by smoothly controlling the

2. The electric motors that we use have high swash plate and thereby pump displacement.
efficiency and are also extremely reliable. They
are started with no load and run optimally at 4. The tank is manufactured in stainless steel to
fixed speed. prevent corrosion.
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Power Unit with two pumps.

5. The oil filters are dimensioned for oils with 7. The control system is configurable for differ-
high viscosity and a high degree of contamina- ent types of applications, providing consistent
tion separation. Duplex filters can be supplied start and stop sequences. The operation can
as an option, allowing you to replace filters be controlled by external signals or from the
during operation. front panel of the control system.

Various operational parameters can be

6. The oil cooler is dimensioned to maintain the displayed such as speed, pressure, electric

oil temperature in the hydraulic system at motor power and self-diagnostics.

the correct level. In this way good lubrication
characteristics are ensured and the service life
of the oil and of the complete drive system will
be long.
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Data - PEC Power Unit

Type Max. Max. Max.
installed oll flow* pressure | Weight
power (kW) (I/min) (bar) (kg)
PEC 102 90 175 350 1500
PEC 202** 90 337 350 1500
PEC 103 90(2x90) 175 350 2300
PEC 203** 180(2x90) 350(2x175) 350 2500
PEC 302** 315 737 350 2900
PEC 402** 355 737 350 2900
PEC 602** 355 737 350 2900
PEC 303** 400(2x200) 674(2x337) 350 3600
PEC 403** 400(2x200) 674(2x337) 350 3700
PEC 603** 630(2x315) | 1474(2x737) 350 5100
PEC 702 500 1103 350 4500
PEC 702** 500 1257 350 4500
PEC 803** 710(2x355) | 1474(2x737) 350 5500
PEC 1003** | 710(2x355) | 1474(2x737) 350 5500
PEC 1203 | 1000(2x500) |2206(2x1103) 350 8600
PEC 1203** | 1000(2x500) |2514(2x1257) 350 8600
*) 1470 rpm. -
*) Tandem. PEC cabinet with tandem mounted pumps

Dimensions

< B >

Cabinet size 1 2 3 4 5 6 7 6 7
Type* PEC 102 | PEC 103 PEC 302 PEC 303 PEC 803 PEC 702 | PEC 1203 | PEC 702** | PEC 1203**

Dim. PEC 202 | PEC 203 PEC 402 PEC 403 PEC 1003

mm PEC 602 PEC 603

H 2320 2320 |2600/2700" | 2600/2700' | 2600/2700/2800" | 2800/2900 |2800/2900" |3100/3200" | 3100/3200'
2800/2900 | 2800/2900 2900/3000 | 3000/3100 | 3000/3100 | 3300/3400 | 3300/3400
B 1500 2290 1670 2590 3100 1920 3600 1920 3600
A 1000 1000 1250 1250 1250 1850 1850 1850 1850

*) Cabinet designations ending with a 2, represent a two-door cabinet.
Cabinet designations ending with a 3, represent a three-door cabinet.

**) Cabinets suited for tandem mounting of pump.

' Size varies with the height of the electric motor.
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Features of the PEC Power Unit

Included as standards

e Totally enclosed IP55, squirrel cage,
4-pole electrical motor.

e Axial piston pump with electro-
hydraulic control.

e Fast pressure compensator, charge
pump and flushing valve.

e Motor/pump set mounted on anti-
vibration pads.

e All internal pipe work and
wiring included.

e Tandem pump mounting possibilities.

e Stainless steel oil tank with level
gauge, breather, drain valve.

e 10 micron return and drain line filters
with visual & electrical indication.

e Stainless steel water cooler and water
solenoid valve.

e Temperature switch with two switches
and temperature indicator.

e Suction line valve with switch.
e Charge pressure switch.

e Qil filling point with quick release
connector.

e Electric junction box, IP65.

e Pressure gauges with push to read valve.
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Optional extras

Thermistor protection for electric motor.
Anti-condensation heaters for electric motors.
Different pump control.

Control system Spider.

Pressure transmitters.

High pressure switch.

Cabinet feet, anti vibrating mount.

Duplex oil filters.

Oil heater.

Air blast oil cooler.

Extra temperature switches and or
PT100 temp transmitter.

Accumulator for shock loadings.

Prepared for flushing of hydraulic
motor case.

Piping on main lines & isolation valves.
Prepared for dusty environments.
Heavy duty epoxy paint system.
Stainless steel panels and doors

Low noise option.

Optional electric motors;
high voltage, EX-proof

Auxiliary hydraulic circuits
(e.g. for brakes or cylinders)
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The SP pump is designed specifically to Hagglunds specifica-
tions to provide a neatly packaged pump with integral boost
pump, electro-hydraulic displacement stroker and fast com-
pensator to reduce pressure spikes on tough drives. Maxi-
mum volume adjustment screws and a displacement indicator
are included. A double shaft seal arrangement is provided to
eliminate leakage. The SP has low noise characteristics and

is designed to give long trouble free life in line with Hagglunds
drives systems generally.

The SP provides a very wide range of pump displacements
including the ability to use tandem pumps which on 250 size
and above give a very compact solution using an internal gear
pump for boost and servo pressures. 180 size and below are
also available in tandem but using an external boost and servo
pump. Tandem pumps enable one electric motor to load share
two drives which can save space, improve efficiency and econ-
omy. In some applications however care with emergency stop
must be taken when two completely separate drives are being
considered. The SP therefore enables very good possibilities to
optimize to the most efficient and appropriate drive selection.

Size 40 71 125 180 250 355 500 750
Displacement | Variable pump Vgmax cm® 40 71 125 180 250 355 500 750
Auxiliary pump | V., cm?® 20 25 38 45 63 80 98 143
Max. speed N ax rpm 3700 |3200 |2600 |2400 |2200 |2000 |1800 |1600
Max. flow (at n max) Q. I/min 148 227 325 432 550 710 900 1200
(at ng=1500rpm) I/min 60 106,5 |187,5 |270 375 533 750 1125
Max. power (at n max) Py max kW 70 124 190 252 321 414 525 700
Ap=350 bar
(at nE=1500rpm) kW 35 62 109 158 219 311 438 656
Max. torque (@t Va0 T, Nm 223 395 696 1002 | 1391 1976 | 2783 |4174
Ap=350 bar
Torque (@t Ve T Nm 64 113 199 286 398 564 795 1193
Ap=100 bar
Moment of inertia about drive | T kgm? 0,0049 | 0,0121 | 0,03 0,055 | 0,0959 | 0,19 0,3325 | 0,66
axis
Filling volume J L 2 25 5 4 10 8 14 19
Approximate weight m kg 77 94 135 150 214 237 350 500
Max. pressure cont. bar 350 350 350 350 350 350 350 350
Max. pressure peak bar 400 400 400 400 400 400 400 400
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The Gold Cup pump is designed specifically to Hagglunds
specifications to provide a neatly packaged pump with in-
tegral boost pump, electro-hydraulic displacement stroker
and extremely fast compensator to reduce pressure spikes
on tough drives. Maximum volume adjustment screws and
a displacement indicator are included. A double shaft seal
arrangement is provided to eliminate leakage and is de-
signed to give long trouble free life in line with Hagglunds
drives systems generally.

The Gold Cup has been employed successfully for many
years by Hagglunds providing a more limited range of dis-
placements than the SP but provides some useful steps
between the SP displacements.

Itis a most compact pump with low inertia, excellent servo
control and extremely fast acting compensator which is
very useful in some applications. It is also user friendly with
light weight common controls and valve blocks. Because
an external boost pump is always mounted it is relatively
easy to add auxiliary circuits to the Gold Cup.

Size P6S P7S P11S |P14S | P24S | P30S
Displacement | Variable pump Vgmax cm3 98 419 180 229 403 501
Auxiliary pump oH cm? 175+ [175+ |175+ [175+ |172+ [ 17,2+
20,7 20,7 38,2 |38,2 79,2 79,2
Max. speed Nax rpm 3000 |[3000 |2400 |2400 |[2100 | 1800
Max. flow (at n max) Q. I/min 294 357 432 550 846 902
(at ng=1500rpm) I/min 147 178,5 | 270 343 604 751
Max. power (at n max) Py max kW 169 205 248 316 486 519
Ap=345 bar
(at nE=1500rpm) kW 85 103 155 197 347 432
Max. torque (@t Vgmax) T nax Nm 538 653 988 1257 | 2213 | 2751
Ap=345 bar
Torque (@t Vgmax) T Nm 156 189 286 364 641 797
Ap=100 bar
Moment of inertia about drive | T kgm? 0,027 |0,027 |0,085 | 0,085 |0,240 |0,286
axis
Filling volume J L 3,78 3,78 6,6 6,6 11,4 11,4
Approximate weight m kg 152 152 220 220 342 357
Max. pressure cont. bar 345 345 345 345 345 345
Max. pressure peak bar 420 420 420 420 420 420
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Pumps series SP
Cabinet size 1 2 3 4 5 6 7
Power Unit PEC 102 [ 202 [ 103 [ 203 | 302 [ 402 [ 602 | 303 | 403 [ 603 | 803 [ 1003 | 702 | 1203
Electric motor 500 1 2
s L E
355 E 2 2 [+ |2
315 EE 2 |2 [2 |1 |2
250 EE 2 2 [2 |1 ]2
200 1 [+ [+ T2 T2 2 [2 [2 [+ |2
160 1 [+ [+ T2 T2 2 [2 [2 [+ |2
132 1 [+ [+ T2 T2 2 [2 [2 [+ |2
110 1 [+ [+ T2 T2 [2 [2 [2 [+ |2
90 1 > [+ [+ [+ 2 |2 [2 |2 |2
75 1 2 [+ [+ ]+ T2 T2 [2 J2 |2
55 1 [+ 2 f2 [+ [+ [+ J2 2 ]2 [2 |2
45 1 [+ 2 2 [+ [+ [+ 2 [2 |2 [2 |2
37 1, VP ol emle 2 |2 |2
30 1 [1. ]2 |2 > |2 ]2
22,5 1 [+ 2 |2 2 [2 |2
18,5 1 [+ T2 |2 e
15 1 [1 [2 |2 2 |2 |2
11 1 [+ [2 ]2
Pump El. motor | Speed | Oil flow** 1 2 3 4 5 6 7
size ::I"‘:"::;N rom | min | gom | 102 | 202 | 103 | 203 | 302 | 402 | 602 303 [ 403 | 603 | 803 [ 1003 | 702 | 1203
SP40 | 11-30 1470 |59 [16 [1 [1 [2r ]2
1760 |70 |19 [1 [1 [2r ]2
SP 71 15-55 1470 [104 |28 [1 [1 [2r |2
1760 |125 |33 [1 [1 [2r |2
SP125 |30-90 1470 [184 |49 1 2* 2 |2 |2
1760 |220 |s8 1 2 2 [2 |2
SP180 | 37-90 1470 |265 |70 1 2 2 |2 |2
1760 | 317 |84 1 2 2 |2 |2
55-132 1470 |265 |70 1 |1 [ ]2 2 |2
1760 | 317 |84 1 1 [+ 2 2 |2
SP250 | 55-200 1470 |3e8 |97 S ERE > >
1760 | 440 [116 T EE 2
160-200 | 1470 |368 |97
1760 | 440 |116
SP355 | 75250 1470 |522 [138 1 (1 [+ SEE
1760 |625 |165 1 |1 [+
160-250 | 1470 |522 | 138
1760 | 625 |165
SP500 |110-315 |1470 |735 |194 1|+
1760 |880 | 232 1 |+
160-355 | 1470 | 735 | 194 1
1760 |880 |232 1

* Only one set of electric motor/pump is permitted to operate, the other set serves as stand by.
** Actual flow = theoretical flow - volumetric efficiency.
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Pump size | El. motor | Speed | Oil flow** 1 2 3 4 5 6 7
2‘::‘:;::" rpm | Umin | gom | 102 [ 202 | 103 [ 203 [ 302 [ 402 [ 602 [ 303 [ 403 [ 603 [ 803 [ 1003 [ 702 | 1203
SP750  |160-500 | 1470 | 1103 | 291 1
1760 | 1320 | 349 1
SP40+ | 1555 1470 | 118 |31 1 o 2 |2 |2
SP 40 1760 | 141 |37 1 o > |2
SP71+ |30:90 1470 | 163 |43 1 2 2 |2
SP 40 1760 | 195 |52 1 2* 2 |2
SP71+ |3090 1470 | 209 |55 1 2r 2 |2 |2
SP 71 1760 | 250 |66 1 2r S E
75-110 1470 | 209 |55 1 1 1 |2 [2 |2
1760 | 250 |66 R EEE 2 |2
SP125+ |37-90 1470 | 243 |64 1 > |1 |1 |4 > |2
SP 40 1760|200 |77 1 > |1 [1 |4 2 |2
75-132 1470 | 243 |64 T EEE 2 |2
1760|200 |77 EE 2 |2
SP125+ | 4590 1470 | 288 |76 1 > |1 |1 |4 2 |2
SP71 1760 | 345 | o1 1 > [+ [1 |4 2
75132 1470 |288 |76 1 |1 |4 2 |2
1760 | 345 | ot TN 2
SP125+ |55-200 1470 | 368 |97 TEE 2 [2 2
SP 125 1760 | 440 [116 R EE > [2 2
SP 180+ | 45-160 1470 | 323 |85 TEE 2 |2 [2 ]2
SP 40 1760 | 387 | 102 T EEE 2 |2 |2
SP 180+ | 55-200 1470|369 |97 R EEE 2 |2 |2
SP7 1760 | 442 | 117 R E 2 |2 |2
SP180+ | 75-200 1470 | 448 [ 118 TEE 2 [2 |2
SP 125 1760 | 537 | 142 = 2 |2 |2
SP180+ | 75-250 1470 | 529 | 140 EEE 2 |2 |2
SP 180 1760 | 634 | 167 TEE > |2
SP250+ | 75-200 1470 | 426 | 113 R EE > |2 |2
SP 40 1760 | 510 | 135 SETE > |2 |2
SP250+ | 75250 1470 | 472 |125 S E 2 [2 2
SP 71 1760 | 565 | 149 1 « i EEE
SP250+ | 75-250 1470 | 551 | 146 TR EEE 2 |2 |2
SP 125 1760 660 |174 1 |4 > |2
SP250+ | 90315 1470 | 632 | 167 T FEE > |2 |2
SP 180 1760 | 757 | 200 1 |+ BB
SP250+ |110315 |1470 |735 | 194 1|+ 2
SP 250 1760 | 880 | 232 1 2
110-355 | 1470 | 735 | 104 1
1760 | 880 | 232 1
SP355+ | 90315 1470|581 | 153 R EFEE > |2 |2
SP 40 1760 | 695 | 184 1|+ BB
SP3s5+ | 90315 1470 | 626 | 165 1 |+ B
SP 71 1760 | 750 | 198 1|+ > |2
SP355+ |110-355 | 1470 |706 |186 1|+ > |2 [+
SP 125 1760 | 845 | 223 1|+ > 2[4

* Only one set of electric motor/pump is permitted to operate, the other set serves as stand by.
** Actual flow = theoretical flow - volumetric efficiency.
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Pump size | El. motor | Speed | Oil flow** 1 2 3 4 5 6 7
:::’i::;” rom | Umin 102 [ 202 [ 103 [ 203 | 302 [ 402 [ 602 [ 303 [ 403 [ 603 [ 803 | 1003 [ 702 | 1203
gpm

SP355+ |110-400 |1470 |786 |208 1 |2
SP 180 1760 |o42 | 249 1 |2
SP355+ |132-400 |1470 |es9 |235 " P
SP 250 1760 | 1065 | 281 1 |2
SP355+ |132-400 |1470 |1044 |276 1 |2
SP 355 1760 | 1250 | 330 1 |2
SP500+ |110-400 |1470 |794 |210 1 |2
SP 40 1760 | 950 | 251 1 |2
SP500+ |132-400 |1470 |839 222 " P
SP 71 1760 | 1005 | 265 1 |2
SP500+ |132-500 |1470 |919 | 243 1 |2
SP 125 1760 | 1100 | 291 1 |2
SP500+ |160-500 |1470 |1000 |264 1 |2
SP 180 1760 | 1197 | 316 1 |2
SP500+ |160-500 |1470 |1103 | 291 " P
SP 250 1760 | 1320 | 349 1 |2
SP500+ |160-500 |1470 |1257 |a32 1 |2
SP 355 1760 | 1505 | 398 1 |2
SP500+ |200-500 |1470 |1470 |38s
SP 500 — T
SP750+ |160-500 |1470 |1161 |307 " P
SP 40 1760|1390 | 367 1 |2
SP750+ |160-500 |1470 |1207 |319 1 |2
SP71 1760 | 1445 | 382 1 |2
SP750+ |200-500 |1470 |1286 |340
SP 125 1760 | 1540 | 407
SP750+ |200-500 |1470 |1367 |361
SP 180 1760 | 1637 | 432
SP750+ |200-500 |1470 |1470 |38s
SP 250 760 11760 kes
SP750+ |250-500 |1470 | 1624 | 429
SP 355 1760 | 1945 | 514
SP750+ |250-500 |1470 |1838 |48s
SP 500 1760 | 2200 | 581
SP750+ |315-500 | 1470 |2205 |582
SP 750

1760 2640 | 697

Note: Standard design cooling power 25% of installed main electric motor power.

1 = One electric motor/pump.
2="Two electric motors/pumps same or different size can be selected.

* Only one set of electric motor/pump is permitted to operate, the other set serves as stand by

** Actual flow = theoretical flow - volumetric efficiency.
*** Not in PEC, because of height and tank flow.
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Pumps series Gold CUP
Cabinet size 1 2 3 4 5 6 7
Power unit PEC 102 | 202 | 103 [ 203 [ 302 | 402 | 602 | 303 | 403 | 603 | 803 | 1003 | 702 | 1203
Electric motor 315 1 1 1 2 2 2
related power 250 1 1 1 > > >
(kw)
200 1 ]l1 1 ]2l2]2]2]:2
(50 Hz) 160 1 1 1 2 2 2 2 2
132 1 ]l1 1 ]l2l2]2]2]:2
110 1 ]l1 1 ]2l2]2]2]:2
90 1122111 ]2]2]2]2]:2
75 11l 111 ]2l2]2]2]:2
55 1 122111 ]2]2]:2
45 11 l2l2l1 11 ]2]2]¢:2
37 THER™ ~A2TOL 1™ 2 VEAERE
30 WEP\ -~ 2 | 2] 2
22 Y S 2| 2 |2
18,5 10 2 | 2 o [ 2| 2
15 11| 2|2 2l 2] 2
11 111 ]2]:2 2 [ 2] 2
Pump | Emotor | Speed | Oil flow** | 102 [202 [103 [203 | 302 | 402 | 602 | 303 | 403 | 603 | 803 [ 1003 | 702 | 1203
size power | (rpm) | (I/min)
(kW) (gpm)
min/max
Pes- |11-90 [1470 |144380) [1 [1 [2¢ |2 2 |2 |2
98 1770 | 172(45,4) 1 2 P ESP)
p7s- |18,5-90 | 1470 [175(46,2) 1 |2r |2 2 J2 |2
119 1770 | 209(55,2) 1 o 2 |2 |2
P11S- | 37-90 | 1470 |[264(69,7) 1 o 2 |2 |2
180 1770 | 316(83,4) 1 o 2 |2
55-160 | 1470 | 264(69,7) 111 11 |2 [2 |2
1770 | 316(83,4) T [ 2 |2
P14S- | 37-900 |1470 |[337(88,9) 1 2 2 |2 |2
229 1770 | 403(106,4) 1 o 2 |2
55-200 |1470 |337(88,9) 1 |1 |1 |2 2 [2 |2 |2
1770 | 403(106,4) ' EEE 2 |2 |2 |2
P24s- | 75-315 | 1470 |[592(156,3) 1 |1 |1 2 |2 |2
403 1770 | 663(167,1) 'K E 2 |2 |2
P30S- | 75-315 | 1470 |[737(194,6) 1 |1 |+ 2 |2 |2
501 1770 | 881(232,6) 'R E 2 [2 |2

1) = One electric motor/pump.
2)=Two electric motors/pumps same or different size can be selected.

*) Only one set of electric motor/pump is permitted to operate, the other set serves as stand by
**) Actual flow = theoretical flow - volumetric efficiency.
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o A system of few components, but
many combinations and configura-
tions, to provide any solution for the
Hagglunds Drives performance range.
The perfect load sharing characteris-
tics enables multi-pump and/or multi-
motor combinations to suit the appli-
cation.

User friendly - pressure and flow and
therefore torque, speed and hence
power can be adjusted. It is easy to
upgrade to suit changing production
demands. This versatility can trans-
form a machine into an intelligent high
production unit. Features such as
extremely fast pump compensators to
give fast response and reduce stresses
and strains on the machine, load sens-
ing and power limiting enable function-
ality unavailable from other systems.

The ability to split the drive from the
power unit enables freedom of applica-
tion, the power unit can be positioned
away from the machine without foun-
dation requirements.

Our drive controller Spider provides all
the necessary start/stop logic, system
health monitoring and machine con-
trol techniques. Usually it is mounted,
wired and fully programmed inside the
PEC unit prior to delivery.

The unit is easy to install, it is fully
function tested before delivery and
takes a short time to commission.
Installation can be undertaken usually
during a normal shutdown period so
no production losses are experienced.

Customisation is normal e.g. Standby
pump sets for critical areas, auxiliary
circuits for cylinders and brakes. Pro-
vision for working in hostile environ-
ments such as dusty mining sites, on
ship decks, explosive zone chemical
plants and climates with wide temper-
ature variations.
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In a good work environment the sound levels are
important. Environments where the sound levels
are kept down, make a difference for operator
health and well being. Hagglunds low speed
hydraulic motors generate very low sound levels
due to the low speed. The dominating sound
sources in a hydraulic drive system are the power
unit and the piping systems. Hagglunds offers
three options with regard to the power unit sound
levels.

The sound can be of three basic kinds. Structured
borne sound (from for instance a pump), air borne

Noise from a complete installation

sound (for example from a cooling fan), and fluid
borne sound (emitted by the pump or the motor as
pulsation in the oil flow). Each of these has to be
treated separately to manage the overall sound
level and to specify the level, the combined effect
must be considered.

The sound power being radiated by a machine is
often of more concern than the sound pressure
measured at a given distance from the machine.
Sound values below are the average LPA surface
sound pressure levels according to ISO standards
3746 and doesn’t include piping.

Background noise

Pipe
noise

Pump
motor

Hydraulic

Noise from

motor driven unit

Foundation and construction noise

Five Power Unit options to choose hetween

OPEN UNIT, 90-95 dBA

Standard frame but no panels. Air cooled electric mo-
tors. Sound level around 90-95 dBA. For installation in
pump rooms or where there are no specific demands
regarding sound level or protection

CLOSED UNIT, 75-85 dBA

Standard frame, panels and doors. Air cooled electric
motors. Typical sound level 75-85 dBA. For installation
with moderate sound level demand and/or with reasons
to have protect.

CLOSED UNIT, 72-80 dBA

Standard frame, panels and doors. Pump set mount-
ings and cabinet feet in rubber. Sound dampened air

and hose outlet in cabinet. Air cooled electric motors.

Publicacién autorizada con fines académicos e investigativos
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Typical sound levels 72-80 dBA For installations with
high sound level demand.

CLOSED UNIT, 70-75 dBA

Vibration dampened frame. Standard panels and doors.
Pump set mountings and cabinet feet in rubber. Typi-
cal sound levels 70-75 dBA. For installations with very
high sound level demand and/or with reasons to protect
involved components from environmental conditions.

OPEN UNIT IN ATOTALLY ENCLOSED COVER
60-65 dBA

Standard frame. Pump set mountings and cabinet feet
in rubber . Water cooled electric motors. Sound levels
around 60-65 dBA For installations with extremely high
sound level demands.
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Marine & Offshore, ROV Handling Winch, United Kingdom. Bulk Materials Handling, Bucket Wheel Reclaimer, China

Sugar. Sugar Mill, Brazil. Mining & Bulk Materials Handling. Apron Feeder, Australia.
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e BUTTERFLY VALVES

ON THE LEADING EDGE OF TECHNOLOGY

i e ) Operating Pressures:
accessories. They have become specialists in the design of

; Maximum pressure: 232 p.s.i.
Butterfly Valves and Hydraulic Compensators. Negative pressure: 10 p.s.i.
Pressure difference: 58 p.s.i.

The shut off valve is installed into the pump suction line. The
valve has a SAE (4 - bolt flange) connection, SAE standard
J518.

(per side when valve is closed)

Material:

. . . Body + Shift Handle: Aluminum
The valve can be actuated with or without the shift handle Seals: NBR

(option H) and the locking pqlt will automatically snap the valve Other Parts: Steel Galvanized
into the open or closed position.

The optional tank flange (T-option) can be welded to the
reservior, giving a bolting surface for the butterfly valve. A limit .
switch (E-option) can be mounted to the top of the valve. 3. Ordering Code:
Explosion-proof limit switches are available.
/AB 16 S [NG] - T H B E Additional description

L 1
Basic equipment item #4

4. Butterfly Valve: AB 16 [NG] Tapped bushings (see option #7)

Shifter (see option #6

Limit-switch (see option #8

Tank welded (see option #5)

Tank side Pump side
Connection measures

according to SAE-J518¢-3000 psi

0O-Ring

4xFixing screws ) /

oD

|
ezl 4
E
f

M T

!

—» L{=— - F =— casted in steel bush
e K —!

Mounting, screws and O-Ring
is supplied with valve.

LR =]

Type [NG] Size A B D C E F| G H J K L M N (0] SW | O-Ring
SAE | (in) (in) | (in) | (in) | (mm) [ (mm) (in) | (in) [ (in) | (in) (in) | (mm)| (in) | (mm)| (mm) [ (mm)

AB16S32 | 11/4" [119 | 2.31 [1.38 | 1.42| M12 | 141224 | 3.31 [ 1.14 ] 1.38| 028 | M6 | 2.28| 13 9 41x3.5
AB16S40 | 11/2" [1.41 | 275 [1.75 | 1.81| M12 | 14272 3.74 [ 1.14 ]| 1.38| 028 | M6 | 2.28| 13 9 | 52X38.5
AB 16 S 50 2" 1.69 | 3.06 | 213 [ 220 M12 | 14 [3.15]| 409 | 1.14 | 1.38| 0.28| M6 | 2.28| 13 9 62X3.5
AB16S63 | 21/2" [2.00 | 3.50 [ 2.62 | 2.68| M12 | 14 |3.86| 453 [ 1.22 | 1.65]| 0.31 | M6 | 2.52| 13 12 75X4
AB 16 S 80 3" 244 | 419 [ 325 |3.35| M16 | 16 |4.57 | 531 [ 122 | 1.65| 0.35| M8 | 2.52| 17 12 92X4
AB16 S 100 4" 3.06 | 5.13 | 417 [ 4.17| M16 | 16 [5.39 ] 6.26 | 1.22 | 1.65| 0.35| M8 | 2.52| 17 12 | 114X4
AB 16 S 125 5" 3.63 | 6.00 | 5.16 [ 5.16| M16 | 16 |6.42| 7.13 | 1.22 | 1.65| 0.35 | M8 | 2.52( 17 12 | 140X4
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AL HydrolJer

e BUTTERFLY VALVES

ON THE LEADING EDGE OF TECHNOLOGY

I
Tank wall 5

Rl = A, Type [NG] | Size |o@D1|oNt|@O1 0P [ @ [ @1 | R
SAE @in) | (in) | (in) | (in) | (in) | (in) | (in)

Suction pipe

|
AB16S32 | 11/4" | 13813541 315[169]0.12] 0.16] 0.55

p DI

N1 O‘L at | / AB16S40 | 11/2' | 1.65[3.94 | 354]|1.93]|0.12] 0.16| 0.55

l R S AB16S50 | 2" |217[433|3094]|240]|012] 016|055
]

AB16S63 | 21/2" | 2.68|4.92 | 453 3.07 | 0.12 | 0.16 0.67
Q.L_ AB 16 S 80 3" 3.31|571]531]358]0.12| 0.16] 0.67
AB 16 S 100 4" 41316.89 | 650|457 ]0.12 | 0.16] 0.67
AB 16 S 125 5" 51217871 748]|559]0.12| 0.16] 0.67

6. Shift Handle Option “H”:

Tank side Pump side

Type W X

v (in) | (in)
! J %jc@ AB16S 321050 | 4.13| 157
i , / AB16S 63t0125 | 4.33 | 1.57

90° to shut
N
7. Threaded Adapter Bushing Inserts - Option “B”
SAE fon i Threaded busing that adapts to standard SAE tapped
with inner fhread e holes. With these bushings, it will accept the screws
provided with Butterfly valve.
> =~ _ | Basis equipment
Type E L1 SwWi1
UNC-2B in mm
! AB16S 321063 [7/16-14|0.47 | 12
Threaded bushing AB 16 S 40 to 63 1/2-13 | 0.51 12
AB16S 80to125 | 5/8-11 | 0.51 [ 17
E 7
b L
gl swi
8. Limit switch - option “E”
CEE UNC-2B | (in) | (mm)

Butterfly valve is closed

|
= } 23 N _ 24 AB16S 32t063 | 7/16-14 [ 047 [ 12
€== ﬁéﬁ-i o 1< Wiring diagram when AB16S 80t0125 | 5/8-11 | 051 [ 17
H

Limit switch to DIN-EN 50047
ﬂ = thermoplast
glass-fibre reinforced

y 4 2] —] System of protection: IP 67-DIN 40050
q /" & —t Contact system: 1 Opener/1 closing
v = Max. permis. voltage: 380 VWS
u Max. permis. perm. current: 6 A
Max. permiss. switch on current: 16 A
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”[B Power HydrolJer

. GCOMPENSATORS 1" - 4"

ON THE LEADING EDGE OF TECHNOLOGY

e RnydrovVver Rubbe ompensato a proauc 3
qualifies as one of the best kept secrets of power unit
accessories. The Hydrower Rubber Compensators are
flexible connectors with SAE-flanges. The oscillation
compensators are used for damping of oscillators and
vibrations, noises and movements in axial and
transversal direction.

The HydroWer Compensator is constructed of an inner
liner of a reinforced high strength rubber (Nitril-
caoutchouc. Perbunan). The outer and inside layers
are smooth and have an aerodynamic design that
eliminates cavitation. The outside rubber (neoprene
caoutchouc) is weather resistant. Both ends of the
Compensators have vulcanized sealing lips. With the
vulcanized sealing lips on each end, additional seals
are not necessary.

Typical Installation:
1 - Tank wall

2 - Flange

3 - Butterfly Valve

4 - Compensator

2. Technical Data:
Working Pressure: 87 p.s.i.

Max. Pressure: 174 p.s.i.
Burst Pressure: 290 p.s.i.
Vacuum: 20" Hg
Temperature -4°F to 176°F

Acceptable Movement

N
D

maximal minimal

‘.—normal"!
For Acceptable Movements See Tables 1, 2, 3, 4
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AL HydrolJer

e COMPENSATORS

ON THE LEADING EDGE OF TECHNOLOGY

se_alln s_urfa(_:e ?
with sealing lips i
B
|| :
B H
NG D
- a ¥ |
E } I *
= _lrle
L Size _J LE | - A
. 7G — & 8}
Table 1
Type [NG] Size A B D E F G H L Acceptable Movement
SAE | (in) (in) (in) | (in) | (in) | (in) | (in) | (in) | Push/Pull | Offset | Angle(°) | Weight (Ibs.)
K16 S 25 1 1.03 | 2.06 | 1.69]0.43] 043 |2.17]|2.76 | 2.56 | +0.20in [+0.20in| 7.5° 0.8
K16 S32 11/4" {119 | 2.31 | 1.97|0.43] 0.51 |2.76|3.15]| 2.56 | +0.20in | +0.20in| 7.5° 1.10
K16 S 40 11/2" [1.41 [ 2.75 | 244]0.51] 0.51 |3.15|3.54| 3.94 [ +0.39in [ +0.39in 10° 1.76
K16 S 50 2" 1.69 | 3.06 | 2.83] 0.51] 0.51 |3.54|3.94| 3.94 | +0.39in [ +0.39in 10° 2.21
K16 S 63 21/2" 12.00 | 850 | 3.43]/0.55] 0.51 |4.13|4.53]| 3.94 | +0.39in | £0.39in 10° 2.65
K16 S 80 3" 244 |1 419 | 409[/0.55] 0.71 |4.72]5.20 | 3.94 | +0.39in | £0.39in 10° 3.97
K16 S 90 31/2" |2.75 | 475 | 4.09{0.55f 0.71 |5.12]|5.75] 3.94 | +0.39in | £0.39in 10° 4.19
K16 S 100 4" 3.06 | 513 | 5.12| 0.63| 0.71 |5.51]|6.14] 3.94 | +0.39in | £0.39in 10° 5.51

Compensator with SAE to DIN-Flange

SAE-Flange DIN-Flange

connecting sizes
after SAE-Norm

— H

{1 ]

o gl (J 518ci) and

|- after DIN 2633 - ND 16

N

T

E = i
L —L"\i
Table 2
Type [NG] Size A B C D E Fl1G H K L M N Acceptable Movement
SAE | (in) | (in) | (in) | (in) | (in) | (in) | (in) [ (in) | (in) | (in) | (mm)| (in) | Push/Pull| Offset |Angle (°)| Weight (Ibs.)

K16SD- 25 1" 11.031[2.062 | 4.53 | 1.69 | 0.43 | 0.43]2.17 | 2.76 | 3.35 | 2.56 | 4x14| 0.63 [ £0.20in (+0.20in| 7.5° 3.31
K16SD- 32 11/4" 11.1882.312| 551 | 1.97| 0.43 | 0.51[2.76 | 3.15 | 3.94 [ 2.56 | 4x18| 0.63 [ £0.20in |+0.20in| 7.5° 3.97
K16SD-40 | 11/2" | 1.406| 2.750 | 5.91 | 2.44| 0.51 | 0.51|3.15| 3.54 | 4.33 | 3.94 | 4x18]| 0.63| +0.39in |£0.39in| 10° 4.85
K16SD- 50 2" 11.6883.062|6.50 [ 2.83 ] 0.51 [ 0.51[3.54 | 3.94 | 4.92 | 3.94 | 4x18| 0.71 | +0.39in [£0.39in| 10° 6.17
K16SD-63 [ 21/2" | 2.00]|3.500| 7.28 | 3.43 [ 0.55 | 0.51|4.13 | 453 | 5.71 | 3.94 | 4x18| 0.71 | £0.39in [+0.39in| 10° 7.06
K16SD- 80 3" |2.4384.188( 7.87 [ 4.09] 0.55 | 0.71]4.72| 5.20 | 6.30 | 3.94 | 4x18]| 0.79 [ #0.39in |+0.39in| 10° 8.82
K16SD-90 | 31/2" | 2.750| 4.750 | 7.87 | 4.09 | 0.55 | 0.71|5.12| 5.75 | 6.30 | 3.94 | 4x18| 0.79| #0.39in |£0.39in| 10° 9.04
K16SD- 100 | 4" |3.062|5.125|8.66 | 5.12 [ 0.63 | 0.71]|5.51 | 6.14 | 7.09 | 3.94 | 4x18| 0.79 | +0.39in [+0.39in| 10° 10.58
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Fluid Hiidrml.[an
e COMPENSATORS dirover

ON THE LEADING EDGE OF TECHNOLOGY

Table 3
Type [NG] NG L R |SW1 |[Sw2 Acceptable Movement
(in) (in) | (NPT) [ (mm) | (mm)|Push/Pulll Offset [ Angle(®) | Weight (Ibs.)
K16 R 25 0.98 |6.42 1" 35 54 | £0.20in| £0.20in| 7.5° 1.54
K16 R 32 1.26 | 6.97 [11/4"| 45 66 | £0.20in| +0.20in| 7.5° 2.43
K16 R 40 1.57 19.06 [ 11/2"| 53 73 | £0.39in| £0.39in| 10° 2.87
K16 R 50 1.97 |9.45 2" 66 90 | +0.39in| +0.39in| 10° 3.31

Check when installing
When installing the compensator, it must be in line and maintain the dimension "L" length. For compensators with NPT pipe thread
the nut SW2 must only be hand tight.

The movement absorption in static and dynamic loads and the different types of movements must be added together and the totals
are not allowed to exceed the data given.

Attention: Pressure spikes are push loads which add to the axial movement. Do not exceed given datal

Compensator with SAE-Flange to NPT Thread

SW2

sealing surface =
with sealing lips \| _ 7z ==

i

Flange connecting after
SAE-Norm J 518 -
( NPT Pipe Thread

]

I

Table 4

Type [NG] Size | A B D E F G| H L R | SW1|Sw2 Acceptable Movement
SAE | (in) | (n) | (in) | (in) | (in) [ (in (in) | (in) | (mm)| (mm){Push/Pull] Offset | Angle (°)| Weight (Ibs.)
K16SR- 25 1" 11.03 | 2.06 | 1.61 [ 0.43| 043 | 217|276 [ 449 | 1" | 35 | 54 |£0.20in |£0.20in| 7.5° 0.80
K16SR-32 | 11/4" [1.19 [ 2.31 [ 1.89 | 043 [ 0.51 [ 2.76|3.15| 4.76 |1 1/4"| 45 | 66 [+0.20in [£0.20in| 7.5° 1.80
K16SR-40 | 11/2" [1.41 | 2.75 [ 2.32 | 0.51 [ 0.51 [ 3.15|3.54 | 6.18 |1 1/2"| 53 73 [£0.39in | £0.39in| 10° 2.40
K16SR- 50 2" |1.69 | 3.06 | 2.76 | 0.51 ]| 0.51 [ 354394642 2" | 66 | 90 |£0.39in |£0.39in| 10° 2.90

=
>
=
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Power SCREW-IN TYPE Hydrolfer

Inc.

ON THE LEADING EDGE OF TECHNOLOGY c H E c K "A L" E S
Type: RVA Type: RVB

Lo Aol

Type Max G L | b zxed 0-Ring |Curve # Type Max G 1& | SW| 0-Ring |Curve #
GPM (90 sh) GPM (90 sh)

RVA2M | 079 | M6 | 6 | 35 | 35 | 4x1.2 | 25x1 1 RVB2M | 053 | Ms |65 |35 | 3| 25 8

RVA3M | 1.59 | Mexi | 6 |35 | 5 | exi.6 |  4xi 2 RVB3M | 1.06 | Msxi |65 | 35 | 3 | 4xi 9

RVA 4 264 | G18 | g5 |as| 6 | 6xis| 6 3 RVB 4 211 618 |5 | 4 | 4| ext 10

RVA4-M | 264 | Miox1 RVB4M | 211 | M1ox1

RVA 6 661 | G4 | g luc | o | sxoo ol . RVB 6 476 | G14 | g | 45| 5| ot 11

RVA6M | 6.61 | M14x1.5 RVB6-M | 4.76 | M 14x1.5

RVAS  |11.89| G3/8 RVB 8 793 | G3B

RVASM |11.89 | Misxis| © | 3% | 11| 88 | 1115 15 RvBa-M | 703 | misxis| ¥5 | 3% | 6| 1115 12

RVA10 |1849| G172 RVB10 |1585| G1/2

VA 1o | 1849 | Moz | 115] 65 145 | 8x38 | 14x15 | 6 VB 100 | 1288 | Mazxrs | 115] 65 | 8 | 14x15 | 13

RVA16 |2642 | G 3/4 RVB16 |2878| G&4 | | . | o I

RVA16-M |26.42 | M27xe | 14 | 75 | 185 | 8x46 118.77x1.78) 7 RVB 16-M |23.78 | M27x2 771,

¢ Techincal Data: z 6 5
3s Operating Pressure: 10,150 psi (lock pressure) 2 5 | 9 i 13
= 2 Proof Pressure: 40,600 psi B |
b 7 6 Temperature Range: ~ -40°F to 176°F & 12 i
3 3 5 7 Viscosity Range: 510 500 c St 5
/ A Installation Position: Any direction /
2 % Flow Rate: See section 4 2
) A A A Stainless Steel on Request . L
LidIRBEZaC ety /A=t
576 8 10 15 20 25 30 35 40 45 50 60 70 80 90 100 ~ 6 r?mzs 30 35 40 4550 60 70 80 %0 100
Q{1 /min) Q (L/min)
// ) * Type G K d T U BB
L— ?:\ ] 4* RVA +RVB 2 M6 2 | 7] 5 | 45] 25
®¢dmax— by oK G RVA+RVB3 | Mext | 7 |35 7 | 45| 25
‘—\ | & 1 RVA+RVB4 | G1/8 |87 |' 5 | g5 | ¢ | 25
7 :7‘_ ﬂ RVA+RVB4 | M10x1 | 9
/1 ? RVA+RVB6 | G1/4 |11.7 | g 9 s | 3
RVA +RVB 6 | M 14x1.5 | 12.5
_ﬂx -y — u — RVA +RVB 8 G 3/8 15.2 10 11 6 8
RVA +RVB 8 | M18x1.5 | 16.5
- - RVA+RVB 10| G1/2 | 19
T RVA +RVB 10| M22x1.5 | 205 | 2| 18 | 95 | 35
RVA+RVB 16| G3/4 |245
It is absolutely necessary RVA+RVB 16| M27x2 | 25 | 16| 17 | 125 45
to maintain the "x" dimension
of the cavity (item #5) X - Thread run-out. It can be smaller, but not larger.

T - Minimum depth without plug, thread joint, transverse drill and so on.
In case of stronger impacts and vibration, it is recommended to
secure the valves with loctite or similar.

Qil viscosity measured at 50 cSt. All dimensions in i

Warning: In case of sudden loading of the check-valve in flow direction, for example behind tank or hoses, the specified flow quantity
must not be exceeded.
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REPOSITORIO DE ' UNIVERSIDAD

CATOLICA

TESIS UCSM DE SANTA MARIA

1 { Job Ne. {Customer 25580 | Miners Xstrata Tintays S:A.

2 | Project Neme- - Antspsccay - Expangion Titaya

31 Tag Number C310-FY 012018

41 Sarvice CAL.A CHUTE ALIMENTAGION MOLING SAG

GENERAL 5 iLine No. P&ID 1 2°0391-ML-0228.C1EOR 2BES0-22006-0310-00001

% | Area Classification Seismic Norm | Sea Level Alt. | GENERAL PURPOSE NTEEO3MZONEZ  14100m
7 { Amblent Temperature: Min, Max. -5 1850

8| Allpwable dBA 84 dB AT A DISTANCE OF 1 METER

81 Avail Air Supply Press:] Min, E Max, 413kPa-g | 850 kPag
101 Valva Alr Failure Position Close

PIPE |11 Line SizeSchedula | Intet | Outiet ] Liner Mat/Thick 112 80 'gs 121 12 in]

LINE 121 Pipe material class Bipe materisl |Pipe insulation} C1EPR. | G8 ASTM ABS.BIAPI 5L.8 GE !
131 Fluid nome Fyd stte MILK-OF LIME _|Liguid
141 Corrosive Erosive | Towe NO P YES ] NG
15§ Max Shutoff DiP Critical Pressure 570 kPa 47 kPa.g
16 {nits & Min. Flow & Morm. Flow | @ Max. Flow
17§ Design Pressure kFa-g -
181 Desian Temperature hY <10 - 35
f PROCESS 1191 Flow Rale Amih 5.8
E CONE)]T?ONE 20 st Prossure KF‘&*Q & P L Er DoCUVENT REVEW
i 211 Pressura Drop kPa asion o doss et constts st s fot e e, callaons
; 221 Inlat Tamperature = 5 .
: 25 Inlet Density/ Specific Gravily kgim . ey
24} Solid Percantage 3 s carcetoo s
25 h‘i(e% wmﬁy (:p llanAranclbla 2/Ndy/2011
26 | Molstlor Mass | intet Specific Heats Ratio PR TECETT——
27 | Infet Vanour Prassure kPa-a 0.935 “nnm ﬁﬁ}w@
Z8 1 Fiow Coefficient Cv - Progans_Trangmittal # 4;
CALCULATED o Trou % = -
RESULTS. FasTgound Pressure Level . dBA
" 1321 Body Typet Material I DIAPHRAGM |ASTM A128 50| Signal: Infet Cutlet .~ INA [
331 Body Size { Trim Size 1.5 # |NA POSITIONER 51 Type A
34| Rated Ov {Chargctoris INA  sisolMA 52| Bypass | Gougas | NA |
sony  [35{End Conpes. & Rating  {RF Flange [l ASvE 161 531 Mounting NA
AND 36 | Flow Dirtaction LINIDIRECTIONAL {TRANSDUCER] B4} Sigrial Eﬂ?et]{}mlet NA l
TRIM: 17| Rated Travel NA 55
38| Sleeve Material Note 2) £~ SOLENOID £56] Type Nt requirad
30| Gasket Matarial NA, VALVE 5?1- Whesn Q&Enegf&{alve: Not reguiret
40| Wear Slesves {HA 58 Type {Cuentity  INO l2
411 Typs SPRING RET. CYLINDER I switcHes | 58] Contadis / Raling 420 VAG, 80, Hz, 130ma#"
47| Gize | Atea A82mi 5’ 0. pir2 207 b 80] Switching Position OPEN/CLORE o
431 Max. Allowabis Press. 160 psl &1] Sut Prossure Mot requirsd
ACTUATORT 4| Actuator Faiture FAlL CLOSE » AR SET 521 Filter |Gauge  INA jNA
45| Handwhes! INCLUDED #” 83| Hydro. Pressure NOT.REQUIRED
46| Bench Range NA TESTS | 64| Cryogenic Test NA
471 Sigral Type NA G5! ANSWFDS Léakage Cléss | AMSI VI (TSGY
C;I\éi;‘i?} 481 0o, Protogol NA PURCHASE 66 MR N(.},. 2HEB0-22G-MRA- V100002
148 G2 e No .02

1-individual 88 plate with tag number shall be permanently attached o each vaive
2.-Dhaphrogre Material Matral Rubber
3-BKS-B 2803 Conpeclor included.

74 Tag No. instrument Type Marndacturer Model Number
751 6310-FV 012018 |Contral Yalve VALAM PASC RECTD DN 40
78]~ Pasitionsar NA NA
77 Salenid NA, B HA
781 0330-Z8UH-012018 | Switch BALLUFF BES-516.207-8 27.E _{Nate 3}
79 Actuator IVALAM ESC-61
a0
BECHTEL CONFIDENTIALAD Beensel mcwaa FEL, AN Hghte seservad.
Handaing o1 et 1 Barhinl act o b b hird peaties without Baohial's prics wiilien peonipsicn.
: : INSTRUMENT SPECIFIGATION X

O | MTC| HAM] ROV I 2282611 |issued for Purchase . .

¢ LoaN] can| rOV | 10/2212010 | lesusd for Big Ciaphragm Co-Off Valve MM Xsirata

B YCGN I OSNI ROV 1042010 |lassued for Approval Loppel

A TOGNT CEN ROV | wai2010  Hssusdfor Coprdination  0lient No: Shgat 1 oof 1 Form Rev 0
'No. | By | Chk | Appr Date Dascription Code: 22199 | DS No:25580-220-JVD-JV01-00102 iRev: 0
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REPOSITORIO DE & UNIVERSIDAD

CATOLICA
TESIS UCSM [
DE SANTA MARIA
1 {Job No. {Customer 25560 {Minera Xstrata Tintaya S.A.
1 2 | Project Name ) 1 anepaccay - Expansion Tintave
3 | Tag Number O310-FY 012014
4| Service CAL A CHUTE ALIMENTACION MOLING SAG
GENERAL REAEREND P&ID 1 V20301 MLUO22-CIERR 126680-290-ME-0310-00081
6 | Are Classification | Seismic Neorm | Sea Level Al | GENERAL PURPOSE NTEEONZONEZ  [100m
7-1 Amblent Temperstire: i, Max. -89 1800
& | Allowable dBA 85 4B AT A DISTANGCE OF 1 METER
9| Avall Air Supply Prass:| Min, | Mex 413kPaq i €00 kPa-g
1101 Valve Air Fallure Pogition Cloze
PIPE 73] Line Size/Sohedule] inlet | Outlet] Liner Ma/Thick 112y 8 112 mlt 12in|
LINE 12| Pipe-material class | Pipe malerial | Pipe insulation] C1E2R  1C8 ASTM AG3B/AP! 5L-B.GE ]
3] Fluld name Fluid state MILK'OF LIME 1Liquid
14| Corrosive ‘Ercsive | Toxie N ! YES i NG
151 Max Shutoff (VP Critical Prassure 570kPr & &Pa.g
ig Units @ Min Flow 1@ Normo, Flow | @ Max Flow
171 Design Pressure kPa- -
! 481 Désign Temperature o0 T - 35
: PROGESS 1161 Flow Rate. A 58
| JCONDITIONS 20 | Inle! Pressure KPag 570
211 Pregsure Drop L) e
22| inlet Tomporaturs oG [ NU——
23| Inlet Density/ Spedfic Gravity lgfeat 1.18 [
3 43 s th P&mam&g_& % 20 ‘/' 1 Wodk may proceed 3 Riffse & Resubmit. Work may NOT proceed.
251 infet Vistoshy &P z Y
26| Molaculer Mass | inlet Spacific Heats Ratio . o o oamovzors
. " apaann 2L et ?amm ?mﬁ_sum Haa o {);gSS r—— DIT;:;:;-Z:WA-Jvm»ooooz
" 28| Flow Bmf.ﬁc;%tm - s nB03. <% +0310-FV-01201A;
CALCULATED 261 Trave] S broged«_Transmittal # 4
RESULTS 131 Sound Pressure Level . dBA . 1
321 Body Typs| Material | DIAPHRAGMAMASTM A126 501 Signal: infetl Outter [NA ]
331 Body Size | Trim Size 1.5 # |NA FOSITIONER-51] Type NA
341 Rated Cv | Characteris.{NA 4150 NA 52| Bypass | Gaoges  INA |
sopy  I351End Connec. & Rating {RF Plangen ASME 16.1 53 | Mounting NA,
AND  |381Flow Direction UNIDIRECTIONAL JrransouCER] 541 Signal infet | Cutlet NA ]
TRIM  137] Rated Travel NA P 55
38| Steeve Material (Nate 2y 37 SOLENOID 158 Tvpe Not required
391 Gasket Material INA NMALVE 167 When De-EncorVatve: | Not reouired
40| Wesr Sleeves NA 58| Type !Queméty ) {2 e
411 Type SPRING RET. CYUINDER | swiTCHES |59 Contadcts [ Raling 120 VAC, 60 Hz, 130mA #
421 Size tArea A6y Le/,}m .01 bt 50| Switching Position OPENJCLOSE  #"
43 iMax. Allowable Prass. 160 psi . §1] Sot Pressure Negt rpousirad
ACTURTOR [ 4| Actuator Faitire FAILGLGSE &7 MROET FealFier  Joauge [NA
45| Handwhee! INCLUDED 2 53] HMydro. Pressure NOT REQUIRED
46| Bench Rangs INA TESTS |84} Cryogenic Test NA,
47| Signal Type NA B5| ANSUFC) Laakage Class | ANSI VI (T80)
Gggi?“ 48 |Coram, Protocol NA PURCHASE 66} MR No. F%%»zﬁa—m - JV01-00062
45 87| ttem Moj1.01
1.- individual S8 plate with tag number shall be permanentiy-attactied to each valve.
2.~ Diaphrapm Material Matural Rubber,
3.~ BKS-S 2803 Connector included.
74 Tag No. . ingtrment Type Manulactursr Mudel Number
75 0FI0FY 012014 | Control Valve VALAM BASO RECTO DN A
6} e Positioner NA NA
77k Solenoid NA RA
78{0310-Z8L/H-01201A. | Switch BALLUFF BES-815-207-5 27-E {Note 3)
78 | Actuator ) VALAM ESC-81
803
: & aptterss 204, AU SHEHG reGarveT.
Liantal Baohie! ot in d 2 isird pitien without Hsohtels privs weilten
_ e e _ INSTRUMENT SPECIFICATION “X
0§ MTCE HAM| ROV /282011 | issuedior Purchase . -
¢ TooN] csH| ROV 1072202010 |lssued Tor Bid Diaphragm On-Off Valve M&M xskrata
B JCON | CSN | ROV | 10/472010 |issusd for Approval TOpRR?
A TCGN] CEBNI ROV /32010 |issued for Coordinalion  {Cient No: Shest HE Forp Revl
Me t By | OOhk ] Apor Date Desciplion Code: 22199 IEJS N ZEBEN A VDO 00T I'Rev: G 1
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4) metso HOJA DE DIMENSIONAMIENTO DE | o G310 PV 012020
Item Revision Tag 0310-FV-01202A
Cliente Control
Ref. Metso Contacto Metso Ref. Cliente
Bechtel -
Proyecto/Unit Antapaccay/Area Created by sample.user Fecha d/12/10
0310
DATOS DE PROCESO
Didmetro tub. ’
entrada / salida in 10/ 10 Espesor de pared Schedule Std
Servicio Control Tipo de fluido  Liquid
Descripcion de fluido Water / AGUA DE PROCESO
Densidad kg/m3 998 Presidn critica barA 221.2
Viscosidad cp
Case 1 Case 2 Case 3 Case 4
Caudal m3/h 300 600 900
Temperatura entrada degC -10 10 35
Presion entrada kPaG 190 170 141
Presion diferencial kPa 141 102 53
Presion salida kPaG 49 68 88
Presion de vapor barA 0.005 0.017 0.067
PRESTACION CALCULADA
Case 1 Case 2 Case 3 Case 4
Capacidad Cv 292.08 686.81 1429.18
Percentaje de abertura % 35.8 57.3 81.6
Abertura en grados deg 40.1 58.5 79.3
Nivel de ruido dBA [IEC] 63 57 58
Vel. de flujo (ent.) m/s 1.7 3.4 5.09
Caida de pres. terminal kPa 245.55 198.8 145.66
Fl 0.92 0.86 0.79
SELECCION DE LA VALVULA
Tamanode .\ 550 Capacidad méxima Cv 2830 FpCv 2830
valvula
Tipo de SEGMENT ANSI 150
valvula
Cad. R-SOFT ROTARY CONTROL VALVE, SOFT SEATED, SEGMENT / V-PORT
DATOS DE CALCULO DEL ACTUADOR
Presidén suministro barG 4.2 Asiento valvula std_Soft
dP méaxima de Empaquetadura i
cierre kPa 500 valvula REPRES
Factor Cojinetes valvula PTFE
SELECCION DEL ACTUADOR
Céd. B1J12 SPRING TO CLOSE CYLINDER ACTUATOR
Requerido en abertura Nm 132 Requerido en cierre Nm 132
Factor de carga % 24 Factor de carga % 40
Case 1 Case 2 Case 3 Case 4
Req. control-abrir Nm 95 92 100
Factor de carga % 22 22 26
Req. control-cerrar Nm 86 79 60
Factor de carga % 25 19 13
Notas
OC N° 25580-220-POA-JV01-00001 - Proyecto Antapaccay - Bechtel
Item 1.01
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Item Revision Tag 0310-FV-01202B
Cliente Control
Ref. Metso Contacto Metso Ref. Cliente
Bechtel -
Proyecto/Unit Antapaccay/Area Created by sample.user Fecha d/12/10
0310

DATOS DE PROCESO

Didmetro tub.

entrada / salida in 10/ 10 Espesor de pared Schedule Std
Servicio Control Tipo de fluido  Liquid
Descripcion de fluido Water / AGUA DE PROCESO
Densidad kg/m3 998 Presidn critica barA 221.2
Viscosidad cp

Case 1 Case 2 Case 3 Case 4
Caudal m3/h 300 600 900
Temperatura entrada degC -10 10 35
Presion entrada kPaG 190 170 141
Presion diferencial kPa 141 102 53
Presion salida kPaG 49 68 88
Presion de vapor barA 0.005 0.017 0.067

PRESTACION CALCULADA

Case 1 Case 2 Case 3 Case 4
Capacidad Cv 292.08 686.81 1429.18
Percentaje de abertura % 35.8 57.3 81.6
Abertura en grados deg 40.1 58.5 79.3
Nivel de ruido dBA [IEC] 63 57 58
Vel. de flujo (ent.) m/s 1.7 3.4 5.09
Caida de pres. terminal kPa 245.55 198.8 145.66
FI 0.92 0.86 0.79
SELECCION DE LA VALVULA
Tamanode .\ 550 Capacidad méxima Cv 2830 FpCv 2830
valvula
Tipo de SEGMENT ANSI 150
valvula
Cad. R-SOFT ROTARY CONTROL VALVE, SOFT SEATED, SEGMENT / V-PORT
DATOS DE CALCULO DEL ACTUADOR
Presidén suministro barG 4.2 Asiento valvula std_Soft
dP méaxima de Empaquetadura i
cierre kPa 500 valvula REPRES
Factor Cojinetes valvula PTFE
SELECCION DEL ACTUADOR
Céd. B1J12 SPRING TO CLOSE CYLINDER ACTUATOR
Requerido en abertura Nm 132 Requerido en cierre Nm 132
Factor de carga % 24 Factor de carga % 40
Case 1 Case 2 Case 3 Case 4
Req. control-abrir Nm 95 92 100
Factor de carga % 22 22 26
Req. control-cerrar Nm 86 79 60
Factor de carga % 25 19 13
Notas
OC N° 25580-220-POA-JV01-00001 - Proyecto Antapaccay - Bechtel
Item 1.02
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Item Revision Tag 0310-FV-01202C
Cliente Control
Ref. Metso Contacto Metso Ref. Cliente
Bechtel -
Proyecto/Unit Antapaccay/Area Created by sample.user Fecha d/12/10
0310

DATOS DE PROCESO

Didmetro tub.

entrada / salida in 10/ 10 Espesor de pared Schedule Std
Servicio Control Tipo de fluido  Liquid
Descripcion de fluido Water / AGUA DE PROCESO
Densidad kg/m3 998 Presidn critica barA 221.2
Viscosidad cp

Case 1 Case 2 Case 3 Case 4
Caudal m3/h 300 600 900
Temperatura entrada degC -10 10 35
Presion entrada kPaG 190 170 141
Presion diferencial kPa 141 102 53
Presion salida kPaG 49 68 88
Presion de vapor barA 0.005 0.017 0.067

PRESTACION CALCULADA

Case 1 Case 2 Case 3 Case 4
Capacidad Cv 292.08 686.81 1429.18
Percentaje de abertura % 35.8 57.3 81.6
Abertura en grados deg 40.1 58.5 79.3
Nivel de ruido dBA [IEC] 63 57 58
Vel. de flujo (ent.) m/s 1.7 3.4 5.09
Caida de pres. terminal kPa 245.55 198.8 145.66
FI 0.92 0.86 0.79
SELECCION DE LA VALVULA
Tamanode .\ 550 Capacidad méxima Cv 2830 FpCv 2830
valvula
Tipo de SEGMENT ANSI 150
valvula
Cad. R-SOFT ROTARY CONTROL VALVE, SOFT SEATED, SEGMENT / V-PORT
DATOS DE CALCULO DEL ACTUADOR
Presidén suministro barG 4.2 Asiento valvula std_Soft
dP méaxima de Empaquetadura i
cierre kPa 500 valvula REPRES
Factor Cojinetes valvula PTFE
SELECCION DEL ACTUADOR
Céd. B1J12 SPRING TO CLOSE CYLINDER ACTUATOR
Requerido en abertura Nm 132 Requerido en cierre Nm 132
Factor de carga % 24 Factor de carga % 40
Case 1 Case 2 Case 3 Case 4
Req. control-abrir Nm 95 92 100
Factor de carga % 22 22 26
Req. control-cerrar Nm 86 79 60
Factor de carga % 25 19 13
Notas
OC N° 25580-220-POA-JV01-00001 - Proyecto Antapaccay - Bechtel
Item 1.03
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Neies RE-Series controi vaives are economicai
high performance valves in a quarter-turn design.
They are offered with a variety of trim options from
standard and low Cv trims for general applications
to noise/cavitation Q-Trim® for reducing
aerodynamic noise and preventing cavitation.
Standard units are equipped either diaphragm or
cylinder actuators and ND9000® intelligent valve
controllers for precise control, reliability and

performance monitoring on-line.

FEATURES Economical
O Low torque requirements reduce wear, resulting in
Integral body construction better reliability. In addition. standard designs carry
0 integrally flanged R-Series vaives feature one piece hard chromium facing on segment and cobalt based
body construction with no flange rings, inserts or end alloy seat, which has been designed to avoid flow
caps to create potential leak paths, even if valve is impingement. Together with low load bearing design
subjected to pipe bending forces. Seating capabili- and live-ioaded packing, operational iife is improved
ties are totally unaffected by pipeline forces, which and maintenance needs are minimised. Low torque
assures reliable vaive cperation. combined with well integrated actuator design pro-
vide lower cost valve unit.
Accurate Controi . .
0 Carefully designed V-ported segmented ball, low Small flow and qu noise/Cavitation
torque requirements and clearance-free movement Q-Trim® options

esult in good control performance. Design provides O DN25/1" vaives feature five different segments. They
steady and gentie contact between the seat and seg- extend valves’ application range to very low-flow high
ment at all times to minimize friction while providing accuracy services, such as additive and colouring
tightness. Bearings are located inside the valve body lines, pilot plants etc. Cavitation and aerodynamic
providing larger bearing areas, lower bearing loads noise are reduced with the patented Q-Trim® option.
and longer bearing life. This self-cieaning design handies contaminated fiows

(impure steam, river water, etc.) without plugging.
Safety and Environment

0O Rotary operation reduces fugitive emissions drarnati-
cally compared to sliding stem design.

NA 2 €

1002/21 onss|

SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
analysis, test methods, or materials developed or selected by SELLER, and does not relieve
SELLER from full compliance with contractual obligation.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed
4 Review ot required. Work may proceed

2 Revise & Resubmit. Work may proceed
subject to incorporation of changes 5 Cancelled / Superseded

Document status: L

E .
Reviewer Name: CTistian Arancibia  pae: 18/Julio/2011 a uto m at I On
biscipine: EJ - CONMrOl SyStems  poc type cove: V1A

aob# 25580-220 vp#25580-220-V1A-JV01-00106|

|
subm 001 Equip #
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I

® EXxplosion-proof construction
ﬁrg n| Za l|nn on Jifs TIIS explos;ic_)n;prgclf (\zonstruction
- N0\ IDRE Electro-Preumatic (ExdIIBTS)
EC 605‘-‘3) IP65 Positioner ATEX irtrinsically safe explosion-proof
construction (112G Ex ibliCT5/T6)
A centraiized exihaust smart Positioner ATEX intri_nsic:e_x!ly sefe _ee)_(:plcls;_ion—pro?f
system employs the S e construction (111G Ex ialiCT4/T5/T6)

combinaticn of the

check valve and the
labyrinth effect With' | — d |
enhancing both thiint i tel(Xd4'oniv)
Qustproofand @ With interna Opening In |cator: plate (Xi4only)
waterprooi periormance.

(@ Iionitohing function

iZiectro-Pneumatic Fc', ticner |
- Opening current transmission enelogue (4 te 20 mA DC) coniinucus cutput -
Smart Positioner

- Alarm point output function (2 points)

- Analogue (4 to 20 mA DC) continuous output ®B

Internal opening
indieator plate
Opening indicator plate
inside body

ody with LCD window

{Smart Peositiener)

® With external scalelplate’(Rotary type)

External scale plate

Improved visibility of
opening inclicator

LCD window

Allows checking of control
from outside body

Smart Positioner

1P8001
(Lever type)

i IP8000

(Lever type)

1IP8101
(Rotary type)

—
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1414 Smart Position
Series IP8001/8101

auucu.:

ter change and

I push blU\ on
to parameter list)

(
- Zero point/span adjustment easier than with previous mechanical positio

Py N P l,

IP8001 (Lever type)

monitoring. 1P8101 (Rotary type)

for easy setting of various parameters

ners

Pararmeter List

Im De<cripiion

Positive operation/
reverse operation setting

2  Split range setting
Preferred zero point/span adjustment setting

w

Forced full close/full open setting

5

Standard
equipped
functions
5 Valve characteristic setting

7 Calibration setting

8 Alarm 1 output setting
Optional 8 Alarm 2 output setting
equipped
functions ¢ Analogue (4 to 20 mA DC) output setting

Full Output Functions

Change operation clirection with regard to input signal
Change to internal components, piping not possitle
Chanrge range of input signal
Change actuator stroke rarnge with regard to input sigral
To ensure valve closure, force actuator opering to be 0% or

100% with a preferred input signal.

Select from these 6 valve characteristics:
Linear characteristic
Eiquality % characterstic (2 types)
Quick open characteristic (2 types)
User preferred point setting (11 paints)

Chainge PID constant

Zero point/span adjustment, Auto PID corstant setting, input
signal display value calibration, etc.

Set upper/lower stroke limits for actuator from which alarm is
output

Set increase/decrease direction for 4 to 20 mA DC output with
regard to actuator stroke

_ Handles 2-line Input for Exisiting Equipment

Selecting models with autput functions by madel selection
selects with alarm point output function (2 points) and
anialogue {4 to 20 mA DC) continuous output function.

This will allow remote detection of operating abriormalities.

i + i QA i jas
Ceoentrel Sitaie Displa
°
Positioning, deviation, and input value are displayed

(nurnerically) on the internal LCD, allowing visual veri-
fication of the contro! state.

Display examnple
Positioning (%)

P gnno £

Deviation (%)

mnn
u.u

Control furnished with conventional 2-line input signal
(4 to 20 mA DC) not requiring separate power source.

HARI‘ Transmission Fiunciion

HART transinission furictiori can be desigriated by
model selection.

Allows remote rmonitoring and setting change of posi-
tioner.

_Intercompatible Installation

Dirnensions; of mounting parts same as previous rnecha-
nical series IP6000/IPS0C0 Electro-Pneumatic Positioner.

External feedback lever and fork lever-type fitting for joi-
ning actuator and positioner are also the same.
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Specifications ™"
Type 1P8000 1P8100 1P8001 \ 1P8101
Electro-Prneumatic Positiorier Simait Positioner
Lever type lever feedback Rotairy type cam feedbacl Lever type ‘ Rotary type
ltem Single action | Double action | Single action ‘ Double action Single action / Double action
Input current 410 20 mA DC (Stardard) Nt ?
Min. operating current — 3.85 mA DC or more
Intra-terminal voltage — 12 V DC (equivalent to 600 £ input resistance, at 20 mA DC)
Max. supplied power — 1 W (Imax: 100 mA DC, Vmax: 28 V DC)
Input resistance 235 +15 Q (4 to 20 mA DC) —
Supply air pressure 0.14 to 0.7 MPa 0.3t0 0.7 MPa
Standaid stroke 1010 85 mm (Allowable deflection angle 10 to 30°) 60 to 100° Note 3) 100 85 mm (Allowable deflection angle 10 o 30°) 60 to 100° Note 3
Sensitivity Note 4) Within 0.1% F.S. Within ¢.5% F.S. Within 0.2% F.S.
Lingarity Noie 4) Within 1% F.S. Within 2% F.S. Within +1% F.S.
Hysteresis Note 4) Within 0.75% F.S. Within 1% F.S. Within 0.5% F.S.
Repeatability Note 4) Within +0.5% F.S.
Coefficient of temperature Within ¢.1% F.S./°C Within 0.05% F.S./°C
Supply pressure fluctuation Within 0.3% F.S./0.01 MPa — Note 5)
Cutput flow Note 6) 80 #min (ANR) or more (SUP = 0.14 MPa) 200 #min {ANR) or more {SUP = 0.4 MPa)
o 5 dmin (ANR) or less (SUP = 0.14 MPa) 2 4min (ANR) or less (SUP = 0.14 MPa) 11 4min (ANR) or less
Air consumption Not¢©) 11 dmin (ANR) or less (SUP = 0.4 MPa) 4 4min (ANR) or less (SUP = 0.4 MPa) (SUP = 0.4 MPa)
General structure: —20 to §0°C
Ambient and fluid TIIS explosion-proof: —20 to 60°C
temperature ATEX intrinsically safe explosion-proof: —-20 to 80°C (T5) ATEX intrinsically safe explosion-proof —20 to 86°C (1:4-/1' 5)
—20 to 60°C (T6) —20 to 60°C (T6)
—40 10 60°C (T6)/-L type low-temperature specification
Explosion proof TIS explesion-procf censtruction (ExdIIBTS) ATEX intrinsically safe explosion-proof conistruction
construction Note?) ATEX intrinsically safe explosion-proof construction (112G Ex iblICT5/T6) (MG Ex iallCT4/T5/T6)
ATEX intrinsically safe explosion-proof Ui<28V,li<125mA, Pi<12W, Ui<28V,li<100mA, Pi< 0.7 W,
parameter (current circuit) Ci<0nF, Li<0mH Ci<i25nF Li<15mH
Exterior covering enclosure JISF8007, 1P65 (conforms to IEC Puh.60529)
Transmission method Note?) — HART transmission
Air coninection poit Note 8) Rc 1/4 female thread, NPT 1/4 female thread, G 1/4 female thread
G 1/2 female thread, M20 x 1.5 female thread, NPT 1/2 female thread
Alu m diecast body/bakirig finish with denatured epoxy resiri
2.4 kg (Without terminal tiox)/2.6 kg (With terminal box) 2.6 kg

Note 1) Specification values are given at normal temperature (20°C). Ncte 5) While there is no output changes due tc pressure fluctuations, when the pressu-
Note 2) 1/2 Split range (Standard) re supply setting is changed fcllowing calibraticn, cnce again adjust balance cu-
Note 3) Stroke adjustment: G to 66°, C to 100° rrent and perform calibration.
Note 4) Characteristics relating tc accuracy differ depending on combination with cther  Ncte 6) (ANR) indicates JIS B0120 standard air.

constituent loop eguipment, such as positioners and actuators. Ncte 7) Model selection required for explesion proof constructicn and HART transmissicn.

Ncte 8) Thread type can be specified by model selection.

Type |IP8§100-0C71-J/LR (Non-explosion proof) IP8LI01-0C12 ‘ 52-1P8[101-014
ltem Electro-Pneumatic Positioner Smart Positioner
Wiring 2-line
Output signal 410 20 mA DC
Analogue | Power supply voltage 1216 35V DC 10tc 28 V DC
output | | oad resistance {Power supply voltage —12 V) + 20 mA DC or less 0to 750 Q
Accuracy +2% F.S. or less Note 1) +0.5% F.S. or less Note 2)
Hysteresis Within 1% F.S. —
Wiring -— 2-line
Applicable standards -— -— DIN19234/NAMUR Standard
Power supply voltage — 10t0 28 V DC 5t028 V DC
ou‘:\;:ltﬂ';r:, 2 Load resistaiice -— 10 to 40 mA DC (Constant current output)
Alzirm ON -— R =350 Q+10% >2.1 mADC
Alarm OFF (Leakage current) -— 0.5 mA DC or less <1.2mADC
Responise time -— 50 msec or less
Note 1) indicates analc ut racy with respect to actuator angie.

Note 2) Indicates an. U it acy with respect to LCD display position value (P value).
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Accessory / Option

Pilot valve with output restriction (IP8000 / 8100)

Exiernal feedback lever (IP8000 / 8001)

In general, mouriting on a small-size actuator may cause hiuritirig. For
i

prevention, a pilot valve with a built-in output restriction is available.

p ,
The restrictiori is removable.

rent feedback levers are available dependent upon valve

strokes. Order according to the valve stroke.

Eaadiaclk lever tvs
Actuator | b numb Pilot uinit Model selection Feedback lever types
Capacity |Cfficesize| Part number part number accessory Strok Unit number Size il Size i Mode! selecion
Stroke ize iz
90cm® | 207 | P36801080 P565010-18 A i IPS000 P00 accessory
180 cm? o1 P36801081 P565010-19 B 10 to 85 mm| P368010-20 | P565010-323 | 125 | 150 | sandard
Note) Output orifice nct required for Smart Pcsitioner regardless of actuator capacity. 35t0 100 mm| P388010-21 | P5585010-324 | 110 oF E
50 tc 140 mm| P368010-22 | P565010-325 | 110 | 275 F
Orifice size 1612 mm | P368010-260 | P565010-329 | 75 | 75 |dpeiarisss.
- ©
©| T
Restrictor O-ring P5 : —=
Restrictor mounting diagram Pilot valve bottorn view M 5

Ferk lever-type fittings (IP8100/ 8101)

2 types of rotary type IP8100/8101 fork lever-type fittings, that differ
by installation dimensions dependent on bracket installation method,
and 2 types of installation portion thread sizes, are available.

When installing on the side surface, using fork lever assembly M
provides interchangeability with the installation dimensions of SMC
IP6100 positicner. When instealling on the rear surface, using fork
lever assembly S also provides interchangeability with the installation
dimensions of SMC IP6100 positioner.

N

Resin connector (Non-expiosion proof specification)

Optional cable connectors are available for different cable sizes. The-
se are not for explosion proof applications. Recommerided for use in

indoor applications.

Part name Part number | Suited cable outer diameter
instaliation i
Part name Unit numbier "'pé.-'{;og " Mo:c?cl(::slzc—:on Resin-made cable clamp unit (A) | P38801¢-26 o7 to 29
3 H y i
T T hread size X Resin-made cable clamp unit (B) | P368010-27 | o09to o1
Fork lever assembly M P368010-24 s SeE (¢}
Fork lever assembly S P368010-25 D
Fork lever assembly MX P368010-36 Bot C Note)
Fork lever assembly SX | P368010-3 R D Nots)

Note) Installation porticn thread size is M€ x 1 for IP8100-0[]0-X14 when accessory
C or D are selected.

MEx 1.2

orM6 x 1
i==4
. Actuator main shaft

Side mounting with the fork
lever assembly M

Actuator main shaft

Cable connector
—_ =y
= (%)
Ul
y W |©
e | @
58 o
o 2
==
g s
i~
T . |
¥ sy %'c_) S ATk T
.. 2> ! RC v 4 N
@ Jl= M8 x 1.25
@ Q7 | ~
o= @ or Mg x 1
0
U}
L

Rear mounting with the fork lever
assembly SLJ
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UTZ2 increases.

IP8000 / Lever type

Singie

action

Double action

Positive operation

When the input signal is increased, the stem
moves as allow mark.

Span adjusting lever
normal position

OUT2 is plugged.

When the input signal is increased, the stem
maves as allow mark.
(Positive valve operation by its reverse

operation mode)

Span adjusting lever
normal position

OUT1 is plugged.

When the input signal is increased, the
cylinder rod maoves as allow mark.

OuT1

Span adjusting lever
normal position

Reverse operation

Whern the input signal is increased, the stem
moves as allow mark.
(Reverse valve operation by its positive

operation mode) OUT2

Span adjusting lever
reverse position

When the input signal is increased, the stem
moves as allow mark.

Span adjusting lever
reverse position

OUT2 is plugged.

Span adjusting lever
reverse position

IP310

S av g

Single

action

Doublie action

Positive operation

When the input signal is increased, the
actuator shaft rotates in a clockwisie direction.

Main shaft

»Single acticn actuator
OUT1

The cam of the
positiorier
should be set on

the DA surface.

OUT2 is plugged.

When the input signail is increased, the
actuator shaft rotates in a clockwise direction.
(Positive valve operation by its reverse

operation  Main shaft Y
rnocie) ~Single action actuator|

The cam of the
positioner
shiould be set on

thie DA surface.

OUT1 is plugged.

When the input signal is increased, t

actuator shaft rotates in a clockwise

Main shaft .
—Dauble action actuator

OUT1

The cam of the
positioner
should be set on

the DA surface.

Reverse operation

When the input signal is increased, the actuator
shaft rotates in a counter clockwise direction.
(Reverse valve operation by its positive
operation Main shaft

H 04, e +
mode) »— Single action actuator

The cam of the:
positioner
should be set on
the RA surface.

OUT1 is plugged.

Whien the input signal is increased, the actuator
shaft rotates in a counter clockwise direction.

Main shaft . .
,—Single action actuator

The cam of the

positioner
shiould be set on
the RA surface.

OUT2 is plugged.

When the input signal is ircreased, thie actuator
shaft rotates in a counter clockwise direction.

Main shaft

»~— Double action actuator
ouT2

The cam of the
positioner
shiould be set on
the RA surface.
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SELLER DOCUMENT REVIEW

Permission to proceed does not constitute acceptance or approval of design detail, calculations,
analysis, test methods, or materials developed o selected by SELLER, and does not relieve
SELLER from full compliance with contractual obligation

1 Work may proceed

2 Revise & Resubmit. Work may proceed
subject to incorporation of changes

1

Document Status:

Reviewer Name: Cristian Arancibia

3 Revise & Resubmit. Work may NOT proceed
4 Review not required. Work may proceed

5 Cancelled / Superseded

pae:8/S€pU/2011

piscipiine: EJ - Control Systems

Doc Type Code: Y2A

Job# 25580-220

ve# 25580-220-V2A-JV01-00024|

|

subm 001 equip# NA;
program# NA;

Job # VP #

SEQ# Equip #

FABRICANTE DE VALVULAS A DIAFRAGMA

VALA

A.l1.C.
IAFRAGMA TIPO PASO RECTO

Un diseno ﬁni_co
para el mejor
resultado




Valvulas a diafragma Valam

tipo paso recto.

Hermeticidad y economia en un diseno unico
para los servicios abrasivos, corrosivos y generales

Las piezas internas no estan
en contacto con el fluido.
Todas las piezas estan
fosfatizadas.

El tratamiento de pintura
epoxidica evita la

corrosion
-,
externa. =
Disefio unico e Amplitud de
inigualable _ aplicaciones. e B
.- Larga vida util del diafragma - La gran variedad de materiales, revestimientos,
por su construccion reforzada. diafragmas y métodos de operacion, permite su uso
& Balaiit ttad od " en la mayoria de los fluidos, satisfaciendo
.- Excelente resultado en lodos abrasivos e Badecidadas.
y polvos secos.




Flujo de la valvula.

El disefio sin recesos logra un flujo parejo y aerodinamico,

con minima pérdida de carga.

Volante.
Comodo vy de rapida operacion.

Indicador amarilio

Indica a distancia

la posicion de la valvula

sin dificultar la operacion de la misma.

Vastago.

Lubricado y aislado del medio ambiente
por el borde sellador del indicador amarillo,
que lo proteje de |a contaminacion extemna.

Diafragma.

Su disefio logra un diafragma fuerie

y reforzado, brindando total hermeticidad,
seguridad v larga vida.

Se ofrece un diafragma apropiado para cada fluido,

a fravés de una amplia variedad
de cauchos sintéticos y naturales,

Opciones de cuerpos.
Extremos bridados, roscados.
Variedad de metales,

con revestimiento de cauchos
y polimeros.

Bajo costo de mantenimiento.
Larga vida (itil de las tres piezas
{1) Mecanismo.

{2) Diafragma.

{3) Cuerpo.

El reemplazo del diafragma

s rapido, sencillo y sin retirar

la vélvula de la caferia.

Flexibilidad
operativa.

.- Los mecanismos manuales
y automaticos pueden
intercambiarse, atn
sin retirar el cuerpo
de la cafieria.

' Hermeticidad
absoluta.

- El cierre del diafragma sin roce
garantiza hermeticidad absoluta,

aun con solidos en suspension.

.- Hermética, tanto en presion

positiva como en vacio.

' Calidad
reconocida.

| .- Alta tecnologia
internacional en la
fabricacion.

.- Uso de normas
internacionales
de calidad.




Detalles basicos

de las valvulas a diafragma

tipo paso recto.

DIMENSIONES (mm), PESOS (Kg) y PRESIONES (bar)

P

. Conexiones con Extremos Bridados e P
(DN) A (mmy) B (abierta) Peso A (mm) B (abierta) Peso
Rev. en Polimero Rev.

mm Pulgadas Metal o Vidrio Caucho En Kg. En Ka. En Bar
15 12 108 110 S 106 2,000 64 106 0,790 10
20 3/4 117 118 123 115 2,500 a5 120 0,850 10
25 1 127 129 133 160 3,000 111 174 2,050 10
32 11/4 146 148 152 160 4,350 124 174 2250 10
40 1142 159 161 165 182 5,450 143 174 2,750 10
50 2 190 192 196 230 8,000 168 189 4,900 0
65 21/2 216 218 222 295 12100 206 228 8,650 10
80 3 254 256 260 303 21,500 257 302 15,600 10
100 4 305 307 311 324 32,000 - - - 10
125 ] 356 358 362 346 48,200 = - 6
150 6 406 408 412 470 65,000 - - 6
200 8 521 523 527 640 104,000 - - 3,5
250 10 635 637 641 745 208,000 - - 3,5
300 12 749 751 755 785 306,400 - - 35

Volante y vastago ascendente en DN 015-150. Volante no ascendente en DN 200-300.

Las dimensiones dadas son para planificar y no deben ser usadas para fabricacion.

PRINCIPALES MATERIALES

Cuerpos Revestimientos Diafragmas

Hierro fundida Ebonita Rilsan™ Butilico EPDM

Acero inoxidable Butilico PFA/ETFE/ECTFE Neoprene” Nitrilo

Acero al carbono Viton® Caucho blando, para abrasivos Hypalon® Caucho natural

Bronce Hypalon® Viton® Caucho blando, para abrasivos

MNuestro Departamento Técnico de Ventas puede recomendar |la valvula apropiada para cada necesidad.

Valvulas VALAM' - Las vélvulas disponibles mundialmente.

Automaticas Hidrante

Fabrica:

VALAM s ...c

& & &

Vertedero

Sanitaria

FO-0002. 07/06

Retencion

-

DISTRIBUIDOR EXCLUSIVO

TRIALLOY INTERNATIONAL S.A.
LIMA; Jr. Chicama 175 Urb. Maranga - San Miguel - Lima 32
Telfs.: (511) 578-3058 - 578-2808 Fax: {511) 578-2449
E-mail: ventas@irialloy.com.pe
Wb Site: www.Erialloy.com.pe
AREQUIPA: Teif: (054} 247715 Talefax; (054) 225355
E-mall: arequipa@tralioy.com.pe
CHICLAYOQ: Cel.: 9907-3337 Nestal: A18"3607
E-mall: chiclayo@trialloy.com.pe

N




CLIENT:

PROJECT TITLE:

PROJECT LOCATION:

P.O.N°:

UNIT:

EQUIPMENT TITLE:

EQUIPMENT N°:

REFER TO SPECIFICATION N°:

XSTRATA TINTAYA S.A.

ANTAPACCAY PROJECT- TINTAYA EXPANSION

Cuzco, PERU

25580-220-MRA-MFSS-00001

LOW VOLTAGE AC INDUCTION MOTORS

Sag Mill Discharge Screen Motor

0310-SCR-0001-M1

25580-220-3PS-MUMI-00001

For General Requirements

APPLICABLE CODES

COMMENTS:

TAG ID's

SELLER DOCUMENT REVIEW

aniel Carrasco oue:06-Ene-2010

V1A

vp # 25580-220-V1A-MFSS-0001}
0310-SCR-0001-M1;

Equint

NEMA MG 1-2006 Revision 3

As per MR.

3  |17/Dec/10 Complete Issue MZ MD
2 17/sep/10 Complete Issue MZ MD
1 16/aug/10 Complete Issue MZ MD
0 5/abr/10 Issued for Purchase FCR EFR FLG CEzZ
REV DATE REASON FOR REVISION BY CHECK EGS PE CLIENT
XSTRATA BECHTEL ALLIANCE JOB No. 25580-220
DATA SHEET FOR LOW VOLTAGE INDUCTION} DATA SHEET No. REV. No.
X MOTORS
L 25580-220-MFD-MFSS-00002 3
Sheet 1 of 4

Electronic documents, once printed, are uncontrolled and may become outdated
Refer to the electronic documents in Project InfoWorks STOANTAPACCAY for current revision
BECHTEL Confidential © BECHTEL 2010. All rights reserved.

En su investigacion no olvide referenciar esta tesis




TESIS UCSM

LOCATION: CUZCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS

LINE No. | DESCRIPTION UNITS | SPECIFIED | SELLER PROPOSAL

1,00 |GENERAL

1,01 Manufacturer - By Seller Haver & Boecker

1,02 [Address / Location of assembly plant - By Seller Rod. Campinas - Monte Mor , km 20
1,03 Phone / fax - By Seller 55 19 - 3879-9186 / 55 19 3879-1410)
1,04 [email address - By Seller mzarro@haverbrasil.com.br
1,05 Proposal No. / Date - By Seller 354-14587/09

1,06 Location of Assembly Plant - By Seller Monte Mor

1,07 Catalog / Serial / Model / No. - By Seller Model 444/5T

2,00 |SITE CONDITIONS (Environment)

2,01 Altitude m.a.s.l 4200 OK
2,02 Ambient temperature max °C 22 OK
2,03 Ambient temperature min °C -10 OK
2,04 Ambient temperature Average °C 83 OK
2,05 Hazardous Location Motors - Not Required Not Required
2,06 Explosion Proof Class - N/A N/A
2,07 Explosion Proof Group - N/A N/A
2,08 'Explosion Proof Division - N/A N/A
3,00 |POWER SYSTEM

3,01 Rated Voltage Vv 480 480
3,02 Phases ph 3ph 3 ph
3,03 Frequency Hz 60 60 hz
3,04 Short circuit Capacity kA 65 kA

3,05 Grounding Type L Solid

4,00 |MOTOR STANDARD NEMA MG-1 2006 NEMA MG-1 2006

|

5,00 |LOAD MECHANICAL CHARACTERISTICS

5,01 Driven equipment - As per MR Pulley and belt
5,02 Shaft coupling method - As per MR Flange
5,03 Mounting Position S As per MR Horizontal
5,04 Speed Type B As per MR Rpm
5,05 Speed Range = As per MR 1745
5,06 Duty Type - As per MR Continuous
5,07 Locations Indoor/outdoor As per MR Outdoor

6,00 |MOTOR DATA

6,01 Type of Induction Motor = SCIM SCIM
6,02 Power Output HP/KW each specific application 100/75
6,03 Rated Voltage vV 460 460
6,04 Phases ph 3 3
6,05 Frequency Hz 60 60
6,06 Service Factor @ operating altitude A 1,15 1,15
6,07 Poles = By Seller 4
6,08 RPM RPM By Seller 1785
6,09 Minimum terminal voltage during starting per unit 0,85 0,85
6,10 Nema Design - B B
6,11 Insulation Class = F F
6,12 Temperature rise < Class B (80°C) at full load B
6,13 Special insulations considerations - Not required N/A
6,14 Enclosure e TEFC TEFC
6,15 Frame - By Seller 444 | 5T
6,16 Weight 4 By Seller 754 kg
6,17 Starting Method DOL: Direct On Line DOL DOL

SS: Soft Starter
AFD: Adjustable Frequency Driver

)( i DATA SHEET FOR LOW VOLTAGE SATA SHEETJI\?OB No. 25580-220 SEVAY
INDUCTION MOTORS : 0.

¥strata 25580-220-MFD-MFSS-00002 3
Sheet 2 of 4

Electronic documents, once printed, are uncontrolled and may become outdated
Refer to the electronic documents in Project InfoWorks STOANTAPACCAY for current revision
BECHTEL Confidential © BECHTEL 2010. All rights reserved.

ublicacion autorizada con fines académicos e investig
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CLIENT: XSTRATA TINTAYA S.A. EQUIPMENT N¢0310-SCR-0001-M1
PROJECT: ANTAPACCAY PROJECT- TINTAYA EXPANSION P.0.NO.: 25580-220-MRA-MFSS-00001
LOCATION: CUZCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
SELLER
LINE No. DESCRIPTION UNITS SPECIFIED PROPOSAL
6,16 Motor Efficiency Type - NEMA Premium NEMA Premium
6,17 Efficiency at 100% of full load % By Seller 95,4
6,18 Efficiency at 75 % of full load % By Seller 94,6
6,19 Efficiency at 50 % of full load % By Seller 93,8
6,20 Power Factor at 100% of full load % By Seller 83
6,21 Power Factor at 75 % of full load % By Seller 79
6,22 Power Factor at 50 % of full load % By Seller 72
6,23 Full Load Current A By Seller 119
6,24 Locked rotor current @ Full Voltage A By Seller 762
6,25 Locked rotor current @ 90% Voltage A By Seller -
6,26 Sound Power Level (No Load) @ 1 meter dBA 90 dBA (Max) - By Motor 90
Manufacturer
6,27 Allowable Stall Time @ Full Voltage (s) sec By Seller -
6,28 Allowable Stall Time @ 90 % Voltage (s.) sec By Seller -
6,29 Starting Torque @ Minimum Starting Voltage % 120% of driven load -
6,30 |winding Connection Wye WYE
6,31 Number of starts per hours (cold/hot) No. By Seller 2/1
6,32 Thermal life of insulation at rated load at 40° ambient. yrs By Seller 20
7,00 [BEARINGS
7,01 Type - Anti-friction Antifriction
7,02 Lubrication Method - Self Lubricated re grease
7,03 Manufacturer & Number - By Seller TBI
7,04 Bearing Life. L-10 life, 100,000 hrs for direct coupled; 60,000 hours
for cor\veyor idlers and blower; 80,000 hours for gear drives, reducers hrs 60 000 60 000 witr.] direct
and pillow block for conveyor pulleys and 3,000 hours for trolleys and conection
hoists
7,05 Bearing Protection R Labyrinth type Taconite seal SI
8,00 |ADDITIONAL REQUIREMENTS FOR AFD SERVICE
8,01 Inverter Type -
8,02 Rated operation modes - VT / CT / CP -
8.03 Rated power output at Base Speed hp
8,04 Base Speed rpm
8,05 |Constant Power speed range rpm
8,06 Constant Torque speed range rpm
8,07 Continuous Constant Torque speed range rpm
8,08 Variable Torque speed range rpm
8,09  [Variable Torque speed exponent -
8,10 Starting (breakaway) torque per unit
8,11 Run up torque per unit
812 Inching speed rpm
8,13 Inching torque per unit
8,14 Inching duration min
DATA SHEET FOR LOW VOLTAGE INDUCTION JOB No._25580-220
DATA SHEET No. REV. No.
xstrata [ MOTORS
: . 25580-220-MFD-MFSS-00002 3
Sheet 3 of 4

Electronic documents, once printed, are uncontrolled and may become outdated
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CLIENT: XSTRATA TINTAYA S.A. EQUIPMENT NO.: 0310-SCR-0001-M1
PROJECT: ANTAPACCAY PROJECT- TINTAYA EXPANSION P.O.NO.: 25580-220-MRA-MFSS-00001
LOCATION: CUZCO, PERU UNIT: LOW VOLTAGE AC INDUCTION MOTORS
LINE No. DESCRIPTION UNITS SPECIFIED SELLER PROPOSAL
9,00 |ACCESSORIES
9,01 Space Heaters Required for TEFC 75 kW / 100 Yes
hp motors and above
9,02 Space Heaters Volts V 220V 220
9,03 Space Heaters Watts W By Seller -
9,04 Separate Space Heater Connection - Required Yes
9,05 Space heater terminal box location - By Seller B3R (D)
9,06 RTD’s -
9,07 Winding Temperature RTD’s ( 6 - 2 per phase ) - Required for 298 kW / 400 N/A
- - hp motors and above
9,08 Bearing Temperature RTD’s ( 2 - 1 per bearing ) N/A
9,09 Separate RTD box - Required N/A
9,10 RTD'’s terminal box location - By Seller N/A
9,11 Moisture System for Submersible Motors - humidity sensor required N/A
9,12 Cable Entry Length for Submersible Motors - By Seller N/A
9,13 Ground lugs inside main terminal box - Required Yes
9,14 Ground lugs on frame (2/0 AWG cable) - Required Yes
9,15 Main terminal box location - By Seller B3R (D)
9,16 Space heater terminal box location - By Seller B3R (D)
9,17 Motor Manufacturer nameplate with all motor parameters - Required Yes
9,18 Nameplates shall be stainless steel Required Yes
9,19 Nameplates shall include operation altitude of 4200 masl indication Required Yes
9,20 Lifting lugs or eyesbolts for frames 182 and larger Required Yes
According to requirements of
10,00 TESTING NEMA MG1 p. 12.55.2
10,01 ROUTINE TESTS
10,02 Measurement of Winding Resistance - Required Yes
10,03 No load current and speed at rated voltage and frequency - Required Yes
10,04 Current input at rated frequency with rotor at standstill for squirrel-cage motors - Required Yes
10,05 High-potential - Required Yes
10,06 -
10,07  |SPECIAL TESTING -
10,08 Determination of efficiency at 100%, 75% and 50% of full load % Not Required No
10,09 Determination of power factor at 100%, 75% and 50% of full load % Not Required No
10,10 Temperature rise test °C Not Required No
10,11 Measure locked rotor current A Not Required No
10,12 Measure breakdown and starting torques - Not Required No
10,13 Sound test per IEEE 85 dBA Not Required No
10,14 Speed torque test - Not Required No
10,15 Bearing Temperature °C Not Required No
DATA SHEET FOR LOW VOLTAGE INDUCTION JOB No. 25580-220
X MOTORS DATA SHEET No. REV. No.
¢ 25580-220-MFD-MFSS-00002 3
Sheet 4 of 4
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MANUFACTURER:

HAVER & BOECKER LATINOAMERICANA

SELLER:

HAVER & BOECKER LATINOCAMERICANA

OPERATING CONDITIONS (B)*

Service: SAG MILL DISCHARGE SCREEN
Material description COPPER ORE
Project Name ANTAPACCAY SELLER DOCUMENT REVIEW
TAG 0310-SCR-0001 _ o _
Material properties Srelie, e s, o et Govloped o clociody SELLER, and dos ot et
ROM Bulk denSity, dry SELLER from full compliance with contractual obligation.
(for wight purposes / for volume purposes) 1.89/1.60 Vm? 1 Viorkmay proceed 3 Revise & Resubrit. Work may NOT proceed
Sp. Gr. (solids) 2,62 ) )
Angle of repose (for volume / for area) NA  ° 5 Reviss & Resubnit. Work may proceed 4 Reviewnat regured. Work ey procee
Material temperature 35 °C suuect!olncor?ratlon of changes 5 Cancelled / Superseded
Document Status:
Operating Schedule B Reviewer Name: faDIAN riffo 5ae:07/10/2010
hours/day 24 Discipline: EM - Mechanical Doc Type Code: V1A
days/year 365 - -
Utilization 92 % Jobf, 25580-220 we#25580-220-V1A-MFESS-00052]
Location QOutdoor subm 001 equp# 0310-SCR-0001-M1;
No. of equipment (Op / Stby) 1(1/0) Progam# NA.
Plant Site Elev.(above masl), m 4 200 b # i
Site Temperature (Min / Max) -10/22 °C sEQ# Equip#
Environment Wet and Dusty
Decks Quantity 2
Top deck aperture 35 mm
Bottom deck aperture 13 mm
Screen size, width x length 37x7.3 m
(12 x 24) ft
SCREEN FEED (PER SCREEN) SCREEN FEED SIZE DISTRIBUTION (Remark 2)
Balance Design Size % Size % Size %

Solid feed (t/h) 1408 1619 4 |100] 1 81 1/4 66
Slurry feed (m%h) 1112 1280 3 |100] 78 78 1/8 60
Slurry Solids (%) (Remark 3) 70,1 70,1 2 94 3/4 75 | 850 um 42
Wash water (m?h) 300 450 13/4 | 91 5/8 70 | 425um 32

11/2 | 88 1/2 69 | 300 um 27

11/4 | 84 3/8 67 | 210 um 22

P 80% =2.5-3.0 (mm)

Remarks 1.- TROMMEL OPENING: 13 x 50 mm
2.- THE SCREEN FEED SIZE DISTRIBUTION IS ONLY FOR REFERENCE, CAN VARY % 20%
3.- FOR SCREEN FEED DESIGN VALUE MUST BE 80-85%
NOTE:

* 1.(B) INDICATES BUYER. (S) INDICATES SELLER
2. ALL (B) ITEMS SHALL BE COMPLETED BY BUYER. ALL (S) ITEMS SHALL BE COMPLETED BY SELLER
3. NOT APPLICABLE (NA) SHALL BE ENTERED WHERE INFORMATION IS NOT RELEVANT

4. TBC: TO BE CONFIRMED -

TBD: TO BE DEFINED

THIS DATA SHEET SUPERSEDES
25422-220-MFD-MFSS-00001 Rev.C

1 17-Sep-10 Completed Issue MZ OoC
0 1-Apr-10 Issued for Purchase FCR MAG FLG CEZ
C 21-Apr-09 Issued for Bid GT CM FC RH
B 19-Feb-09 Issued for Approval GT CM EE RH
A | 28-Nov-08 Issued for Coordination GT JLA EE RH
EV.| DATE DESCRIPTION BY |CHECK EGS P.E. |CLIENT
Equip. N° ANTAPACCAY JOB N° 25580 REV
X i PROJECT MR: 25580-220-MRA-MFSS-00001
xstrata [ 0310-SCR-0001 SAG MILL DISCHARGE DS: 25580-220-MFD-MFSS-00001 1
e SCREEN DATA SHEET
Sheet 1 of 4
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En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD
CATOLICA

REPOSITORIO DE

TESIS UCSM

MANUFACTURER: HAVER & BOECKER LATINOAMERICANA SELLER: HAVER & BOECKER LATINOCAMERICANA
RECOMMENDED SCREEN OPERATION (S
Feed Oversize Undersize Selected screen
(t/h) (t/h) (t/h) Efficiency (%)
Nominal 1408 634 774 95-97
Design (Surge) 1619 951 890 -
Calculated power requirements to design capacity 75 kW
Motor required: 75 kW 1745 RPM
SCREEN CONSTRUCTION AND COMPONENTS (S)
Mounting;  Base mounted x] Suspended [ ] Vibrator:
Number of shafts 2 per exciter
No. of decks 2 Number of bearing per shaft 2
Type Linear Direction of rotation clock wise
Model R-MD Depth of bed at discharge end of :
Siope (Remark 1) 0 ° Top deck 600 mm
Speed 800 rpm Second deck 1005 mm
Vibration frequency 13,3 Hz Third deck N/A mm
Vibration Strokes:
Horizontal stroke 8,9 mm
Vertical stroke 8,9 mm
Total Acceleration 4,5 m/s?
Vibrating Frame
Construction: [ ] Welded [ X Bolted Cross menbers:  No. per deck 8
Side plates: Thickness 13 mm Size 3658 mm
Depth 8800 mm Diagonals: Size N/A mm
Feed box : Required [ ] Not required Tension plates:  Material ASTM A36
Feed box iength 905 mm Thickness 9,53 mm
Discharge lip length 576 mm
Base Frame: [X] Included L] Not included
Dust Enclosure: Stationary / Open sided / Hood / Vibrating / None NONE
Liners Material Thick. {(mm) Mounting
Feed box/disch. lips Rubber /| 50 Type of spring Helical
Vibrator tube N/A /| NIA Range of slope adjustment N/A
Deck frame menbers Rubber /10 Can slope be changed without shimming? N/A
Tension plates N/A I NIA " Yes " No
Screening Surface Top Deck Second Deck Third Deck
Screen panel size "width/length" (B) 304,8 / 609,6 mm 304,8 / 609,6 mm N/A m
Material of construction Polyurethane Polyurethane N/A
Screen panel thickness ~50 mm ~40 mm N/A mm
Opening size 35 mm 13 mm N/A mm
Opening shape Rectangular Rectangular N/A
Open area ~35-40 % ~35-40 % N/A %
Available surface area 26,76 m? 26,76 m? N/A m?
Skid bars: Material ASTM A -36 ASTM A -36 N/A
Size and spacing 304,8 /12 304,8 /12 N/A
Crown: (single, double, none) None None N/A
Equip. N° ANTAPACCAY JOB N° 25580 REV
X PROJECT MR: 25580-220-MRA-MFSS-00001
xstrata (] TH 0310-SCR-0001 SAG MiLL DISCHARGE DS: 25580-220-MFD-MFSS-00001 1
copper SCREEN DATA SHEET
Sheet 2 of 4
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UNIVERSIDAD
CATOLICA

REPOSITORIO DE
TESIS UCSM

MANUFACTURER: HAVER & BOECKER LATINOAMERICANA SELLER: HAVER & BOECKER LATINCAMERICANA
COMPONENTS cont (S)
Bearings
Type heavy-duty ball or roller Bearing fit (Pressed or slip): N/A
Size, ID 130 mm In housing -
Manufacturer and series FAG or similar On shaft -
Life Rating Lo 60000 h.
Seals Type -
Drive
Reduction / Increase ratio - Driver pulley P.D. 240 mm
No. and size of power band V-belts 08 / 5V 1060 Driven pulley P.D 5§30 mm
Motor base: Pivoted / sliding Sliding Other N/A
Motor location Base Frame
Coupling and vibratory units (describe) Cardan Shaft MU400 Exciter
Automatic lubricatio system (Describe) Bath Qil {(Exciter)
Seals (Describe) n System of multiple mechanical labyrinth seals plus additional feit.
Special Requirements: -
Spray Bar Assembiies
Size of header - Nozzle type PD-9
Spray pipes number 10 Pipes suspended or
Nozzle number 55 attached to screen? Suspended
SIZES AND WEIGHTS (S)
General dimensions Clearances
Overall Length 88 m Deck removal - mm
QOverall Width 6,7 m Motor removal - mm
Overall Height 54 m
General Weights Weights for Site
No. Packages in Total Shipment: - Heaviest Piece for Erection: 32000 kg
Total weight for shipment 43 000 kg Heaviest Piece for Maintenance 1400 kg
Heaviest Piece for Shipping: 32 000 kg Total Weight Screen 44 000 kg
. Equip. N° ANTAPACCAY JOB N° 25580 REV
X ( PROJECT MR: 25580-220-MRA-MFSS-00001
xstrata [ 0310-SCR-0001 SAG MiLL DISCHARGE DS: 25580-220-MFD-MFSS-00001 1
copper i SCREEN DATA SHEET
Sheet 3 of 4

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis




TESIS UCSM i
DE SANTA MARIA
OTHERS (S)
Utilities Required:
Water: ]
Top deck fiow 410 mf/h Pressure 350 kPa
Second deck flow 410 m%h Temperatur - °C
Third deck flow N/A  m¥h
Plant Air: ]
Flow N/A m’h Pressure N/A kPa
Instrumentation Air: ]
Flow N/A m’h Pressure N/A kPa
Notes:
] . Equip. N° ANTAPACCAY JOB N° 25580 REV
X 4 PROJECT MR: 25580-220-MRA-MFSS-00001
xstrata 0310-SCR-0001 SAG MILL DISCHARGE DS: 25580-220-MFD-MFSS-00001 1
copper SCREEN DATA SHEET
Sheet 4 of 4
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Technical data / Technische Daten

Electrical data stated below corresponding to 4200 m.a.s.I

| Output kW 24000
Leistung
Voltage v 2x3700
Spannung
‘ Current / max. starting current A/A 2x1964 / 2x3044 c
Strom / max. Anfahrstrom
Operating speed / frequency min-1/Hz 9,04 /6,629
Betriebsdrehzahl / Frequenz
Excitation output kw 443
Erregerleistung
Excitation current / voltage AlV 1007 / 440 c

Erregerstrom / -spannung

Max. excitation rating kW 585 c
Max. Erregerleistung

Max.excitation current/max.excitation voltage A/V 1157 / 506 Cc
Max.Erregerstrom/-spannung

Starting torque/starting time p.u./ sec 1,55/60
Anfahrmoment/-dauer

cos phi starting/operating

cos phi Anfahren/Betrieb 0,950/ 0,970
Speed range/Drehzahlstellbereich
at const. torque / bei konst. Moment min”' 2,71/9,04 i
at const. power / bei konst.Leistung min’! 9,04/9,76 A c
Inching speed / Positionierdrehzahl min™ 1,00 :
Creeping speed / Schleichdrehzahl min” 0,30
Direction of rotation clockwise and counter clockwise
Drehrichtung Rechts- und Linkslauf
Motor enclosure:
Type of construction/Type of protection IM5710 / IP55 |
Bauform/Schutzart
i
Method of cooling IC IC75W |
Kiihlart i
Stator 4 parts
Sténder 4 -teilig
Rotor 88 poles= 22 segments
Laufer 88 Pale= 22 Segmente
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Technical data / Technische Daten
Electrical data stated below corresponding to 4200 m.a.s.

Air to water cooling / Luft-Wasserkiihlung

Required quantity of water / erf. Gesamtwassermenge mh 135 Cc
Freshwater with 30% glycol

Capacity of cooler / Kiihlerleistung kW 1100 Cc

Max. inlet temperature / max. Eintrittstemperatur °C 20

Max. outlet temperature at rated conditions/ °C 27

max. Austrittstemperatur bei Betrieb

Rated pressure / Betriebsdruck bar 6

Pressure drop / Druckabfall bar 07 C

Material of pipes / Material der Rohre CuNi10Fe

Material of tube sheets / Material der Rohrbdden Naval Brass

Material of headers / Material der Kammern steel resin coating
Stahl/Rilsan

Counterflange, 2 1/2 RF-150 Ib ANSI B16.5, Siemens Delivery / Gegenflansch Steel / Stahl

1 cooler consists of 4 elements
1 Kihler besteht aus 4 Elementen

Weight of 1 element / Gewicht fir 1 Element kg 605 Cc

Fnsiallg_.-d blowers / eingebaute Lufter number / Anzahl 8

Installed motor power / install. Motorleistung each kW/jje kW 21 c

Nominal motor voltage/ frequency V/Hz 460/ 860 Cc
Motor-AnschluBspannung / Frequenz

Weight of 1 fan / Gewicht fiir 1 Liifter kg 160

Anticondensation heating / Stillstandsheizung kw 30 |
Nominal voltage / frequency V/Hz 480/ 60 c i

AnschluBspannung / Frequenz
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N8743=8XA44 ooling s
Unit 1| Cooling Circuit sec. prim. Enclosure IP55
Duty SAG Mill 40ft| Cool. Medium water air Ex—Protection - -
Drive for Ore Mill| Coolant Flow m3h 42 mds | Ex—Standard -
Standard IEC 60034 | Inlet Temp. 20 °C 30 °C Insul. System Micalastic
Rotation cw/ccw| Losses to be dissipated 1100 kW Thermal Class F
Excitation static| Ventilation System unilat. Service Altitude <4200 m
Type of Fan separate
Converter Sinamics SL150 2 « 6—pulse Load Curve Part1: 0.30 — 1.00 « NN : m = const

2 Systems, nicht Electr. Displaced

Part2: 1.00 — 1.08 « NN: m = 1/n

Remarks

QS-—Performance

Enclosures

Sheet :
Sheet :
Sheet :
Sheet :

Sheet :

Sheet :




REPOSITORIO DE

TESIS ULSvi

Proprietary data, company confidential.

Al rights reserved.

>>>>

W > ww

Q0 U
Cooling Circuit

UNIVERRIN AL
CATOLICA
DE SANTA MARIA

Unit 1 sec. prim. Enclosure IP55
Duty SAG Mill 40ft| Cool. Medium water air Ex—Protection - -
Drive for Ore Mill| Coolant Flow mdh 42 m3/s | Ex—Standard -
Standard IEC 60034 | Inlet Temp. 20 °C 30 °C Insul. System Micalastic
Rotation cw/ccw| Losses to be dissipated 1100 kW Thermal Class F
Excitation static| Ventilation System unilat. Service Altitude <4200 m
Type of Fan separate
Converter Sinamics SL150 2 « 6—pulse Load Curve Part1: 0.30 — 1.00 « NN : m = const
2 Systems, nicht Electr. Displaced Part2: 1.00 — 1.08 « NN : m = 1/n
Operating Data Rated Point
Output kW/HP 24000
Voltage \Y 2. 3700 A
Frequency Hz 6.629
Current A 2 + 1964
Speed min—1 9.040
Power Factor 0.970 u
Exc. Voltage MM at 130 °C \% 440
Exc. Current MM A 1007
Cooling Temperature sec./prim. °C 20/30
Stator Winding Temperature °C <125 (ETD)
Field Winding Temperature °C <130 (R)
Duty Type S1
Remarks
Efficiency Losses at Rated Load
Load Speed \Voltage PF Efficiency Windage kW
x Core kw
X |2Rpc Stator 95 °C kw
1.000 1.000 1.000 -0.970u 96.9 % + x 12Rp¢ Rotor 95 °C kw
x Additional kW
x Converter Supply kW
X Brushes kW
Separated Fan kW
x Marked Losses are included in the Efficiency
Resistances, Reactances Time Constants
Ref. Impedance ZN=0.54 Q unsaturated saturated Ref. Temperature 95 °C
Ref. Temperature 95 °C  xdu 0.78 p.u. xdg 0.69 p.u.
xd'u 0.24 pu. xdg 0.24 p.u. | TDO’ 394 s TG 056 s
xs1 0.14 pwu. rl 13.30 %0 xd’u 0.23 p.u. xd’g 0.23 pwu. | TD 122 s
xs2 0.12 p.u. r2 4.60 %0  xqu 0.50 p.u. xqg p.u. | TDO” 002 s TQO0® 0.02 s
xs3d 1.08 p.u. r3d 1467 %o xq'u 0.41 pu. xq9°g 0.38 p.u. TD” 002 s TQ 0.02 s
xs3q 0.97 p.u. r3q 1321 %o x0 0.11 p.u. x0g 0.11 p.u.
xsb p.u. X2 0.30 p.u. x2g 0.29 p.u. | T(BK) 137 s T(@2K) 1.83 s
Magnetic Forces Short Circuit, Over Load Exciting Data Voltage Current
Pull per pole FMP 239 kN Short circuit ratio IKO/IN 1.46 p.u. No—load 438 V 1001 A
Sudden sc torque  (3—ph)  3.98 p.u. Rated point 440 V 1007 A
Excentric (2—ph)  6.06 p.u. | Air gap line 845 A
CM(N=0 *)) 487 kN/mm | Pull—out torque MK/MN  1.56 p.u.
CM(N=0, IF=IF0) 400 kN/mm
CM(N=NN, IF=IFN) 280 kN/mm | Ref. Values Converter Starting
Rated current/syst. IN 2+« 1964 A MA/MN (N=0) 1.55 p.u.
Rated torque MN  25352.1 kNm | IA/IN (N=0) 1.55 p.u.
*) during excitation—build—up IFA/IFN (N=0) 1.15 p.u.
Function Test
Remarks:

En su investiaacion no olviile raferenciar asta tesis
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Excitation and regulation data
Regulation for constant value of working flux (resp. max. terminal voltage) and constant inner power factor
Synchronous Motor with Simovert D—Converter
Py = 24000 kW Ny = 9.040 min—1 My = 25352.1 kNM
Un = 3700 V Nmax= 9.763 min—1 Mp = 39295.8 kNm
Ivi = 1964 A
Load My 0.750 « My 0.500 « My
condition 1.00 = NN 0.75 « NN 0.50 = NN 1.00 « NN 0.75 « NN 0.50 = NN 1.00 « NN 0.75 « NN 0.50 = NN
Duty Type S1 S1 S1 S1 S1 S1 S1 S1 S1
P/Py 1.000 0.750 0.500 0.750 0.563 0.375 0.500 0.375 0.250
M/My 1.000 1.000 1.000 0.750 0.750 0.750 0.500 0.500 0.500
U4/Un1 1.000 0.753 0.506 0.989 0.744 0.499 0.979 0.735 0.493
11/Inq 1.000 1.000 1.000 0.750 0.750 0.750 0.501 0.501 0.501
cosy -0.970 -0.970 -0.971 -0.978 -0.978 -0.978 —0.984 -0.984 -0.985
P kW 24000 18000 12000 18000 13500 9000 12000 9000 6000
VEe kW 76 55 35 74 53 34 73 52 33
vV, kW 14 9 5 8 5 3 3 2 1
Vwgr KW 322 322 322 181 181 181 81 81 81
Vw2 kW 403 403 402 369 369 368 349 348 347
Vges KW 814 788 763 632 608 586 506 483 462
. Pwau kW 24412 18385 12361 18263 13739 9218 12157 9135 6115
'%S Pg kVA 25167 18951 12736 18679 14050 9423 12350 9279 6210
§ Uy \ 3700 2786 1872 3659 2753 1846 3622 2721 1822
§ 14 A 3927 3927 3928 2947 2947 2947 1968 1969 1968
>
§ Uy/Un1 0.962 0.721 0.481 0.962 0.722 0.481 0.962 0.721 0.481
§ ) bn/dn 0.962 0.962 0.962 0.962 0.962 0.962 0.962 0.962 0.962
& § cosi —-0.994 —-0.994 —-0.994 —0.994 —0.994 —0.994 —0.994 —0.994 —0.994
5 ] I A 1007 1007 1006 963 964 962 937 936 935
z f Ie/len 1.000 1.000 0.999 0.957 0.957 0.956 0.930 0.930 0.928
O C
g
g% Load Field weak. range Service Factor Starting Torque 1.55 « My
condition Nmax=1.08 * Ny 1.00 « My; 1.00 = Ny 0.10 » Ny 0.50 * Ny 1.00 « Ny
Duty Type S1 S1 S2 60s S2 60s S2 60s
P/Pn 1.000 1.000 0.155 0.775 1.550
M/My 0.926 1.000 1.550 1.550 1.550
U4/Unq 1.003 1.000 0.120 0.523 1.028
14/In1 1.000 1.000 1.542 1.549 1.550
cosp —0.967 —-0.970 —0.963 —0.952 —-0.950
P kW 24000 24000 3720 18600 37200
VEe kW 71 76 9 37 81
V., kW 16 14 1 12 33
Vwgi KW 322 322 765 772 772
Vw2 kW 331 403 529 531 531
Vges KW 739 814 1304 1353 1418
Pwauf kKW 24408 24412 4495 19421 38087
Ps kVA 25234 25167 4650 20406 40092
U4 \ 3711 3700 443 1936 3804
14 A 3926 3927 6056 6085 6086
U)/Un1 0.962 0.962 0.096 0.481 0.962
Oh/PN 0.891 0.962 0.962 0.962 0.962
cosqi —-0.994 —0.994 —0.994 —0.994 —-0.994
Ie A 912 1007 1154 1157 1156
Ie/lEN 0.906 1.000 1.146 1.149 1.149
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Design Data for Transvector Control System
Synchronous Motor with Simovert—D—Converter
Operating Data
Rated line—to—line voltage per system 3700 V Rated torque 25352.1 kNm
Rated current per system 1964 A Starting torque 39295.8 kNm
Rated app. power 25167 kVA
Rated active power (shaft ouput) 24000 kW Rated exc. voltage 440 V
Rated inner p.f. —0.994 u Rated exc. current 1007 A
Rated p.f. —-0.970 u Exc. voltage during start—up 506 V
Rated speed 9.040 1/min Exc. current during start—up 1156 A
Max. speed 9.763 1/min No load exc. current 1001 A
Rated frequency 6.629 Hz
Max. frequency 7.160 Hz Pole number 88
Equivalent circuit diagram:
I Xg1
© i T T
2 3D
Ui Xhd
d—axis Xo2 Xo3D
3 3
€ < g 1
s
kS
3 r Xo1
g —{ il
8_
£
3 ke r
$8 \ +
5 2
o8 u1 th.
S o X
O C
52 q-—axis y
o _
o< A
O
Base value of motor impedance 0.54Q ; Reference temperature 95 °C
Synchronous resistances Air gap reactances Leakage reactances
DC resistance 12.80 %o unsaturated  saturated unsaturated
AC resistance 13.30 %o xhd 0.64 p.u. 0.54 p.u. xo1 0.14 p.u.
r2 4.60 %o xhqg 0.36 p.u. 0.31 p.u. X02 0.12 p.u.
r3D 1.467 %o xo3D 1.08 p.u.
r3Q 1.321 %o x03Q 0.97 p.u.
Synchronous, transient and subtransient reactances
unsaturated saturated unsaturated saturated unsaturated saturated
xd 0.78 p.u. 0.69 p.u. xd’ 0.24 p.u. 0.24 p.u. xd” 0.23 p.u. 0.23 p.u.
Xq 0.50 p.u. xq” 0.41 p.u. 0.38 p.u.
x2 0.30 p.u. 0.29 p.u.
Time constants
unsaturated saturated unsaturated saturated unsaturated saturated
TG 0.56 s TD’0 0.02 s T(3K) 1.37s
TD’0 3.94s 3.45s TD” 0.02 s T(2K) 1.83s
D’ 1.22s TQ"0 0.02 s
TQ” 0.02 s
Inductivity of field winding Current ratio
L2 1556 mH XHDG*IFO/IN1SYS 0.33 p.u.

Publicacion iwtorizada con fi
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NO-LOAD SATURATION AND SHORT CIRCUIT CHARACTERISTIC (ACC. TO DESIGN)
PN = 24000. KW UN = 2% 3700. V IN = 2*1964. A P.F. = -0.970U
FN = 6.63 HZ NN = 9.0 RPM IFO= 1001. A
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Pesaje continuo -
No ha de tomarse a la ligera!
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Milltronics MSI Milltronics MMI

Modo de operacién

¢ Apto para aplicaciones que requieren
verificacion oficial

* Monitoreo de caudales de transferen-
cia de mina a tolva

* Descarga de materiales en camion,
barco, buque o ferrocarril

* Monitoreo y seguimiento de inventarios

* Apto para cintas transportadoras
rapidas, espacio limitado entre poleas,
cargas livianas o irregulares

Rendimiento
MMI-2: +0,25% de 20-100% del rango de
funcionamiento (2 basculas MSI)

MMI-3: +0,125% de 25-100% del rango
MSI/MMI de funcionamiento (3 basculas MSI)

Si busca un sistema de pesaje que Condiciones de funcionamiento

retna alta fiabilidad y resistencia la
bascula de cinta de rodillo sencillo
Milltronics MSI es la mejor opcién
que encontrara en el mercado para
control de procesos y descarga. Si su
aplicacién exige alin mas precision, Capacidad
la bascula Milltronics MMI de doble'o
triple rodillo es idonea para aplicacio-
nes sujetas a verificaciéon, con cintas
transportadoras rapidas, estaciones
c.ie rodillqs poco distanciadas y cargas Rodillos
ligeras o irregulares. Las basculas
Milltronics MSI'y MMI proporcionan
rendimiento superior respecto al de
las basculas de cuatro o seis rodillos.
En Siemens, no nos tomamos el pesa-
je continuo a la ligera.

Cinta transportadora

Inclinacién del transportador

Célula de carga

* Precision y repetibilidad sobresalientes

* Celdas de carga extensométricas tipo
paralelogramo con proteccién de
sobrecarga (300%) para respuestas
instantaneas a cargas verticales. 1d6-
neas para velocidades de cinta supe-
riores. Estructura triple brazo de acero
inoxidable idonea para condiciones
extremas; proteccién duradera contra
la humedad y la corrosion

Interconexiones (al integrador, por bascula MSI)

e Equilibrado electrénico de celdas de
carga patentado; precisiéon garantiza-

da auin con cargas descentradas
Interfaz

e Facil y rdpida instalacién por inser-
cién con alineacion simplificada

* Los integradores Milltronics BW100?
0 BW500 o SIWAREX FTC completan
el sistema de pesaje

¢ Los sistemas Milltronics MSI/BW500 Homologaciones

ylo MMI-2/BW500 estan homo-
logados por NTEP, Measurement
Canada, OIML, MID y SABS para
aplicaciones sujetas a verificacién

" Requiere validacion por parte de un Ingeniero de Aplicacion Siemens. 2 Integrador Milltronics BW100 no compatible con la bascula
Milltronics MML_Allen-Bradley es una marca registrada de Rockwell Automation DeviceNet es una marca de Open DeviceNetVendo
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o Milltronics MFA 4p y
sondas de movimiento

m Sensor de movimiento versatil para
la proteccién de poleas impulsadas,
ejes motores, transportadores de
cinta, arrastre o sin fin, elevado-
res de cangilones, ventiladores y
bombas

m Incorpora un temporizador de
arranque ajustable de 0 a 60 se-
gundos. Permite acelerar el equipo
monitorizado hasta la velocidad
normal de funcionamiento antes de

' PrOte on p ro ba d a lanzar la monitorizacion

m Deteccién de sobrevelocidad o
para

OCGSOS i n d U Stria |eS velocidad insuficiente

» m Punto de ajuste seleccionable, de 2
a 3000 PPM (impulsos por minuto)

m Indicacion visual del funcionamien-
to de la sonda y estado del relé

m Amplia gama de sondas para
satisfacer multiples requerimientos:
sondas para altas temperaturas,
sondas para medios corrosivos o
instalaciones tipo Clase I, 1l y IlI

m Maxima distancia a los objetos me-
talicos detectados: 100 mm (4")

| #

SAFRTHS
VELTIACS Wladp

El sensor de movimiento altamente sensible Milltronics MFA 4p permite vigi-
lar instalaciones y proteger procesos. Esta unidad de un solo punto de ajuste
se utiliza con las sondas MSP 6 XPP para detectar cambios de movimiento en

instalaciones de transporte asi como en maquinas vibratorias o rotativas. S I E M E N S

Idéneo para muchas aplicaciones industriales, protege instalaciones detectan-
do paradas indeseadas, sobrevelocidad y subvelocidad. El Milltronics MFA 4p
forma un dispositivo de alarma temprana que evita caras interrupciones en el
proceso o paradas en la planta.

www.siemens.com/processprotection
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| | Milltronics MFA 4p Extensa experiencia en solu-
Alimentacién auxiliar ciones para la deteccién de

= 100/115/200/230 V AC seleccién por interruptor el
» 50/60 Hz, 15 VA = 10% de la tensién nominal

REPOSITORIO DE

Los instrumentos Siemens estan

Al respaldados por afios de experien-
Repetibilidad =1% cia procedente de un millén de
Zona de insensibilidad | +0,25% aplicaciones industriales.

Rango dinamico 0... 7200 PPM Nuestros instrumentos son insensi-
Temperatura ambiente bles a los rigores de la industria pe-
_ 220 ... 450 °C (-4 ... +122 °F) sada y han demostrado su fiabilidad
e en un amplio abanico de aplicacio-

Disefo P s
nes dificiles como la mineria, el tra-
Grado de proteccién u Tipo 4XINEMA 4X/IP65 (esténdar o acero inoxidable opcional) tamiento de minerales y la industria
m Tipo 4INEMA 4/IP65 (acero dulce opcional) cementera. Se usan asimismo de

Dimensiones de la caja | 160 mm x 240 mm x 82 mm (6,3" x 9,5" x 3,2") forma generalizada en procesos
alimentarios en himedo y en seco,

Material de la caja Policarbonato (opcional: acero dulce inoxidable o acero inoxidable) . 2
) asi como en el sector quimico.
2 contactos asociados, con 1 contacto tipo C respectivamente (SPDT), Gracias a esta experiencia entende-
8 A a 250VAC, carga 6hmica mos la importancia de la fiabilidad,

ademds de ser conscientes de lo
que implica tener un instrumento
exacto y en el que poder confiar
cuando se trata de aplicaciones

Sensores de movimiento Milltronics dificiles.

Milltronics MSP-12 estandar

Certificados y homologaciones
CE, CSA

FM

usic’

m Caja fendlica muy duradera, preamplificador integrado
m Rango de temperatura: -40 ... +60 °C (-40 ... +140 °F)

Milltronics MSP-9 para altas temperaturas

R ) m Sensor de movimiento de acero inoxidable 304 resistente a altas tempera-
turas de hasta +260 °C (+500 °F)

m 1,5 m (5 ft) de cable de alta temperatura PTFE proporcionado. Pueden
utilizarse hasta 30 m (100 ft)

m Preamplificador exterior en caja de acero pintada (acero inoxidable 304
opcional)

Milltronics MSP-3 para altas temperaturas

m Sensor de movimiento de aluminio resistente a altas temperaturas de hasta

[i { m Sensor de movimiento altamente resistente para uso general
i =
et

SIFMEFHS
VLTS Wladp

e +260 °C (+500 °F)
i P m 1,5 m (5 ft) de cable de alta temperatura PTFE proporcionado. Pueden utili-
\ E r‘*«} ‘,‘.-v?}} zarse hasta 30 m (100 ft)
A ¥ ‘f.,\\\x\‘/ "% | m Preamplificador exterior en caja de aluminio fundido NEMA 4
i)\ m Temperatura de funcionamiento del preamplificador: -40 ... +60 °C
ot (-40 ... +140 °F)

Milltronics MSP-1 sonda en miniatura

) m Sensor de movimiento miniatura CPVC para instalaciones con espacios de
B montaje limitados
T = 1,8 m (6 ft) de cable proporcionado. Pueden utilizarse hasta 30 m (100 ft)
i m Preamplificador exterior en caja de aluminio fundido NEMA 4
% i m Las dimensiones reducidas de la sonda limitan su sensibilidad, maxima
el distancia 13 mm (0,5")
= Rango de temperatura: -40 ... +80 °C (-40 ... +180 °F)

Milltronics XPP-5

1, Grupos E, F, y G; Clase Ill)
m Cuerpo fenélicolde aluminio, completamente encapsulado
m Rango de temperatura: -40 ... +60 °C (-40 ... +140 °F)

':'.ﬂ'_.'_'.'f- m CSA entornos peligrosos (Clase I, Div. 1, Grupos A, B, C, y D; Clase I, Div.
.
€ .

u_.-

i

Sujeto a cambios sin previo aviso.
© Siemens Milltronics Process Instruments Inc. 2006.

7ML1996-5FS23 Impreso en Canada
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FEM100 Fieldbus Expansion Module
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The Fieldbus Expansion Moadule (FEM1700) provides four Expanded Fieldbuses to the Field Control Processor
270 (FCR270). Each of the four Expanded Fieldbuses can accomimoaate up to thirty-two 200 Series
Fieldbus Modules (FBMS).

FEATURES » Two-slot Expansion Baseplate accommodates

» Enables a FCP270 to communicate with FEM100 modules only, used to upgrade existing
sixty-four 200 Series FBMSs, over four Expanded FCP270 installations
Fieldbuses for typical control usage » Four-slot Expansion Baseplate accommodates

» Additional 200 Series FBMs can be used at two FCP270 control processors and their fiber
slower speeds for data acquisition per sizing optic splitter/combiners, plus two FEM100
guidelines modules, for new installations.

» Redundancy minimizes communication » Harsh (Class G3 - ISA S71.04) contamination
interruption from Expanded Fieldbus 1 through 4 protection.

» Two-Slot and Four-Slot FEM100 Expansion
Baseplates both support the 2 Mbps Module
Fieldbus for 200 Series (or equivalent) FBMs

INnvensyse®

FOXBORO’
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OVERVIEW The FEM100s are installed in a DIN rail mounted
The FEM100 module provides four Expanded Modular Two-Slot or Four-Slot Expansion Baseplate
Fieldbuses to an I/A Series FCP270 to increase the ~ for 2 Mbps communication between the FBMs and
number of 200 Series (or equiva|ent) FBMS FCP27O mOdU|eS (See Figure 1 and Figure 2)

supported by the FCP270 modules. The FEM100
module supports the 2 Mbps HDLC module Fieldbus
for communication between the I/A Series® FCP270
and the 200 Series FBMs (see Figure 3 on page 5).

To/From Expanded FEM100 Module DIN Rail Two-Slot Expansion Baseplate
Fieldbuses 1-4 Redundant Vertical Mounted Only

— To/From
Field
Control
Processor

— Terminated
With

i Terminator

E-: Ewo P0916RB

|l VA Series mlc:‘l Series

EEM100
Comn,

Figure 1. Redundant FEM100 Modules on DIN Rail Mounted Modular Two-Slot Expansion Baseplate
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~ Four-Slot E ion B: lat
To/From Control Network FCPZ,CIO galuItPTQIerant oulr 0! Expansion Basepiate
Ethernet Fiber Switch 1/2'| |° ule Fair Vertical Mounted Only
100 Mbps
Orange Fiber .
Cablos Terminated
Splitter/
Combiner
Pair
To/From
Expanded
To/From Fieldbuses
Expanded 1-2
Fieldbuses
3-4
FEM100
FEM100 Module
Module (Bus B)
(Bus A)

| UA Series

1A Series

Figure 2. Redundant FEM100 Modules on DIN Rail Mounted Modular Four-Slot Expansion Baseplate

FEM100 MODULE DESIGN The FEM100 can be removed/replaced from an
FEM100 modules have a compact design, with a Expansion Baseplate without removing power. Light-
rugged extruded aluminum exterior for physical emitting diodes (LEDs) incorporated into the front of
protection of the electronics. Enclosures specially the FEM100 indicate module Fieldbus

designed for mounting of DIN rail mounted Fieldbus ~ ¢ommunications activity and module status.
equipment provide various levels of environmental The FEM100 communicates to the FCP270 over the
protection for the FEM100 modules, up to harsh 2 Mbps HDLC Fieldbus, as shown in Figure 3 on
environments per ISA Standard S71.04. page 5.
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HIGH AVAILABILITY MODULE FIELDBUS COMMUNICATION

A pair of FEM100 modules provides redundancy for ~ The Expansion Baseplates support the 2 Mbps

the Extended Fieldbuses to maintain very high module Fieldbus. They connect to the 2 Mbps
subsystem availability. When both modules are module Fieldbus for communication to all 200 Series
active, the FCP270 sends and receives DIN 1/0O FBMs, the Siemens APACS+™ and
communications across both A and B buses. In the Westinghouse competitive migration modules (see
case of a FEM100 module failure, the FCP270 “Devices Supported” on page 8).

switches all traffic to the bus with the available The 2 Mbps module Fieldbus is redundant and all

FEM100 module until the failed module is replaced. 50 Series modules can receive/transmit messages

Either module may be replaced without upsetting over both A and B buses.
input or output communications to the other module.

EXPANSION BASEPLATE MOUNTING

The FEM100 modules mount on either the Two-Slot
or Four-Slot Expansion Baseplate. These baseplates
are DIN rail mounted and vertically oriented only.
These baseplates include signal connectors for the
FEM100s, redundant independent dc power
connections, and four cable connections to the

2 Mbps HDLC Expanded Fieldbuses.

The Two-Slot Expansion Baseplate includes a
redundant I/O cable connection to the FCP270s.
One connector supports both A and B buses, while
the other is terminated. Alternatively, both connectors
can be used in conjunction with a Fieldbus
Splitter/Terminator (PO926KW).

The Four-Slot Expansion Baseplate includes two
slots for mounting a fault-tolerant pair of FCP270s
and their fiber optic splitter/combiners.

For more information on these baseplates, refer to
DIN Rail Mounted Moaular Baseplates
(PSS 21H-2W6 B4).
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FBM207/b/c Voltage Monitor/Contact Sense Input Interface Modules

7

The FBMZ207/b/c Voltage Monitor/Contact Sense Input interface Moaules function as a 76-channel ac
voltage monitor or 16-channel coniact sensor.

FEATURES » Compact, rugged design suitable for enclosure in
Key features of the FBM207/b/c modules are: Class G3 (harsh) environments
» Sixteen discrete inputs » Executes programs for Discrete Input, Ladder

Logic, Pulse Count, and Sequence of Events with

» Supports discrete input signals at voltages of: i . i i
configurable Input Filter Time option

e 15t0 60V dc - contact sense o .
» Termination Assemblies (TAs) for locally or

* 120V ac/125V dc - voltage monitoring or remotely connecting field wiring to the FBM206

switch inputs K . .
» Termination Assemblies for per channel internally

* 240V ac - voltage monitoring or switch and/or externally loop powered devices
inputs

SELLER DOCUMENT REV'EW> Various Tefmination Assemblies (TAs) have

» Each input is galvanic 1IIyT§£i|éléé1m Eﬁmm lcitéct b‘ySéL[gR gancadld‘qﬂérénal signal conditioning hardware that

SELLER from fi

with external excitatiop 5 menes e o IQVICIES VPItage attenuation and optical isolation.

1 Work may proceed

N Slngle or redundant Qd&u,lgﬁaes bm‘ ka - pmceeu 4 Review not required. Work may proceed

subject to in 5 Cancelled / Superseded
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OVERVIEW

The FBM207/b/c Voltage Monitor/Contact Sense
Input Interface Module functions as a 16-channel dc
voltage monitor or 16-channel contact sensor. Each
channel accepts a 2-wire input from a dc voltage
source (FBM207) or pair of contacts or solid state
switches (FBM207b/ FBM207c). Associated
termination assemblies (TAs) support discrete input
signals at voltages of 60 V dc, 120 V ac/125 V dc, or
240V ac. For voltages higher than 60 V dc, the TAs
have additional signal conditioning hardware that
provides voltage attenuation and optical isolation.

The module is available in three distinct types, and
each type with its associated TA supports discrete
inputs as shown below:

FBM207 Provides voltage monitoring at:
—60 V dc
-120 Vac/125 V dc
—240V ac

Provides switch inputs with:
—External 120 V ac/125 V dc

—External 240 V ac
FBM207b 24V dc Contact Sense

FBM207c 48V dc Contact Sense

Each discrete input is galvanically isolated from other
channels and ground. Group isolated when used
with external excitation.

The module performs signal conversion required to
interface electrical input signals from field sensors to
the redundant module Fieldbus. In addition, it
executes programs for Discrete Input, Ladder Logic,
Pulse Count, and Sequence of Events, with
configurable options of Input Filter Time.

The module can be used as a single unit, or as a
redundant pair (two FBM207s). When used as a
redundant pair, the modules combine to provide
redundancy at the Fieldbus Module (FBM) level, with
field input signals received from one common

Publicacion autorizada con fines académicos e investigativos
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termination assembly though a redundant adapter
affixed to the FBMs' baseplate. The input current for
redundant modules is doubled. A redundant digital
input block in the control software validates each
input in conjunction with information to/from the
module, and selects the input with the highest quality
for processing in the control strategy.

In a redundant configuration, contact sense power
from each module is diode OR'd together in the
redundant adapter to assure redundant power.

A redundant contact input function block, CINR, is
used for each redundant pair of inputs. The CINR
block handles input reads and initialization logic for
the redundant channels. On each execution cycle of
the CINR block, identical reads are sent to both
modules, fully exercising the fieldbus and the logic
circuitry of each module.

COMPACT DESIGN

FBM207/b/c has a compact design, with a rugged
extruded aluminum exterior for physical protection of
the circuits.

Enclosures specially designed for mounting the
FBMs provide various levels of environmental
protection, up to harsh environments (Class G3), per
ISA Standard S71.04.

VISUAL INDICATORS

Light-emitting diodes (LEDs) incorporated into the
front of the module provide visual indication of the
Fieldbus Module operational status, as well as the
discrete states of the individual input points.
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EASY REMOVAL/REPLACEMENT

The module can be removed or replaced without
removing field device termination cabling, power, or
communication cabling.

When redundant, either module may be replaced
without upsetting field input signals to the good
module. The module can be removed/replaced
without removing field device termination cabling,
power, or communications cabling.

SEQUENCE OF EVENTS

The Sequence of Events (SOE) software package (for
use with I/A Series v8.x or later software) is used for
acquisition, storage, display, and reporting of events
associated with digital input points in a control
system. SOE, using the optional GPS based time
synchronization capability, supports data acquisition
across control processors at intervals of up to one
millisecond, depending on the signal source.

Refer to PSS 21S-2B9 B4, Sequernce of Events to
learn more about this package, and to

PSS 21H-4C2 B3, 7ime Synchronization EFqujpment
for a description of the optional time synchronization
capability.

I/A Series systems with software earlier than V8.x
can support SOE through ECB6 and EVENT blocks.
However, these systems do not support GPS time
synchronization and use a timestamp sent by the
Control Processor which is only accurate to the
nearest second and is not synchronized between
different Control Processors.

FIELDBUS COMMUNICATION

A Fieldbus Communications Module or a Control
Processor interfaces to the redundant 2 Mbps
module Fieldbus used by the FBMs. The FBM
accepts communication from either path (A or B) of
the 2 Mbps Fieldbus - should one path fail or be
switched at the system level, the module continues
communication over the active path.

Publicacion autorizada con fines académicos e investigativos
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MODULAR BASEPLATE MOUNTING

The module mounts on a DIN rail mounted
baseplate, which accommodates up to four or eight
Fieldbus Modules. The Modular Baseplate is either
DIN rail mounted or rack mounted, and includes
signal connectors for redundant module Fieldbus,
redundant independent dc power, and termination
cables.

Redundant modules must be located in odd and
even adjacent positions on the baseplate (positions 1
and 2, 3 and 4, 5 and 6, or 7 and 8). To achieve the
redundancy, a redundant adapter module is placed
on the two adjacent baseplate termination cable
connectors to provide a single termination cable
connection. A single termination cable connects from
the redundant adapter to the associated TA.

To system configurator applications and monitoring
through SMON, System Manager, and SMDH,
redundant modules appear to be separate,
nonredundant modules. The functional redundancy
for these modules is provided by their associated
control blocks.

SECURITY

Field power, for contacts or solid-state switches, is
current limited.

TERMINATION ASSEMBLIES

Field I/O signals connect to the FBM subsystem via
DIN rail mounted TAs. The TAs used with the
FBMZ207/b/c are described in “TERMINATION
ASSEMBLIES AND CABLES” on page 8.
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FUNCTIONAL SPECIFICATIONS

Communication
Communicates with its associated FCM or FCP via
the redundant 2 Mbps module Fieldbus

Input
16 isolated and independent channels

Accuracy
Pulse Count
No missing pulses for pulse rate O to 250 Hz

Filter/Debounce Time(1)
Configurable (No Filtering, 4, 8, 16, or 32 ms)

Voltage Monitor Function - Input
INPUT
Logic One, On-State Voltage: 15 to 60 V dc
Logic Zero, Off-State Voltage: 0 to 5V dc
Current: 1.4 mA (typical) at 5 to 60 V dc
SOURCE RESISTANCE LIMITS
Logic One, On-State: 1 k Q (maximum) at
15V dc
Logic Zero, Off-State: 100 k Q (minimum) at
60V dc

Contact Sensor Function - Input
RANGE (EACH CHANNEL)
Contact open (off) or closed (on)
OPEN-CIRCUIT VOLTAGE
FBM207b, 24 V dc +15%; FBM207c, 48V dc
+15%
SHORT-CIRCUIT CURRENT
2.5 mA (maximum)
LOGIC ONE, ON-STATE RESISTANCE
1.0 k Q (maximum)

LOGIC ZERO, OFF-STATE RESISTANCE
100 k Q (minimum)

Isolation

Each channel is galvanically isolated from all other
channels and earth (ground). The module withstands,
without damage, a potential of 600 V ac applied for
one minute between any channel and ground, or
between a given channel and any other channel.

CAUTION

This does not imply that these channels are
intended for permanent connection to
voltages of these levels. Exceeding the limits
for input voltages, as stated elsewhere in this
specification, violates electrical safety codes
and may expose users to electric shock.

Power Requirements
INPUT VOLTAGE RANGE (REDUNDANT)
24\ dc +5%, -10%
CONSUMPTION (MAXIMUM)
FBM207, 3 W; FBM207b, 4 W; FBM207c, 5 W

HEAT DISSIPATION (MAXIMUM)
FBM207, 5.5 W; FBM207b, 4 W; FBM207¢c, 5 W

Loop Power Supply Protection
Current limited at 2.5 mA

Field Terminations Functional Specifications
Refer to “TERMINATION ASSEMBLIES AND
CABLES” on page 8.

Calibration Requirements
Calibration of the module and termination assembly is
not required.

(1) Digital fittering available for 200 Series FBM or competitive migration modules with version 1.25H or later firmware.
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FUNCTIONAL SPECIFICATIONS (CONTINUED)

Regulatory Compliance
ELECTROMAGNETIC COMPATIBILITY (EMC)

Furopean EMC Directive 8Y336/EEC
Meets: EN 50081-2 Emission standard

EN 50082-2 Immunity standard

EN 61326 Annex A (Industrial Levels)
CISPR 11, Industrial Screntific and Medical
(ISM) Radio-frequency Equipment -
Electromagnetic Disturbance Characteristics
- Limnits and Method's of Measurement
Meets: Class A Limits
IEC 61000-4-2 ESD Immunity
Contact 4 kV, air 8 kV
/EC 61000-4-3 Radjated Field Immunity
10 V/m at 80 to 1000 MHz
IEC 61000-4-4 Electrical Fast
Transient/Burst Immunity
2 kV on 1/0O, V dc power and communication
lines
1EC 61000-4-5 Surge /Immunity
2kV on ac and dc power lines; 1kV on I/O
and communications lines
1EC 61000-4-6 Immunity to Conaducted
Disturbances induced by Radio-frequency
Frelds
10V (rms) at 150 kHz to 80 MHz on I/O, V
dc power and communication lines
1EC 61000-4-8 Power Frequency Magnetic
Freld Immunity
30 A/m at 50 and 60 Hz

Product Safety - Low Voltage Inputs

UNDERWRITERS LABORATORIES (UL) FOR
U.S. AND CANADA

UL/UL-C listed as suitable for use in

UL/UL-C listed Class I, Groups A-D;

Division 2; temperature code T4 enclosure based
systems. These modules are also UL and UL-C
listed as associated apparatus for supplying non-
incendive communication circuits for Class |,
Groups A-D hazardous locations when
connected to specified I/A Series® processor
modules as described in the /4 Series DIN Rail
Mounted Subsystermn User's Guide (BO400OFA).
Communications circuits also meet the

requirements for Class 2 as defined in Article 725
of the National Electrical Code (NFPA No.70) and
Section 16 of the Canadian Electrical Code (CSA
C22.1). Conditions for use are as specified in the
VA Series DIN Rail Mounted Subsystem Users
Guiae (BO40OOFA).

EUROPEAN LOW VOLTAGE DIRECTIVE
73/23/EEC AND EXPLOSIVE ATMOSPHERES
(ATEX) DIRECTIVE 94/9/EC

CENELEC (DEMKO) certified as

EEx nA lIC T4 for use in CENELEC certified Zone
2 enclosure certified as associated apparatus for
supplying non-incendive field circuits for Zone 2,
Group IIC, potentially explosive atmospheres
when connected to specified I/A Series
processor modules as described in the /4 Series
DIN Rail Mounted Subsystem User's Guide
(BO40OFA).

Product Safety - Termination Assemblies with
High Voltage Inputs

UNDERWRITERS LABORATORIES (UL) FOR
U.S. AND CANADA

UL/UL-C listed as suitable for use in ordinary
locations and compliant with UL 3121, First
Edition, and Canadian Standard, C22.2
No.1010.1-92 when connected to specified
I/A Series processor modules as described in the
VA Series DIN Rail Mounted Subsystern User's
Guiae (BO40OOFA).

EUROPEAN LOW VOLTAGE DIRECTIVE
73/23/EEC

Certified for use in ordinary locations and
compliant with IEC 61010 when connected to
specified I/A Series processor modules as
described in the /4 Series DIN Rail Mounted
Subsystermn User'’s Guide (BO400OFA).
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ENVIRONMENTAL SPECIFICATIONS(2)

Operating Conditions Storage Conditions
TEMPERATURE TEMPERATURE
FBM207/b/c -40 to +70°C (-40 to +158°F)
-20to + 70°C (-4 to +158°F) RELATIVE HUMIDITY
Jermination Assembly -5 t0 95% (noncondensing)
PVC

Contamination

Suitable for use in Class G3 (Harsh) environments as
defined in ISA Standard S71.04, based on exposure
testing according to EIA Standard 364-65, Class |Il.

-20 to +50°C (-4 to +122°F)

PA

-20 to +70°C (-4 to +158°F)
RELATIVE HUMIDITY

5 to 95% (noncondensing) Vibration
7.5 m/s2 from 5 to 500 Hz

(2) The environment ranges can be extended by the type of enclosure containing the module. [Refer to the Product Specification Sheet
(PSS) applicable to the enclosure that is to be used.]
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The FBMZ214 HART® Communication Input Interface Modle provides ejght input channels, each accepting
a 4 to 20mA analog signal or a digital HART signal superimposed on a 4 to 20 mA analog input signal.

FEATURES » Support for the HART universal commands

Key features of the FBM214 module are: necessary to interface the field device with the

I/A Series® system database
» Eight analog input channels, each accepting one / I 4 atd

of the following inputs: » Galvanic isolation of the group of 8 input

channels from ground and module logic
e Standard 4 to 20 mA analog sensor signal 9 d

e Digital HART Frequency Shift Keying (FSK)
signal superimposed on a 4 to 20 mA analog
input signal. » High accuracy achieved by sigma-delta data

SELLER DQONEET SEVES T0r each channel

» Compact, rugged design suitable for enclosure in
Class G3 (harsh) environments

» FSK modem dedicated to each input channel for

Permission to proceed does not constitute acceptance or approval of design detail, calcul \atcms

bi-directional digital communications with's ™ ™z “derrminaticrAssembhes (TAs) for locally or
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OVERVIEW

The FBM214 HART Communication Input Interface
Module contains eight 4 to 20 mA group isolated
analog input channels. The FBM214 supports any
mix of standard 4 to 20 mA devices and HART
devices.

The FBM214 serves as a HART communications field
device host, enabling the I/A Series system to
request and receive two digital messages per second
from the field device. The message pass-through
capability can be used to support HART universal,
common practice, and device-specific commands,
but not the burst communication mode. These
commands are implemented using the Intelligent
Field Device Configurator (IFDC — refer to

PSS 21S-8A3 B3 for details).

The FBM214 provides a common isolated power
supply to power all eight channels. Optionally, the
channels can be powered by an external power
supply. However, when a common external power
supply is used with two or more channels, a Cable
Balun module is required to prevent channel cross
talk.

COMPACT DESIGN

The FBM214 has a compact design, with a rugged
extruded aluminum exterior for physical protection of
the circuits. Enclosures specially designed for
mounting the FBMs provide various levels of
environmental protection, up to harsh environments
per ISA Standard S71.04.

HIGH ACCURACY

For high accuracy, the module incorporates a Sigma-
Delta converter which can provide new analog input
values for each channel every 100 milliseconds.
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VISUAL INDICATORS

Light-emitting diodes (LEDs) incorporated into the
front of the module provide visual indication of the
module’s operational status, and communication
activity on the channels.

EASY REMOVAL/REPLACEMENT

The module can be removed/replaced without
removing field device termination cabling, power, or
communications cabling.

FIELDBUS COMMUNICATION

A Fieldbus Communication Module or a Control
Processor interfaces the redundant 2 Mbps module
Fieldbus used by the FBMs. The FBM214 module
accepts communication from either path (A or B) of
the redundant 2 Mbps fieldbus — should one path fail
or be switched at the system level, the module
continues communication over the active path.

The use of an external power supply common to two
or more loops requires a Cable Balun Module to
maintain communication signal line balance.

MODULAR BASEPLATE MOUNTING

The module mounts on a modular baseplate which
accommodates up to four or eight FBMs. The
modular baseplate is either DIN rail mounted or rack
mounted, and includes signal connectors for
redundant fieldbus, redundant independent dc
power, and termination cables.

TERMINATION ASSEMBLIES

Field input signals connect to the FBM subsystem via
DIN rail mounted TAs. The TAs used with the
FBM214 are described in “TERMINATION
ASSEMBLIES AND CABLES” on page 8.




CABLE BALUN MODULE

The Cable Balun module is used to maintain digital
communication line balance for HART Transmitter to
FBM loops that are powered from a common
external power supply. This powering effectively
connects one line of each loop together. Without the
Baluns, in each loop so powered, the common
connection at the external power supply, would
cause near end crosstalk at the system end of the
loop wiring cable. Loops using FBM internal power
source do not require Baluns.

CABLE-SIDE SYSTEM-SIDE
TERMINATIONS TERMINATIONS
/‘\_/T

PSS 21H-2Z14 B4
Page 3

The Cable Balun module contains multiple Baluns.
One Balun segment is interconnected in each loop
powered from an external power supply per the

diagram above. There is one Cable Balun module.

Cable Balun Module

Module Module No. of Baluns
Model Part No. in the Module
CBM-4  P0903SV 4

C Poeq

TWISTED-PAIR WIRES
CABLE WITHIN A

2

A
TRANSMITTER 1“”
|
|
N
SHIELDED CABLE |

TRANSMITTER

)

TWISTED-PAIR WIRES |
CABLE WITHIN A

+

.
g .
.
%

SHIELDED CABLE

TO POWER SUPPLY
NEGATIVE BUS

2 CABLE BALUN SEGMENTS (COMMON
OF A CABLE BALUN MODULE |[EXTERNAL

SHOWN. ONE CABLE BALUN | POWER
BALUN ADDS LoOp| SEGMENT USED PER LOOP | SUPPLY
THAT HAS A COMMON
RESISTANCE OF | gy repnAL POWER SUPPLY. |+ 1O -
30 Q MAXIMUM OTHER
TO THE CHANNEL LOOPS

CABLE BALUN MODULE

Figure 1. Cable Balun Module
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FUNCTIONAL SPECIFICATIONS

Field Device Channels
VERSION SUPPORTED
HART Protocol v6
INTERFACE
8 group-isolated channels
COMMUNICATION TO THE DEVICE
Point-to-point, master/slave, asynchronous, half-
duplex, at 1200 baud.
ERROR CHECKING
Parity on each byte, and one CRC check byte.
SPEED
2 messages per second
FASTEST ALLOWED ECB BLOCK PERIOD
500 msec
MAXIMUM DISTANCE (FBM214 TO FIELD
DEVICE)
Meets HART FSK physical layer specification
HCF_SPEC-54, Revision 8.1 [up to 3030 m
(10000 ft)J(1).
COMPLIANCE VOLTAGE
18 V dc minimum at 20.5 mA
CURRENT INPUTS
Sense Resistor
61.9 Q nominal
Jotal Input Resistance
280 Q minimum
Accuracy (Includes Nonlinearity)
+0.03% of full scale
Temperature Coefficient

Normal Mode Rejection

>35 db at 50 or 60 Hz
MAXIMUM LOOP RESISTANCE
280 Q (not including the field device)@)
LOOP POWER SUPPLY PROTECTION
Each channel is galvanically group isolated,
current limited and voltage regulated. All inputs
are limited by their design to less than 30 mA. If
the current limit circuit shorts out, the current is
limited to about 85 mA.
FBM INPUT IMPEDANCE
280 Q minimum

FBM INTERNAL POWER FOR FIELD DEVICE
24V dc £10% common power supply for all
channels. Loop load limited to one device per
channel.

ISOLATION

The channels are not galvanically isolated from
each other, but are galvanically isolated (both
optical and transformer isolation) as a group from
ground and module logic. Inputs use an internal
FBM isolated power supply for field power. The
module withstands, without damage, a potential
of 600 V ac applied for one minute between the
group-isolated channels and earth (ground).

CAUTION
This does not imply that these channels are

intended for permanent connection to
voltages of these levels. Exceeding the limits

50 ppm/°C for input voltages, as stated elsewhere in this
Resolution specification, violates electrical safety codes
15 bits and may expose users to electric shock.
Upaate Rate

100 ms Fieldbus Communication

Integration Time Communicates with its associated FCM or FCP via
500 ms the redundant 2 Mbps module Fieldbus

HEAT DISSIPATION
4 W (maximum)

Common Mode Rejection
>100 db at 50 or 60 Hz

(1) The maximum allowable distance decreases when the loop is operated through an intrinsic safety barrier. The maximum distance of
the field device from the FBM is a function of compliance voltage, wire gauge and voltage drop at the device.

(2) Inan intrinsic safety application, if a zener barrier is used between the FBM and the field device, the power supply must be set at
24V dc +5%, -1%. There are no specific constraints with the use of galvanic barriers.
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FUNCTIONAL SPECIFICATIONS (CONTINUED)

Power Requirements PRODUCT SAFETY (FBM AND CABLE BALUN)
INPUT VOLTAGE RANGE (REDUNDANT) Underwriters Laboratories (UL) for U.S. and
24V dc +5% Canada
CONSUMPTION UL/UL-C listed as suitable for use in

UL/UL-C listed Class |, Groups A-D;

7 W (maximum
( ) Division 2; temperature code T4 enclosure

Regulatory Compliance based systems. These modules are also UL
ELECTROMAGNETIC COMPATIBILITY (EMC) and UL-C listed as associated apparatus for
European EMC Directive 8Y336/EEC supplying non-incendive communication
Meets: EN 50081-2 Emission standard circuits for Class |, Groups A-D hazardous
EN 50082-2 Immunity standard locations when connected to specified
EN 61326 Annex A (Industrial Levels) I/A Series® processor modules as described
CISPR 11, Industrial Scientific and Medical in the /A Series DIN Rail Mounted
(ISM) Radio-frequency Equipment - Subsystem User's Guide (BO400FA). Where
FElectromagnetic Disturbance Characteristics power is supplied by the FBM,
- Limits and Methods of Measurement communications circuits also meet the
Meets Class A Limits requirements for Class 2 as defined in
1EC 61000-4-2 ESD Immunity Article 725 of the National Electrical Code
Contact 4 kV, air 8 kV (NFPA No.70) and Section 16 of the
IEC 61000-4-3 Radiated Field Immunity Canadian Electrical Code (CSA C22.1).
10 V/m at 80 to 1000 MHz Conditions for use are as specified in the
JEC 61000-4-4 Flectrical Fast WA Series DIN Rail Mounted Subsystem
Transient/Burst Immunity User's Guide (BOA0OFA.
2 kVonl/O, dc power and communication EU/’O,DE’HH Low VO/Z‘ZgE’ Directive 73/23/EFEC
lines and Explosive Atmospheres (ATEX) directive
IEC 61000-4-5 Surge Immunity 94/ VEC
2kV on ac and de power lines; 1kV on I/O CENELEC (DEMKO) certified as EEx nA 1IC
and communications lines T4 for use in CENELEC certified Zone 2
IEC 61000-4-6 Immunity to Conducted enclosure certified as associated apparatus
Disturbances Induced by Radio frequency for supplying non-incendive field circuits for
Fields Zone 2, Group lIC, potentially explosive
10V (rms) at 150 kHz to 80 MHz on 1/O, atmospheres when connected to specified

I/A Series processor modules as described
in the /A Serres DIN Rail Mounted
Subsystemn User's Guide (BO400FA). Also,
see Table 1 on page 9.

dc power and communication lines
1EC 61000-4-8 Power Frequency Magnetic
Freld Immunity
30 A/m at 50 and 60 Hz
Calibration Requirements
Calibration of the module or termination assembly is
not required.
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ENVIRONMENTAL SPECIFICATIONS(3)

Operating Storage
TEMPERATURE TEMPERATURE
Module -40 to +70°C (-40 to +158°F)
-20t0 +70°C (-4 to +158°F) RELATIVE HUMIDITY
Jermination Assembly 5 to 95% (noncondensing)
PVC ALTITUDE
-PZAO to +50°C (-4 to +122°F) -300 to +12,000 m (-1,000 to +40,000 ft)

Contamination

Suitable for use in Class G3 (Harsh) environments as
defined in ISA Standard S71.04, based on exposure
testing according to EIA Standard 364-65, Class |Il.

-20to +70°C (-4 to +158°F)
RELATIVE HUMIDITY
5 to 95% (noncondensing)
ALTITUDE

-300 to +3,000 m (-1,000 to +10,000 ft) Vibration
7.5 m/S2(0.75 g) from 5 to 500 Hz

(3) The environmental limits of this module may be enhanced by the type of enclosure containing the module. Refer to the applicable
Product Specification Sheet (PSS) which describes the specific type of enclosure that is to be used.
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FBM215 HART® Communication Output Interface Module

The FBMZ215 HART® Communication Output Interface Module offers eight output channels, each providing a
4 to 20mA output signal or a digital HART signal superimposed on a 4 to 20 mA analog outout signal.

FEATURES » Galvanic isolation of all output channels from
Key features of the FBM215 module are: each other, and from ground and module logic
» Eight channel-isolated output channels, each » Support for HART universal commands
providing one of the following outputs: necessary to interface the field device with the

I/A Series® system database

e Standard 4 to 20 mA analog output signal Y

e Digital HART Frequency Shift Keying (FSK)
signal superimposed on a 4 to 20 mA analog
output signal. SEErcochEnEtEoiRptien-Asserblies (TAs) for locally or

ing fiel iring to the FBM215.
» FSK modem dedicated to egch Sl sriaiiabhs e e @lﬁﬁﬂggﬁ%m%@mg eld wiring to the 5

SELLER from full compliance with contractual obligation.

for bi-directional digital communications with a
. . 1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed
HART field device " LT

» Compact, rugged design suitable for enclosure in
Class G3 (harsh) environments

4 Review not required. Work may proceed
5 Revise & Resubmit. Work may proceed
subject to incorporation of changes 5 Cancelled / Superseded
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OVERVIEW

The HART Communication Output Interface Module
(FBM215) contains eight channel-isolated output
channels. The FBM215 supports any mix of standard
4 to 20 mA devices and HART devices.

The FBM215 serves as a HART communications field
device host, enabling the I/A Series system to
request and receive two digital messages per second
from each field device. The message pass-through
capability can be used to support HART universal,
common practice, and device-specific commands,
but not the burst communication mode. These
commands are implemented using the Intelligent
Field Device Configurator (IFDC — refer to

PSS 21S-8A3 B3 for details).

The module provides an isolated power supply for
each channel.

COMPACT DESIGN

The FBM215 has a compact design, with a rugged
extruded aluminum exterior for physical protection of
the circuits. Enclosures specially designed for
mounting the FBMs provide various levels of
environmental protection, up to harsh environments
per ISA Standard S71.04.

VISUAL INDICATORS

Light-emitting diodes (LEDs) incorporated into the
front of the module provide visual indication of the
module’s operational status, and communication
activity of the channels.

EASY REMOVAL/REPLACEMENT

The module can be removed/replaced without
removing field device termination cabling, power, or
communications cabling.

FIELDBUS COMMUNICATION

A Fieldbus Communication Module or a Control
Processor interfaces the redundant 2 Mbps module
Fieldbus used by the FBMs. The FBM215 module
accepts communication from either path (A or B) of
the redundant 2 Mbps fieldbus — should one path fail
or be switched at the system level, the module
continues communication over the active path.

MODULAR BASEPLATE MOUNTING

The module mounts on a modular baseplate, which
accommodates up to four or eight FBMs. The
modular baseplate is either DIN rail mounted or rack
mounted, and includes signal connectors for
redundant fieldbus, redundant independent dc
power, and termination cables.

TERMINATION ASSEMBLIES

Field output signals connect to the FBM subsystem
via DIN rail mounted TAs. The TAs used with the
FBM215 are described in “TERMINATION
ASSEMBLIES AND CABLES” on page 7.
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FUNCTIONAL SPECIFICATIONS

Field Device Channels

VERSION SUPPORTED
HART Protocol v6

INTERFACE
8 isolated output channels

COMMUNICATIONS TO THE DEVICE
Point-to-point, master/slave, asynchronous, half-
duplex, at 1200 baud

ERROR CHECKING

Parity on each byte, and one CRC check byte on
each message

SPEED

2 messages per second

FASTEST ALLOWED ECB BLOCK PERIOD

500 msec

MAXIMUM DISTANCE (FBM215 TO FIELD
DEVICE)
Meets HART FSK physical layer specification
HCF_SPEC-54, Revision 8.1 [up to 3030 m
(10000 ft))M
CURRENT OUTPUTS

Analog Accuracy (Includes Linearity)

+0.05% of span (between 4 mA and 20 mA)

Output Load

750 Q maximum

Maximum Rate of Change

20 mA in 60 milliseconds

Resolution

13 bits
LOOP POWER SUPPLY PROTECTION
Each channel is channel-to-channel galvanically
isolated, current limited, and voltage regulated.
All analog outputs are limited by their design to
about 25 mA. If the output FET shorts, the output
current could increase up to 100 mA. In normal
operation the FBM outputs a constant current
into a 0 to 750 ohm load.

ISOLATION

The channels are galvanically isolated (both
optical and transformer isolation) from each other,
and from ground and module logic. The module
withstands, without damage, a potential of 600 V
ac applied for one minute between the isolated
channels and earth (ground).

CAUTION

This does not imply that these channels are
intended for permanent connection to
voltages of these levels. Exceeding the limits
for input voltages, as stated elsewhere in this
specification, violates electrical safety codes
and may expose users to electric shock.

Fieldbus Communication
Communicates with its associated FCM or FCP via
the redundant 2 Mbps module Fieldbus

Power Requirements
INPUT VOLTAGE RANGE (REDUNDANT)
24V dc +5%
CONSUMPTION
7 W (maximum)
HEAT DISSIPATION
5 W (maximum)
Calibration Requirements

Calibration of the module and termination assembly is
not required.

(1) The maximum allowable distance decreases when the loop is operated through an intrinsic safety barrier. The maximum distance of
the field device from the FBM is a function of compliance voltage (19 V dc at 20.4 mA), wire and load resistance, and voltage drop at
the field device.
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FUNCTIONAL SPECIFICATIONS (CONTINUED)

Regulatory Compliance
ELECTROMAGNETIC COMPATIBILITY (EMC)

Furopean EMC Directive 8Y336/FFC
Meets: EN 50081-2 Emission standard

EN 50082-2 Immunity standard

EN 61326 Annex A (Industrial Levels)
CISPR 11, Industrial Screntific and Medical
(ISM) Radio-frequency Equipment -
Electromagnetic Disturbance Characteristics
- Limits and Methods of Measurement
Meets Class A Limits
1EC 61000-4-2 ESD Immunity
Contact 4 kV, air 8 kV
1EC 61000-4-3 Radiated Field Immunity
10 V/m at 80 to 1000 MHz
IEC 61000-4-4 Flectrical Fast
Transient/Burst Immunity
2 kV on I/0O, dc power and communication
lines
1EC 61000-4-5 Surge /Immunity
2KV on ac and dc power lines; 1kV on I/0O
and communications lines
1EC 61000-4-6 Immunity to Conducted
Disturbances Induced by Radio frequency
Frelds
10V (rms) at 150 kHz to 80 MHz on I/O,
dc power and communication lines
1EC 61000-4-8 Power Frequency Magnetic
Freld Immunity
30 A/m at 50 and 60 Hz
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PRODUCT SAFETY

Underwriters Laboratories (UL) for U.S. and
Canada

UL/UL-C listed as suitable for use in
UL/UL-C listed Class |, Groups A-D;

Division 2; temperature code T4 enclosure
based systems. These modules are also UL
and UL-C listed as associated apparatus for
supplying non-incendive communication
circuits for Class |, Groups A-D hazardous
locations when connected to specified

I/A Series® processor modules as described
in the /A Series DIN Raill Mounted
Subsystem User's Guide (BO400OFA).
Communications circuits also meet the
requirements for Class 2 as defined in
Article 725 of the National Electrical Code
(NFPA No.70) and Section 16 of the
Canadian Electrical Code (CSA C22.1).
Conditions for use are as specified in the

WA Series DIN Rail Mounted Subsystern
User'’s Guide (BO40OFA).

Furopean Low Voltage Directive 73/23/FEC
and Explosive Atmospheres (ATEX) directive
94/9YFEC

CENELEC (DEMKO) certified as EEx nA 1IC
T4 for use in CENELEC certified Zone 2
enclosure certified as associated apparatus
for supplying non-incendive field circuits for
Zone 2, Group IIC, potentially explosive
atmospheres when connected to specified
I/A Series processor modules as described
in the I/A Series DIN Rail Mounted
Subsystem User’s Guide (BO400FA). Also,
see Table 1 on page 8.
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ENVIRONMENTAL SPECIFICATIONS(2)

Operating Storage
TEMPERATURE TEMPERATURE
Module -40 1o +70°C (-40 to +158°F)
-201t0 +70°C (-4 to +158°F) RELATIVE HUMIDITY
Jermination Assembly 510 95% (noncondensing)
PVC ALTITUDE
-20 to +50°C (-4 to +122°F) -300 to +12,000 m (1,000 to +40,000 ft)

RELATIVE HUMIDITY

5 to 95% (noncondensing) Lontamination

Suitable for use in Class G3 (Harsh) environments as

ALTITUDE defined in ISA Standard S71.04, based on exposure
-300 to +3,000 m (-1,000 to +10,000 ft) testing according to EIA Standard 364-65, Class |Il.
Vibration

7.5 m/S2(0.75 g) from 5 to 500 Hz

(2) The environmental limits of this module may be enhanced by the type of enclosure containing the module. Refer to the applicable
Product Specification Sheet (PSS) which describes the specific type of enclosure that is to be used.
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PHYSICAL SPECIFICATIONS

Mounting
MODULE
The FBM215 mounts on a modular baseplate.
The baseplate can be mounted on a DIN rail
(horizontally or vertically), or horizontally on a
19-inch rack using a mounting kit. Refer to
PSS 21H-2W6 B4 for details.
TERMINATION ASSEMBLY
The TA mounts on a DIN rail and accommodates
multiple DIN rail styles including 32 mm (1.26 in)
and 35 mm 1.38 in).

Mass
MODULE
284 g (10 0z) approximate
TERMINATION ASSEMBLY
Cornpression
181 g (0.40 Ib) approximate
Ring Lug
249 g (0.55 Ib) approximate
Dimensions — Module
HEIGHT
102 mm (4 in)
114 mm (4.5 in) including mounting lugs
WIDTH
45 mm (1.75in)
DEPTH
104 mm (4.11in)

Dimensions — Termination Assembly
See page 9.
Part Numbers
FBM215 MODULE
P0922VU
TERMINATION ASSEMBLIES
See “FUNCTIONAL SPECIFICATIONS —
TERMINATION ASSEMBLIES” on page 7.
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Termination Cables

CABLE LENGTHS

Up to 30 m (98 ft)

CABLE MATERIALS
Polyurethane or Hypalon®/XLLP
TERMINATION CABLE TYPE
Types 1 - See Table 2 on page 8.
CABLE CONNECTION - TA
25-pin male D-subminiature

Construction — Termination Assembly

MATERIAL

Polyvinyl Chloride (PVC), compression
PVC, ring lug

FAMILY GROUP COLOR

Green — communication

TERMINAL BLOCKS

Outputs
3 tiers, 8 positions

Field Termination Connections

COMPRESSION-TYPE ACCEPTED WIRING
SIZES
Solia/Stranded/AWG
0.2 to 4 mm2/0.2 to 2.5 mmZ2/24 to 12 AWG
Stranded with Ferrules
0.2 to 2.5 mm? with or without plastic collar
RING-LUG TYPE ACCEPTED WIRING SIZES
#6 size connectors (0.375 in (9.5 mm))
0.5 to 4 mm?2/22 AWG to 12 AWG
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The FBM222 Redundant PROFIBUS Comimunication Interiace Module provides a reliable, high-capacity
interface between PROFIBUS-DP slave devices and the /A Series® systerm.

FEATURES » Enables addition, modification and removal of
Key features of the FBM222 are: devices without impacting on-going operations

» Integrates PROFIBUS-DP/PA slave devices into »Propagates the PROFIBUS-PA device values and

the I/A Series control system status to I/A Series control blocks

» Conforms to the PROFIBUS-DP Specification » Provides a user-selectable status parameter for
IEC61158 Part 3 input data as well as read-back values for output
data

» Supports up to 125 slave devices per port with
full 244 byte data transfer » Supports PROFIBUS-DP Class 1 and Class 2

» Maximizes uptime by providing redundant TAs Masters along with multi-master configurations
hot-swappable redundant FBM modules, ana - *=Provides twq galvanically isolated PROFIBUS

f design detail, calcylations,
fully redundant communication = oﬁhﬂmﬂe"@e
FBM222 and fault-tolerant CONtrol-@reCessors 3 ressreswmi wormay nor procees
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FUNCTIONAL SPECIFICATIONS

PROFIBUS-DP Communications

INTERFACE
2 communication channels provide interface to 2
galvanically isolated PROFIBUS-DP networks
BUS CHARACTERISTICS
General
Electronic Industrial Association (EIA)
RS-485 communications. The physical
communication medium consists of twisted-
pair shielded copper cable containing a
single conductor pair.
Dala Transtfer Rate (Paud Rate)
Selectable, 9.6 to 12,000 kbit/sec (see
Table 1)
Maximum Allowable Bus Length
The maximum allowable length of a
PROFIBUS-DP bus segment is a function of
the user selected data transfer rate as listed
in Table 1 on page 4
Maximum Cable Length, FEMZ222 to TA
30 m (90 ft) which is not included when
determining the bus segment length
Maximum Number of Devices on a Bus
Per EN 50170, for a non-expanded bus
(repeaters not used), one master (FBM222)
and up to 31 slaves are supported. When
repeaters are used, the FBM222 supports
125 devices per port.

FBM222 channel isolation

Each communication channel is galvanically isolated
and referenced to earth (ground). The module can
withstand, without damage, a potential of 600 V ac
applied for one minute between either channel and
earth.

CAUTION

This does not imply that the channels are
intended for permanent connection to
voltages of these levels. Exceeding the limits
for input voltages, as stated elsewhere in this
specification, violates electrical safety codes
and may expose users to electric shock.

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis

Conformance to PROFIBUS-DP Standards
PROFIBUS-DP bus topologies and communications
are in accordance with specifications presented in the
following standards:

» PROFIBUS Fieldbus standard EN 50170

» EIA standard RS-485.

FBM222 Power Requirements

INPUT VOLTAGE RANGE (REDUNDANT)

24 V dc +5%, -10%

CONSUMPTION

6 W (maximum)

HEAT DISSIPATION

6 W (maximum)

Regulatory Compliance

ELECTROMAGNETIC COMPATIBILITY (EMC)
European EMC Directive 8Y336/EEC
Meets: EN 50081-2 Emission standard

EN 50082-2 Immunity standard
EN 61326 Annex A (Industrial Levels)

CISPR 11, Industrial Scientific and Medical
(ISM) Radio-frequency Equipment -
Electromagnetic Disturbance Characteristics
- Limits and Methods of Measurement
Meets: Class A Limits
IEC 61000-4-2 ESD Immunity
Contact 4 kV, air 8 kV
1EC 61000-4-3 Radiated Field Immunity
10 V/m at 80 to 1000 MHz
1EC 61000-4-4 Flectrical Fast
Jransient/Burst Immunity
2 kV on /O, dc power and communication
lines
1EC 61000-4-5 Surge Immunity
2 kV on ac and dc power lines;1 kV on 1/0O
and communication lines
1EC 61000-4-6 Immunity to Conducted
Disturbances Induced by Radio-frequency
Frelds
10 V (rms) at 150 kHz to 80 MHz on I/O, dc
power and communication lines
1EC 61000-4-8 Power Frequency Magnetic
Freld Immunity
30 A/m at 50 and 60 Hz
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/EC 61000-4-11 Voltage Dips, Short
Interruptions and Voltage Variations
Immunity

Compliant

PRODUCT SAFETY

Underwriters Laboratories (UL) for U.S. and
Canada

UL/UL-C listed as suitable for use in
UL/UL-C listed Class |, Groups A-D;

Division 2; temperature code T4 enclosure
based systems.

These modules are also UL and UL-C listed
as associated apparatus for supplying non-
incendive communication circuits for Class |,
Groups A-D hazardous locations when
connected to specified I/A Series processor
modules as described in /2Fusion™
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No.70) and Section 16 of the Canadian
Electrical Code (CSA C22.1). Conditions for
use are as specified in /nFusion™ Enterprise
Control System: Implementing PROFIBUS-
DP Networks (BO750BE).

European Low Voltage Directive 73/ 23/EEC
and Explosive Atmospheres (ATEX) Directive
94/ VEC

CENELEC (DEMKO) certified as

EEx nA IIC T4 for use in CENELEC certified
Zone 2 enclosure certified as associated
apparatus for supplying non-incendive field
circuits for Zone 2, Group lIC, potentially
explosive atmospheres when connected to
specified I/A Series processor modules as
described in the /A4 Series DIN Rail Mounted
Subsystem User's Guide (BO400FA).

Enterprise Control System. Implementing Calibration Requirements
FPROFIBUS-DP Networks (BOTSOBE). Calibration of the module and termination assembly is
Communications circuits also meet the not required.

requirements for Class 2 as defined in Article
725 of the National Electrical Code (NFPA

ENVIRONMENTAL SPECIFICATIONS(1)

Operating Storage
TEMPERATURE TEMPERATURE
FBMZ222 -40 to +70°C (-40 to +158°F)
-20to +70°C (-4 to +158°F) RELATIVE HUMIDITY
lermination Assembly 510 95% (noncondensing)
-20 to +50°C (-4 to +122°F) Contai uiinE
RELATIVE HUMIDITY Suitable for use in Class G3 (Harsh) environments as
5 10 95% (noncondensing) defined in ISA Standard S71.04, based on exposure
ALTITUDE testing according to EIA Standard 364-65, Class |Il.

-300 to +3,000 m (-1,000 to +10,000 ft) Vibration

7.5 m/S?(0.75 g) from 5 to 500 Hz

(1) The environmental limits of this module may be enhanced by the type of enclosure containing the module. Refer to the applicable
Product Specification Sheet (PSS) which describes the specific type of enclosure that is to be used.
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PHYSICAL SPECIFICATIONS

Mounting
MODULE
The FBM222 mounts on a Modular Baseplate.
The Modular Baseplate can be mounted
horizontally or vertically on a DIN rail, or mounted
horizontally in a 19-inch rack using a mounting
kit. Refer to DIN Rail Mounited Moduiar
Baseplates (PSS 21H-2W6 B4) for details.
TERMINATION ASSEMBLY
The TA accommodates multiple DIN styles

including 32 mm (1.26) and 35 mm (1.38 in) rails.

Mass

MODULE
284 g (10 o0z) approximate (each module)

Dimensions
MODULE
HEIGHT
102 mm (4 in)
114 mm (4.5 in) including mounting lugs
WIDTH
45 mm (1.75in)
DEPTH
104 mm (4.11in)
TERMINATION ASSEMBLY
See page 11
Part Numbers
FBM222 MODULE
P0926TL
FBM228/FBM222 REDUNDANT ADAPTER
P0922RK
FBM222 REDUNDANT ADAPTER — DUAL
NETWORK
P0926XM
TERMINATION ASSEMBLY
P0926TH (PVC)
P0926TJ (Polyamide)

Publicacion autorizada con fines académicos e investigativos
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Indicators (mounted on front of each module)

OPERATIONAL STATUS

Red and green light-emitting diodes (LEDs)
MODULE ROLE IN REDUNDANT PAIR

2 amber LEDs to indicate the module’s role in a
redundant pair, either Master or Tracker
CHANNEL COMMUNICATION ACTIVITY

2 amber LEDs, one per port

Termination Cables

CABLE LENGTHS
Up to 30 m (98 ft)
CABLE MATERIALS
Polyurethane or Hypalon XLP
TERMINATION CABLE TYPE
Type 1 - Refer to Table 2 on page 7
CABLE CONNECTION
Jermination Assembly
25-pin male D-subminiature

Modular Baseplate
37-pin male D-subminiature

Termination Assembly Construction Material

MATERIAL

Polypropylene (PVC) Material (PO926TH)
Polyamide (P0926TJ)

FAMILY GROUP COLOR

Green - communication
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FBM232 Field Device System Integrator Module,
10/100 Mbps Ethernet, Single

/A Series |

~

The FBMZ232 Field Device Systermn Integrator (FDSY) moaule provides a single Ethemet interface betweern
single-ported field /O devices and the /A Series® system.

FEATURES OVERVIEW

Key features of the FBM232 are: The FBM232 connects to a single 10 Mbps or

100 Mbps copper Ethernet network to communicate
with devices. The FBM232 can be connected directly
to a single field device or connected to Ethernet

» Communicates with up to 64 field devices switches or hubs to communicate with up to 64 field

» 1/O software driver is downloadable from a library ~ devices.

» 10 Mbps or 100 Mbps Ethernet network
transmission rate to/from field device

of available protocols The general network configuration is shown in
» Up to 2000 DCI block connections Figure 1.

» Integrates field device data into an I/A Series

control database using Ethernet connectivity
SELLER DOCUMENT REVIEW

» Field mounted jsion o proceed doss proval o design detl, calulations,
by SELLER, and does not relieve

ctual obligation.

» Class G3 (harsh) environment

roceed 3 Revise & Resubmit. Work may NOT proceed
4 Review not required. Work may proceed

Revise & Resubmit. Work may proceed

subject to incorporation of changes 5 Cancelled / Superseded

Document wsaws: 4
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oiscpine: EJ - CONtrol Systems  poc rype code: V1A
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ETHERNET LINK SETUP

Data communication between the FBM232 and field
devices are through the RJ-45 connector located on
the front of the FBM232 module. The RJ-45
connector of the FBM232 can be connected directly
to the field device, through hubs, or through Ethernet
switches to the field devices (refer to “ETHERNET
HUBS AND SWITCHES” on page 8). Connection of
multiple devices to the FBM232 requires a hub or
switch. Connection of the FBM232 directly to a
device may require a null hub adapter cable.

CONFIGURATOR

The FDSI configurator sets up the FBM232 XML
based port and device configuration files. The port
configurator allows for easy setup of the
communication parameters for each port (such as,
Dynamic Host Configuration Protocol (DHCP), IP
addresses). The device configurator is not needed for
all devices, but when needed it configures device
specific and point specific considerations (such as,
scan rate, address of the data to be transferred, and
the amount of data to be transferred in one
transaction).

Publicacion autorizada con fines académicos e investigativos
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OPERATIONS

The FBM232 can access up to 64 devices to read or
write data. From the I/A Series control station to
which the FBM232 is connected, up to 2000
Distributed Control Interface (DCI) data connections
can be made to read or write data. Supported data
types are determined by the particular driver loaded
on the FBM232, which converts the data to the DCI
data types listed below:

» An analog input or output value (integer or IEEE
single-precision floating point)

» A single digital input or output value

» Multiple (packed) digital input or output values
(packed in groups of up to 32 digital points per
connection).

Thus an I/A Series control station can access up to
2000 analog I/0 values, or up to 64000 digital I/O
values, or a combination of digital and analog values
using the FBM232. The frequency of access to the
FBM232 data by a control station can be as fast as
500 ms. The performance is dependant on each
device type and the layout of data in the device.

The FBM232 collects the required data from the
devices, performs the necessary conversions, and
then stores the converted data in its database for
incorporation into the I/A Series plant management
functions and operator displays. Data may also be
written out to the individual devices from the

I/A Series system.
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FUNCTIONAL SPECIFICATIONS

Communications FBM232 Power Requirements
BUS CHARACTERISTICS INPUT VOLTAGE RANGE (REDUNDANT)
Communication Type 24V dc +5%, -10%
Ethernet CONSUMPTION
Communication Transmission Rate 7 W (maximum)
10 or 100 Mbps HEAT DISSIPATION
Communication Frotocol 7 W (maximum)
UDP/IP or TCP/IP
/P Address

Fixed or DHCP
Note: For driver specific limitations on
I/O Capacity and Data Types Transferred, refer to
the corresponding driver PSS or User's Guide.
1/0 CAPACITY
Up to 64 devices per FBM232 maximum (number
of actual devices is performance dependent) with
up to 2000 DCI connections.
DATA TYPES TRANSFERRED
2-byte or 4-byte signed or unsigned integers,
4-byte IEEE single-precision floating values, or
binary values. Automatic conversion for other
types as implemented in the downloadable driver.
FASTEST ALLOWED ECB BLOCK PERIOD
500 msec

MODULE FIELDBUS COMMUNICATION
Communicates with its associated FCM100Et,
FCM100E or FCP270 via the redundant 2 Mbps
module Fieldbus.

Publicacion autorizada con fines académicos e investigativos
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FUNCTIONAL SPECIFICATIONS (CONTINUED)

Regulatory Compliance PRODUCT SAFETY
ELECTROMAGNETIC COMPATIBILITY (EMC) Underwriters Laboratories (UL) for U.S. and

European EMC Directive 89/336/FEC Canada

Meets: EN 50081-2 Emission standard UL/UL-C listed as suitable for use in
EN 50082-2 Immunity standard UL/UL-C listed Class I, Groups A-D;
EN 61326 Annex A for Industrial Division 2; temperature code T4 enclosure
Environments based systems. Communications circuits

CISPR 11, Industrial Scientific and Medical meet the requirements for Class 2 as defined

in Article 725 of the National Electrical Code
(NFPA No.70) and Section 16 of the
Canadian Electrical Code (CSA C22.1).
Conditions for use are as specified in the

WA Series DIN Rail Mounted Subsystern
User'’s Guide (BO40OFA).

European Low Voltage Directive 73/23/EEC
and Explosive Atmospheres (ATEX) directive

(ISM) Radio-frequency Equipment -
Electromagnetic Disturbance Characteristics
- Limits and Methods of Measurement
Meets: Class A Limits

1EC 61000-4-2 ESD Immunity

Contact 4 kV, air 8 kV

1EC 61000-4-3 Radjated Field Immunity
10 V/m at 80 to 1000 MHz

. 94/9YFC
IEC 6100044 s Fast CENELEC (DEMKO) certified as EEx nA IIC
Transient/Burst Immunity : o
e g T4 for use in CENELEC certified Zone 2
2 kV on I/0O, dc power and communication - )
nes enclosure certified as associated apparatus

for supplying non-incendive field circuits for
Zone 2, Group lIC, potentially explosive

atmospheres when connected to specified
I/A Series processor modules as described

1EC 61000-4-5 Surge /Immunity
2kV on ac and dc power lines; 1kV on I/O
and communications lines

/EC 61000-4-6 Immunity to Conducted in the /A Series DIN Rail Mounted

g{sjgfbaﬂces /nduced by Radio-frequency Subsystem User’s Guide (BO40OFA).
relds . : ;

10V (rms) at 150 kHz to 80 MHz on I/O, Calibration Requirements

dc power and communication lines Calibration of the module is not required.

1EC 61000-4-8 Power Frequency Magnetic
Freld Immunity
30 A/m at 50 and 60 Hz
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ENVIRONMENTAL SPECIFICATIONS

Operating Contamination
TEMPERATURE Suitable for use in Class G3 (Harsh) environments as
-20 to +70°C (-4 to +158°F) defined in ISA Standard S71.04, based on exposure
RELATIVE HUMIDITY testing according to EIA Standard 364-65, Class |Il.
5 10 95% (noncondensing)

Storage
TEMPERATURE

-40 10 +70°C (-40 to +158°F)

RELATIVE HUMIDITY
5 t0 95% (noncondensing)

PHYSICAL SPECIFICATIONS

Mounting Cables

The FBM232 mounts on a Modular Baseplate. The FROM MODULE TO HUB/SWITCH/DEVICE
Modular Baseplate can be mounted horizontally or 1 m (3.3 ft) up to 100 m (330 ft)

vertically on a DIN rail, or mounted horizontally in a CONNECTORS

19-inch rack using a mounting kit. Refer to RJ-45

PSS 21H-2W6 B4 for details.

NULL HUB ADAPTER CABLE
Mass PO971PK
284 g (10 0z) approximate

Part Number
P0926GW

Dimensions
HEIGHT
102 mm (4 in)
114 mm (4.5 in) including mounting lugs
WIDTH
45 mm (1.75)
DEPTH
104 mm (4.11 in)

Publicacion autorizada con fines académicos e investigativos
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The MESH Control Network Ethernet Equipment

Primary Root

Ethernet
Switches

Ethernet
Switches

Backup Root

The MESH control network utilizes Invensys qualiied Ethernet equjpment to allow you to configure your
system to meet your functional, perfonmarnce, and plant requirements.

FEATURES

» System scalability by interconnecting Ethernet » Rapid Spanning Tree Protocol (RSTP), manages
switches, each having 8-ports or more in various redundant paths, prevents loops, and provides
increments high speed convergence time for a network

» Support for Fast Ethernet (100 Mbps) and Gigabit » System Management software for monitoring the
(uplink only) Ethernet (1000 Mbps) health of the control system and managing

» Modular uplinks to high-speed backbones using equipment in the system
1 Gb 1000Base-T, 1000Base-LX/SX, » Network management and configuration via local
1000Base-LX/LH and 1000Base-ZX/LH  SELLER DOCUMENFBRVIEW
Stan dards Permission to proceed does not constitute acceptance or approval of design detail, calculations,

analysis, test methods, or materials developed or selected by SELLER, and does not relieve
SELLER from full compliance with contractual obligation.

» Full duplex operation based gn the |IEEE 802.

1 Work may proceed 3 Revise & Resubmit. Work may NOT proceed
standards

4 Review not required. Work may proceed
2 Revise & Resubmit. Work may proceed
subject to incorporation of changes 5 Cancelled / Superseded

4

Document Status:
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piscipine: EJ - Control Systems Doc Type Code: VLA
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24-PORT COPPER MANAGED SWITCH (P0973BH)

FEATURES
The 24-Port Copper managed switch features:

» 24-ports of 100Base-TX

» Two fixed RJ-45 10/100/1000 ports, configurable
for uplink

» Two 1000Base-X uplink Gigabit (SFP) ports
» Full duplex operation
» Supports VLAN configurations

» Monitoring and configuration tasks via local
console port, or any SNMP/BRMON based
management application.

» Port mirroring technology and diagnostics that
allow local network traffic to be redirected to an
external probe for detailed analysis

» Compliance with industry standards, including
IEEE 802.3u Fast Ethernet, 802.1w Rapid
Spanning Tree Protocol (RSTP)

» Optional redundant power supply

» Shelf, desk, or 19-inch rack mounting.

Publicacion autorizada con fines académicos e investigativos
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INTRODUCTION

The 24-Port Copper managed switch (P0973BH)
provides twenty-four 100Base-TX ports with RJ-45
connectors, two fixed 10/100/1000 uplink ports and
two 1000Base-X uplink Gigabit (SFP) ports. The two
1000Base-X uplink Gigabit (SFP) ports can be
populated with MGBIC uplink connector modules
(PO972WT, PO972WU, PO972YQ, PO972YL or
PO973FT).

The switch allows high-performance, full-featured
layer-2 Ethernet switching in small to medium-sized
network applications, as well as high-performance
direct end-station connectivity.

OPTIONAL REDUNDANT POWER SUPPLY

See “REDUNDANT POWER SUPPLY (P0973BP)” on
page 20.
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FUNCTIONAL SPECIFICATIONS

24-PORT COPPER MANAGED SWITCH (P0973BH)

Power

INTERNAL
ac Input power (auto-sensing)
100 V ac to 240 V ac, 50 to 60 Hz

EXTERNAL
Supports connection for redundant power supply

HEAT DISSIPATION

99 BTU/Hr

POWER CONSUMPTION

29 Watts maximum

MAXIMUM CURRENT

0.5Aat 110V ac,0.47 A at 220V ac

ENVIRONMENTAL SPECIFICATIONS

Operating Conditions
TEMPERATURE
0 to +40°C (32 to +104°F)

RELATIVE HUMIDITY
510 95% (noncondensing)

Storage Conditions
TEMPERATURE
~40 to +70°C (-40 to +158°F)

RELATIVE HUMIDITY
510 95% (noncondensing)

PHYSICAL SPECIFICATIONS

Mounting
Desk or Enclosure - 48.3 cm (19-inch) equipment
rack,1U high
Dimensions - Nominal
HEIGHT
4.4cm(1.7in)
WIDTH
441 cm (17.36in)

DEPTH
21.0cm (8.3 in)

Mass - Approximate
2.61 kg (5.8 b)

Cable Connectors
SWITCH PORTS
RJ-45
UPLINK PORTS
RJ-45 copper and LC fiber

Vibration

Vibration - I[EC 68-2-36, IEC 68-2-6
Shock - I[EC 68-2-29

Drop - IEC 68-2-32

REGULATORY COMPLIANCE AND CERTIFICATION

Electromagnetic Compatibility (EMC)

Industry Canada Class A, EN55022 and EN55024
(CISPR 22) Class A, EN61000-3-2/3, FCC Class A,
VCCI V-3 Class A, C-Tick-AS/NZS CISPR 22 Class A,
47 CFR Parts 2 and 15 Class A, CSA C108.8 Class
A, 89/336/EEC Class A

Product Safety
UL 60950, CSA C22.2 No. 60950, 73/23/EEC, EN
60950, IEC 60950, EN 60825, 21 CFR 1040.10

Publicacion autorizada con fines académicos e investigativos

En su investigacion no olvide referenciar esta tesis

Location

UL/UL-C listed as suitable for use in ordinary
locations and meets ordinary safety standards for fire
and shock hazards.

Contamination
Class G1 (Mild) as defined in ISA Standard S71.04
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24-PORT FIBER MANAGED SWITCH (P0973BJ)

FEATURES
The 24-Port Fiber managed switch features:

»

»

24-ports of 100Base-FX

Two fixed RJ-45 10/100/1000 ports, configurable

for uplink

Two 1000Base-X uplink Gigabit (SFP) ports
MT-RJ connectors on switch ports

Full duplex operation

Supports VLAN configurations

Monitoring and configuration tasks via local
console port, or any SNMP/RMON based
management application.

Port mirroring technology and diagnostics that
allow local network traffic to be redirected to an
external probe for detailed analysis

Compliance with industry standards, including
IEEE 802.3u Fast Ethernet, 802.1w Rapid
Spanning Tree Protocol (RSTP)

Optional redundant power supply.

INTRODUCTION

The 24-Port Fiber managed switch (P0973BJ)
provides twenty-four 100Base-FX ports with MT-RJ
connectors, two fixed 10/100/1000 ports for uplink
and two 1000Base-X uplink Gigabit (SFP) ports. The
two 1000Base-X uplink Gigabit (SFP) ports can be
populated with Mini-GBIC uplink connector modules
(PO972WT, PO972WU, P0972YQ, PO972YL, or
PO973FT).

The switch allows high-performance, full-featured
layer-2 Ethernet switching in small to medium-sized
network applications, as well as high-performance
direct end-station connectivity.

OPTIONAL REDUNDANT POWER SUPPLY

See “REDUNDANT POWER SUPPLY (P0973BP)” on
page 20.
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UPLINK/SWITCH INTERFACES

Table 4 lists the 24-Port Fiber switch and the uplink
interfaces that can be added to the switch. The
uplink connectors are added to specific uplink

PSS 21H-7C3 B4
Page 7

interfaces.
Table 4. 24-Port Fiber Managed Switch (P0973BJ) Interfaces
Uplink Ports Uplink Connectors
Switch (on Switch) (Add to Interfaces)
Invensys Invensys
Description Part No. Description Description Part No.
24-Port Fiber P0973BJ Two 1 Gb uplink RJ- n/a
managed switch 45 ports, 1000Base-T
with two RJ-45 for Catb copper
ports for uplink and cables
two ports for Mini- Two 1 Gb uplink Uplink module PO972WT - 550 m
GBIC modules ports, 1000Base-X,  1000Base-SX with LC (1804 ft) with MMF
for Mini-GBIC connector
modules Uplink module PO972WU - 10 km
1000Base-LX with LC (6.2 mi) with SMF
connector
Uplink module P0O972YQ - 2 km

1000Base-LX/LLH with
LC connector

Uplink module
1000Base-ZX with LC
connector

Uplink module
1000Base-T with RJ-45
connectors

Publicacion autorizada con fines académicos e investigativos
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(1.25 mi) with MMF

PO973FT - 80 km (49.6
mi) with SMF

PO972YL - 100 m
(330 t)
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FUNCTIONAL SPECIFICATIONS

24-PORT FIBER MANAGED SWITCH (P0973BlJ)

Power HEAT DISSIPATION
INTERNAL 174 BTU/Hr
ac Input power (auto-sensing) POWER CONSUMPTION
100 V ac to 240 V ac, 50 to 60 Hz 29 Watts
EXTERNAL MAXIMUM CURRENT

Supports connection for redundant power supply 0.5Aat110Vac, 0.47 Aat 220V ac

ENVIRONMENTAL SPECIFICATIONS

Operating Conditions Storage Conditions
TEMPERATURE TEMPERATURE
0 to +40°C (32 to +104°F) -40 to +70°C (-40 to +158°F)
RELATIVE HUMIDITY RELATIVE HUMIDITY
5 to 95% (noncondensing) 510 95% (noncondensing)

PHYSICAL SPECIFICATIONS

Mounting Mass - Approximate

Desk or Enclosure - 48.3 cm (19-inch) equipment 2.7 kg (56.95 Ib)

rack, 1U high Cable Connectors

Dimensions SWITCH PORTS
HEIGHT MT-RJ fiber
4.4cm (1.7 in) UPLINK PORTS
WIDTH RJ-45 copper and LC fiber
441 cm (17.36 in) Vibration
DEPTH Vibration - IEC 68-2-36, IEC 68-2-6
21.0cm (8.3 in) Shock - IEC 68-2-29

Drop - IEC 68-2-32
REGULATORY COMPLIANCE AND CERTIFICATION

Electromagnetic Compatibility (EMC) Location

Industry Canada Class A, EN55022 and EN55024 UL/UL-C listed as suitable for use in ordinary

(CISPR 22) Class A, EN61000-3-2/3, FCC Class A, locations and meets ordinary safety standards for fire
VCCI V-3 Class A, C-Tick-AS/NZS CISPR 22 Class A, and shock hazards.

47 CFR Parts 2 and 15 Class A, and CSA C108.8
Class A

Product Safety
UL 60950, CSA 60950, EN 60950, EN 60825, IEC
60950, EN 60825, 21 CFR 1040.10

Contamination
Class G1 (Mild) as defined in ISA Standard S71.04
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SKF Copperhead

SKF® Copperhead Transmitter Unit CMPT CTU
for machinery fault detection

— Instruction Manual

This Instruction Manual provides detailed
wiring connection and configuration
information for the CMPT CTU vibration
and temperature transmitter. The CMPT
CTU is configured by SKF when it is part
of an assembled CMPT enclosure. The
CMPT CTU must otherwise be properly
installed and configured by the user. This
instruction manual provides the user
with information to properly install and
configure the CTU and change the default
configuration settings.

For technical assistance Please read this Instruction Manual
i SNE e and the cautionary notes thoroughly.

skfcopperhead@skf.com The SKF Copperhead Transmitter Unit
e (CTU) is a digital vibration and tempera-
SKF representative. .
ture transmitter. It can be used as part
Visit also of a machinery fault detection system.
www.skf.com/copperhead  The CTUJ performs three types of vibration
for more information . 3 . . . .
signal process analysis — SKF Acceleration Enveloping (gE), Acceleration (g), or Velocity
(mm/s or inch/s). The type of vibration analysis is user configurable. The CTU has analog
output signals proportional to processed vibration analysis and temperature for connec-
tion to automation systems and SKF CPHD DCL monitors. The CTU is user configurable
to process vibration signals from the SKF CMPT family of sensors or other industrial
accelerometers. Acceleration Enveloping vibration analysis is used to identify repetitive
impact type vibrations generated by machinery faults due to loose components, gear
faults, lack of lubrication and rolling bearing faults. The acceleration vibration analysis is
used to monitor overall machinery and structural vibration, including machinery having
journal bearings. It can also be used to measure the overall operation of vibrating screens
and other vibrating equipment. The velocity vibration analysis is used to identify overall
machinery vibration levels such as looseness and unbalance, including machinery support
by journal bearings.
The CMPT CTU has unique features to monitor both high speed and low speed
machinery (n < 40 r/min).

® SKF is a registered trademark of the SKF Group.

© SKF 2006.
The contents of this publication are the copyright of the publisher and may not be reproduced (even extracts)
unless prior written permission is granted. Every care has been taken to ensure the accuracy of the information

contained in this publication but no liability can be accepted for any loss or damage whether direct, indirect or
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Features

e Suitable with accelerometer sensors (10 mV/g to 230 mV/q).
e Temperature converter for accelerometers with integral temperature sensors.
e Three user selectable vibration process analyses®:

- SKF Acceleration Enveloping, gE

- Acceleration, g

- Velocity, mm/s (inch/s).

e Front panel user configurable for:
- Vibration

- Qutput Range

- Optional sensor input or buffered vibration output input

- Optional signal decay for Acceleration Enveloping Peak hold
- Optional output signal averaging.

e Analog output signals - Processed vibration and temperature for interface
with PLC/DCS and CPHD DCL alarm/display monitors.

e 35 mm DIN rail mounted with rugged steel retainer clip.

e Front panel mounted BNC connector for buffered vibration and temperature measurements.

e Front panel sensor OK/Overload lamp for detection of sensor and CTU faults.

e CAN-bus interface for connectivity of multiple numbers of CTU and remote monitoring via
computer.

¢ Internal isolated DC/DC converter for grounding loop and reverse polarity protection.

o Auxiliary 24 V DC voltage output for optional powering of other sensor types (tachometer).

The software to process the vibration and temperature signals is embedded into the Digital Signal
Processing (DSP) card in the CTU. Calibration of the CTU is part of the embedded software.

The CTU unit has two front panel rotary switches to set the configuration. There is no need to
open the CTU enclosure to adjust pins or jumpers. The BNC connector is front panel switchable
(BNC switch) to measure either the accelerometer sensor buffered (not processed) vibration output
or the sensor temperature output. The buffered vibration output can be monitored with an SKF
Mircolog or equivalent device.

The CTU has a user configurable option to average the analog output signals so that rapid
changes in vibration input do not cause annoying fluctuations in PLC/DCS or digital displays.

The CTU has a user configurable option 1 second or 10 second signal decay time for
Acceleration Enveloping Peak hold. The 10 second signal decay time is recommended for low
speed (n < 40 r/min) applications where the frequency of the mechanical impact vibration is low.
Normal operation of the CTU is with the 1 second signal decay time.

The CTU can be user configured to accept a constant current signal from another CTU operat-
ing with an accelerometer sensor. This enables two CTUs having different configurations (i.e. one
Acceleration Enveloping and one Velocity) to monitor the same accelerometer sensor signal.

The CTU has a front panel mounted OK lamp to indicate that the sensor is correctly connected
to the CTU and that the sensor (accelerometer and temperature) and the CTU are operating
correctly. Green indicates the system is OK (Correct). Red indicates the system has a fault with the
sensor or CTU, or that the vibration level or temperature exceeds the set RANGE (overload).

The CTU can be located up to 100 m (330 feet) from the sensor with suitable shielded cabling.
The CMPT DCL display / alarm module can be used along with the CMPT CTU module to have a
stand-alone monitoring of processed vibration. A second DCL module can be used to optionally
monitor temperature from a CTU connected to a CMPT 2310T or CMPT 2323T sensor. The CMPT
DCL display / alarm module is a single channel digital front panel programmable monitor having
digital display and a single alarm function and relay contacts for independent monitoring of the
processed signals from the CTU. See the CMPT DCL data sheet.

@ only Acceleration Enveloping (ENV3). Acceleration (RMS and Peak Hold), and Velocity SO are enabled on
initial CPHD CTU modules.
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Each CTU has a CAN-bus interface for remote communication with an industrial PC using an
SKF protocol software. This enables remote configuration and monitoring of the CTU, and remote
vibration condition monitoring (spectrum analysis) when used with the SKF Machinery Analyst soft-
ware. The CAN-bus allows multiple numbers of CTU modules to be joined by a common CAN-bus
connecting cable. This greatly reduces the wiring connections needed compared to the analog
output signal cable requirements.

The CTU has an auxiliary 24 V DC power output for optional use to energize alternative sensors
(20 mA maximum).

The CTU has an internal isolated DC/DC converter to avoid grounding loop problems. This iso-
lates the 24 V power supply and the CAN-bus from the sensor input circuitry and the analog
sensor output circuitry. The power input is protected from reverse polarity connections.

Specifications

Input signals

Industrial accelerometer (2 wire, constant current source with voltage output)
Accelerometer sensitivity: 10 to 230 mV/g

Bias voltage: 12V DC+-1V

Supply current: 4 to 8 mA

Buffered acceleration signal

output from another CTU: Buffered signal input mode

Supply voltage: 5to 19V

Temperature: 0to1,2VDC@ 0.01 mV/°C

Environmental

Operating temperature: 0to 70 °C (32 °F to 160 °F)

Storage temperature: —40 °C to 85 °C (-40 °F to 185 °F)
Humidity: 95% maximum

IP rating: P20

Vibration: IEC68-2-6

Shock: I[EC68-2-27

Bump: IEC68-2-29

Mechanical

Weight: 0,225 kg (0.102 lbs)

Enclosure: Thermoplastic ABS

Color: Gray

Connectors: Two 8-pole pluggable screw clamp type
Wiring: 0,2 mm to 2,5 mm (24 to 12 AWG)
Mounting: 35 mm DIN-rail type EN50022 with steel retaining clip
Dimensions: 45 x 75 x 118 mm (W x H x D)

(1.77inch x 2.95inch x 4.65 inch)

Electrical

Power: 24V DC (22 V to 28 V DC)
250 mA current, maximum
CTU is reverse power protected
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Power
consumption: 6w

Vibration process analysis
Acceleration Enveloping,gE

ENV3 @: 500 Hz — 10 kHz
Acceleration, g

Accel RMS @: 2 Hz - 20 kHz

Accel Peak

Hold @: 2 Hz - 20 kHz
Velocity, mm/s (inch/s)

IS0 @: 10 Hz - 1 kHz

Processed analog output signals

Vibration: 4to 20 mA; Oto 10V DC
Proportional to the input sensitivity of the accelerometer and
the user defined signal processing method (Acceleration Enveloping,
Acceleration, or Velocity) and RANGE. See Section 3.

Temperature: 4to 20 mA /0 to 10V DC
Proportional to 0 °C to 120 °C

Analog signal less than 4 mA or greater than 20 mA indicates a system fault.
Auxiliary power: +24V DC/ 20 mA maximum

Approvals: CE
Emission 50081-2
Immunity 50082-2

@ Only Acceleration Enveloping (ENV3). Acceleration ( RMS and Peak Hold), and Velocity ISQ
are enabled on initial CPHD CTU modules.
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Figure 1 Dimensions and front panel

Figure 2 CMPT CTU connector assignment
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1. INTRODUCTION

-*  Multipurpose board

£,

Interior of pullswitch available as Standard or Multipurpose board

1.1. Austdac has released its new pullswitch designed to meet harsh environments and
utilizing the latest high tech material to ensure strength, high impact resistance, durability and

yet still maintaining its small compact size and weight.
1.2. The material is UV stabilized and flame retardant.

1.3.  The pullswitch is designed with a new multipurpose internal pcb to reduce installation
time and includes a plug and socket connection for up to three transmitters, when used with

the Silbus signal line systems.
1.4.  The pullswitch uses sealed micro switches and has been fully tested to IP65.
1.5. o certified (Australia), CG certified (Europe), FCC certified (USA).

1.6. Designed with the new safety colours in order to promote a new level of safety to

operational personnel.

1.7.  The pullswitch is available in taut or slack rope configuration and can be fully integrated
with the Austdac signal line system.

1.8.  The installation of the pullwire cable is now simplified by providing a single cable

tensioner on each pullswitch to reduce time and allow a one man installation.

Ve e ‘ _f :
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2. GENERAL DESCRIPTION

2.1.  The pullswitch is designed to be placed at regular intervals along a conveyor belt or
similar distributed plant, connected to lanyards or pull-cords to provide emergency stop

facilities along the entire length of the conveyor belt.

2.2. The pullswitch provides two lanyard operated actuators, one on each side, that operate
one front panel centrally located indicator / control knob. The knob has unique ‘cat’'s-eye’
passive indication of an actuated switch allowing operational staff to locate the source of the

emergency in the shortest possible time.

2.3.  The interval between pullswitches is typically 100m — 200m but may be changed to suit
site conditions and lanyard mass / tension considerations. Austdac belt control and
monitoring systems typically use an armored system cable as the pull-cord or lanyard. This

improves reliability and reduces cost.

2.4.  The photograph below shows the standalone pullswitch. The standalone pullswitch is
used when pre-start alarm and voice communications are not required but emergency stop

facilities are still required.

2.5.  Access to the switch terminal connectors are made by removing the 4 front cover
screws. The cover lifts off. Replace the cover ensuring the red selector knob is positioned

correctly into the switch housing. Ensure all cover screws are securely tightened.

Publicacion auterizada con fines académicos e investigativos
En su investigacion no olvide referenciar esta tesis




UNIVERSIDAD

REPQSITORIO DE CATOLICA

TESIS UCSM ~-  DE SANTA MARIA

3. OPERATION

3.1.  The front of the pullswitch consists of a centrally located control / indication knob that is
used to both indicate a lockout and reset the switch after a lanyard initiated emergency stop.

The front panel of the pullswitch provides the following control and indication features:

3.1.1. One centrally located large red control knob that may be used to stop the conveyor by

rotating the knob clockwise until the arrow points to ‘@ LOCKOUT".

3.1.2. The same centrally located large red knob that rotates to the ‘@ LOCKOUT’ position

in response to lateral movement of either of the lanyard actuators.

3.1.3. The same centrally located large red knob that may be used to reset the lockout
(allow conveyor to run) by rotating the knob anti-clockwise until the arrow points to ‘@
RESET

3.1.4. Two red reflecting ‘cats eyes’ located at both ends of the control knob finger bar that
are obscured when the switch is in the ® RESET position and visible along the conveyor
when in the ® LOCKOUT position. This feature allows tunnelling staff to use their cap

lamps to find a locked out switch from up to 500 metres away.

3.1.5. The signalling position of the centrally located red control knob can optionally be used
to activate a microswitch to connect into signalling systems. The signalling position is a

spring return to the lockout position.

'Cats Eye'
Indicators

Control Indicator Knob

RHS Switch
Actuator (Pull)

LHS Switch
Actuator
(Pull)

Lanyard Cable
Entry Glands
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3.2.  The system cable is designed to act as the emergency stop lanyard for the conveyor.
The system cable should be adjusted and coupled to the pullswitch actuators as shown in
the photograph below. The photograph below shows two different methods of securing the
system lanyard cable, the left shows the shackle method while the right shows the wedge
method. The wedge method allows regular re-tensioning to be carried out without the use of

special tools.
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4. OPERATION OF PULLSWITCH STATION

Controlled Stop

There are two different operating methods that can be used to stop the conveyor.

1) The conveyor can be stopped by pulling firmly on the pullwire cable.

%r_;“ ®

2) The conveyor can be stopped by turning the RED LOCKOUT switch located on the front of
the pullswitch, from the RESET (RUN) position to the LOCKOUT position.

® RESET @

CONVEYOR RUNNING
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6. SPECIFICATIONS

6.1. Material Non-rust Polycarbonate

6.2. Dimensions

Standalone pullswitch 275mm (W) x 100mm (H) x 120mm (D)
6.3. Mass
Standalone pullswitch 1.8kg

6.4. Electrical Specifications

Microswitches: Burgess type VCSP-GP, Single pole, Double throw

Microswitches maximum contact ratings
g Resistive Inductive
Load Load
AC 125V 10A 10A
250V 10A 10A
DC Up to 15V 15A 15V
30V 10A 10A
50V 3A 2.5A
75V 1A 0.5A
125V 0.5A 0.07A
250V 0.25A 0.03A
6.5. Temperature Range -40°C to + 50°C

6.6.  Pullswitches can be manufactured by Austdac for taut wire or slack rope installations
(tensioned or non tensioned switches). To be advised on order.

6.7. Certifications
Rated IP65 ITACS TR 3341 IEC60529:2001 AS60529:2004

o Certified (Australia)
c E Certified (Europe)

FCC Certified (USA)
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