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Resumen

La tendencia mundial de administrar y operar a distancia las centrales hidroeléctricas estd obli-
gando a los expertos a replantear los estrategias de monitoreo y diagndstico de sus maquinas.
Esto ha conducido también, a reducir el personal experto que reside in-situ 'y que se encarga
de operar y mantener los sistemas técnicos, y ademads de atender cualquier eventualidad
que pueda ocurrir. Por eso, desde hace ya varios afios se han venido desarrollando sistemas
expertos que puedan suplir las deficiencias del recurso humano.

Pero aunque tales sistemas han alcanzado niveles interesantes de independencia, atn re-
quieren del acompafiamiento de un experto que pueda interpretar las evidencias, emitir un
diagnostico y tomar una decisién. Un ejemplo de los aspectos que aun se deben perfeccionar,
es el se las falsas alarmas que llegan a producir el efecto “cry wolf”y que terminan por inactivar
el sistema.

Otra forma de enfrentar esta nueva dindmica de operacion es la de subcontratar el servicio
de diagnéstico técnico, que puede dar resultados aceptables, pero no siempre en el caso de
centrales hidroeléctricas. Las centrales por lo general se encuentran en sitios remotos y en
ocasiones blindadas por condiciones geograficas y climatolégicas por lo que no es posible
reaccionar rdpidamente para atender una eventualidad cuando el experto y sus instrumentos
no estan cerca.

Una solucién que resulta conveniente es de hecho, la centralizacién de la experticia para los
servicios de monitoreo y diagnéstico técnico, soportados por una plataforma portétil e ideal-
mente no-invasiva, que permanezca siempre junto a las mdquinas y que pueda ser consultada
on-line. De este modo una cantidad reducida de expertos tendran acceso permanente a las
variables o sintomas que definen el estado técnico de la maquinaria; ellos se encargaran de
analizar las sefiales sintomadticas, evaluar los resultados, emitir juicios y elaborar reportes
ejecutivos que finalmente llegardn a manos del administrador o persona encargada de la
operacion.

Esta alternativa aliviard molestias relacionadas con los procesos de monitoreo y diagnéstico:
instrumentacién/sensorica, cableado, acondicionamiento de sefiales, adquisicion digital de
datos, procesamiento de sefiales, administracion y gestién de equipos, reporte de resultados,
recomendaciones, etc.

Este proyecto propone en dos etapas, el disefio de una plataforma tecnolégica que pueda so-
portar la alternativa mencionada. En detalle, el disefio de un sistema integrado de adquisicién
de datos que ademads de ser portatil, modular y escalable, adecuado para monitoreo de las
principales variables de diagnéstico de una central hidroeléctrica; que aunque no incorpore
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un sistema experto, si ofrece las herramientas de andlisis, diagnéstico y toma de decisiones
del estado del arte.

Palabras clave:
¢ Fenémenos hidrodinamicos
¢ Generacion hidroeléctrica
¢ Monitoreo no invasivo
¢ Monitoreo remoto

¢ Turbomdquinas hidraulicas
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Abstract

The global trend to manage and operate remote hydroelectric plants is forcing experts to
rethink the strategies for monitoring and diagnosis of their machines.

This has also led to reduce the expert staff living on-site and is responsible for operating
and maintaining technical systems, and also to deal with any eventuality that may occur.
So for several years and have been developing expert systems that can compensate for the
shortcomings of human resources.

But although such systems have reached interesting levels of independence, still require the
support of an expert who can interpret the evidence, make a diagnosis and decide. An example
of the issues that still must be improved is the false alarms will fail to produce the effect "cry
wolf" and that ultimately inactivate the system.

Another way to deal with this new dynamic operation is to outsource its technical diagnosis,
which can give acceptable results, but not always in the case of hydroelectric plants. The
plants are usually found in remote locations and sometimes shielded by geographical and
climatic conditions so it is not possible to react quickly to meet an eventuality when the expert
and its instruments are not around.

A solution that is appropriate is in fact the centralization of expertise for monitoring services
and technical diagnosis, supported by a portable platform and ideally non-invasive, which
always remain with the machines and can be found online. Thus a reduced number of
experts have permanent access to variables or symptoms that define the technical condition
of machinery; They are responsible for analyzing signals symptomatic, evaluate results, make
judgments and develop executive reports that eventually reach the hands of the manager or
person in charge of the operation.

This alternative will alleviate discomfort related to the processes of monitoring and diagnosis:
instrumentation / sensors, cabling, signal conditioning, digital data acquisition, signal pro-
cessing, administration and management of equipment, report findings, recommendations,
etc.

This project proposes a two-stage design of a technology platform that can support alternative
mentioned. In detail, the design of an integrated system of data acquisition in addition to
being portable, modular and scalable, suitable for monitoring the main diagnostic variables of
a hydroelectric plant; that although not incorporating an expert system if providing tools for
analysis, diagnostic and decision making state of the art.

Key words:
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Introduccion

Las turbomdquinas son aquellas que absorben energia de un fluido y restituyen generalmente
energia mecénica en el eje, como una turbina de vapor, una turbina hidraulica; o bien ab-
sorben energia mecdnica en el eje y restituyen energia a un fluido como una bomba o un
ventilador. El fluido puede ser un liquido o un gas y el 6rgano intercambiador de energia
mecdnicay de fluido, estd dotado de movimiento rotativo; de alli la palabra Turbo o Turbinis
de origen latin que significa que la maquina gira.

También se llaman mdaquinas de corriente o maquinas dindmicas y en ellas el intercambio
de energia es debido a la variacién del momento cinético del fluido en su paso por el 6rgano
intercambiador de energia, dotado de movimiento rotativo, que se llama rodete. La ecuacion
de Euler o ecuacion fundamental de las turbomdaquinas, basada en el teorema del momento
cinético, es bdsica para el estudio de estas maquinas [1].

Este tipo de maquinas presenta cierto tipo de problemas de funcionamiento, tales como la
cavitacion [2], estancamiento, caidas de presién entre otras muchas mads, las cuales generan
pérdidas y caidas tanto en el rendimiento mecdnico como hidraulico, por lo cual es de vital
importancia tanto para las industrias monitoreo sea el menos invasivo y remoto posible. Es
aqui donde se formula desde la Universidad EAFIT el proyecto interno denominado GEN-
ERATRON, el cual pretendi6 avanzar en el estudio y desarrollo de tecnicas ingenieriles en el
ambito de las bombas-turbinas. De esta manera, los resultados de este proyecto de maestria
son derivados del proyecto interno GENERATRON.

El objetivo principal tanto del proyecto interno GENERATRON como de este trabajo de grado
es disefiar un sistema integrado de adquisicién de datos que ademads de ser portétil (acceso
remoto), modular y escalable, adecuado para monitoreo de las principales variables de diag-
noéstico de una central hidroeléctrica; que aunque no incorpore un sistema experto, si ofrece
las herramientas de anélisis, diagnéstico y toma de decisiones del estado del arte.

Para llevar a cabo el objetivo principal se propusieron varios objetivos especificos, los cuales
son:

* Construir el estado de la técnica asociado al monitoreo y diagnéstico técnico de tur-
bomdéquinas hidraulicas.
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¢ Seleccionar una turbomdquina hidraulica piloto, tipica o representativa de centrales
hidroeléctricas en Colombia y/o el mundo, el cual se desarroll6 en el Capitulo 2.

¢ Identificar los fen6menos y fallos a ser monitoreados, que se puede ver en el Capitulo 5
y en el articulo presentado en el Capitulo 10.

¢ Definir las principales variables relacionadas con los fen6émenos y fallos identificados,
las cuales se ven referenciadas en el Capitulo 3 y en el Capitulo 7.

* Proponer alternativas de instrumentacion para la medicién de las variables identificadas,
que dichos instrumentos se presentan en el Capitulo 3 y posteriormente en el Capitulo
6.

¢ Establecer los pardmetros de monitoreo adecuados para el monitoreo de las variables
identificadas.

¢ Proponer alternativas de registradores/dataloggers que cumplan con las condiciones
iniciales del disefio: portatil, modular, escalable, los cuales son presentados tanto en el
Capitulo 4 como en el Capitulo 6.

* Generar simulaciones numéricas para encontrar relaciones entre las vibraciones de los
alabes y las ondas de presion en la turbomaquina, desarrollado en el Capitulo 8.

Para desarrollar una metodologia de monitoreo remoto y no invasivo de turbomdaquinas
primero se debe de conocer el comportamiento bajo diferentes regimenes de trabajo de una
turbomdquina de estudio, el cual se presenta en el Capitulo 5, para asi poder inducir los
fenémenos en ellas y poder capturar y relacionar dicho fenémeno con las diferentes variables
que se adquieren mediante sensores para asi poder encontrar relacionen entre ellas.

En este trabajo se presenta una caracterizacién de una turbomdquina con el fin de conocer
sus diferentes puntos de operacion y relacionarlos con variables de facil medicién de forma
no invasiva, para poder encontrar un fenémeno de estudio y de igual forma caracterizarlo,
desde el punto de vista experimental y numérico.









1§ Descripcion del Laboratorio

En este capitulo se hace una presentacién y descripcién del Laboratorio de Hidrdulica de la
Universidad EAFIT, el banco de bombas y demds aspectos relevantes.

1.1 Informacion Técnica

1.1.1 Resena

El Laboratorio de Hidrdulica fue inaugurado en 1983, estuvo situado en el bloque 20 sal6n
101, hasta Noviembre de 2010. Actualmente situado en el bloque 19, primer piso; cuenta con
un 4rea de 300 m?, con una distribucién fisica conformada por espacios destinados para:
Equipos de laboratorio, calibracién de manémetros, salén de clases y oficina.

1.1.2 Servicios

El Laboratorio sirve de apoyo docente para las dreas de Mecénica de Fluidos, Hidrdulica y
Control Automadtico, también trabaja en Proyectos para los Departamentos de Ingenieria de

Figura 1.1: Vista superior del laboratorio.
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Figura 1.2: Red de Pérdidas en Accesorios y Tuberias.

Produccién, Mecénica y Civil, y acompaiia la realizacién de investigaciones, tesis de grado y
actividades requeridas por los departamentos académicos.

Adicional a esto, desde 1998 el Laboratorio cuenta con un sistema de adquisicion de datos en
los equipos utilizados para las préacticas que posibilita el control y captura en formato digital
de las variables relevantes para la realizacién de los laboratorios.

Desde el 2000 tiene a su cargo los equipos de la linea de Investigacién en Ciencias del mar
con los que se prestan asesorias a las empresas del sector Hidroeléctrico ademas de servir de
soporte para las investigaciones que este grupo genera.

1.1.3 Recursos

Para satisfacer los requerimientos en los diferentes servicios que atiende, el Laboratorio cuenta
con los siguientes equipos y materiales:

Red de pérdidas en accesorios y tuberias.

» Tanque para calibracién de vertederos.

Canal de pendiente variable con posicionador 3D.

* Almenara para practicas de golpe de ariete.

Sistema de adquisicién de datos.

e Micromolinete para medicién de velocidad de flujo.

Ecosonda Knudsen 320BP transducer de 12-200/28/200 Khz.



1.2. Descripcién

Figura 1.3: Canal abierto de pendiente variable.

e GPS diferencial TRIMBLE.
» Software para oceanografia.

* Sistema de bombeo serie paralelo.

Toda la informacién aqui presentada se encuentra en la pagina oficial del Laboratorio de
Hidraulica [3].

1.2 Descripcion

En la Figura 1.1 podemos observar una vista de la parte superior del Laboratorio, donde se
encuentran la gran parte de los bancos experimentales con los que se cuenta, cada uno de
ellos se describird brevemente a continuacién:

1.2.1 Red de Pérdidas en Accesorios y Tuberias

Como su nombre lo indica, este banco experimental sirve para realizar las ensayos de perdidas
de presion en diferentes tipos de accesorios tales como codos, medidores de caudal, tees,
uniones universales, uniones roscadas entre otros, este se puede observar en la Figura 1.2.

1.2.2 Canal de Pendiente Variable

En esta parte del laboratorio (Ver Figura 1.3) se pueden realizar pruebas y ensayos hidraulicos
tales como:
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(c) Distribucién de las Bombas.

Figura 1.4: Cuarto de Bombas.

¢ Fenémenos de Canal Abierto.

Flujo de Modelos a Escala a Bajas Velocidades.

Andlisis de Cimientos Tipo Pila.

Resalto y Choque Hidraulico.

Contraflujos.

1.2.3 Almenara

En este banco experimental se realizan pruebas de golpes de ariete y pérdidas friccionales de
flujo.

También se pueden llevar a cabo ensayos de flujos dindmicos.

1.2.4 Tanque Elevado

En esta parte del laboratorio se pueden realizar pruebas de carga y descarga de tanques, tiros
parabdlicos y monitoreo de niveles.

8



1.2. Descripcién

Figura 1.6: Tanque Elevado.

1.2.5 Vertedero

Este tanque permite realizar pruebas de vertimiento de fluidos y sirve como reservorio y
sumidero para el banco de turboméquinas.

1.2.6 Cuarto de Bombas

Este espacio se encuentra en el s6tano del Bloque 19, y es desde aqui que se genera toda la
potencia fluida necesaria para el laboratorio, cuenta con un total de 6 bombas, 4 de ellas de 10
HP yotras 2 de 9.5 HP.

Este sistema permite configurar todas las bombas de la manera que se desee, tanto en serie,
paralelo y mixto, y posee un sistema de control y verificacién del estado hidrdulico entregado
al laboratorio.
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Figura 1.8: Banco de Turbomdaquinas.

1.2.7 Banco de Turbomaquinas

El Banco de Turbomdéquinas esta compuesto por 3 bombas hidraulicas de 1.5, 3.0 y 9 HP
respectivamente, y sirve como espacio propicio para la caraterizacién de bombas y turbinas

hidraulicas a pequefia escala.

Adicional a todos estos bancos experimentales se cuenta con un anillo de tuberia de escala
industrial que permine conectar todos los bancos y realizar pruebas con caudales hasta de
2001/s.

Dado que todo el proyecto de monitoréo se realiza en el Banco de Turbomdquinas se realizara
una descripcién mucho més detallada a continuacién.

1.3 Banco de Turboméaquinas

Como se habia descrito anteriormente, el Banco de Turboméquinas esta compuesto por 3
bombas hidraulicas de 1.5, 3.0 y 9 HP respectivamente, las cuales se analizardn més detenida-
mente a continuacion:

10
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Figura 1.9: Bomba de Acero Inoxidable.

1.3.1 Bombade 1.5 HP.

Esta bomba esta fabricada por la empresa ITT - Goulds Pumps(4],hace parte de la familia
de bombas G&L de la serie SSH, estd hecha de Acero Inoxidable 316, lo cual permite que se
trabaje tanto con fluidos no corrosivos como con fluidos altamente corrosivos, su ficha técnica
se encuentra en el Apendice A.1.

Su potencia es de 1.5HP.. con una velocidad nominal de 17507 pm. Tiene un didmetro de

1
succién de 2 pulgadas y un didmetro de descarga de 25 pulgadas.

como se puede apreciar en la Figura 1.9, se han realizado ciertas adecuaciones a la bomba,
entre las que se encuentra la instalacién de ventanas de Flexiglass, con el fin de poder ver
al interior de la misma e identificar que ocurre en el impeler; también se le han realizado
perforaciones a lo largo de la voluta y la carcasa, todo esto con el fin de instalar diferentes
transductores de presién para conocer el comportamiento del fluido a su interior.

El tubo de succién es de vidrio templado para poder observar que ocurre con el fluido espe-
cialmente cuando esta turbomdéquina trabaja como turbina, pues en el se pueden observar
fen6menos como la Torcha y contra-flujos.

1.3.2 Bombade 3.0 HP.

Esta turboméquina fue disenada y fabricada por la empresa SIHI[5] con su filial STERLING
FLUID SYSTEMS GROUP, realizada de fundicioén, lo cual permite que su costo sea més bajo,
toda su infomracion técnica se encuentra en el Apendice A.2.

Tiene una potencia nominal de 3.0 HP, y trabaja a una velocidad de 17507 pm. Sus dimensiones

1
bésicas son: didmetro de succién de 25 pulgadas y 2 pulgadas y un didmetro de descarga.

11
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Figura 1.10: Bomba de 3 HP.

Como se puede apreciar en la Figura 1.10,esta turbomdaquina cuenta con tomas de presion
distribuidas en toda la voluta, ademas cuenta con dos ventanas en su parte frontal que
permiten ver al interior de la misma.

1.3.3 Bombade 9.0 HP.

Esta turbomdquina fue disefiada y fabricada por la empresa KSBI[6] con su filial Hidro MF
Hidrolik, realizada de fundicion, lo cual permite que su costo sea mds bajo.

Tiene una potencia nominal de 9.0 HP. y trabaja a una velocidad de 36007 pm. Sus dimensiones

1
bésicas son: didmetro de succién de 35 pulgadas y 3 pulgadas y un didmetro de descarga.

Igual que las bombas anteriores y como se puede apreciar en la Figura 1.11,esta turboméquina
cuenta con tomas de presién distribuidas en toda la voluta.

Debido a que la bomba de 1.5 HP. Presenta la mayor cantidad de beneficios al tener la tuberia
de succién y un torquimetro acoplado, se decide realizar las pruebas en esta turboméquina.

En el siguiente capitulo se presentan las primeras mediciones en la turbomdaquina selec-
cionaday el estado del laboratorio.
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/3

Figura 1.11: Bomba de 9 HP.
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Y4 Estado del Laboratorio

2.1

Estado Turbomdaquina

Las primeras pruebas para verificar el montaje y las variables a medir se realiza en la bomba
de 1.5 HP.

Se utilizé un software desarrollado en el Laboratorio de Hidrdulica para las practicas de
laboratorio de curvas de bombas, este fue escrito en LabView, y se presentan los pantallazos

de su interfaz gréfica.

La metodologia seguida en estos primeros acercamientos fué la siguiente :

Conectar el motor de la bomba a un variador de velocidad.

Ubicar los transductores de presion a la entrada y salida de la bomba.
Energizar el sistema de adquisicién de datos.

Reiniciar el medidor de Torque.

Prender el medidor de Caudal.

Configurar las RPM del motor mediante el variador de velocidad y verificdndolo con el
tacémetro.

Iniciar la toma de datos por 5 minutos.
Cerrar la valvula estranguladora para obtener el nuevo caudal.
Verificar y corregir las RPM del motor.

Realizar una nueva adquisicién de datos por 5 minutos.

11 os instrumentos se presentan en el Capitulo 3
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Figura 2.1: Ecuacién Transductor de Presién mal seleccionado.

* Repetir los ultimos tres (3) pasos hasta que se obtenga la curva completa.

¢ Generar los datos en una rutina de MatLab.

¢ Analizar y Presentar los datos en gréficas.

Realizando estas primeras etapas se presentaron una gran cantidad de inconvenientes y
problemas experimentales, los cuales se analizardn a continuacion:

Los problemas presentados son de toda indole, pasando por los rangos de los instrumentos,
estado de las tuberias, problemas de alineacién entre otros muchos mads, uno a uno de estos
se analizardn y se explicard cudl fue el paso a seguir.

2.1.1 Transductor de Presion de Succion

Inicialmente se tenia un Transductor en la zona de succién de la bomba que tenia un rango de
operacién de 0 a 100 psi, esto genera un gran problema, pues para ciertos puntos de operacién
se pueden tener presiones de succidn negativas, lo cual lleva a errores en la medicién, aparte
de que si se expone un transductor a presiones por fuera de su rango de operacién por un
tiempo prolongado este se puede llegar a averiar seriamente, en la Figura 2.1 se puede observar
directamente en el software de adquisicion de datos la ecuacion de este sensor.

Debido a esto y aprovechando que en el laboratorio se tienen dos transductores de presién de
rango -30 a 100 psi, se opt6 por cambiarlo y asi tener tanto a la succién como a la descarga de
la bomba estos dos transductores que cumplen los rangos de operacién sin ningiin inconve-
niente.

Una imagen fisica tanto del transductor mal seleccionado como del nuevo sensor se presenta
en la Figura 2.2.
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(a) Sensor mal seleccionado. (b) Nuevo transductor de succién.

(c) Transductor de descarga.

Figura 2.2: Transductores de presion.

2.1.2 Desalineacion del acople mecéanico

El montaje mecdanico inicial del sistema se puede observar en la Figura 2.3, aqui se puede
encontrar como era la transmision de potencia desde el motor hacia la bomba.

A la salida del motor se encontraba un acople mecénico tipo Omega, luego se tenia un eje
hueco que conectaba el acople con la entrada al medidor de torque o Torquimetro, este se
unia mediante chavetas y tornillos prensores.

Entre el eje de entrada de la bomba y el eje de salida del Torquimetro se disponia de otro
eje hueco que de igual manera se conectaba mediante la utilizacién de chavetas y tornillos
prensores.

Se puede evidenciar que el Torquimetro estd descanzando sobre una estructura de perfiles de
aluminio tipo MICROy ldminas en "L" que ayudan a sostener todo el sistema.

Cuando se colocaba en operacién la bomba, el sistema generaba grandes vibraciones, a
tal punto que se escuchaban ruidos de roce metélico, por lo que se decidi6 realizar una
verificacion de la alineacién de dicho montaje, para esta verificacién se cont6 con el apoyo del
Jefe del Laboratorio de Metrologia, John Alberto Betancurt, quien personalmente nos apoyo
con la medicion.

Para la medicién se utilizaron dos Comparadores de Cardtula de 0.01mm de apreciacion.
Estos se montaron sobre bloques macizos de acero y su punta de medici6n se coloco lo mas
perpendicular posible a los ejes, este montaje se puede apreciar en la Figura 2.4.
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Figura 2.4: Andlsis de alineacion.

Gracias a esto se pudo cuantificar cudl era la desalinieacién de todo el sistema, estas se
presentan a continuacion:

Entre el motor y el acople Omega se tenian 0.26mm.

A la salida del acople Omega se tenian 0.62mm.

En la entrada del Torquimetro el valor fue de 0.17mm.

En el eje de entrada de la bomba fue de 0.28mm.

Todos esos valores son excesivos para maquinas rotativas [7], por esta razén se decide cambiar
los acoples de chavetas y el acople tipo Omega por acoples tipo Estrella, este nuevo montaje

18
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Figura 2.5: Senal atipica del Torquimetro.
se presenta en el Capitulo 6.

2.1.3 Torquimetro

Cuando se empezaron a presentar las vibraciones excesivas la sefial que salia del torquimetro
empez0 a presentar un comportamiento atipico, como se puede apreciar en la Figura 2.5.
Se generaban picos que afectaban completamente el cédlculo de la potencia de la bomba,
incurriendo en errores en la eficiencia supremamente graves

Se revisaron las conexiones eléctricas y la cor-
riente de entrada al sensor y estas se encontra-
ban en perfecto estado, asi que se aproveché
que se debia de cambiar el montaje mecéanico
para revisar el estado del sensor al mismo
tiempo.

Al desmontarlo se encontré que éste tenia
graves danos, el principal de ellos era la rup-
tura de los tornillos prensores, haciendo asi
que la jaula de este quedara libre, lo que hacia
que la sefial no fuera pura, este dafio se puede

Figura 2.6: Nuevo montaje mecanico.

apreciar en la Figura 2.7.

Estos tornillos fallaron debido a esfuerzos cor-

tantes excesivos como se puede ver en la Figura 2.7, esto se debe principalmente a la gran
desalineacion del sistema mecédnico que, al aumentar las RPM en las pruebas a més de las
RPM nominales, causaron un dafio exponencial.

Se remplazaron dichos tornillos y se le colocaron nuevos rodamientos, ademas se realizaron
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Figura 2.7: Falla del Torquimetro.

los cambios del montaje anteriormente descritos, como el cambio de acoples y se volvieron a
realizar las pruebas para verificar el estado del sensor y de las vibraciones.

2.1.4 Motor

Al reiniciar las pruebas del estado de la bomba después de los cambios realizados se puso en
operacién la bomba a bajas revoluciones para ver su comportamiento, las vibraciones y los
ruidos de contacto metélico desaparecieron por completo, pero a medida que se aumentaba la
carga en el motor o se aceleraba, se sentia un olor penetrante y pérdida de potencia mecénica,
asi que se verific6 el estado del motor.

Figura 2.8: Estado de los rodamientos del motor.
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Figura 2.9: Motor nuevo y estado final del montaje.

Cuando este fue destapado se encontr6 que sus rodamientos estaban altamente desgastados,
como se aprecia en la Figura 2.8, asi que se reemplazaron y se reinicié el sistema.

Pero al reiniciar las pruebas el motor continu6 sobrecalentdndose hasta el punto de quemarse
por completo.

Debido a esto se tuvo que comprar un nuevo motor para reemplazarlo y volver a colocar todo
en su lugar (ver Figura 2.9).
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2.2 Estado Tuberia

A la par que se realizaban las reparaciones tanto
del torquimetro como el remplazo del motor se
desmonto la tuberia de succién de la bomba para
verificar su estado.

Cuando se realiz6 el desmontaje se encontr6 que toda
la tuberia de hierro fundido estaba altamente cor-
roida y cayéndose a pedazos, como se aprecia en la
Figura 2.10. Debido a este estado tan lamentable, y
con el fin de que el flujo del fluido fuera lo més or-
denado posible, se puli6 toda la reduccién y se pint6
con pintura en base de aceite para protegerla de la
corrosion y disminuir las pérdidas por friccién en la
energia del fluido.

Después de lijar y pintar la reduccién (ver resultado
en la Figura 2.12) se desmontaron las otras dos re-
ducciones del banco de turbo-mdaquinas, pues si se
dejaban asi se corria el riesgo de que se el arreglo no
ayudara en mucho pues al ser un sistema conectado

Figura 2.10: Estado de la tuberia de
succion.

se podian ir particulas de oxido arrancadas por el flujo del fluido hacia cualquier parte.

Figura 2.11: Estado de la tuberia de
succiéon desmontada.
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Luego de este proceso las tres bombas del banco
quedaron con sus tuberias de succién lizas y sin cor-
rosion, lo cual ayudé a que el fluido viajara de una forma
mucho mds ordenada.

2.3 Estado del Agua

Uno de los insumos més importantes es el fluido de tra-
bajo, que para nuestro caso es el agua, y esta debe de
tener una excelente calidad, pero debido a la distribu-
cién del laboratorio (ver Figura 1.1) y a la pared verde
que se tiene en el Edificio de Ingenieria se ve afectada
constantemente debido a la caida de forma natural o de-
bido a las condiciones climéticas de una gran cantidad
de follaje, lo cual es contraproducente para las pruebas
que se realizan, puesto que el paso de estos elementos en
el circuito pueden realizar una gran cantidad de dafios.

Estos dafios pueden ser de variados tipos, los més co-
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Figura 2.13: Rejilla.

munes pueden ser errores en la medicién del caudal,
pues un cuerpo extrafio afecta el valor de este; taponamiento en los anillos piezométricos de
los transductores de presiéon y taponamientos en la tuberia.

Pero el dafio méas grande que se puede generar con estos cuerpos extrafos en el fluido se
presenta cuando se estd trabajando con las turbo-madquinas, pues los alabes se pueden ver
afectados negativamente si se ingresara una rama gruesa, la cual puede rayar o averiar tanto
el alabe como la carcaza o voluta,

Como se puede observar en la Figura 1.7, sobre el vertedero se colocé una tela protectora para
proteger un poco el agua y asi garantizar que al menos en la succién de las bombas no ingrese
ningtn elemento atipico.

Complementando esta medida se instalé6 una malla metélica en el vertedero para atrapar
todas las hojas y demds elementos que pudieran caer en el recorrido del anillo, esta rejilla se
presenta en la Figura 2.13.

Otro aspecto que se puede considerar es el color del agua, este varia mucho dependiendo prin-
cipalmente de las condiciones climéticas del dia y del estado de aseo en el que se encuentre el
espejo, estos casos se pueden apreciar en la Figura 2.14.

23



Capitulo 2. Estado del Laboratorio

(c) Agua Limpia.

Figura 2.14: Estado del Agua en el Laboratorio.

Como se pudo apreciar al principio la bomba de 1.5 HP parecia ser la mas indicada a la hora
de realizar la experimentacién, pero debido a este gran numero de inconvenientes se opta por
cambiar a la bomba de 3 HP.
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En este capitulo se presentaran todos y cada uno de los instrumentos utilizados tanto en las
pruebas en la bomba de 1.5 HP como las pruebas en la bomba de 3.0 HP.

Se presentan las caracteristicas principales de dichos instrumentos, pues sus fichas técnicas
se encuentran en el Apéndice.

3.1 Tacometros

Durante todas las mediciones se utilizaron dos tacémetros diferentes, debido a sus diferentes
usos y sefiales de salida.

3.1.1 Tac6metro Convencional

Este tacometro se utiliz6 inicialmente en las pruebas con la bomba de 1.5 HP y en la primera
prueba en la bomba de 3.0 HP, su ficha técnica resumida se puede ver en la Tabla 3.1, la
informacién completa se puede encontrar en el ApéndiceA.4.

La adquisicion de las RPM en este tacémetro se realiza de forma visual (ver Figura 3.1), debido
a esto no se puede tener un registro de las RPM medidas si no que se tiene es un promedio de
ellas pero de forma manual y no automética, lo cual puede generar problemas ala hora de

Tabla 3.1: Ficha Técnica Tacémetro

Propiedad Valor
Variable a Medir  Velocidad Angular
Unidades RPM
Rango de Medicion 0a99.999
Lectura Minima 0,1 RPM
Trazabilidad No
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Figura 3.1: Tacémetro Convencional.

Tabla 3.2: Ficha Técnica Tacometro con Senal

Propiedad Valor
Variable a Medir =~ Velocidad Angular
Unidades RPM
Rango de Medicién 2,5a99.999
Lectura Minima 1 @ 1000 RPM
Trazabilidad No
Seiial Si

realizar un analisis mas a fondo de las revoluciones.

Por este motivo se hizo necesario tener un nuevo tacémetro que pudiera generar una sefial
y adquirirla para tener un registro detallado de las RPM y poder analizarlas de una mejor
manera, por tal motivo se adquirié un nuevo tacémetro, el cual se describe a continuacion.

3.1.2 Tacoémetro con Serial

Este nuevo tacometro posee unas caracteristicas similares al tacometro anterior, las cuales se
pueden observar en la Tabla 3.2 y de forma mds detallada en el Apendice A.5.

La gran diferencia que posee este equipo es que nos brinda la posibilidad de adquirir directa-
mente desde el una sefal de 0 a 5 voltios, lo cual permite saber con exactitud cuando en la
turboméquina se realizé un giro o revolucidn, esto va ha ser de vital importancia para andlisis
especializados como obtener una revolucion caracteristica de la turbomaquina en funcién de
las vibraciones.

Este equipo se puede ver en la Figura 3.2, en la cual también se puede apreciar que le fue
instalado un sistema de sujecidn tipo Tripode, el cual permite no sostener el sensor manual-
mente, pues las vibraciones al sostenerlo de esta manera pueden afectar la medicién, ademas,
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Figura 3.3: Cableado de salida de la sefial.

permite adquirir datos durante mds tiempo.

3.2 Transductores de Presion

En el montaje se tienen dos transductores de presién, como se habia indicando en el Capitulo
2.1.1, uno de ellos esta en la zona de baja presién (Zona de succién de la bomba) y el otro en la
zona de alta presién (Zona de descarga de la bomba). Ambos son Transductores de Presién
Piezoeléctricos poseen los mismos parametros de operacion, los cuales se presentan en la
Tabla 3.3.

Estos transductores estdn calibrados y poseen trazabilidades verificables, las cuales se pueden
encontrar en el Apéndice A.6, pero para estar mucho mds seguros y cuantificar el error neto de

27



Capitulo 3. Instrumentos

Tabla 3.3: Ficha Técnica Transductores de Presion

Propiedad Valor
Variable a Medir Presion Estatica
Unidades PSI
Rango de Medicién -30inHg a 100 PSI
Lectura Minima 0.1 PSI
Trazabilidad Si
Setial Si

medicién del transductor se realizé una verificacion directamente en el sistema de adquisicién
de datos, los resultados de esta verificacién se pueden apreciar en la Figura 3.4 y el montaje
experimental para dicha verificacién se aprecia en la Figura 3.5.

El proceso de verificacién o de comparacidn se realizé en el banco de calibracién de manémet-
ros y transductores del Laboratorio de Hidrdulica, en el cual se montaba en un toma el
transductor de presién y en el otro se montaba el transductor de presién patrén, cuya lectura
era adquirida por su propio sistema electrénico, mientras que los transductores de presion
para las pruebas en la turbomdquina se adquiria la sefal desde el sistema de adquisicién de
datos, el cual se expondra en el Capitulo 4.

Se realizaron tomas de datos en cada punto durante 2 minutos, y se realiz6 la construccién
de la curva de forma ascendente y luego de manera descendente en puntos intermedios con
el fin de encontrar la histéresis del transductor, pero como se observa en la Figura 3.4(a) su
comportamiento es altamente lineal.

Pero ala hora de mirar cudl era la variacién de la sefial adquirida durante los 2 minutos y asi
calcular el error total, se obtuvo un resultado inesperado, pues se esperaba un error de 0.5
psi que es el valor reportado en el Informe de Calibracén (ver Apéndice A.6), pero el error
encontrado fue de 1 psi en todas y cada una de las mediciones que se realizaron, esto se
observa en la Figura 3.4(a), y un zoom de este efecto se presenta en la Figura 3.4(b), error que
es admisible para las curvas que se realizan en este estudio pero queda abierta la posibilidad
de reemplazar estos transductores dependiendo de los resultados que se obtengan en las
diferentes pruebas.

3.3 Acelerometros

Los acelerémetros son, junto al tacémetro con sefial, uno de los instrumentos mds importantes
instalados en la turboméquina de prueba, pues estos sensores permiten realizar andlisis de
vibraciones y asi diagnosticar de una forma no invasiva el estado de la turboméquina; en la
Tabla 3.4 se puede encontrar una ficha técnica resumida, y en el Apéndice A.7 se encuentra
toda la informacién técnica referente a los acelerémetros.
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3.4. Medidor de Caudal
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Figura 3.4: Verificacién Transductores de presion.

Los acelerémetros disponen una sefial de salida de 0 a 5V, ademds poseen un imdn en su base
que permite que sean facilmente ajustables, como se aprecia en la Figura 3.6.

Este equipo debe de ser manipulado con bastante precaucion, debido a su alta precisién y a
su tecnologia interna, por esta razon es el inico equipo que cuenta con su propio protector,
como se puede observar en la Figura 3.6.

A parte de las pruebas hidrdulicas estos sensores se utilizaron en la prueba de andlisis modal
que se le realiz6 a la turbomdéquina, el cual es descrito en el Capitulo 5.

3.4 Medidor de Caudal

El medidor de caudal es uno de los més importantes del laboratorio pues esta variable es de
vital importancia para todas las précticas se se realizan en el laboratorio.

El medidor de caudal que se tiene en el laboratorio es un medidor de tipo magnético de la
marca Krohne [8], sus especificaciones técnicas se presentan en la Tabla 3.5 y sus prestaciones
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Capitulo 3. Instrumentos

Figura 3.5: Montaje experimental para la verificacién de los transductores de presion.

Tabla 3.4: Ficha Técnica Acelerémetros

Propiedad Valor
Variable a Medir Aceleracion
Unidades Gravedades (g)
Rango de Medicion 0a50g
Lectura Minima 0.004 g
Trazabilidad Si
Senal Si

completas se pueden encontrar en el Apéndice A.8.

Este equipo genera una sefial de corriente proporcional al flujo de agua que pase a través de
el, esta sefial es de 4 a 20mA.

Debido a que se pueden tener diferentes sentidos de flujo es importante establecer cual es
el sentido positivo para el medidor, este sentido esta establecido mediante una flecha en el
sensor, esta se puede apreciar en la Figura 3.7.

Durante todas las pruebas o curvas que se realizaron no se presentaron problemas, pues el
flujo del fluido era positivo con respecto al medidor, pero cuando se empezaron a realizar las
Curvas Caracteristicas o Curvas "S" de la turboméquina (Ver Capitulo 7) se encontré que el
medidor de caudal solamente puede dar sefial cuando el flujo es positivo y no sale la sefial
cuando el flujo va en sentido contrario.

Se realizaron verificaciones de montaje y de programacién para poder adquirir la sefial com-
pleta, tanto positiva como negativa del flujo del fluido, pero no se pudo arreglar este inconve-
niente.
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3.5. Martillo Modal

Figura 3.6: Acelerémetro.

Tabla 3.5: Ficha Técnica Medidor de Caudal

Propiedad Valor
Variable a Medir Caudal
Unidades /s
Rango de Medicion 0a501/s
Lectura Minima 0.11/s
Trazabilidad No
Seiial Si

3.5 Martillo Modal

El martillo modal es un instrumento bastante valioso a la hora de realizar un anélisis modal
para encontrar las frecuencias naturales (Ver Capitulo 5), este cuenta con un sensor de carga
en su parte superior para determinar la cantidad de fuerza con la que es golpeada la pieza
analizada, tiene puntas intercambiables para excitar diferentes frecuencias naturales, este
martillo se puede observar en la Figura 3.8 y sus caracteristicas técnicas se encuentran en el
Apéndice A.9.
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Capitulo 3. Instrumentos

Figura 3.7: Medidor de Caudal.

Figura 3.8: Martillo para andlisis modal.
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Sistema de Adquisicion de Datos

Durante todas las pruebas es de vital importancia una correcta adquisicién de datos, con
el fin de tener un alto grado de confiabilidad y de repetitividad en todas las pruebas que se
realizan, por esta razdn se utiliza un sistema de alta tecnologia, uno utilizado en el Laboratorio
de Hidraulica en las primeras pruebas y otro del Laboratorio de Mecatrénica, cada uno de
ellos se describen a continuacién.

4.1 Sistema de Adquisicion del Laboratorio de Hidraulica

Para todos los sistemas de datos que posee el laboratorio se tiene un sistema de adquisicién
desarrollado por la empresa National Instruments, este es un modelo CompactRIO cRIO-9074,
las especificaciones técnicas se pueden ver en el Apéndice A.10,

Este sistema de Adquisicién de Datos es bastante versétil, pues debido a su concepcién
modular, que puede adquirir diferentes tipos de sefiales, tanto de voltaje, corriente y otras es-
pecializadas como sefales de galgas extenso-métricas, termocuplas; incluso existen médulos
que en vez recibir las sefiales las generan, creando un gran abanico de posibilidades.

En el Laboratorio de Hidr4ulica se tienen una buena cantidad de médulos para la adquisicion
y generacion de senales, pero debido al tipo de sefales de los instrumentos que se utilizan para
el monitoréo se utilizan dos (2) médulos en especial, el NI 9203y el NI 9215, que siven para
sefiales en corriente y en voltaje respectivamente, para mas informacién de estos médulos
dirijase a la pagina web http://www.ni.com/compactrio/esa/ [9].

Este sistema de adquisiciéon de datos se puede observar en la Figura 4.1, donde podemos
apreciar que este fue montado en una estructura de perfiles de aluminio para su facil desplaza-
miento y para darle una mayor estabilidad estructural, ademas, en ese mismo montaje se
coloco la unidad alimentadora para proteger los equipos de inconvenientes con las corrientes
de alimentacion. Adicional a todo esto se realizo el montaje de un Router de red inalambrica
WiFi, con el fin de poder controlar el dispositivo o la adquisicién de datos de forma remota.
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Capitulo 4. Sistema de Adquisiciéon de Datos

Figura 4.2: Adquisicion del Laboratorio de Mecatrénica

Una de las grandes ventajas que posee este equipo es el hecho de que posee 7 slots o ranuras
para la instalacion de diferentes tarjetas de adquisicion.

4.2 Sistema de Adquisicion del Laboratorio de Mecatronica

Al igual que el equipo anterior, este sistema de adquisicién de datos fue desarrollado por la
empresa National Instruments, este es un modelo CompactRIO cRIO-9076, 1as especificaciones
técnicas de este se pueden ver en el Apéndice A.11.

A diferencia del equipo anterior, este sistema s6lo posee 4 slots o ranuras, pero este equipo esta
Unicamente a disposicién de este proyecto, y no se necesita para las practicas de laboratorio,
por lo cual se puede programar especificamente para las necesidades del proyecto.
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4.3. Cédigos de Adquisicién
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Figura 4.3: Interfaz c6digo de Adquisicién del Laboratorio de Hidrdulica

En este sistema se tienen dos tarjetas de adquisicion, una NI 9203 de sefiales de corriente
al igual que el sistema anterior, este es utilizado para adquirir las sefales de los dos (2)
transductores de presion y el medidor de caudal.

La otra tarjeta es una NI 9232 especializada para sefiales de voltaje de entrada de $§30V,
resolucién de 24bits, posee un rango dindmico de 99dB, ademas de un acoplamiento de
AC/DC seleccionable por software y lo mds importante para las sefiales de los acelerémetros y
tacémetro es que esta tarjeta posee un acondicionamiento de sefiales IEPE seleccionable por
software (0 6 4mA).

Por estas razones se seleccion6 trabajar con esta tarjeta y no con la NI 9215, ademas, se pudo
realizar un montaje personalizado para nuestras necesidades, incorporandole un sistema de
conexiones rdpidas tipo micr6fono, como se puede observar en la Figura 4.2.

4.3 Cébdigos de Adquisicion

Para poder realizar las adquisiciones de datos de manera correcta y confiable se desarrollaron
rutinas en LabView ®, estos c6digos se presentan a continuacion.

4.3.1 Cédigo inicial del Laboratorio de Hidraulica

El programa de adquisicién de datos del Laboratorio de Hidrdulica fue desarrollado por el
Técnico Milton Marin, este consiste una interfaz grafica donde se presentan las variables
en tiempo real, esta interfaz fue presentada en la Figura 4.3, el programa tiene dos ciclos
principales, uno de alta velocidad, que es en el cual se genera al adquisicién de datos, y uno
de baja donde se realiza el almacenamiento de las sefiales.

35



Capitulo 4. Sistema de Adquisiciéon de Datos

Valor TR0 i i

S

OBy | (2> CAUDAL(Y:] - PRESIONES [ps]
1 EI
PRESIONES [mA)| prdson | -
ONE. CauDAL (Us]

L e
SESTTTR

e

Figura 4.4: C6digo Laboratorio Hidraulica

Las gratificas que se presentan en el programa muestran las diferentes variables en unidades
ingenieriles, es decir las presiones se presentan en psi, el torque se presentan en N * my el
caudal en L/s, pero las sefiales se guardan en las unidades bdsicas adquiridas, es decir, en
mili-amperios (mA) o en voltaje (V).

Un pequeno esquema del c6digo se presenta en la Figura 4.4.

Uno de los inconvenientes que posee este codigo es el hecho de que cuando se lanza para
guardar los datos no tiene una parada automadtica, es decir, el tiempo de adquisicion se debe
de configurar de forma externa con un cronometro de mano, lo cual produce varios problemas,
entre ellos el mds significativo consiste en que la longitud de los datos almacenados no es la
misma para cada punto, lo que implica realizar un paso para homogeneizar de los datos antes
de realizar el andlisis de resultados.

Otro inconveniente que se encontrd en este c6digo se vio evidenciado cuando se empezaron a
realizar las Curvas Caracteristicas o Curvas S, pues para esta prueba se debe de mantener una
altura constante (Ver Capitulo 7) y esto no se podia realizar de forma facil en el cédigo actual,
por eso se decidi6 realizar una actualizacién a este c6digo, esta se presenta a continuacion.

4.3.2 Cédigo Actualizado del Laboratorio de Hidraulica

Después de habar encontrado puntos a mejorar en el c6digo de adquisicién se procedié a
fortalecerlo, y este mejoramiento se vio enfocado varios puntos principales, los cuales se
expresan a continuacion.
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Figura 4.5: Interfaz del nuevo cédigo de Adquisicién del Laboratorio de Hidrdulica

El primer item a mejorar era el ciclo de adquisicién de datos, se mejoré el tiempo de adquisi-
cién colocando ciertas funciones que estaban en el ciclo de alta velocidad en el de baja, asi se
optimiz6 un poco este item, pero por la constitucién propia del programa desarrollado no se
pudo automatizar el tiempo de adquisicién de datos.

El segundo item que se agreg6 al codigo inicial fue el célculo de la altura hidrdulica necesaria
para la Curvas Caracteristicas o Curvas S, pues en esta prueba se debe de mantener una altura
constante (Ver Capitulo 7) y este dato se debia de calcular manualmente, ahora este cédlculo se
realiza directamente en el c6digo y se muestra en tiempo real en una variable disponible en la
interfaz gratifica.

Otro aspecto que se mejord en este codigo fue la sefial del caudal, pues como se habia
mostrado anteriormente (ver Capitulo 7) el medidor no permitia adquirir datos en la parte
negativa del flujo, y para mejorar este aspecto se agregé una entrada manual del valor del
caudal.

A parte de todo lo mencionado anteriormente, de este c6digo se eliminé toda la parte de
almacenamiento de datos, quedando solamente con el monitoréo en vivo de las variables
adquiridas, puesto que para el almacenamiento se desarroll un cédigo que se mostrard mas
adelante en este capitulo.

Se puede apreciar en la Figura 4.5 la interfaz grafica, y un diagrama del c6digo se puede
observar en la Figura 4.6.
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Figura 4.6: C6digo nuevo del Laboratorio Hidrdulica

4.3.3 Cédigo para el Analisis Modal

Para el andlisis modal se utilizé un cédigo tipo Data Logger, con el fin de adquirir las sefales
de las vibraciones debidas al impacto del martillo modal.

Este programa debe de adquirir 4 sefiales en simultaneo, tres (3) de acelerémetros ubicados
en los tres ejes principales de la turbomdquina, y la cuarta sefial es la del martillo modal; las
tres primeras nos dan las aceleraciones inducidas por el golpe, mientras que la cuarta nos
indica la intensidad o fuerza del impacto.

Dentro del programa se introdujo un cédigo tipo Trigger, que detecta automdaticamente el
impacto del martillo y lanza la adquisicién de datos, la interfaz grafica se puede apreciar en la
Figura 4.7 y un diagrama del c6digo se presenta en la Figura 4.8.

En este andlisis no se utilizo ninguno de los sistemas de adquisiciéon de datos expuestos
anteriormente, si no que se utilizo un Rack USB (Ver Figura 4.9), que permitia realizar un
c6digo més compacto y rapido, pues no se deben de realizar c6digos complejos, adema4s el
ensamble es facil y rdpido comparado con los otros sistemas.

4.3.4 Cébdigo parala Construccion de las Curvas de la Turbomdaquina

En el proceso de la generacion de las curvas caracteristicas de las Turboméquinas (Ver Capitulo
7) se necesitaba poder adquirir la senal de todos los instrumentos antes mencionados, de
forma que estas sefiales fueran sincronizadas y a una alta velocidad de adquisicién para
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Figura 4.7: Interfaz Anélisis Modal

poder estudiar fenémenos de frecuencias relativamente altas que pudieran aparecer en la
turbomdéquina, por esto se desarrollo un cédigo que a diferencia de los otros c6digos corre en
el PC, este corria directamente en el CompactRIO mediante una programacién llamada FGPA.

Este codigo tiene la capacidad de adquirir 8 canales, 3 de voltaje y 5 de corriente, lo cual
permite conectar dos acelerémetros, un tacémetro, un medidor de caudal y 4 transductores
de presidn, todos estos canales sincronizados a una velocidad de lectura de 53.200 H z.

Otra gran diferencia que se puede encontrar en este c4digo es que a diferencia de todos los
anterior que corrian directamente desde la interfaz de LabView ®, este c4digo se desarroll6
para que fuera completamente portable, su interfaz grafica se puede apreciar en la Figura 4.10.

Sin embargo quedan varios aspectos a mejorar en este c6digo que se esperan agregar en la
siguiente fase del proyecto, tales como la hora del programa, que no esta bien actualizada,
adicionar una funcién de anélisis espectral en el mismo sistema de adquisicién y aumentar la
capacidad de almacenamiento.

Después de esta descripcion de todos los instrumentos y c6digos desarrollados en el siguiente
capitulo se presentan los resultados obtenidos.
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Figura 4.8: C6digo Analisis Modal

Figura 4.9: Rack USB




4.3. Cédigos de Adquisicion
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Figura 4.10: Interfaz Datalogger
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5] Curvas y Resultados Obtenidos

A continuacién se presentan los primeros resultados obtenidos:

5.1 Analisis Modal

El anélisis modal consiste en poder encontrar las frecuencias naturales de un sistema, en este
caso la bomba seleccionada para el desarrollo de este proyecto.

Para poder realizar este anélisis se necesitaron de 3 acelerémetros y un martillo modal, los
cuales fueron descritos en el Capitulo 3. Cada uno de los acelerémetros fué ubicado de manera
alineada a los ejes principales de la turbomdquina, como se puede apreciar en la Figura 5.1.

Mediante el software desarrollado para este andlisis y presentado en el Capitulo 4.3.3 se
adquirieron los datos de los acelerémetros, quienes fueron exitados mediante el golpe real-
izado por el martillo modal, estos impactos controlados se repitieron 30 veces, 10 en por cada
punto principal, un promedio de estos impactos en el dominio del tiempo se puede observar
en la Figura 5.2.

Figura 5.1: Montaje para el andlisis modal
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Figura 5.3: Espectro del anélisis modal

Inmediatamente después de tener los resultados de los impactos y promediarlos, se procedié
con el andlisis en frecuencia, una gréfica de los resultados obtenidos se puede apreciar en la
Figura 5.3.

De donde se puede observar que el primer modo de vibracién del sistema se encuentra alrede-
dor de los 184.4 Hz, valor que dista de las frecuencias de rotacién propias de la turboméquina.

Cabe aclarar que este andlisis se realiz6 con la turbomdquina completamente llena de agua,
para que este anadlisis se realizara en las condiciones tipicas de operacion.
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5.2. Curva S o caracteristica de turbomaquinas
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Figura 5.4: Curva S

5.2 CurvaS o caracteristica de turboméaquinas

Una curva s o curva caracteristica de los cuadrantes de operacién de una turbomdaquina es
una curva que permite comprender los modos o formas de operacién. Para poder construir
dicha curva, se necesita tener una altura constante, es decir, se debe simular en el laboratorio
la cabeza de un embalse, lo que implica que la energia disponible sea constante. Lo que es
equivalente a mantener la cabeza dindmica de bombeo en un valor fijo.

Gracias a la configuracién del sistema de bombeo del laboratorio y al software desarrollado
(ver capitulo 4) se pudo adquirir los datos necesarios.

La construccién de la curva se realiz6 siguiendo las indicaciones de la norma NCh2966 la cual
es la traduccidén del la norma internacional IEC 60193:99 [10]. El resultado inicial se presenta
en la Figura 5.4
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Figura 5.5: Espectro de los Acelerometros

5.3 Analisis de los Acelerometros

A medida que se construia la curva s como las curvas de desempefio de la bomba, se iban
registrando las vibraciones producidas por la operacién misma de la turboméquina y, al
igual que en el andlisis modal, se realiz6 un anélisis en frecuencia para tener un espectro
de operacion, un espectro caracteristico se presenta en la Figura 5.5. Cabe aclarar que las
frecuencias naturales mensionadas anteriormente no se presentan en este espectro, lo cual
da la tranquilidad de que en diferentes puntos de operacién la turbomdaquina no entra en
resonancia.

5.4 RPM Caracteristica

Al poder tener registrada a parte de los acelerémetros la sefial del tacémetro se pudo realizar el
andlisis de RPM caracteristica, el cual consiste en ver el comportamiento de la turbomaquina
en una revolucion. Este andlisis permite ver fenémenos sincronizados con la rotacién de la
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Figura 5.6: RPM Caracteristica

turbomdquina, pues elementos aleatorios quedan eliminados en el proceso de promediar las
sefiales. El resultado del anélisis de RPM caracteristica se puede observar en la Figura 5.6, de
la cual se pueden ver 6 picos claramente detallados, los cuales corresponden al paso de dlabes
del rodete de la bomba seleccionada.

5.5 Curvas dela Turbomaquina

Para poder tener una idea de las capacidades de bombeo de la turbomdaquina seleccionada se
realizaron las curvas de la bomba, es decir, las curvas de catdlogo de cabeza (H) contra caudal
(Q) para diferentes revoluciones, el resultado se presenta en la Figura 5.7.
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Altura de la bormba- Pres. Absolotua (H) vs Caudal (@)

48 Figura 5.7: Curvas de la Turboméquina
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Cambios del Laboratorio, de la Tur-
bomaquina y del Sistema de Adquisi-
cion de Datos

Como se pudo concluir en la Seccién 2, cambiar de maquina de anélisis o bomba de estudio
era al mejor opcién para unos mejores datos y mejores resultados, como los presentados en la
Seccidn 5.

Pero en el transcurso de las mediciones se hizo necesario cambiar tres aspectos principales
del sistema a analizar, los cuales fueron cambios como el software de adquisicién de datos,
nuevas tuberias en acrilico, y la pintura mejora geométrica de la turbina, estos cambios se
explican a continuacién:

6.1 Turbomaquina

Como se aprecia en la Secciéon 1.3.2, se tenia la turboméquina instalada y lista para su uti-
lizacién, pero debido a que esta seria nuestra maquina de interés se tomoé la decisién de
realizar un mantenimiento después de las tomas de datos presentadas anteriormente en la
Seccién 5.

Figura 6.1: Obstaculo en la zona de succién.
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Figura 6.2: Corrosion de la voluta.

Para esto se desmont6 la bomba y se encontraron varios inconvenientes, los cuales fueron
solucionados. Una descripcién de lo encontrado se presenta a continuacion:

6.1.1 Difusor de entrada

Al desmontar y desarmar por completo la bomba se revis6 su zona de succién o zona de baja
presion, en la cual se encontré un elemento que obstaculizaba el paso del fluido por esta érea,
como se puede observar en la Figura 6.1.

Este obstdculo puede cambiar por completo el comportamiento del fluido, por esta razén se
tomo la decisién de cortar y pulir esta zona para que el flujo viajara de forma mds ordena y sin
alteraciones importantes. El resultado final se puede apreciar en la Figura 6.3.

6.1.2 Superficies de Flujo

Las superficies de flujo son aquellas que estdn en contacto directo con el fluido. Estas superfi-
cies se ven altamente afectadas por la corrosion, lo cual genera un cambio en su geometria; lo
cual puede dar como resultado un cambio en las condiciones del flujo del fluido.

Estas alteraciones por corrosiéon se encontraron de forma muy marcada en la carcasa o voluta,
como se aprecia en Figura 6.1 y en la Figura 6.2.
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Figura 6.3: Pintura de la voluta.

Para solucionar este inconveniente se realizé un proceso de pulido a todas y cada una de
las partes tanto de la voluta como del soporte posterior, con el fin de eliminar la corrosién
encontrada.

Ademads para prevenir futuros inconvenientes se pinté de nuevo la bomba con pintura epdxica.
Este proceso de pintura fue realizado en el Taller de Diseno, por parte del Técnico de Pintura,
el resultado de este proceso se presentan tanto en la Figura 6.3 como en la Figura 6.4.

6.1.3 Impeler o Impulsor

Aligual que las superficies de flujo (ver Seccién 6.1.2), el impeler o impulsor de la bomba se ha
visto afectado por la corrosion (ver Figura 6.5), por lo que a este se le dio el mismo tratamiento
de las superficies de flujo, realizando un pulido para luego pintar toda la superficie.

El proceso de pulido en el Impeler fue mucho més complejo y requirié mas tiempo que el
resto de superficies, pues se debia de respetar a cabalidad su geometria, pues realizar una
modificacién en sus dngulos de entrada o de salida, generan una alteracién completa del
comportamiento de la méquina, el impeler pulido se puede ver en la Figura 6.6.

En el proceso de pintura del Impeler entr6 en juego otro aspecto, pues ademds de pintarlo
se aprovecho el hecho para marcar los dlabes en diferentes zonas, con el fin, si en un futuro
es posible, grabar en una cdmara de alta velocidad los fenémenos ocurridos y mediante la
demarcacion realizada, poder identificar el comportamiento en cada dlabe o en cada canal. El
resultado final de pintura y demarcacién se aprecia en la Figura 6.7.
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Figura 6.5: Impeler Corroido.

6.1.4 Sello Mecanico

Durante el mantenimiento de la bomba se presenté un inconveniente con el sello mecénico,
pues este se fractur6 totalmente durante su desmontaje, lo cual dejé inactiva la turboméquina,
en la Figura 6.8 se puede evidenciar este dafio.

El sello se debié comprar nuevo para ser instalado, el proceso de compra del repuesto se
realizé sin mayores contratiempos. Pero el inconveniente se debié a la situacién de orden
publico del pais, dado que al momento del fallo se estaba llevando a cabo un paro camionero,
lo cual hizo que los tiempos de entrega de el sello mecdnico se triplicaran, pero al final se
pudo solucionar y poner en marcha de nuevo la bomba.
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Figura 6.6: Impeler Pulido.

6.2 Tuberias en Acrilico

Un aspecto que ayuda de manera positiva en la interpretacion de un fenémeno es la visual-
izacién del mismo, si bien muchos fenémenos por su naturaleza son complejos de visualizar,
el poder tener la facilidad de registrarlo graficamente puede dar pie a una mejor compren-
sién del mismo y a la elaboracién de mejores modelos o relaciones entre el fenémeno y sus
variables.

Para nuestro caso la visualizacién de los fenémenos fluido-dindmicos de la turbomdquina,
se tomo la decision de cambiar las tuberias tanto de succion o zona de baja presién, como
la de descarga o zona de alta presién; de PVC por acrilico transparente, dichas tuberias se
presentan en la Figura 6.9.

Este cambio permite realizar la visualizacion de fases gaseosas dentro del flujo, tal como se
puede apreciar en la Figura 6.10

6.3 Sistema de Adquisicion de Datos

Como se present6 en la Seccién 4.3, se implementaron varios c6digos para la adquisicion de
los datos en las pruebas realizadas. Pero en el transcurso de dichas pruebas se encontraron
nuevos problemas en los c6digos, por lo que se realizé una nueva actualizacién a dichos
co6digos, principalmente al c6digo del Laboratorio de Hidrédulica y al cé6digo de adquisicién de
alta velocidad.
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Figura 6.7: Impeler Pintado.

Figura 6.8: Fractura sello mecdnico.

6.3.1 Nuevo cédigo del Laboratorio de Hidraulica

Este c6digo se debid actualizar por dos razones principales, la primera se debe a la central-
izacién de sensores por parte del laboratorio, pues ya no se dispone de un sistema parcial
movil, si no de un sistema integral fijo donde se puede adquirir y controlar todas las variables
del laboratorio, tales como sensores de presién, caudal y valvulas, como los variadores de
velocidad de las bombas del s6tano. Esto conllevo al cambio de las variables de entrada
al codigo, pues los médulos cambiaron de posicién en el cRIO, también se aprovech6 para
eliminar todos los ciclos de adquisicién de datos, pues este se convirtié en un sistema de
verificacién de variables y control. La segunda razén del cambio radica precisamente en la
condicién de control, pues el sistema estd diseniado para controlar las RPM de las bombas
del s6tano, lo cual hace que la construccién de curvas tipo "S" se realice de una manera mas
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Figura 6.9: Tuberias en Acrilico.

rapiday eficiente. Asi que este control de bombas se adicion6 al software.

Estos dos cambios realizados hacen que el software se base exclusivamente en el control y
monitoreo de las variables del laboratorio en tiempo real, pero en ningtin momento se realiza

adquisicién de datos en este.

Su interfaz gréfica no se vio modificada.

6.3.2 Nuevo cédigo de Adquisicién de Datos

Los cambios en este c6digo si bien fueron menores cambian significativamente su compor-
tamiento, pues se le adicionaron 2 nuevos canales para adquirir sefiales en corriente, lo cual
deja el sistema con 3 canales de sefial en voltaje y 5 canales en corriente, todos sincronizados a
la misma frecuencia de muestreo, lo cual permitird realizar correlaciones entre més variables.

Estos fueron los cambios significativos del laboratorio y de la turbomdquina analizada, a
continuacion se presentan los nuevos resultados derivados de los cambios realizados.
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Figura 6.10: Visualizacion de Fase Gaseosa.

Tabla 6.1: Ficha Técnica Sensor Dinamico de Presién

Propiedad Valor
Variable a Medir Presion Dindmica
Unidades mV/PSI
Rango de Medicion 0 a 100 mV/PSI
Lectura Minima 0.007 PSI
Trazabilidad No
Senial Si

6.4 Cambios en los Sensores

A parte de los cambios en la maquina misma y en el sistema de adquisicién de datos, se pudo
invertir en un nuevo sensor dindmico de presion, el cual es descrito a continuacién.

6.5 Sensor Dinamico de Presion

Los aceler6metros son, junto al tacémetro con sefial, uno de los instrumentos mds importantes
instalados en la turboméquina de prueba, pues estos sensores permiten realizar andlisis de
vibraciones y asi diagnosticar de una forma no invasiva el estado de la turboméquina; en la
Tabla 6.1 se puede encontrar una ficha técnica resumida, y en el Apéndice A.12 se encuentra
toda la informacién técnica referente a sensor de presiéon dindmica.

El sensor de presién dindmica tiene una sefial de salida de 0 a 5V, ademds poseen un acople
roscado en su base que permite que sean facilmente ajustables, como se aprecia en la Figura
6.11.

Este equipo debe de ser manipulado con bastante precauciéon, debido a su alta precisién y a
su tecnologia interna, por esta raz6n cuenta con su propio protector, como se puede observar
en la Figura 6.11.

A parte de las nuevas pruebas hidrdulicas, estos sensores se utilizaron en la prueba de anélisis
espectral que se le realiz6 a la turbomadquina, el cual es descrito en el Capitulo 7.
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6.6. Medidor de Flujo por Ultra Sonido

Figura 6.11: Sensor de presién dindmica.

Tabla 6.2: Ficha Técnica Medidor de Caudal por Ultra Sonido

Propiedad Valor
Variable a Medir Caudal
Unidades /s
Rango de Mediciéon -50a501/s
Lectura Minima 0.011/s
Trazabilidad Si
Senal Si

6.6 Medidor de Flujo por Ultra Sonido

Como se present6 en la Parte 3.4, el medidor de flujo anterior no permite cuantificar los
flujos en dos direcciones, lo cual lo volvia inviable para las pruebas que se llevan a cabo en el
proyecto, por lo cual se tomé la decisién de cambiarlo.

El Coordinador del Laboratorio de Hidrédulica, Jesus Alberto Pérez, realiz6 la adquisicion de
un medidor de flujo por ultra sonido no invasivo para diferentes didmetros y materiales de
tuberias, el cual si permite recolectar datos en ambos sentidos de flujo, este sensor se puede
ver en la Figura 6.12, sus especificaciones técnicas se presentan en la Tabla 6.2 y su manual de
operacion se presenta en al Apéndice A.13.
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Figura 6.12: Medidor de Flujo por Ultra Sonido.
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gd Nuevas Curvas y Resultados
Obtenidos

A continuacion se presentan los resultados obtenidos después de los mejoramientos realizados
al laboratorio:

7.1 Curva$

La curva S de las turboméquinas permite conocer el comportamiento hidromecénico de la
misma, pues esta curva se construye bajo ciertas condiciones especiales.

Para realizar esta curva se debe mantener la cabeza de la turboméquina, o carga constante,
con el fin de poder simular o hacer semejanza con un embalse en una central hidroeléctrica
real.

En esta curva lo que varia son dos variables relacionadas entre si, las cuales son el caudal y la
velocidad de giro o rpm.

Ademads estas variables no se grafican directamente de esta manera, si no que se deben
normalizar, mediante el célculo de factores denominados factores de velocidad y de caudal,
como se expresa en la norma NCh2966 la cual es la traduccién del la norma internacional IEC
60193:99 [10].

Estas curvas se realizaron bajo dos cargas diferentes, a 4 y a 6 metros de altura, sus resultados
se presentan en la Figura 7.1.

Ademads de las curvas comparativas entre diferentes cargas se realiz6 la curva S de los cuatro
cuadrantes o cuatro formas de trabajo de una turbomdaquina, la cual puede ser observada
en la Figura 7.2. En esta figura se puede observar que se tiene un buen comportamiento de
la turbomdquina, pero se ahondara mas al respecto de los por menores de estos datos en la
Secci6n 11 de resultados.
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Figura 7.1: Curva S a4 y 6 metros

7.2 Revolucion Caracteristica

Una ventaja que se tiene al poder analizar la sefial completa de todos los sensores y estar estos
sincronizados a su vez con la sefial de velocidad o rpm, es que permite analizar que ocurre en
cada revolucién de la maquina, para poder comparar su comportamiento con respecto a otras
variables, asi pues, se puede ver como con un cambio en la velocidad como se ve afectada la
variacién de presion o de vibracién.

Al tener estos datos y poder ubicarlos en un grafico tipo Waterfall, donde se pueden ver estos
elementos de manera maés ficil y rdpida, la cual se presenta en Figura 7.3

En esta figura (Figura 7.3) se puede ver que las lineas que son paralelas al eje de revoluciéon
no cambian con la variacién de las rpm, lo cual indican que son constantes en la maquina;
todas aquellas que lineas que no tienen este comportamiento si varian con la velocidad, lo
cual puede indicar que dependen de la velocidad de rotacién de la maquina.

Otro aspecto importante a resaltar son las amplitudes, a medida que mayor amplitudes
aparezcan indican que mayores variaciones de presién o vibracion se presenta, se espera que
esto ocurra a mayores rpm, o aun mayor régimen de trabajo o carga.

Como se puede observar en la Figura 7.3, las mayores amplitudes en presidn se presentan a
2000 rpm .
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Figura 7.2: Curva S completa

7.3 Anadlisis Espectral

Después de los andlisis realizados con los acelerémetros, y aprovechando el hecho del sensor
dindmico de presion, se pudor realizar un estudio més detallado del comportamiento de
la turboméquina, realizando un anélisis mds detallado de las sefiales capturadas mediante
los programas de adquisicién de datos descritos previamente, con el objetivo ve revisar los
modos o frecuencias que se pueden encontrar debidos a la operacién misma de la maquina,
el andlisis espectral se realiz6 realizando una transformada de Fourier a la sefial completa
adquirida. El vector de frecuencias encontrado es dividido por la frecuencia de rotacién de la
madquina, con el fin de encontrar los 6rdenes de magnitud. Los 6rdenes de magnitud son las
veces que pasa un fenémeno por revolucion, es decir, si existen 6 dlabes en la maquina, en
una sefial el paso de dlabes es 6x, pues estos pasan 6 veces por cada revolucion. Este tipo de
anadlisis se pueden observar en la Figura 7.4.

Este andlisis espectral permite encontrar componentes de vibracién tanto sincrénicas como
asincrénicas, ademads, por tener el sensor de presion dindmica se pueden encontrar com-
ponentes que solo dependen del fluido y no de la estructura misma de la maquina, lo cual
ayuda en gran manera a entender el comportamiento mismo del fluido; mientras que los
acelerémetros permiten ver tanto los efectos hidraulicos como estructurales.

7.4 Correlaciones

Una correlacién cruzada entre sefales permite conocer la injerencia de una senal sobre la
otra, y para este caso, nos permite conocer si existe una relacion directa entre las vibraciones
medidas de la méquina y los fenémenos hidraulicos o debidos al fluido que se obtienen de las

61



Capitulo 7. Nuevas Curvas y Resultados Obtenidos

Caracteristica

Pressure Coefficient [-]
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Figura 7.3: Revolucién Caracteristica

variaciones de presién adquiridas por el sensor dindmico.

Debido a que ambos sensores no estan ubicados en la misma posicién y existe un dngulo de
desfase entre estos, se espera que la mayor correlacién entre ambos sensores aparezca a un
tiempo igual al que le toma un 4labe pasar entre ambos sensores, pues si estos estuvieran
en la misma posicién la mayor correlacion se presentaria en un tiempo igual a cero, que
equivale a poner una sefial encima de la otra, se puede ver la correlacién entre sefales en la
Figura 7.5; ademads en esta Figura se puede ver que existe una diferencia entre las sefiales de
0.0001748segundos, que es el tiempo que se tarda el dlabe en pasar por el sensor dindmico y
el acelerémetro.

Después de realizar todos estos andlisis y curvas se sintentizo el trabajo realizado en un
articulo cientifico, el cual es presentado en el Capitulo 10.
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Simulaciones

Otro gran aspecto del proyecto son las simulaciones numéricas, en especial las enfocadas al
andlisis de vibraciones de un élabe tipico de turbo maquinaria, dichas vibraciones fueron
analizadas de manéra experimental en la primera parte del proyecto, y al ver la importancia de
estas se decidi6 ahondar en su causa raiz, puesto que los dlabes de cualquier turboméquina
oscilan debido al paso del fluido, tal como fue encontrado por Ausoni [11]; ademds en este
trabajo se pudo encontrar una relacién entre la velocidad del fluido y la frecuencia de salida de
los vortices de von Karman, los cuales se pueden sincronizar a la velocidad de oscilacién del
dlabe. Este tiltimo fenémeno llamado Lock-In es el interés de estudio en la parte de simulacién
de este trabajo.

8.1 Descripcion del Experimento

Como se planteo anteriormente, el trabajo de Ausoni [11] serd la guia para este anélisis
numérico, asi pues lo primero que se realiz6 fue la digitalizaciéon del dlabe analizado, para
tener las mismas geometrias que en el experimento real, este modelo se puede observar

Figura 8.1: Alabe 3D.
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100

Figura 8.2: Alabe 3D con dimensiones.
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Figura 8.3: Alabe 2D.

en la Figura 8.1, este trabajo de digitalizacion fue realizado previamente por Ausoni [11] y
Hasmatuchi [12], donde las dimensiones de este dlabe se presentan en la Figura 8.2.

Esta geometria 3D se simplifica a una geometria 2D, en la que se mantienen las condiciones de
geometria, tal como se puede observar en la Figura 8.3. Asi pues los objetivo de la simulacién
es recrear los vortices y el acople hidroactstico del dlabe y el fluido; para conocer cual es
la zona indicada para instalar un sensor dindmico que capte los vortices; y para recrear
numéricamente el fenémeno de Lock-In entre el fluido y el dlabe.

8.1.1 Condiciones Iniciales

Las condiciones iniciales son cruciales para tener una convergencia de solucién mucho mas
rapida. Dos condiciones iniciales fueron impuestas:

¢ Laprimera fue iniciar la velocidad del fluido por todo el dominio, con un una funcién
parabdlica como se presenta en la Ecuacién 8.1. Donde V, es la componente de la
velocidad en la coordenada x, V; es la velocidad méxima inicial del perfil, y y es la
coordenada y del punto.

¢ La segunda condicién inicial se impuso al 4labe, al cual se le dio una deformacién o
desplzasamiento inicial en base a la Ecuacion 8.2. Donde 6, es la deformacion inicial
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en la coordenada y, y donde x es la coordenada x del punto.

4
Ve=V; 8.1
x ix 5626 8.1
X
06,=1-— 8.2
y 20 (8.2)

8.1.2 Condiciones de Borde

Las condiciones de borde son de vital importancia para poder tener una solucién del sistema
de ecuaciones planteado, pues estas son las que permiten tener una solucién particular de
nuestro problema, en este orden de ideas se impusieron las siguientes condiciones de borde:

* En la parte superior y en la parte inferior se tiene una condicion tipo Wall o de pared.

* Enlaarista derecha la velocidad fue impuesta en el eje y con un valor de V), = 0.0, puesto
que esta arista es la salida del fluido.

* En la arista izquierda, la cual funciona como la entrada del fluido, se impone dicha
velocidad de entrada en la componente x como se muestra en la Ecuacién 8.1. Cabe
aclasrar que el valor V; es la velocidad deseada, en un rango que puede ir desde 1 hasta
20m/s.

 Las ultimas condiciones de borde y tal vez las mdas importantes se ubican sobre las
aristas del dlabe. La primera de ellas llamadas Interaccién Fluido Estructura, conocida
por sus siglas en ingles FSI, es la que permite realizar el acople Fluido-Estructura. La
segunda condicién es la actualizacion de malla, la cual permite que los desplazamientos
de los nodos en el borde estructural sean los mismos que en el borde del fluido.

Todas estas condiciones se pueden ver en la Figura 8.4.

8.1.3 Materiales y sus Propiedades

En estos andlisis numéricos se utilizaron dos materiales ,el Agua y el Acero, sus principales
propiedades estan expresadas en la Tabla 8.1.

8.1.4 Analisis Numérico

Para realizar el andlisis numeérico se utilizé el Método de los Elementos Finitos, FEM por sus
siglas en inglés. Y para resolver este estudio se utiliz6 el Software Elmer [13], el cual permite

69



Capitulo 8. Simulaciones
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Figura 8.4: Condiciones de borde e iniciales en Elmer.
Tabla 8.1: Propiedades de los Materiales
Agua Acero
Densidad [kg/mA3] 998.3 Densidad [kg/m~3] 7850
Viscosidad [Pa*s] 1.002e-3 Velocidad del Sonido [m/s] 5100
Velocidad del Sonido [m/s] 1497 Moédulo Elastico [Pa] 200e9
Modulo Elastico de Malla [Pa]  1.0e9 Moédulo de Poisson 0.285

Modulo de Poisson de Malla 0.3

analizar problemas multifisicos, ademads, de poder controlar los métodos y condiciones de
solucion.

Otro Software utilizado fué Gmsh [14], el cual permite realizar y generar todas las mallas
utilizadas para todos y cada uno de los anélisis evaluados.

Debido a la complejidad del problema estudiado se hace necesario utilizar un poder com-
putacional elevado en comparacion al desarrollado por un computador de escritorio. Este
equipo de gran capacidad fue proporcionado por el Centro de Computacién Cientifica de la
Universidad Eafit APOLO [15], el cual tiene una capacidad instalada de 420 nodos.

8.1.5 Mallas

Como se menciono en la seccién anterior, las mallas fueron realizadas en el software Gmesh
[14], en el cual se diferenciaron dos zonas importantes en la geometria a analizar, la primera
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Figura 8.5: Malla Completa.
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Figura 8.6: Malla Refinada.

zona para el andlisis estructural del dlabe, mientras que la segunda para el andlisis de fluidos.

Una parte importante era la zona del FSI que realiza la unién entre la parte estructural y
la parte de fluidos, en esta zona en particular se realizé un refinado de malla, para que la
convergencia y exactitud fueran maés altas y estables, la malla completa se puede apreciar en
la Figura 8.5, donde también se puede observar que se realiz6 una malla no homogénea con
el fin de que no se perdiera las fluctuaciones de presién y velocidad que son simétricas con
respecto al eje central de la malla.

La malla refinada se puede observar en la Figura 8.6, donde en la zona roja se generan los
fendmenos de capa limite, que son fundamentales para la generacion de los vortices de von
Karman, principal interés de este andlisis, por esto, esta zona tiene una malla con mejores
propiedades que el resto.

8.1.6 Incremento en el Tiempo

El incremento en el tiempo o Time Step es el valor que determina cuantos segundos se
avanza en la simulacién por cada paso que esta da. Inicialmente este tiempo va directamente
relacionado con la complejidad del problema y con los niveles de convergencia que se desean
tener de la solucion calculada por Elementos Finitos, asi pues determinar este valor depende
principalmente de este no genere problemas ya sea de aproximacién (valores muy grandes) o
de punto flotante (valores muy pequenos).

En este caso, a parte de que estas dos condiciones se cumplan, también se deben cumplir dos
condiciones adicionales, la primera es que efectivamente se generen los vértices, y la segunda
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Figura 8.7: Vértices de von Karman generados.

que la frecuencia del paso del tiempo cumpla la ley de Nyquist [16], para poder realizar anélisis
en frecuencia de los fen6menos encontrados.

Dado esto se impuso un incremento de 0.02 segundos.

8.2 Resultados de Simulacion

Como se mencion6 anteriormente, se desarrollaron dos experimentos numéricos, dichos
resultados se presentan a continuacion.

8.2.1 Resultados de la Ubicacién de un Sensor Dinamico

El primer experimento analizado fue el de encontrar la ubicacién de un sensor dindmico que
fuera capaz de recibir las fluctuaciones debidas a los vértices de von Karman.

Se realizaron simulaciones cambiando la velocidad de entrada, la cual vari6 entre 10y 20m/s,
en todos los casos se formaron los vortices deseados, un ejemplo tipico se presenta en la
Figura 8.7, y un zoom de estos vortices en la zona del desprendimiento se puede observar en
la Figura 8.8.

Todos estos vortices generan ondulaciones en la presion, si se grafican estas variaciones en
el borde de la simulacién, que hace referencia a la pared de tuberia que contiene el fluido, y
ademads se cambian las velocidades se obtiene un comportamiento como se ve en la Figura
8.9.

Como se puede ver en la Figura 8.2, la longitud del dlabe es de 100mm, ademas el dlabe
empieza en la coordenada 0 de la Figura 8.9, lo que hace que las fluctuaciones de presién
tienen un maximo entre 200 y 300mm, lo que corresponde a una distancia de unay dos veces
la longitud del dlabe después de este, lo cual hace estas distancias ideales para la colocacién
de un sensor dindmico.

72



8.2. Resultados de Simulacion

Figura 8.8: Vértices de von Karman en el desprendimiento.

Si bien de la Figura 8.9, se puede observar que después de 300mm se siguen presentando
las fluctuaciones de presidn, pero estas van disminuyendo a medida que se alejan de el
alabe, dependiendo de la sensibilidad del equipo dindmico podria seguir detectando estas
fluctuaciones, pero lo mejor es adquirirlas en la zona donde estas son mds fuertes, que es
entre una y dos veces la longitud del dlabe aguas abajo de este.

8.2.2 Resultados Acople Hidro-Actstico

El acople Hidro-Actstico o fluido-estructura relaciona la vibracién del dlabe con la salida de
los vértices de von Karman.

Para que este acople sea completo se deben de cumplir dos condiciones, la primera es que la
vibracién del dlabe no se atentie con el tiempo, si no que se mantenga, o bien estables, o bien
se amplifiquen debido a las fuerzas del fluido. La segunda condicién es que la frecuencia de
generacion de vortices debe de coincidir, en gran medida, con la frecuencia de vibracién del
dlabe.

Dadas estas dos condiciones primero analizaremos la de atenuacién de la vibracién con el
tiempo.

Oscilaciones del dlabe

Desde las primeras pruebas realizadas la generacion de vortices siempre estuvo presente, lo
que se debi6 ajustar fue la oscilacion del dlabe mediante el tiempo de simulacién y luego me-
diante el desplazamiento inicial para hacer que este fenémeno se generara mds rapidamente.

En estos procesos iterativos se obtuvieron oscilaciones del dlabe como la presentada en la
Figura 8.10, donde se grafica el desplazamiento vertical de la punta del 4labe con respecto al
tiempo de simulacién.
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Figura 8.10: Desplazamiento no Acoplado del Alabe.
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Figura 8.11: Desplazamiento Acoplado del Alabe.

De aqui podemos ver claramente coémo es atenuada esta oscilacidn, lo cual indica que no hay
un acople entre las fuerzas debidas a las presiones del fluido sobre el dlabe que hagan que
este entre en resonancia con el fluido.

Otra interpretacién que se le puede dar a la Figura 8.10, es que al final solamente sobrevive el
modulo de oscilacién natural del dlabe correspondiente, asi el tiempo de simulacién se debe
extender para ver que ocurre con este modulo. Al realizar esta comprobacion se llegé a la
conclusion que las oscilaciones si llegan a estabilizarse en una frecuencia dada por completo,
aunque el tiempo de atenuacion se incrementa considerablemente, por lo que se debe saltar
esta etapa no estable y alcanzar el estado estable mediante el proceso descrito a continuacion.

El siguiente proceso fue hacer posible el acople de oscilacién del 4labe, esto se realiz6 var-
iando el valor de la deformacién inicial planteada en la Ecuacién 8.2, partiendo desde una
deformacion inicial de 2mm hasta no tener deformacién inicial.

Modificar este item de deformacién inicial lo que hace es, para una misma velocidad, reducir
el tiempo de simulacién, saltando toda la etapa fluctuante y llegar més rapido al estado de
oscilacion estable.
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Figura 8.12: Posicién de Monitoreo.
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Figura 8.13: Frecuencia de Salida de Vértices.

Después de un gran niimero de iteraciones se pudo llegar a resultados como los presentados
en la Figura 8.11, donde esta oscilacion se vuelve completamente estable, e incluso con el
paso del tiempo se ve como se amplifica poco a poco debido a la resonancia con las cargas
debidas a las fluctuaciones de presién generadas por los vortices de von Karman.

Frecuencias de Oscilacién

Luego de que las oscilaciones fueron generadas de manera estable, se empieza a revisar los
vortices generados, colocando un punto de monitoreo a una distancia de una vez el dlabe,
como se muestra en la Figura 8.12, ademads no se toma en la parte central para poder ver el
paso de ambos vortices.

Al realizar este monitoreo y variar la velocidad del fluido se varia la velocidad de entrada del
fluido, desde 1 hasta 9m/s, verificando la frecuencia de salida de élabes, en la Figura 8.13 se
pueden observar los resultados obtenidos.
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Figura 8.14: Oscilaciones del Alabe.

Ademas se reviso la frecuencia de oscilacion del dlabe, como se muestra en la Figura 8.14,
la cual permite ver que la frecuencia de oscilacién muestra que este estd alrededor de 0.8 y
1.0Hz. Si se compara este valor con el presentado en la Figura 8.13 se puede ver que alrededor
de los 0.85Hz se bloquea la salida de los vortices, fenémeno conocido como Lock-in.

El articulo cientifico derivado de esta investigacién se presenta en el Capitulo 10
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Estado del Proyecto y Ponencias

9.1 Objetivos Cumplidos

De los objetivos propuestos desde el principio del proyecto interno se presentan a contin-

uacién con su porcentaje de cumplimiento estimado.

Seleccion de una turbomdquina hidraulica piloto, tipica o representativa de centrales
hidroeléctricas en Colombia y/o el mundo. 100%

Construccién del estado del arte referente a PAT y de la técnica asociado al monitoreo y
diagnostico técnico de turbomdaquinas hidraulicas. 100%

Identificacion de los fenémenos y fallos a ser monitoreados de acuerdo con el estado del
arte, el estado de la técnica y la turboméquina piloto, seleccionada para el estudio. 90%

Definici6n de las principales variables relacionadas con los fenémenos y fallos identifi-
cados. 75%

Desarrollo de las curvas experimentales para la PAT seleccionada. 100%

Generacion del Cédigo para procesar los datos adquiridos en la parte experimental.
100%

Simulacién acoplada fluido-estructura. 100%
Simulacién (mallas y pruebas iniciales). 100%

Simulaciones definitivas. 100%

9.2 Ponencias

De los resultados obtenidos del proyecto se presenté una ponencia para el II Latin American
Hydro Power and Systems Meeting que se realiz6 los dias 28 y 29 de Abril en la Universidad de
La Plata en la cuidad de La Plata, Argentina.
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El certificado de asistencia como ponente se presenta en el Anexo A.14.

Ademas se realiz6 la invitacién al grupo latinoamericano de trabajo, en el Anexo A.15 se

encuentra la carta de invitacion.

En el Desarrollo del congreso se pudo realizar contactos internacionales principalmente con:
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Dr. Gerardo Licio Tiago Filho Secretario Ejecutivo del Centro Nacional de Referencia en
Pequenas Centrales Hidroeléctricas, Minas Gerais, Brasil.

Ing. Sergio Liscia Director de la carrera Ingenieria Hidrdulica, Universidad de la Plata,
Argentina.

Ing. Cecilia Verénica Lucino Investigadora, Universidad de la Plata, Argentina.

Prof. Mohamed Farhat Investigador, Ecole polytechnique fédérale de Lausanne, Lau-
sanne, Suiza.

Victor Hidalgo Investigador, State Key Laboratory of Hydroscience and Engineering,
Tsinghua University, Beijing, China

Ph.D Ing. Efrain Del Risco Investigador, Universidad del Valle, Cali, Colombia.

G. Delgado Investigador, Universidad Michoacana de Sédn Nicolds de Hidalgo, Morelia
Michoacan, México.



1{I] Articulos derivados del proyecto

En este capitulo se presentan los dos articulos derivados del proyecto de investigacién, ambos

en proceso de publicacion, por lo cual fueron redactados originalmente en el idioma Ingles,
por esta razon son presentados en ese idioma.

10.1 Articulo derivado de la experimentacion
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Evidence of Rotating-Stall in Pump-as-Turbine System With Stable Characteristics

Daniel Tobon?, Francisco Botero®

¢EAFIT University, dtobone @ eafit.edu.co
PEAFIT University, fboteroh@eafit.edu.co

Abstract

An experimental research turbine-pumps in a scale model was developed. The S-shaped characteristic curve of the turbo machine
was analyzed in order to determine their behavior was constructed. Different point were analyzed, such as higher efficiency,
runaway and points away from the optimum design point. It was evident that the machine has a sloping curve always negative; also
a sub-synchronous system instability identified, evidenced both invasive sensors such as non-invasive.

Keywords: Turbo machinery, Rotary Instability, Pump-Turbines, Experimental, Rotating Stall

1. Introduction

Reversible hydraulic turbomachinery, for decades in
anonymity, has begun to play an important role in the scenario
of a world concerned about the production of clean and renew-
able energy [1, 2, 3]. They arise as suitable candidates to facili-
tate the inclusion of emerging clean and renewable technologies
to the grid, while providing autonomous generation [4, 5, 6].
Energy captured from the sun, wind and tides, among others,
is often irregular and intermittent. Therefore, connection to the
grid is not straightforward. Instead, it can be firstly stored in the
form of elevated water (gravitational potential energy) using a
pump, and then, when it is the opportune time, such energy
can be harnessed by a turbine providing the required power sta-
bility to make it available in the grid. Both functions can be
performed by the same reversible hydraulic turbomachine, i.e.
a pump-turbine. However, this advantage is in fact a compro-
mise between the efficiency of the machine and the avoidance
of harmful phenomena [7, 8, 9].

An undesired phenomenon affecting pump-turbines is the so-
called rotating-stall (RS) . It could happen before synchroniza-
tion, when stable runaway operation is needed in order to guide
the machine up to the proper frequency and phase [10]. How-
ever, due to the violence of the flow and increased pressure
fluctuations [11], this procedure can not be safely achieved.
Sudden load rejection, and the intensification of structural vi-
brations are some of the symptoms with unwanted economic
consequences. RS is associated with reversible turbomachines
that exhibits unstable operation. fig. 1 shows a comprehensive
representation of the characteristics in terms of dimensionless
discharge (Qgp) and rotational speed (ngp) as described in the
international standard IEC 60193 [12] and introduced in eq. (1)
and eq. (2) as function of the impeller outler diameter D, the
specific hydraulic energy of the machine E, Flow Q, and rota-
tional speed n.
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Figure 1: Qgp vs ngp characteristics.
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The machine is said unstable when it’s characteristics own a
S-shaped region; i.e. a positive slope in the turbine-brake mode.
This operation mode is bounded by the runaway curve and the
line of zero discharge. Theoretically, a S-shape is not a function
because some elements of the domain are projected on more
than one element of the image; in the practice, it corresponds to
unstable operation with vortices and backflow dominating the
flow patterns [13, 14, 11].

Centrifugal pumps, that work under the fundamental equa-
tion of turbomachines (Euler) [15], can be operated in reverse as
well, in order to harvest energy from a flowing stream. In fact,
such implementation is known as pump-as-turbine (PAT). They
have numerous advantages over purpose-made pump-turbines
for micro and pico-hydro power generation. Since they are
mass-manufactured, they are low cost, they are available at
standard sizes for a wide range of appliances, spare parts are
easy available, etc [16]. Nonetheless, there are some drawbacks
related to the design of impeller blades and the lack of wicket
gate [17], operation is reduced to a narrower range of flow rates
and unforeseen phenomena might appear reducing the lifespan
of the installation; i.e. rotating-stall.

Orp = ()
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Table 1: Properties of the impeller.
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Figure 2: Characteristics curves of the pump-turbine.

While hydropower is the largest source of clean and renew-
able energy worldwide, it is vital to continue guaranteeing the
stability and security of the grid, specially when introducing ir-
regular power sources. PAT can be an ideal candidate to allow
small scale integration of emerging environment-friendly ener-
gies with the grid [18]. For instance, if they are implemented
in pumped-storage plants, intermittent eco-power could drive
the system in pumping mode to storage water at a higher level;
later, it is released, operating in turbine mode, to feed the grid
with the required power quality. However better understanding
of hydrodynamic phenomena that might occur in PAT is manda-
tory to develop further maintenance procedures and diagnostic
techniques. In that way, the appropriated exploitation of such
machines is ensured, especially at off-design conditions.

Hence, this work is an experimental investigation of RS in
a centrifugal pump with stable characteristics when running as
turbine. Pressure fluctuations along with structural vibrations
measurements were taken focused in the turbine-brake mode.
The best efficiency point (BEP), runaway and zero discharge
were considered as reference operating conditions. Some light
is shed on a non-invasive technique that could be used to detect
and characterize RS. Although investigations involving such
phenomena are found in the literature from more than 30 years
ago, they are related to pumps [19] and pump-turbines [20, 21],
but not to PAT which is an interesting case study as follows.

2. Experimental Setup

A commercial 2.7 kW pump reference NOWA 5016
BN.CD2.0B.2 is fitted in the universal test rig for hydraulics
systems of EAFIT University. This turbo machine can deliver
a maximum discharge of 18//s and a maximum head of 19 me-
ters water column (mWC). The actual performance curves of
the pump can be observed on fig. 2.

The pump features a closed channel impeller with 6 blades
and outer diameter D, = 50.8mm; further details are listed in
table 1. Sense of rotation and speed were controlled through

M Property Value

I Impeler type Closed Channel

H Impeler diameter, D ~ 152.4mm

H Number of blades, b 6

H Inner diameter, D; ~ 63.5mm

e Outer diameter, D, ~ 50.8mm

. Inlet angle, « ~ 67°

4 Outlet angle, 5 ~ 23°

£ Nominal rotating speed, n | 1750rpm(29.16Hz)

1 Nominal power 2.TkW

| Recirculation Ta?k Valves

16 / * ¢
B}

: Flowmeter
Turbo Machine :/

Figure 3: Diagram of the hydraulic circuit.

a frequency converter reference Mitsubishi FR-E700-203605
and elastomeric couplings are employed to isolate vibration and
provide misalignment capacity.

The test rig is equipped with a recirculation system that can
deliver up to 42.5kW and approximately SOmCW head. It was
conceived to assess hydraulic performance of low to medium
power turbo machines and components of hydraulic systems.
The configured circuit is schematically illustrated in fig. 3. It is
a closed-loop consisting of recirculation pumps, control valves,
a reservoir and the device under test (PAT). Special attention
was paid to the technical specifications stated in the IEC 60193
[12] for experimental purpose.

Specific instrumentation was adopted in order to collect ev-
idence that helps describing the behavior of the hydrodynamic
phenomena that may come to occur during the experiment.
Dynamic pressure sensors were flush installed around the vo-
lute in a regular pattern; such configuration is intended for de-
tecting the occurrence of RS, discerning the number of stalled
cells and recover its kinematics.A pair of accelerometer, radi-
ally oriented, were also installed in the volute, close to the dy-
namic pressure monitoring locations, in order to correlate sig-
nals taken from mechanical and hydraulic signals in nature.

In addition to the sensors mentioned above, an optical
keyphasor is installed to provide a once-per-revolution signal.
This is particularly important to determine the required phase-
timing information. Firstly, the position of the shaft and there-
fore the impeller can be known at any time; that is, passing
blades can be correlated with the monitored signals during each
rotation establishing reference framework to characterize the
flow in the interior of the turbomachine. Secondly, rotational
speed of the turbomachine for the respective operating point
can be recovered; it is crucial because the experiment involves
points at different rotating speeds. 85
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Figure 4: Installation of the pump-turbine.

The experimental setup can be seen in fig. 4. The moni-
toring points for dynamic pressure and vibration are marked
on the spiral casing. Note that one of the accelermetes is be-
tween two consecutive pressure sensors: this helps to identify
the source of the fluctuations in the signals: hydraulic or me-
chanical. Accelerometers are rigidly mounted. Dynamic pres-
sure probes are mounted with their membranes flush with the
hydraulic profile. Specific hydraulic energy and net positive
suction specific energy are determined from the time-averaged
value measured from the manifolded pressure taps (piezometric
ring) at the high pressure and low pressure reference sections;
each manifold comprises two pairs of opposed pressure taps,
arranged on two diameters, at right angles, installed flush with
the wall of the pipes. The measuring sections go together with a
piece of transparent pipe for visualization issues. Furthermore,
two plexiglass windows were adapted on the pump casing to
observe phenomena like recirculation and cavitation inside the
impeller channels and blade edges.

The synchronized signals were simultaneously recorded for
each operating point using the data acquisition system cRIO
National Instruments and the module NI-9232. Data were
recorded at 34.13 samples per second per channel and AC cou-
pling enabled to optimize the 24 bits resolution available. This
module has anti-alias filters as well. For every measurement,
77 adjacent packages of 214 samples were collected for a total
measurement time of 36.96 seconds; i.e. a maximum frequency
resolution of 27.05 mHz.

In addition to the sensors mentioned above, a tachometer is
installed for two main purposes. The first one is to calculate the
rotational speed of the turbomachine for the respective operat-
ing point. And the second one is to identify when a complete
revolution is performed; this is particularly important for the
recogniti(i);r(l3 of the passing blades during each rotation and then
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Figure 5: ”S-shaped” characteristic curve of a pump-turbine in generating
mode.

establish a reference framework to characterize the flow in the
interior of the turbomachine.

The experimental setup can be seen in fig. 4. It is noted that
high and low pressure pipes were replaced by transparent lines
with the intention of visualization. Furthermore, two plexiglass
windows were adapted on the pump casing to observe phenom-
ena like recirculation, cavitation, chipping of the blades and
many others.

3. Results

After tuning the system and validate the performance of the
turbomachine in pumping mode (fig. 2), the sense of rotation is
inverted and the machine is driven to the runaway condition for
a fixed specific energy 4.00Jkg~'. When the system was stabi-
lized, the measurement was launched. Afterwards, the rotation
speed was reduced systematically maintaining constant the spe-
cific and including the best efficiency point (BEP). Then, speed
was increased step by step until flow was fully reversed. This
journey is summarized in the Qgp Vs ngp characteristic plotted
in fig. 5. The RMS values of the centered pressure fluctuation
and acceleration are overimposed on every operating point as
the radius of a circle. To highlight the variations between them,
distinctive scales were used for each magnitude.

As a matter of fact, the slope of the characteristic is always
negative. Although that can be detected by inspection, it can be
mathematically proven by interpolating the curve, particularly
at the turbine-brake region, and compute its derivative. It is
important to keep this in mind because it means that the curve
is not S-shaped (fig. 5).

Judging by the behavior of the RMS values, it can be inferred
that the vibration of the volute increases from BEP and peaks in
runaway; then decreases with increasing speed and decreasing
discharge in the turbine-brake region. Nevertheless, pressure
fluctuations reach its peak at low discharge. A common pat-
tern that suggest a direct relation between the data dispersion
and the orderliness of the flow can be spotted: the narrower
dispersion happens near the BEP whereas the widest arises in
the turbine-brake region. This makes sense because, accord-
ing to literature, conditions conducive to the increased dissipa-
tion of energy such as recirculation, vortices and even reverse
flow are presented in such region. The dissipated energy ap-
pears as nonsynchronous and random pressure pulsations or as
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Figure 6: Phase average of the dynamic pressure measured on the spiral casing
at BEP, runaway and low discharge condition.

structure-borne noise when propagates towards the body of the
machine. At BEP, since flow is better organized, a more effi-
cient conversion from hydraulic to mechanical power is given
with reduced noise and vibration.

Consequently, the conditions labeled as BEP, runaway and
low discharge were selected for phase average and frequency
analysis.

The phase average is a powerful tool to comparatively an-
alyze the operating points selected based on the raw pressure
signals from several rotations. Phase information is recovered
from the keyphasor as timestamps that indicates when a revo-
lution ends and the next begins. This allows to split the records
into consecutive segments containing pressure fluctuation for
every revolution. The average of all segments is the “repre-
sentative” revolution. Components of the signals whose fre-
quencies are integer multiples of the rotating speed are pre-
served whilst nonsynchronous and stochastic events are atten-
uated. This means that phenomena such passing blades or ro-
tating unbalance become evident but others such as cavitation
and turbulence are suppressed. The advantage of this analysis
can be noticed in fig. 6. At BEP only one significant fluctuation
generated by the blades passage remains. Six peaks, similar
to each other, are counted. Conversely, at runaway and low
discharge conditions, where larger fluctuations are expected, it
is no longer so clear. The decrease in the peak values, which
appears to contradict the results reported in fig. 5, in fact, re-
veals that most of the energy content under such conditions is
explained by stochastic and asynchronous phenomena.

Performing the phase average analysis for every point on
the characteristic curve, it can be assembled the whole picture
showing the evolution of the pressure fluctuation of the turbo-
machine running in the turbine quadrant. The result in fig. 7
exposes the behaviour of the pressure inside the volute at differ-
ent rotating speeds. In other words, it shows the representative
revolution for several operating points. The selected points for
further analysis are tagged on the graph. Near the point of max-
imum efficiency one can clearly observe the passage of each of
the blades of the impeller. The amplitude of this synchronic
event decreases as the machine speed increases and becomes
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Figure 7: Phase average of the dynamic pressure for operating points on the
QEp Vs ngp characteristic in generating mode.

Table 2: Configuration parameters for spectral analysis.

Sampling frecuency (Fs) 34,133 Samples/s

Record length (L) 20?° Samples
Window type Hanning
Window length (N,,) 2!8 Samples
Overlap 7/10
Number of averages 142

almost imperceptible at runaway. The authors call the reader’s
attention to note that up to runaway the machine can increase
its rotational speed by consuming power from the fluid; at run-
away there is (theoretically) zero energy transfer and that, from
this point and for this particular case study, the machine needs
to consume mechanical power in order to keep increasing the
rotating speed, i.e. to transfer energy from the blades to the
fluid. That’s why synchronous fluctuations are rising and again
important.

For the reason that the main content of the dynamic pressure
in the turbine-brake region can not be completely attributed to
synchronous events, a frequency analysis of the dynamic pres-
sure at low discharge is performed by means of the Welch’s
method [22]. This method is very convenient because it reduces
noise stemming from imperfect and finite data. The spectrum
is presented in fig. 8 and the respective setup parameters for its
estimation are presented in table 2.
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Figure 8: Spectral estimation for pressure fluctuations at low dig}?arge condi-
tions.
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Figure 9: a) Subsynchronous spectrum for pressure and vibration sensors. b)
Coherence function of pressure fluctuation and acceleration signals.

With the intention of identifying phenomena that produce
pressure fluctuation components which have a fixed relation-
ship to shaft rotative speed, frequency is expressed as a function
of shaft rotative speed. For one thing, synchronous events dom-
inate the spectrum; the rotating frequency appears at 1x and the
passing blades component clearly arises at 6x. For another, the
subsynchronous band (up to 1x) is dominated by a disturbance
that can be seen emerging close to 0.8x, that is eighty percent
of the speed of rotation.

A close up of to the subsynchronous band is detailed in fig. 9.
Same analysis for acceleration signal is included as well. More-
over, taking advantage of the fact that both of the sensors were
placed close together, coherence function was estimated and in-
cluded in the same figure. Although the amplitudes for compo-
nents into the subsynchronous band are generally not so sig-
nificant, it is feasible to state that a comparatively important
amount of energy arises near the 0.8x. In the one hand, low
coherence is attributed to small space between pressure and vi-
bration sensors which could lead to a lag in events in signals
in the case of a rotating phenomena. As coherence takes into
account amplitude, frequency and phase content from both sig-
nals, such phase shift impacts directly the grade of coherence.
Itisto be% nfirmed by a more detailed cross-correlation test. In

Table 3: Period of rotation.

Quantity Value
A {orad
At 1.97ms
T 70.37ms
Vy 88.59rad/s
ks 1

the other hand, the components that were found to 0.8x suggest
the detection of an interesting phenomenon, hydraulic in nature,
that propagates to the structure requiring further analyses.

It is stated that the phenomenon happens in the fluid since
sufficient evidence was found in the pressure fluctuation sig-
nals of the three sensors probes. It is also stated that its fluc-
tuations transfers to the structure, because similar traces were
found in signals from accelermeters installed close to the pres-
sure sensors and sampled simultaneously which also revealed
some degree of coherence in a specific frequency band. The
phenomenon is therefore detectable by vibration analysis rou-
tines, avoiding complex assemblies and pressure taps installa-
tion.

So now the questions to address are: is it a rotating (or pulsat-
ing) phenomenon? and if so, does it rotate with the runner? is it
stationary or transitory? Then, two analyses are performed. The
first one is the cross-correlation between pressure fluctuations
signals from consecutive sensors in the shaft wise sense. A digi-
tal bandpass filter is previously applied to the signals in order to
keep the components related to the phenomenon. Therefore the
cutting frequencies for an 8" order Butterwoth topology were
fixed at 0.6x and 1x. The highest correlation was pointed at
+1.97 + 0.43ms indicating, first of all, that it is a phenomenon
that rotates instead of pulsing inside the volute, and that it ro-
tates in the direction of the impeller; in effect, this is the time
it takes the phenomenon to sweep the angle of separation be-
tween consecutive Sensors (10°0r%rad) at 0.8x. Kinematics
of the rotating phenomenon can also be recovered as stated by
Botero et. al in [13]. For instance, eq. (3) and eq. (4) serve to
estimate the number of stalled cells, k,; and its local propagating
velocity, v;.

_4¢
ks = Ar (3)
2 At
Vs = TA¢ (4‘)

Where A¢ is a geometric parameter that represents the an-
gle in radians between two consecutive pressure taps; At is the
time taken by one cell to sweep A¢; 7 is the time between two
local maxims in the dynamic signal. The period of rotation can
be estimated by finding the time for the first peak of the auto-
correlation for one of the filtered pressure fluctuation signals.
Magnitudes obtained for this case of study are contained in ta-
ble 3. It is consistent with similar studies found in the literature
performed on francis type pump-turbine scale models.

Likewise, evidence associated with the exchange of momen-
tum between the impeller and the fluid was collected. In actual



Table 4: Configuration parameters to estimate the discrete STFT.

Method STFT Specrogram
Frecuency bins 2048 Samples/s
Time steps 26 seconds
Window type Hanning
Window length (N,,) 1024 Samples

fact, it was implemented the method proposed by [23], who
found a dependence between the RS and geometric parameters
of the machine. This relationship is presented in eq. (5).

)
WRs sin @

Qps = P E——— ®)
Wrot  sina” + y *sinf

Where u is the ratio between the mass of fluid contained in
the strator and the mass of fluid contained in the rotor or im-
peller. In adition « is the angle of the impeller inlet and S is the
angle of the impeller outlet.

_ Mgy 0917kg
" my 0.288kg

=3.184 ©6)

Thus, replacing on the Gyarmathy relationship whit @ = 67°
and B = 23°, which there are the angles of attack of the turbo-
machine analyzed is obtained a value of Qgg = 0.833, which is
quite close to the value observed.

The second analysis is conducted in the coupled time-
frequency domain. Actually the discrete short-time Fourier
transformation (STFT) [24, 25] was applied to the pressure fluc-
tuation signal at the low discharge conditions. Result is shown
in fig. 10. The parameters used for the estimation of such trans-
formation are listed in table 4.

The axes are purposely adjusted to focus the reader’s atten-
tion on the subsynchronous band. The frequency axis is ex-
pressed as a function of shaft rotative speed (orders) and ex-
tends up to 2x; 1x is an event with a frequency equal to im-
peller speed. The amplitude of the Fourier components are nor-
malized with respect to the time average amplitude of the 1x in
order to make clear the phenomenon observed within the sub-
synchronous band. Instead of being stable, it manifests itself
as an intermittent event that comes and goes in uneven time
intervals. Longest observed duration was around 5 seconds,
corresponding to about 80 revolutions of the impeller. This be-
haviour explains the spectral leakage detected in fig. 9. These
results are consolidated as strong evidence of the minifestacin
of RS in the machine, at least under the specific LD operating
conditions. Perhaps it is not wise to state that this is a fully de-
veloped RS, but one can start to talk about an intermittent and
vanishing RS, its inception or simply about a transient RS tak-
ing place in a hydraulic turbomachine exhibiting stable Qgp vs
ngp characteristics.

Rotating hydrodynamic phenomenon like this have been re-
ported occurring in hydraulic turbomachines having negative
sloped characteristics, as is the case Hasmatuchi [11], Botero
[13], Braun [26], Widmer [27] among others, it was referred as
Rotation Stall. So far, it was not found evidence of this phe-
nomenon in turbomachinery sloping always negative.
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Figure 10: Coupled time-frequency analysis of the pressure fluctuation inside
the spiral casing at low discharge condition.
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Figure 11: Frequency response function of the PAT obtained from the vibration
measurement points.

The repeatability of the experiment was verified. System set-
tings valves were adjusted to increase the inertia of the system,
varying the pressure, as proposed by Dorfler [10]; the turboma-
chine was driven to the same operating points, ascending and
descending along the characteristic, with similar results every
time.

Along with the experimental curves, a supplementary modal
analysis was carried out to determine if the capture RS fre-
quency components are rather related to underlying natural fre-
quencies of the system. It consisted in hitting the turbomachine
with an instrumented hammer, while the turbo-machine was full
of water. The response of the system was sensed by the ac-
celerometers placed in the monitoring points mentioned above.
This process was repeated 10 times and fig. 11 shows the aver-
age result of the transfer function. It can be observed that the
natural frequencies of the turbomachine are far away from the
subsynchronous band. Indeed, the significant vibration modes
lies above 1000Hz. 69



4. Conclusions

Sub-synchronous instability was evidenced in the ana-
lyzed system, which corresponds to the Stall Rotation in
machines with positive slope, but no comparable cases
with negative slope study was found in the literature.

The unstable phenomenon found could be reproduced,
since the figures presented are the result of 10 sessions in
the laboratory tests.

Near the point of maximum efficiency it was evident
that both pressure fluctuations and vibration are minimal
throughout the course of the ”S-shaped” curve.

The instability occurs at a greater speed at runaway speed,
and low discharge disappears very high degree of disorder
in the fluid.

It is important to emphasize the fact that a non-invasive
sensors (accelerometer) and invasive sensor (Dynamic
Pressure Sensor) exhibit the same behavior in the distri-
bution of data, that is, both sensors see the same phe-
nomenon.

It is important to continue the experiment to check the kind
of detachment found by the sensors.

It is noted that the natural frequencies of the system are far
from the operating frequencies and instability frequency
presented.

Comparing the theoretical value of the frequency of the
Rotating Stall presented by Gyarmathy with the experi-
mental value, there is a considerable overlap between these
values.
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Abstract

Since the modern engineering emerged, it has been needed a way to identify the phenomena
occurring in hydraulic devices such as turbomachinery; and with the emergence of
computational mechanics, It has been able to verify phenomena, even though they can be
found by experimentation methods; they require not only highly complex devices, but also
highly complex and expensive setups. The simulation is performed by means of an Open-
Source software called EImer. A fundamental case study, already analyzed by other author,
is prepared and solved numerically. It is a particular guide vane subjected to a given flow
conditions exhibiting hydroelastic coupling or “lock-in”. This work aims to find a
methodology to reproduce the behavior of the guide vane, especially it vibrations produced
during “lock-in” conditions. Moreover, the way these vibrations propagate through the
fluid, by multi-physics numerical simulation.

Keywords: Turbomachines, Simulation, Guide vane, Hydro-acoustic, Structural
Vibrations, Elmer.

1. Introduction

Turbomachines are those that absorb energy from a fluid and generally restitute mechanical
energy at the shaft. Alternatively, absorb mechanical energy at the shaft and restore the
energy to a fluid. The fluid may be a liquid or a gas. The mechanical energy and fluid
exchanger is endowed with rotatory motion; hence the word “turbo” or in latin Turbinis,
means “the rotating machine”. The fundamental Euler equation of turbo machines, based
on the theorem of angular momentum, is basic for the study of these machines [1].
Hydraulic turbines play a major role in nowadays stage since the development of new
technologies of sustainable energy such as solar, tidal or wind, but those technologies will
be useful, perhaps, in the medium and long-term application. Meanwhile, hydropower is a
great source of a clean worldwide energy in a short and a medium term application [2]. For
this reason, it is important to continue developing maintenance procedures and related
diagnostics techniques in order to keep it clean, safe and under-controlled.

These machines have a certain type of operating problems such as cavitation [3],
stagnation, pressure fluctuations, among many more; which generate losses and declines
in both mechanical and hydraulic performance. Therefore is significant for industries to
keep all monitoring the least invasive and as remote as possible [4], [5].

Pressure fluctuations, as those derived from Von Karman Streets, could become a very
dangerous phenomenon. If the frequency of the pressure pulsations developed during the
vortex formation coincide with one of the natural frequencies of the machine, a
hydroelastic coupling takes place increasing the fatigue failure risk. Severe damage in
generating units have be reported by Egusquiza [6] and Finnegan [7]. Von Karman theories
and their implications for the vibrations have been studied previously, particularly in



numerical analysis [8]-[10]. New theories have been developed for monitoring [11]-[14];
but it remains complicated to ensure convergence and numerical stability. Thus, a
fundamental study case, which was already considered in the literature [15] is solved using
numeric methods. It is a NACA profile, normally used as guide vanes of Francis type
machines. In order to validate the proposed methodology, the hydroelastic behavior of the
guide vane under different working regimes was considered.

2. Materials and methods

In order to perform the analysis drawn
on a typical guide vane of
turbomachinery, it was needed a flow
cross-section area 150 mm wide, by 150
mm high, with a total length of 750 mm,
as shown in Figure 1. Same
configuration was previously studied by
Ausoni  [15] and details of the
Figure 1, Experimentation Chamber [10]. experimental setup can be found in the
work of Zobeiri [10]. The guide vane was in all the cases oriented horizontally. In the
experimental tests conducted by Zobeiri flow rates ranging from 14.0 to 17.0 m/s were
used [10]. Same speeds are used for this numerical analysis. In addition, pressure was
regulated in order to avoid cavitation in the cores of the vortex.
Numerical simulation of such situation is a challenging. Multi-physics setups may or may
not develop the target phenomenon and, even, if it develops, convergence are not fully
guaranted. To accelerate the numerical solution, an initial deformation was imposed on
trailing edge. This deformation, equivalent to a Dirac, is described mathematically in
Equation 2. The Dirac disturbance pretends to excite the natural frequencies of the guide
vane and therefore induce the hydroelastic coupling if the flow conditions are conducive
for it.

[mm]

2.1. Guide Vane Geometry

Flow

The geometry of the guide vane can be ©)Y)
observed in Figure 2. . ‘
It is based on the 0009 standard NACA i '

- 7.8 45/ 1.93 Structural Steel [16], Figure 2, Guide Vane [10].

originality conceived to reduce drag in airfoils. However, in this case study (see Figure 2),
the trailing edge was truncated, in order to be in-line with the experimental works reported
by Aussoni [15]and Zobeiri [10]. It is well knwon than such modified profile generate a
hydro-elastic coupling when tested in a high-speed cavitation tunnel. The reported range
of speeds, where the phenomenon appears, is between 13 and 17 m/s [10]. For such reason,

same ones are imposed as simulation speeds in this work.
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2.2. Numerical Analysis

For the numerical analysis it is used Finite Element Method (FEM), and the solver for this
study is the Software Elmer [17], which allows a multi-physics problems; allowing great
control of the solution methods.

Other Software used was Gmsh [18], which aids generating all meshes used in the analyses.
Due to the complexity of the problem it is necessary to use a significant computing power,
which was provided by APOLO Scientific Computing Center of EAFIT University [19]. It
has an installed capacity of 420 nodes.

3. Calculation

For numerical analysis water and the steel were used. Steel was used for the guide vane
and water is the fluid study. Their properties are found in Table 1.

Table 1, Material Properties [17].

Water Steel
Density [kg/m?] 998.3 Density [kg/m3] 7850
Viscosity [Pa*s] 1.002e-3 | Speed of Sound [m/s] 5100
Speed of Sound [m/s] 1497 Young’s Module[Pa] 200.0e9
Meshing Elastic Module[Pa] 1.0e9 Poisson 0.285
Meshing Poisson 0.3

As proved in previous studies [4],[10], vortices can be simplified to a 2D model if a hydro-
elastic coupling appears. If this does not appear, the vortices are generated in a 3D
distribution [15]. Since our interest is to analyze the hydro-elastic coupling, a 2D model
was used as shown in Figure 2. This approach can be extended to a 3D analysis for further
and more complex studies.

‘ / \

| Walls

i Guide Vane \

Figure 3, 2D Model.

The following boundary conditions, referenced in Figure 3, are keep for all simulations:
e On the upper and lower edges, "Wall" edge condition was applied.
e At the right edge speed was imposed on the y-axis with a value of Vy =0.0, because
this is the outlet edge.
e On the left edge, which serves as inlet, the speed was imposed on the x-axis with a
parabolic distribution, shown in Equation 1.



Equation 1, Speed distribution.

2
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Where the variable y is the vertical coordinate value of each point, and V; is the
desired velocity value in the range between 13 and 17 m/s.

e Over all the edges of the guide vane, the so-called Fluid Structure Interaction (FSI)
condition is imposed. It allows for the coupled fluid-structural analysis. These
edges have an “update mesh” setup as well, so that nodes of both of the bodies
(structural and fluid) suffer the same displacements.

An important aspect is the step time. Because of the Nyquist’s Law [21] the simulation
step time should be maximum the

half of the phenomenon period. For —
that reason, the simulation step time

used was 0.001 s, which in the

experimental arrangement would CEETTT—,

correspond to a sampling frequency

of 1.0 kHz. Moreover, a total of 60

Initial conditions are crucial getting

faster solution convergence rates. g CEPRPUNRGEE
Two of them were imposed: E———

e The first one was that the
initial speed of all the fluid has
a parabolic distribution as shown in Equation 1.

e The second one refers to the guide van. It imposes an initial displacement along the
axis as shown in Equation 2.

Figure 4, Velocity Distribution.

Equation 2, Guide Vane initial displacement.

X
50

8, =1-

Where the variable x is the value
of the coordinate in the x-axis of
each point, and 6, is the value
of the resulting initial
displacement.

The mesh wused for all
simulations was the same. A
first order triangular mesh was
generated in Gmsh [18], which

Pressure has 640,808 nodes, surface
— ' elements 1,277,684 and
9e+003 Tes004 1,918,492 boundary elements, it

Figure 5. Pressure distribution. can be observed in Figure 6.
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4, Results

After several simulations, it reached a
similitude between the real and the
simulated phenomenon, which yielded
reliable results, as it is shown in Figure
4. Vortex was generated, and the
pressure distribution associated to these
vortices was as expected. It is
qualitatively close to the experimental
works. As can be observed in Figure 5,
after the generation of vortices, pressure
waves travel and hit the pipe walls.
Pressures on the wall were monitored in

all simulated cases and presented in the Figure 7; actually, higher pressure fluctuations,
which are important for diagnostics purposes in turbomachinery issues, are seen at a
distance of once the span provided that the vortex is completely detached.

The pressure behavior can be gathered into well-defined groups. The first collecting speeds
below 16 m/s, and the second one those over 16 m/s. The latter generates higher pressure

Figure 6, Guide vane mesh.

differences due to the vortices appeared in the second group.

This difference in behavior is attributed to the structural-fluid coupling, as proposed by

Zobeiri [10].

— Pressure - 140 mys
— Pressure - 145 mys

Pressure -15.0 mys

— Pressure - 155 m/s
— Pressure - 16.0 m/s
— Pressure - 16.5 m/s
— Pressure - 17.0 m/s
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Figure 7, Walls pressure distribution.

5. Conclusions

e Using a numerical simulation it is possible to reproduce the generation of vortices

on a turbomachine guide vane.

e The introduced approach leads to an accentuated convergence of the simulation and
fast development of the structure-fluid interaction phenomenon.
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It was determined that a length equal to the length of the guide vane after it, is the
highest-pressure fluctuations.

It is recommended to perform simulations with smaller speed intervals to
understand the behavior of the two groups of data found.

The boundary layer is very important in the generation of vortices, therefore the
mesh in this area must be as clean and small as possible.

Numerical methods can support monitoring theories to find the optimal data
collecting locations.

Preliminary results revealed regions experimenting higher pressure fluctuations
once the vortices appeared. It can be implemented in more complex simulations to
help finding fatigue sensitive points on the turbomachine, during operation and
even throughout the design process.
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13§ Resultados y Concluciones

Se defini6 la turbomdquina de estudio gracias a el conocimiento del laboratorio y su
estado de operacidn.

Curvas caracteristicas del sistema fueron obtenidas de los procesos experimentales.

La generacién de las curvas caracteristicas de las bomba del Laboratorio de Hidrdulica
(ver Figura 5.7), permitird realizar nuevas investigaciones en el tema, ademés, se tiene
un contexto mas claro de las capacidades hidricas del Laboratorio.

Los cédigos generados si bien pueden ser sujetos de mejoras, cumplen a cavalidad con
sus funciones, ademas se han podido redefinir las variables importantes del laboratorio,
centralizando el sistema de adquisicién de datos en un solo punto.

La Curva S fue desarrollada para los 4 cuadrantes(ver Figura 7.2), y esta serd construida
completamente en la segunda fase del proyecto.

Para la construccién de todas las curvas se invirtié alrededor de 1120 horas en los Labo-
ratorios y 340 horas aproximadamente en el proceso de andlisis de datos y generaciéon
de los cddigos.

Los cambios realizados en el Laboratorio y en la Turbomédquina permitieron mejorar
el nivel de confianza de las mediciones realizadas, ademads simplific6 el montaje y
procedimientos de las construcciones de las respectivas curvas.

Como se pudo observar en la Figura 7.3, se pudo caracterizar el paso de dlabes de la
madquina, donde se pudo ver que el fluido se desorganiza a grandes revoluciones, donde
en la curva "S" el fluido cambia su direccién. Otro aspecto importante es que cerca a
las revoluciones de embalamiento de la maquina ( entre 1000 y 11007 pm) presenta las
menores fluctuaciones de presion.

Un gran resultado que se obtuvo fue la correlacién encontrada entre la sefial de fluc-
tuaciones de presion y la sefial de salida de los acelerémetros (ver Figura 7.5), lo cual
permite medir con acelerémetros los fenémenos hidraulicos que ocurren dentro de la
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turbomadquina, lo cual permite diagnositicar y monitorear este tipo de maquinas de la
manera menos invasiva posible, que es el objetivo primario de este proyecto.

La ubicacién de un sensor dindmico a una distancia de una vez la longitud del 4labe
es uno de los resultados principales de la simulacién realizada, como se puede ver en
la Figura 8.9. Cabe aclarar que se hace necesario realizar simulaciones a diferentes
velocidades. Estas simulaciones quedan propuestas para siguientes etapas del proyecto.

Mediante una simulaciéon numérica se pudo llegar a un resultado cercano al resultado
experimental encontrado por Ausoni [11], donde el Lock-in es descubierto, este mismo
efecto queda encontrado en la simulacién como se puede ver en la Figura 8.14. Si bien
es una muy buena aproximacién el resultado obtenido al ser una simulacién 2D queda
pendiente realizar esta simulacién con mdas puntos en 3D para una mejor aproximaciéon
a la parte experimental.

La ponencia en la cuidad de La Plata, Argentina, fue un gran aprendizaje, pues se pudo
conocer de primera mano que se estd desarrollando en el ambiente latinoamericano,
cuales son los temas de interés, que hace falta y hacia donde va la investigacién en el
dmbito de turbomdquinas, lo cual potencia esta investigacién y la coloca en un contexto
latinoamericano.

Interactuar con pares internacionales y generar vinculos académicos es el mayor logro
del congreso.



|¥4 Trabajos Futuros

Alo largo del proyecto surgieron nuevos puntos de vista para atacar el tema de interes, pero
debido tanto al tiempo como a los limitantes de otra indole no se pudieron llevar a cabo
en este proyecto, pero que pueden ser punto de partida para futuros desarrollos, estos se
presentan a continuacion.

12.1 Digitalizacion del Impeler

Durante el proceso de pulido y pintura de la bomba que se describi6 en la Seccién 6.1 y
mientras se solucionaba el inconveniente del sello mecénico (ver Seccién 6.1.4) se inici6 el
proceso de digitalizacién del impulsor o impeler.

Esta digitalizacién fue posible gracias al Laboratorio de Metrologia en cabeza de su Coordi-
nador John Betancur, quien realiz6 los tramites necesarios para tener un equipo de digital-
izacion laser en demostracion, con el cual se pudo generar la malla de puntos, el proceso de
digitalizacion se puede apreciar en la Figura 12.1.

Uno de los objetivos de realizar esta digitalizacion es poder tener una geometria virtual fiel a
la real para poder utilizarla en simulaciones, tanto CFD como multifisicas.

Si bien el escaner entrega una nube de puntos superficial densa, el proceso de convertir
esta nube en un sélido requiere un tiempo prolongado de trabajo, pues este es un proceso
manual y un poco artesanal, dado que se deben de realizar abstracciones, simplificaciones y
deducciones a partir de lo recopilado para poder obtener un sélido confiable.

El resultado final de la digitalizacién se puede ver en la Figura 12.2, la cual presenta una muy
alta semejanza con la pieza real, respetando a cabalidad los didmetros de entrada y salida.
Ademds esta pieza quedo hecha de forma tal que pude ser mallada en cualquier software que
se disponga, lo cual la hace mucho més versatil.
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12.2 Automatizacion del sistema de turbomaquinas

Gracias a las modificaciones realizadas en el laboratorio, y a la centralizacién del sistema
de control y adquisicién de senales es viable poder automatizar la construccién de curvas
caracteristicas de turboméquinas, de forma tal que se tenga un control estadistico de las
variables analizadas, sin la necesidad de tener personal actuando sobre la maquina.

12.3 Visualizacion de Fenonmenos

Al poder contar con tuberia transparente tanto en la zona de alta presién como en la zona
de baja presion, se pueden realizar inspecciones visuales de fenémenos como la torcha y la
cavitacion mediante estrategias gréficas.
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Figura 12.2: Pieza Virtualizada.

106



Bibliography

(1]

(2]

Jean Carlos Vega, G. Rubio, and Coromoto Romero, “FENOMENOS DE TRANSPORTE,”
p. 5, 2005. [Online]. Available: http://www.unet.edu.ve/~fenomeno/F_DE_T-164.htm

C. E. Brennen, Cavitation and bubble dynamics, 5th ed. Cambridge: Cambridge
University Press, 2013. [Online]. Available: http://books.google.com/books?hl=en&Ir=
&id=yRhaAQAAQBAJ&oi=fnd&pg=PR11&dqg=Cavitation+and+bubble+dynamics&ots=
06qPwHrbh2&sig=TWthjlIQkiiQNAAOWtT3NlomT_0

Universidad Eafit, “Laboratorio de Hidraulica - Centro de Laborato-
rios - Universidad EAFIT,” 2014. [Online]. Available: http://www.eafit.
edu.co/servicios/centrodelaboratorios/infraestructura/laboratorios/Paginas/
laboratorio-hidraulica-geologia- civil-ingmecanica-ingprocesos-produccion-disproducto.
aspx#.VB9Rb_ldUe4

“Goulds Pumps - ITT Goulds Pumps is a leading manufacturer of pumps for
a wide range of industrial markets — including chemical, mining, oil & gas,
power generation, pulp and paper, and general industry.” 2014. [Online]. Available:
https:/ /www.gouldspumps.com/Home/

“Sihi Pumps Colombia.” [Online]. Available: http://www.sihi-colombia.com/
“KSB - Pumps, Valves and Service,” 2014. [Online]. Available: http://www.ksb.com/ksb-en

Budynas and Nisbett, Shigley’s Mechanical Engineering Desing, 8th ed. New York:
McGraw - Hill Primis, 2008.

“Welcome to KROHNE Colombia | KROHNE Colombia.” [Online]. Available: http:
//co.krohne.com/

“NI CompactRIO - Sistema robusto, reconfigurable y de alto rendimiento para control y
monitoreo - National Instruments.” [Online]. Available: http://www.ni.com/compactrio/
esa/

International Electrotechnical Commission, Hydraulic turbines, storage pumps and
pump-turbines - Model acceptance tests, 2nd ed., International Electrotechnical
Commission, Ed. Geneva, Switzerland: International Electrotechnical Commission,

107


http://www.unet.edu.ve/~fenomeno/F_DE_T-164.htm
http://books.google.com/books?hl=en&lr=&id=yRhaAQAAQBAJ&oi=fnd&pg=PR11&dq=Cavitation+and+bubble+dynamics&ots=O6qPwHrbh2&sig=TWthjlIQkiiQNAAOWtT3N1omT_0
http://books.google.com/books?hl=en&lr=&id=yRhaAQAAQBAJ&oi=fnd&pg=PR11&dq=Cavitation+and+bubble+dynamics&ots=O6qPwHrbh2&sig=TWthjlIQkiiQNAAOWtT3N1omT_0
http://books.google.com/books?hl=en&lr=&id=yRhaAQAAQBAJ&oi=fnd&pg=PR11&dq=Cavitation+and+bubble+dynamics&ots=O6qPwHrbh2&sig=TWthjlIQkiiQNAAOWtT3N1omT_0
http://www.eafit.edu.co/servicios/centrodelaboratorios/infraestructura/laboratorios/Paginas/laboratorio-hidraulica-geologia-civil-ingmecanica-ingprocesos-produccion-disproducto.aspx#.VB9Rb_ldUe4
http://www.eafit.edu.co/servicios/centrodelaboratorios/infraestructura/laboratorios/Paginas/laboratorio-hidraulica-geologia-civil-ingmecanica-ingprocesos-produccion-disproducto.aspx#.VB9Rb_ldUe4
http://www.eafit.edu.co/servicios/centrodelaboratorios/infraestructura/laboratorios/Paginas/laboratorio-hidraulica-geologia-civil-ingmecanica-ingprocesos-produccion-disproducto.aspx#.VB9Rb_ldUe4
http://www.eafit.edu.co/servicios/centrodelaboratorios/infraestructura/laboratorios/Paginas/laboratorio-hidraulica-geologia-civil-ingmecanica-ingprocesos-produccion-disproducto.aspx#.VB9Rb_ldUe4
https://www.gouldspumps.com/Home/
http://www.sihi-colombia.com/
http://www.ksb.com/ksb-en
http://co.krohne.com/
http://co.krohne.com/
http://www.ni.com/compactrio/esa/
http://www.ni.com/compactrio/esa/

Bibliografia

(11]

(12]

(13]

(14]

(15]

(16]

108

1999. [Online]. Available: http://webstore.iec.ch/Webstore/webstore.nsf/ ArtNum_PK/
31373!opendocument&preview=1

P. Ausoni, “from a Blunt Trailing Edge Hydrofoil,” Doctoral Thesis, Ecole Polytechnique
Fédérale De Lausanne, 2009.

V. Hasmatuchi, S. Roth, E Botero, M. Farhat, and E Avellan, “Experimental Evidence
of Rotating Stall in a Pump-Turbine at Off-Design Conditions in Generating Mode,”
Journal of Fluids Engineering, vol. 133, no. 5, p. 051104, 2011. [Online]. Available: http:
//fluidsengineering.asmedigitalcollection.asme.org/article.aspx?articleid=1429408

“CSC - Elmer.” [Online]. Available: https://csc.fi/web/elmer

“Gmsh: a three-dimensional finite element mesh generator with built-in pre- and
post-processing facilities.” [Online]. Available: http://geuz.org/gmsh/

“Apolo Centro de Computacion Cientifica.” [Online]. Available: http://www.eafit.edu.co/
centros/apolo/Paginas/inicio.aspx

A.]. Jerri, “Shannon Sampling Theorem - Its Various Extensions and Applications: A
Tutorial Review,” Proceedings of the IEEE, vol. 65, pp. 1565-1596, 1977.


http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/31373!opendocument&preview=1
http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/31373!opendocument&preview=1
http://fluidsengineering.asmedigitalcollection.asme.org/article.aspx?articleid=1429408
http://fluidsengineering.asmedigitalcollection.asme.org/article.aspx?articleid=1429408
https://csc.fi/web/elmer
http://geuz.org/gmsh/
http://www.eafit.edu.co/centros/apolo/Paginas/inicio.aspx
http://www.eafit.edu.co/centros/apolo/Paginas/inicio.aspx

109






. coice

A.1 Bombal.5 HP

111



1T

Goulds Pumps

G&L SERIES SSH-C and SSH-F
Installation, Operation and
Maintenance Instructions

Commercial Water

@GOULDS PUMPS

Commercial Water.

www.goulds.com

. Engineered for life



Table of Contents

SUBJECT PAGE
Safety INSIUCHONS cuvvcvrvrvereeeeeererserisrsssessesesssesesssssssssssssssssssssssnns 3
Important INStrUCtIONS. .....eveveveueueuereererirenteeseereeeseeeeeeseseseesees 3
INSEAllAtION 1.voveerreireeeirieie ettt s s sseens 3
ALIGNMENE «.vvrrrieeerieeeertcisieeeistetstesseesesstesstsesssseesssaesssseasases 4
SUCHON PIPING...cuiiriririririririereieieeeesetneststetsseseseseseneseseessssssssees 4
DiSCharge PIPIng......eccereererereereresereeenesessesesssssssssssssssssssssssssssens 4
ROLALION «.ceetriiereciciieieccec ittt eeees s senes 4
OPCIALIONL e erererrrererereeeaesereeesetssssesssssesssssenesesesesssssssssssssssseseses
Maintenance.................

Disassembly .........ccuue.

REASSEMDIY ... ettt seene
Troubleshooting Guide

COMPONEIILS ceevevreevreuereneneneeeestsesesesessesesesesenesesessssssssssssesesenes 7
SSH S-Group — Engineering Data ......cooeeereneeccncrcncncnennnnes 9
SSH S-Group Close-Coupled — Dimensions & Weights........ 10
SSH S-Group Frame-Mounted — Dimensions & Weights...... 11
SSH M-Group — Engineering Data ......cccoceevreeeeecccnccncenee 12
SSH M-Group Close Coupled — Dimensions & Weights ...... 13
SSH M-Group Frame-Mounted — Dimensions & Weights.... 14
Declaration of Conformity ........cceceeeeeeeevereerereeeeeeeeeeeenns 15
Limited WarTanty ....ccccceveeeeeeeeeesseeeseeesesessssesssssssssssssenens 16

Owner’s Information

Please fill in data from your pump nameplate.
Warranty information is on page 15.

Pump Model:

Serial Number:

Dealer:

Dealer’s Phone Number:

Date of Purchase:

Installation Date:

113



SAFETY INSTRUCTIONS

TO AVOID SERIOUS OR FATAL PERSONAL INJURY
OR MAJOR PROPERTY DAMAGE, READ AND
FOLLOW ALL SAFETY INSTRUCTIONS IN MANUAL
AND ON PUMP.

THIS MANUAL IS INTENDED TO ASSIST IN THE
INSTALLATION AND OPERATION OF THIS UNIT
AND MUST BE KEPT WITH THE PUMP.

This is a SAFETY ALERT SYMBOL.
When you see this symbol on the pump
or in the manual, look for one of the fol-
lowing signal words and be alert to the
potential for personal injury or property
damage.

ADANGER Warns of hazards that WILL cause
serious personal injury, death or major
property damage.

s

A WARNING Warns of hazards that CAN cause
serious personal injury, death or major
property damage.

ACAUTION | Warns of hazards that CAN cause per-
sonal injury or property damage.
NOTICE: INDICATES SPECIAL INSTRUCTIONS
WHICH ARE VERY IMPORTANT AND
MUST BE FOLLOWED.

THOROUGHLY REVIEW ALL INSTRUCTIONS
AND WARNINGS PRIOR TO PERFORMING ANY
WORK ON THIS PUMP.

MAINTAIN ALL SAFETY DECALS.

UNIT NOT DESIGNED FOR USE
A WARNING WITH HAZARDOUS LIQUIDS
OR FLAMMABLE GASES. THESE
FLUIDS MAY BE PRESENT IN
CONTAINMENT AREAS.

Hazardous fluids
can cause fire,
burns or death.

NOTICE: INSPECT UNIT FOR DAMAGE AND
REPORT ALL DAMAGE TO THE CARRIER
OR DEALER IMMEDIATELY.

1. Important Instructions

—_

. Inspect unit for damage. Report damage to carrier
immediately.

[ %]

. Electrical supply must be a separate branch circuit
with fuses or circuit breakers, wire sizes, etc., per
National and Local electrical codes. Install an all-leg
disconnect switch near pump.

ALWAYS DISCONNECT
AWARNING ELECTRICAL POWER WHEN

S S HANDLING PUMP OR CONTROLS.

7

Hazardois tage
can shock, nor
cause death.

%

3. Motors must be wired for proper voltage (check
nameplate). Wire size must limit maximum voltage
drop to 10% of nameplate voltage at motor terminals,
or motor life and pump performance will be lowered.

4. Single-Phase: Thermal protection for single-phase units
is sometimes built-in (Check nameplate). If no built-in
protection is provided, use a contactor with proper
overload. Fusing is permissible if properly fused.

5. Three-Phase: Provide three-leg protection with proper
size magnetic starter and thermal overloads.

6. Maximum Liquid Temperatures:
212°F (100°C) with standard seal.
250°F (120°C) with optional high-temperature seal.

7. Maximum allowable operating pressure: 230 PSI
(15 bars).

8. Maximum number of starts per hour: 20, evenly
distributed.

9. Regular Inspection and Maintenance will increase
service life. Base schedule on operating time.

2. Installation

1. Close-coupled units may be installed inclined or vertical.
DO NOT INSTALL WITH MOTOR

A cAUTION BELOW PUMP. CONDENSATION
WILL BUILD UP IN MOTOR.

2. Locate pump as near liquid source as possible (below
level of liquid for automatic operation).

3. Protect from freezing or floods.
4. Allow adequate space for servicing and ventilation.

5. For close-coupled pumps, the foundation must be flat
and substantial to eliminate strain when tightening
bolts. Use rubber mounts to minimize noise and
vibration. Tighten motor hold-down bolts before
connecting piping to pump.

6. For frame-mounted pumps, permanent and solid
foundation is required for smooth operation. Bedplate
must be grouted to a foundation with solid footing.

7. Place unit in position on wedges located at four points
(Two below approximate center of driver and two
below approximate center of pump). Adjust wedges to
level unit, bringing coupling halves into reasonable
alignment. Level or plumb suction and discharge
flanges.

8. Make sure bedplate is not distorted and final coupling
alignment can be made within the limits of movement
of motor and by shimming if necessary.

9. Tighten foundation bolts finger tight and build dam
around foundation. Pour grout under bedplate making
sure the areas under pump and motor feet are filled
solid. Allow grout to harden 48 hours before further
tightening foundation bolts.

10. All piping must be supported independently of the
pump, and must “line-up” naturally. Never draw
piping into place by forcing the pump suction and
discharge connections!

11. Angular alignment of the flanges can best be accom-
plished using calipers at bolt locations (See illustra-
tion).



12. On frame-mounted units, tighten foundation, pump

and driver hold-down bolts before connecting piping
to pump.

13. Avoid unnecessary fittings. Select sizes to keep fric-

tion losses low.

14. After completing piping, rotate unit by hand to check

for binding. Note: A screwdriver slot or flats are pro-
vided in end of motor shaft.

3. Alignment

1.

2.

No field alignment is necessary on close-coupled
pumps.

Even though the pump-motor unit may have a factory
alignment, in transit this alignment could be disturbed
and must be checked prior to running.

. Check the tightness of all hold-down bolts before

checking the alignment.

. If re-alignment is necessary, always move the motor.

Shim as required.

. Final alignment is achieved when parallel and angular

requirements are achieved with both pump and motor
hold down bolts tight.

ACAUTION | ALWAYS RECHECK BOTH
ALIGNMENTS AFTER MAKING
ADJUSTMENTS.

6.

Parallel misalignment exists when the shafts are not
concentric. Place dial indicator on one hub and rotate
this hub 360° while taking readings on the outside
diameter of the other hub. Parallel alignment occurs
when Total Indicator Reading is .005" or less.

. Angular misalignment exists when the shafts are not

parallel. Place dial indicator on one hub and rotate this
hub 360° while taking readings on the face of the
other hub. Angular alignment is achieved when Total
Indicator Reading is .005" or less.

4. Suction Piping

1.

Low static lift and short, direct suction piping is
desired. For suction lift over 15 feet, consult pump
performance curve for Net Positive Suction Head
Required.

. Suction pipe size must be at least equal to suction

connection of pump.

. If larger pipe is used, an eccentric pipe reducer (with

straight side up) must be used at the pump.

. Installation with pump below source of supply:

4.1. Install isolation valve in piping for inspection and
maintenance.

5.

6.

4.2. Do not use suction isolation valve to throttle
pump!

Installation with pump above source of supply:

5.1. To avoid air pockets, no part of piping should be
higher than pump suction connection. Slope
piping upwards from liquid source.

5.2. All joints must be airtight.

5.3. Foot valve to be used only if necessary for prim-
ing, or to hold prime on intermittent service.

5.4. Suction strainer open area must be at least triple
the pipe area.

Size of inlet from liquid source, and minimum submer-
gence over inlet, must be sufficient to prevent air
entering pump.

5. Discharge Piping

1.

2.

Arrangement must include a check valve located
between a gate valve and the pump. The gate valve is
for regulation of capacity, or inspection of pump or
check valve.

If reducer is required, place between check valve and-
pump.

6. Rotation

Hazardous Machinery

AWARNING | DO NOT PLACE HANDS IN PUMP
WHILE CHECKING MOTOR
ROTATION. TO DO SO WILL CAUSE

v_— SEVERE PERSONAL INJURY.

2

1.

[\

|S8)

Pumps are right-hand rotation (Clockwise when
viewed from the driver end). Switch power on and
off. Observe shaft rotation. On frame-mounted units,
check rotation before coupling pump to motor.

. Single-Phase: Refer to wiring diagram on motor if

rotation must be changed.

. Three-Phase: Interchange any two power supply leads

to change rotation.

7. Operation

1.

N

(O8]

Before starting, pump must be primed (free of air and
suction pipe full of liquid) and discharge valve par-
tially open.

PUMPED LIQUID PROVIDES
LUBRICATION. IF PUMP IS RUN
DRY, ROTATING PARTS WILL SEIZE
AND MECHANICAL SEAL WILL BE
DAMAGED.

. Make complete check after unit is run under operating

conditions and temperature has stabilized. Check for
expansion of piping. Check coupling alignment.

. Do not operate at or near zero flow. Energy imparted

to the liquid is converted into heat. Liquid may flash
to vapor. Rotating parts require liquid to prevent scor-
ing or seizing.
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8. Maintenance

FAILURE TO DISCONNECT AND
UL LOCKOUT ELECTRICAL POWER
Haﬁa rdous | BEFORE ATTEMPTING ANY
vottage MAINTENANCE CAN CAUSE
SHOCK, BURNS OR DEATH.
1. Bearings are located in and are part of the motor. For

lubrication procedure, refer to manufacturer’s instruc-
tions.

. On frame-mounted units, regrease at 2,000 hours use

or after 3 months. Use #2 Sodium or Lithium grease
and fill until grease comes out of the relief fitting.

9. Disassembly

1.
2.
3.

AN »n b

S <IN

Always turn power off.
Drain system. Flush if necessary.

Remove motor hold-down bolts on close-coupled or
disconnect coupling and remove spacer.

. Remove casing bolts and pump hold-down bolts.
. Remove motor and rotating element from casing.
. Unscrew impeller bolt with a socket wrench. Do not

insert screwdriver between impeller vanes to prevent
rotation. It may be necessary to use a strap wrench
around the impeller if impacting the socket wrench
will not loosen the impeller bolt.

. Remove impeller o-ring.
. Insert two pry bars (180° apart) between impeller and

seal housing. Pry off impeller.

. Remove shaft sleeve, seal spring, cupwasher, seal

rotary and impeller key.
. Remove seal housing.

. Place seal housing on flat surface. Press out stationary
seal parts.

. Remove deflector from shaft on frame-mounted
units.

. Remove bolts holding bearing cover to frame and
remove bearing cover (frame-mount).

. Remove lip seals from bearing frame and bearing
cover (frame-mount).

. Remove shaft and bearings from frame (frame-
mount).

. Remove bearing retaining ring (frame-mount).

. Use bearing puller or arbor press to remove ball
bearings (frame-mount).

. Remove wear ring if excessively worn. Use pry bar
and/or vicegrips.
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10. Reassembly

1. All parts should be cleaned before assembly.

2. Refer to parts list to identify required replacement
items.

3. Reassembly is the reverse of the disassembly proce-
dure.

. Replace lip seals if worn or damaged (frame-mount
only).

5. Replace ball bearings if loose, rough or noisy when
rotated (frame-mount only).

6. Check shaft for maximum runout of .005" TIR. Bear-
ing seats and lip seal areas must be smooth and free of
scratches or grooves. Replace if necessary (frame-
mount only).

7. All mechanical seal components must be in good
condition or leakage may result. Replacement of
complete seal assembly, whenever seal has been
removed, is good standard practice.

8. If wear ring is being replaced, do not use lubricants on
the metal-to-metal fit when pressing in the replace-
ment.

9. If the impeller is removed, as for example to effect a
mechanical seal change, this procedure must be
followed: Old impeller bolt and impeller o-ring cannot
be reused.

10. Install the mechanical seal stationary seat in the seal
housing, using soapy water as a lubricant to ease
insertion.

11. S-Group - Install the mechanical seal spring retainer,
spring and rotary assembly on the shaft sleeve using
soapy water to lubricate. Slide the shaft sleeve over
the pump shaft, be sure that a new shaft sleeve o-ring

is used.

NOTE: THE SHAFT SLEEVE O-RING AND IMPEL-
LER WASHER O-RING ARE ALMOST
IDENTICAL IN DIAMETER. BE SURE TO
USE THE SQUARE CROSS-SECTION
O-RING IN THE IMPELLER WASHER. THE
ROUND CROSS-SECTION O-RING IS USED
IN THE SHAFT SLEEVE.

M-Group - Install the mechanical seal spring and
rotary on the shaft sleeve using soapy water to lubri-
cate. Slide the shaft sleeve over the pump shaft. Be
sure that a new shaft sleeve o-ring is used. Place the
mechanical seal spring retainer over the impeller hub.

11.

12. Place the impeller key into the shaft keyway and slide
the impeller in place. Install the impeller stud and
impeller washer. Be sure that a new impeller o-ring is
used. Tighten S-Group (34" thread) to 17 Ib.ft. and

M-Group (V4" thread) to 38 Ib.ft.

Replace casing bolts and tighten in a crossing se-
quence to the torque values indicated below.

S-Group - 25 Ib.-ft. (35 N-m)
M-Group - 37 Ib.-ft. (50 N-m)

Check reassembled unit for binding by rotating shaft
with appropriate tool from motor end.

13.

14.

15. If rubbing exists, loosen casing bolts and proceed

with tightening sequence again.



11. Troubleshooting

1. Motor does not start, and no noise or vibration oc-
curs:
1.1. Power supply not connected.
1.2. Fuses or protection device tripped or defective.
1.3. Loose or broken electrical connections.

2. Motor will not start, but generates noise and vibration:
2.1. Motor not wired as directed on diagram.
2.2. Shaft locked due to mechanical obstructions in
motor or pump.
2.3. Low voltage or phase loss on three phase supply.

3. Pump does not deliver rated capacity:
3.1. Pump not filled and primed.
3.2. Pump has lost prime due to leaks in suction line.
3.3. Direction of rotation incorrect. See Rotation.
3.4. Head required is higher than that originally
specified. (Valve may be partially closed.)

5. Foot valve clogged.

.6. Suction lift too high.

3.7. Suction pipe diameter too small.

4. Protection trips as unit starts:
4.1. Phase loss on three-phase supply.
4.2. Protection device may be defective.
4.3. Loose or broken electrical connections.
4.4. Check motor resistance and insulation to ground.

5. Protection device trips too often:
5.1. Protection may be set to a value lower than motor
full load.
5.2. Phase loss due to faulty contacts or supply cable.
5.3. Liquid is viscous or its specific gravity is too high.
5.4. Rubbing occurs between rotating and stationary
parts.

6. Shaft spins with difficulty:
6.1. Check for obstructions in the motor or the pump.
6.2. Rubbing occurs between rotating and stationary
parts.
6.3. Check bearings for proper conditions.

7. Pump vibrates, runs noisily, and flow rate is uneven:
7.1. Pump runs beyond rated capacity.
7.2. Pump or piping not properly secured.
7.3. Suction lift too high.
7.4. Suction pipe diameter too small.
7.5. Cavitation caused by insufficient liquid supply or
excessive suction losses.
7.6. Impeller blockage.

8. When stopped, unit turns slowly in the reverse direc-
tion:
8.1. Leaks on air locks in suction pipe.
8.2. Partial blockage in check valve.

9. In pressure boosting applications, the unit starts and
stops too often:
9.1. Pressure switch settings are incorrect.
9.2. Tank size may be incorrect.

10. In pressure boosting applications, the unit does not
stop:
10.1. Pressure switch maximum setting is higher than
was specified.
10.2. Direction of rotation incorrect. See Rotation.
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SSH-C Components

100 101 178 108 370

184

383

199 422

408 412F126 371

MATERIALS OF CONSTRUCTION

Item Description Material

100 Casing

101 Impeller

103 Wear Ring AISI TYPE 316L

184 Seal Housing Stainless Steel

370 Socket Head Cap Screw

(Casing to Adapter)

408 Drain Plug — % NPT AISI TYPE 316 SS

126 Shaft Sleeve 316 SS

178 Impeller Key Steel

422 Impeller Stud Steel

199 Impeller Washer 316 SS

108 Adapter Cast Iron ASTM A48CL20

Hex Head Cap Screw

3in (Adapter to Motor) Steel

412A O-ring, impeller BUNA-N

412F 0-ring, shaft sleeve BUNA-N

513 0-Ring BUNA-N
Carbon/Ceramic

383 Mechanical Seal Part No. 10K13 Buna Elastomers

316 SS Metal Parts
383A Spring Retainer AISI Type 316 SS

OPTIONAL MECHANICAL SEALS

383A
(M-GROUP
LOCATION)

383A
(S-GROUP
LOCATION)
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John Crane Type 21 Mechanical Seals
Item I:\Iaor.t Rotary | Stationary | Elastomers I\;I:;asl Intended Duty
10K19 Ni-Resist EPR Hi-Temperature
383 | 10K25 Ni-Resist Viton 316 Chemical
Options Carbon SS
10K27 Tungsten EPR Hi-Temperature
Carbide Mild Abrasive




SSH-F Components

100 101 513

412A

103

\ | L=

199 422 408\178412F126 370B 123

383A
(M-GROUP

LOCATION)

370 184 383 108 228 MATERIALS OF CONSTRUCTION
Item Description Material
100 | Casing
101 | Impeller
103 | Wear Ring AISI TYPE 316L
184 | Seal Housing Stainless Steel
370 | Socket Head Cap Screw
@ 408 | Drain plug — % NPT AISI TYPE 316 SS
$ | 126 | ShaftSleeve 316 S
é_ 178 | Impeller Key Steel
S 422 | Impeller Stud Steel
2 199 | Impeller Washer 316 SS
w
g. 412A | O-ring, impeller BUNA-N
& 412F | O-ring, shaft sleeve BUNA-N
513 | O-Ring BUNA-N
Mechanical Seal Carbon/Ceramic
168 112 136 122 383 | Standard Part BUNA-N Elastomers
No. 10K13 316 SS Metal Parts
383A | Spring Retainer AISI Type 316SS
108 | Adapter
228 | Bearing Frame Cast Iron ASTM A48 CL20
134 | Bearing Cover
£ | 122 | Pump Shaft
2 168 | Ball Bearing (Inboard)
=4 112 Ball Bearing (Outboard)
§ 136 | Retaining Ring
S | 370B | HexHead Cap Screw Steel
s (Adapter to Bearing Frame)
5 | 370C | Hex Head Cap Screw
% (Bearing Frame to Cover)
% | 333a | Lip Seal BUNA-N
193 | Grease Fitting Steel
123 | V-Ring Deflector BUNA-N
OPTIONAL MECHANICAL SEALS
John Crane Type 21 Mechanical Seals
Item I"\Iaort Rotary | Stationary | Elastomers 'xl:rttil Intended Duty
10K19 Ni-Resist EPR Hi-Temperature
333 10K25 Carbon Ni-Resist Viton 316 : Chemical
Options 10K27 Tungsten EPR SS | Hi-Temperature
Carbide Mild Abrasive
383A
(S-GROUP
LOCATION)
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SSH S-Group — Engineering Data, Informacion Técnica, Données techniques — SSH, groupe S

Channel Steel Bedplate, Clockwise Rotation Viewed from Drive End;
Fundacion de Acero, Rotacion en Direccion de las Agujas del Reloj Visto desde el Extremo del Motor;
Plaque de base profilée en U et rotation en sens horaire (vue de I'extrémité du moteur)

MAX DESCARGA ™~ Yt 3%—>] ACOPLE DELESPACHDOR:
. — REFOULEMENT | s » / ACCOUPL. A PIECE D'ECART
' o , <272 COUPLING GUARD, GUARDA ACOPLE;
5 PON.DE PURGA, BOUCHON D A/\/IORQ‘AG 1.1251,125 CARTER D'ACCOUPL.
* suction ‘ 112411247 | o T (4 HOLES
P\ oT~0X/ \° SUCCION | SOLO UNIFASICOS; /s DIA.
1/ [ s ASPIRATION S b : VONOPHASESEULEVENT 1| . (4) AGUJEROS
U 0 Byatd RS MAX. %D,
AN\ AV9 DC pp ‘ \ 4TROUS, DIAM. : %
MAX. KEYWAY e x Vo ),
NS =4 HD l L . CHAVETERO s x /] 'Q ‘ /
T T —— Fr=———"~"~"~-- LOGEMENTDE ==~~~ ~—~~=~-~—— -~ - T =
| | HG CLAVETTE, e x /a
DRAIN PLUG, TAPON DE DRENAJE Vv ‘ ‘
ﬂmorv DE VIDANGE ‘ N
HE—>— HE — %" GAS THREAD; | HL | HF | lenp
UNI'ISO 228/1;
HA %, PAS DU GAZ HB
(UNIISO 228/1)
. . . . . P . NOTES:
Dimensions and Weights — Determined by Pump, D"l':egs'on HI& ge;erlnlmed 1. All pumps shipped in vertical discharge
Dimensiones y Pesos - Determinados por la Bomba; Py Fump and Bedplate, position. May be rotated in 90° increments.
Dimensions et poids - pompe Dimension "HL" determinada Tighten %, — 16 casing bolts to 12 ft./Ibs.
P pomp la bomba y el motor, torque.
Dimensions HL 2. Dimensions in inches.
- pompe et plaque de base 3. Motor dimensions may vary with
_MOtor Fra!ne Size, 4. lr\lngtt(t)t; Esrllgfead(f‘ltj)rrecrlonstrucﬂon purposes.
Tamano del bastidor del motor, NOTAS:
Pump, Suction | Discharge DC Max., Wt. (Ibs.), Carcasse de moteur 1. Todas as bombas transportadas en posicion de
Bomba, Succ_ién @ |Descarga @ |CP [DCMéx.| DD | X | Y Peso.(lib.) 143/(183/| 213/ |254/(284/| descarga vertical, Puedle)n rotarse e,f aumentos
Pompe Aspir. Refoul. DC max. Poids | 145 | 184 215 256|286 | e 90°. Apretar % - 16 tornillos de carcasa a
N 3 3 12 pies/libras potencia.
‘|90SSI-|I-| ‘1| i ; g 2 1 16% 52/ ‘;;4 (75;8 3% Zi 9% T 3% 2.las Zimens/ones en pulgadas.
— 8 8 8 3. Las dimensiones puede que varien con los
11SH 1X2-10 17%6| 6% 6% | 8% | 4 86 10 8, 44 fabricantes..
4SH | 14 X216 ", 16%s 5 rAKGAEDZ 57 9, 73 4 4. No para propositos de construccion.
7SH 114 X 21 5 3 NOTA:
> / ; /8 2% % 53/8 1% 66 1. Lorifice de refoulement est orienté vers le haut.
SSH 2X2Y:=6 2 17% > & 4 57 10 81 VA On peut le tourner de 90° en 90°. Ser{er les vis
8SH 2X2>-8 5 15 68 %% - 16 du corps de pompe & 12 Ibf-pi.
6SH | 24X3-6 3 2% 6 ¥ | 1% 59 2. les /d/'mensfons sont en pouces, et le poids,
en livres.

Available Motor and Bedplate Dimensions and Weights,

Pesos y Dimensiones Disponibles de la Fundacion y del Motor

Dimensions et poids - moteur et plaque de base

@ For use with ANSI class 150 mating flanges.
Para usar con bridas que casan ANSI clase 150.
A utiliser avec des contre-brides ANSI, classe 150.

3. Les dimensions et le poids du moteur peuvent
varier selon le fabricant.

4. Ne pas utiliser les dimensions pour la construc-
tion si elles ne sont pas certifiées a cette effet.

|I:Vlotor HP @ 3500 RPM, HP @ 1750 RPM, AB C P Wt Bedplate Data, Datos de la Fundacion, Plaque de base
rame, HP a 3500 RPM, HP a 1750 RPM, . Wt. | Motor | Bearing
Armazén hp a 3 500 trimin hp a 1750 trimin M:;" M?:x., M:x., mi:;" (Ibs.), P?Ima Fra;re SI:Iim,
)ancha
Mdil . | Single Phase, | Three Phase, | Single Phase, | Three Phase, | Méx,| Méx, | Méx., | Méx, HA|HB | HD*| HE | HF |HG|HPY Peso de?elleno de relleno
Calg:azsle Monofssicos, 10| Trifasicos, 3@ |Monofssicos, 10| Trifasicos, 30 | pp c P Poids bl{g;) del mtor gg;f;#,’g%’
5/, | Cale de lede
de moteur ODP | TEFC | ODP | TEFC | ODP [ TEFC | ODP [ TEFC | max.| max. | max. | max. Poidis | moteur | eafir
1437 1 1 1 1 5, 13% 6% 45
4 8
145T 2 2 2orou3] 2 1% 1 |1%horou 2| 1h0rou 2 14, 53
3 3, 3, 3, —
T80T 3 3 3 3 5 5 3 3 » 16% » 77 10 [ 28| 8 3% |24 |2%u| % | 48 1%
8 8
1841 5 5 7% 5 Borou5| 3 5 3 18" 95
2137 10 | 7% N G 1
5T 15 0 7% 9% 9% 36 121 31| 8% (4% 29| 3 | 1 65 - -
2547 E 2% 266 e b
56T IS 20 10 33% 13 64 13 142| 9% |57 38 4 » 110 - 1
28475 30 | 25 247 392 !
5 1 3 1 1 — 3
386TS 0 30 12 26% 15 132 15| 44| 102 | 5% 140" 3Va 124 134

Dimensions and weights vary with manufacturers. Dimensions in inches and weights in Ibs.
"HP" Dimensions at motor end only.
*"HD" Dimension for 254T/256T motor frame on 1 x 2-10 only is 11"; A %" motor shim and a 1%4" bearing frame shim are required.

Dimensiones y pesos varian con los fabricantes. Dimensiones en pulgadas y pesos en libras.
Dimensiones “HP" s6lo en el extremo del motor.
*la dfmefTIéIO”HD" para el bastidor del motor 254T/256T de 1 x 2 - 10 es s6lo 11", se requieren una cufia del motor de ¥4" y una cuha del bastidor de apoyo de 134"

ODP = carcasse abritée (a ouvertures de ventilation protégées) ; TEFC = carcasse fermée autoventilée.
*Dimensions HP & I'extrémité du moteur seulement. La dimension HD pour la carcasse 254T ou 2567, version 1X2-10 seulement, est de 11 po , une cale de moteur de %2 po et une cale de
palier de 134 po sont requises.
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SSH S-Group Close Coupled — Dimensions and Weights, SSH Acople Cerrado — Dimensiones y Pesos,

Dimensions et poids — SSH montée sur moteur, groupe S

(All dimensions in inches and weights in Ibs. Do not use for construction purposes.)
(Todas las dimensiones en pulgadas y pesos en libras. No usar para propositos de construccion.)

DISCHARGE ~| CP MAX.
DESCARGA
AB MAX. REFOULEMENT
l PRIME PLUG,
' TAPON DE PURGA, .
[») | BOUCHON D’AMORCAGE - I
: | . \
SUCTION !
O 0 O o SUCCION ! |
ASPIRATION : |
I - O ° TR Yl 'T_'_'_'_'i_'_'__'_' P
| MAX.
O O 0 I |
S )bl
i ¢ MAX. .
R R il LR N
| | . ~~_
e F— sl ST DRAIN PLUG ] PESERPEIEN H-(4) HOLES
TAPGN DE DRENAJE / H-(4) AGUJEROS
- A | BOUCHON DE VIDANGE %' GAS THREAD B H (4 TROUS)
UNI'ISO 228/1
¥, PAS DU GAZ
(UNI'1SO 228/1)
NOTE:
1. Pumps shipped in vertical discharge as standard.
Dimensions “L" Determined by Pump and Motor, Dimensiones “L” Determinadas por la Bomba y el Motor, For other orientations, remove casing bolts, rotate
Dimensions L - pompe et moteur discharge to desired position, and tighten %— 16
150 Ib. Flange, bolts to 12 ft./Ibs., s — 14 bolts to 20 ft./Ibs.
Pump, Brida de 150 ?ib., Mca'))( MZS( Motor Frame Size, I‘l,)Vt. 2. ALL d|mgn5|oqs in inches. ‘
Bomba, Bride, 150 Ib/po?| P ! DC ' Tamano del Armazon del Motor, (Ibs.), | 3. ?Aotor dimensions may vary with motor manu-
Pompe  |Suct. | Disch. |Méx,| Méx, | DD | X |'Y Carcasse de moteur IP esos | ,jguf;erf-comumon oo
Succ. ®| Desc. ® CP | DC (libras),| 4 PUIposes.
Aspir. | Refoul, | max. | max. 143/145 | 182/184 | 213/215 | 254/256 | Poids | NOTA: ‘
T 1x2-6 5 7 7 7 1. Las bombas se transportaran en descarga vertical
Xeo 25% ‘ 213y 9% 10Va MVa — como estandar. Para otras orientaciones, retirar los
10SH| 1x2-8 2 1 5% 5% 7% 32 tornillos de la carcasa, rotar la descarga a la posicién
11SH| 1x2=10 0% | 6% 6% % | 4 10, 1% 12% 12% 54 deseada, y apretar s - 16 tornillos a 12 pies/libras,
"hs — 14 tornillos a 20 pies/libras.
45H [172x272—6 1% 5| 5 & | 6% | 3V B 10% 1% — 5, TODAS las dimensiones en pulgadas.
7SH [14x21/,—8 2, 5% % | 1% 34 | 3. Las dimensiones puede que varien con
5SH | 2x2'2—-6 5 &/ 6% 25 los fabricantes.
8SH | 2x2'»,—8 2 27% - : 4 107, (4 12% 12% 3% 4. No para propdsitos de construccion.
6 43/4 71516 NOTA .
1 — 1 .
65H | 2/2x3-6 3 2% 2 1. Lorifice de refoulement est orienté vers le haut. Pour
® For use with ANSI class 150 mating ﬂanges. ['orienter autrement, enlever les vis de fixation du
Para usar con bridas que casan ANS/ clase 150. corps de pompe, placer [‘orfice dans le sens voull,
A utiliser avec des contre-brides ANSI, classe 150. p‘;’j (eggslz;et.se’ rer les vis % - 16.a 12 Ibfpi et s
-14a Di.
2. Les dimensions sont en pouces, et le poids, en livres.
3. Les dimensions et le poids du moteur peuvent varier
selon le fabricant.
4. Ne pas utiliser les dimensions pour la construction si
Dimensions Determined by JM Motor Frame, Motor Frame Selections, elle ne sont pas certices & cete efet.
Dimensiones Determinadas por el Armazon del Motor JM, Selecciones del Armazon del Motor,
Dimensions - carcasse de moteur JV Choix de carcasses de moteur
H Mo}gr Wt. Motor Motor Horsepower, Potencia del Motor, Puissance (hp)
Dia., S.
M Frame, y" [P Max, Pes(o Mgto, AFfame; 3500 RPM, 3500 RPIM, 3 500 trimin | 1750 RPM, 1750 RPM, 1750 trimin
JMArmazén, A | AB| B | D | E Fle Diam., I;Max., (lib.), rmazon 1@, Monofasicos| 3@, Trifasicos |10, Monofasicos| 3@, Trifasicos
Carcasse H | Pmax| poigsgy | |del Motor ™ g 5 30 10 30
i Carcasse
o > (diam.) ’"‘Zﬁe“’ ODP | TEFC | ODP | TEFC | ODP | TEFC | ODP | TEFC
125M 6" | 5% | 6 |3V | 2% 2 Vo | e | 6% 57 143]M - - - - - - 1 1
12 145)M 2 2 2-3 2 1-1% | 1-1% | 1-2 | 1V-2
182)M 8 | 5% | 61 | 41 | 3% i Yo A 7 182JM 3 3 5 3 2 2-3 3 3
1840M W 5, 97 1M | 5 [ 5 [ 7w [ 5 3 | - [ s 5
2B3M_ o0l 7 | 8 s | 4 — % 9% 122 23M | 7% | - | 10 | 7% | 5 - 1w | o
215M 3% 155 215M | 10 - 15 ] 1015 | - - - -
2541CZ 9Y 4% 265 2547CZ _ _ 20 _ _ _ _ _
MY 9 6Va| 5 —— Va| 17
256TCZ ) 1% s |7 C 320 267z | - | - [ 25 [2025] - - - -
ODP = carcasse abritée (a ouvertures de ventilation protégées) ;
TEFC = carcasse fermée autoventilée. 121
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SSH S-Group Frame-Mounted — Dimensions and Weights, SSH Armazén Montado — Dimensiones y Pesos,

Dimensions et poids — SSH montée sur palier, groupe S

Cp
DISCHARGE ,
DESCARGA €Y 3% >
| REFOULEMENT |
T PRIME PLUG, —~|TAPON DE PURGA,
| BOUCHON
o | / D'AMORCAGE €
! X _J le— 31/, >
9 (¢! o © 28%8% | 1125 1,125
ASPIRATION L — 1[-)&4 ( gﬁj}
o O O o, T E KEYWAY % x V/,, CHAVETERO s x /s
5% MDACX DD LOGEMENT DE CLAVETTE, s x /s
! ' 16 DIA. — (4) HOLES, 7sDIA. -
(9] [¢) ‘ l — (4) AGUJEROS, 4 TROUS, DIAM. : 7/
| T | A | | { iy
b2 =<2 DRAIN PLUG, L I 5—— |« 7 ’
TAPON DE DRE- / ,
' 7 ' NAJ BOUCHONDE % %' GASTHREAD ™ 0”2
VIDANGE UNI1SO 228/1
%" PAS DU GAZ
(UNI'1SO 228/1)
Dimensions and Weights — Bare Pump Only,
Dimensiones y Pesos - Solamente Bomba,
Dimensions et poids - pompe nue seulement
1?0 Ib. Flang'e, DC cP Wt NOTE: . ) ) NOTA: )
Pump Brida de 150 Irb.é Max., Max., (Ibs..), 1. Pumps vx_/||| be shipped with top 1. Las bombas se {ransportqran con
Bomba, Bride, 150 Ib/po MD’C DD MC’P Ll x|y Peso vertical discharge as standard. la descarga vertical superior como
Pompe g:g:g”: o g'esscczér"ge@ Sé" gl’,‘" (libras),|  For other orientations, remove estdndr. Para otras orientaciones,
Aspir Re fouﬂ max. max. Poids casi.ng boltg, Irotate disgharge to retirar los tornillos de la cfa(c/asa,
IRTT I W o T desired position, and tighten % rotar la descarga a la posicion ‘
. T 16% | 7% 3% —16 bolts to 12 ft./Ibs., 76— 14 deseada, y apretar s - 16 tornillos
105h] 1x2-8 2 ! % | 5% 7% 64 bolts to 20 ft./Ibs. a 12 pies/libras, 75— 14 tornillos a
11SH] 1x2-10 6% | 6% |17%5|8% |8% | 4 | 86 2.ALL dimensions in inches. 20 pies/libras.
ASH |1%2x2Y: 6 1 5 | %% [16%s|7% | 6% |3 | 56 | 3.Not for construction purposes. 2. TODAS las dimensiones en
TS [16x2%-8] 5% | 5% - 64 pulgadas.
5S5H | 2x2%4-6 5 5| 4% . s lgys 1 4 |57 3. I\Io para propositos de construc-
8SH | 2x2,—8 6 | &% 66 cién.
6SH | 2V2x3 -6 3 2" 57 NOTA :

@ For use with ANSI class 150 mating flanges.
Para usar con bridas que casan ANSI clase 150.
A utiliser avec des contre-brides ANSI, classe 150.

122

. Lorifice de refoulement est orienté
vers le haut. Pour l'orienter autre-
ment, enlever les vis de fixation du
corps de pompe, placer ['orifice
dans le sens voulu, puis reposer et
serrer les vis s — 16 .a 12 Ibf-pi et
"he— 14 a 20 Ibfpi.

2. Les dimensions sont en pouces, et

le poids, en livres.

3. Ne pas utiliser les dimensions pour

la construction si elles ne sont pas

certifiées a cette effet.
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SSH-F M-Group - Engineering Data, SSH-F - Informacion Técnica, Données techniques — SSH-FE, groupe M

Channel Steel Bedplate, Clockwise Rotation Viewed from Drive End;
Fundacion de Acero, Rotacion en Direccion de las Agujas del Reloj Visto desde el Extremo del Motor;
Plaque de base profilée en U et rotation en sens horaire (vue de I'extrémité du moteur)

cp Cimx ‘
DISCHARGE
] DESCARGA, ~—_|< v —>] > 3% |«
. REFOULEMENT SPACER COUPLING, ACCOUPL. A PIECE D'ECART,
PRIMEPLUG, 1 ) 3% > COUPLING GUARD, CARTER D'’ACCOUPL.
TAPON DEPURGABOUCHOND'AMORGAGE | | | | | (w271 e
° | 1625, 1,625 / 1 SINGLE PHASE ONLY |
1 624, 7,624 MO/\‘OPHASESEULEMEN(
SUCTION
o \d SUCCION, N
| i oy ASP/RAT/OI\A o 11
o o o DTD
MAX. UL KEYWAY %X % ‘ 4 %oms
o o < | o l LuosewenT oe GAVETT x% | / 4TROUS
x f\j - TSIt T omwo%
DRAIN PLUG, \ He \ [
APON DE DRENAVE BOUCHON DE UDANGE | — Y. T ‘
l«— HE —>le— HE —>] woasTHREAD /] L e HF | 13
UNIISO 22811, N
‘ HA ! %, PAS DU GAZ (UNI 150 228/1) He
Dimensions and Weights — Determined by Pump, NOTE: ‘ A NOTA :
Dimensiones y Pesos - Determinados por la Bomba, 1. Pumps will be shipped with top 1. Lorifice de refoulement est ori-
Dimensions et poids - pompe vertical discharge as standard. For enté vers le haut. Pour l'orienter
other orientations, remove casing autrement, enlever les vis de
DC Wit bolts, rotate discharge to desired fixation du corps de pompe,
Pum Pump Size, @ O] Max., (Ibs.), position and tighten ¥ — 16 bolts placer ['orifice dans le sens voulu,
Bom b%' Tamario de | Suction | Discharge | .o/ DC | DD | L | X | Y | peso to 12 ft/Ibs. puis reposer et serrer les vis
Pompe | laBomba, | Succion | Descarga Max., (libras), | 2- ALL dimensions in inches. Y- 164 12 Ibfpi.
Dimensions | Aspir. Refoul. rrl;)af( Poids’ 3. Not for construction purposes. 2. Les dimensions sont en pouces,
: NOTA: et le poids, en livres.
1 1. 1 X R .
24H | 1%2x2%10 |, 1% 6% | 6% 12517 Las bombas se transportarén con 3. Les dimensions et fe poids du
255H 2x27:-10 2 23 1056878 4 |125 la descarga vertical superior como moteur peuvent varier selon e
22SH 25 x3-8 : 6% | 5% 125 estdndar. Para otras orientaciones, fabricant. o
375H 2% %310 3 27 ] 132 retirar los tornillos de la carcasa, 4. Ne pas utiliser les dimensions
: 6% | 6% ——9'%e6 rotar la descarga a la posicion pour a constr L{FTIO(‘ si elles ne
23SH 3x4-8 4 3 2 1% 5 136 deseada, y apretar % — 16 tornillos sont pas certifiées a cette effet.
285H 3x4-10 % | 1% 1% 148 a 12 pies/libras.
2.TODAS las dimensiones en
@ For use with ANSI class 150 mating flanges. pulgadas.
Para usar con bridas que casan ANSI clase 150. 3.No para propositos de
A utiliser avec des contre-brides ANSI, classe 150. construccion.
Available Motor and Bedplate Dimensions and Weights,
Pesos y Dimensiones Disponibles de la Fundacion y del Motor,
Dimensions et poids - moteur et plaque de base
Motor | hp @ 3500 RPM, | HP @ 1750 RPM — T-Frame Only Bedplate Data, Datos de la Fundacion,
Frame, ¢ ) ( ! AB | C P Wt.
Armazén hp a3 500 trimin | hp a 1750 trimin - carc. T seulem. | Max., | Max., | Max., | Max., Plaque de base
del _ AB P Peso Wt. (Ib
" Three Phase, Single Phase, Three Phase, | wMx, | Max, | Méx, | Méx., t. (Ibs.),
otor; Trifasicos, 3 @ Monofasicos, 1@ | Trifasicos, 3 @ AB C P Poids | HA HB | HD HE HF HG Peso
Carcasse max. | max. | max. | max. (libras),
demoteur] ODP TEFC | ODP | TEFC | ODP | TEFC Poids
1847 3oroub 3 5 5 5% 18" Wi 95
213T 7' 7% 18 116
3 5,
2157 15 10 0 | 7P lew | % | 136 | 13 | a2 |0 | 5% |38n | 4 | 111
25417 20 15 15 15 21% 266
9% o3
256T 25 20 20 20 23% 264
284TS 30 25 25 25 247 392
i 12% F—— 15 15 | 44 | 10% | 5% | 40% | 3% | 124
286TS/T 40 30 26% 422
32471 50 40 28% 592
326757 | 60 50 AR 2
- 18 | 48 T | aan | 4 | 183
364TS/T 75 60 31% 834
15 187 13
365TS/T 100 75 32% 1000
405TS/T 100 18 367 20% | 1060 | 22 56 14 7Va | 52V 4 214
Dimensions and weights vary with manufacturers. Dimensions in inches and weights in Ibs. 123

Dimensiones y pesos varian con los fabricantes. Dimensiones en pulgadas y pesos en libras.
ODP = carcasse abritée (a ouvertures de ventilation protégées) ; TEFC = carcasse fermée autoventilée.
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SSH M-Group Close Coupled — Dimensions and Weights, SSH Acople Cerrado — Dimensiones y Pesos,

Dimensions et poids — SSH montée sur moteur, groupe M

(All dimensions in inches and weights in Ibs. Do not use for construction purposes.)
(Todlas las dimensiones en pulgadas y pesos en libras. No usar para propositos de construccion.)

PRIME PLUG, —

DISCHARGE, ~_|
DESCARGA,
REFOULEMENT

CPuax

PON DEPURGA, I‘BOUCHON D'’AMORCAGE . |
\ X | | \
SUCTION, g | ‘
SUCCION, |
| B ASPRATION ~ L | B B B A} P
|
1 TEIN I |
|
o | iax. P ! ‘ ‘
7 J
‘" :
|
DRAIN PLUG, / ) \ e 4)‘ ™ HOLES,
TAPON DE DRENAE, i GAS THREAD e F F H (4 TROUS)
‘ A BOUCHON DE VIDANGE UNI1SO 22871, s>
%, PAS DU GAZ
(UNI IS0 228/1)
Dimensions “L" Determined by Pump and Motor, Dimensiones “L” Determinadas por la Bomba y el Motor, Dimensions L - pompe et moteur
. CcP DC Wt. Motor Frame Size,
Pump, ';-:;1“ :ﬁglilil © L@ Max., | Max, (Ibs.), Tamaiio del Armazén del Motor,
Bomba, Ia Bomba zuctl'gn %lscharge MC,P MQC DD | X | Y | Ppeso Carcasse de moteur
Pompe 3 ba, uccion | Descarga éx., ax. , (libras),
Dimensions | - Aspir. | Refoul. P DC Poids | 140| 180 | 210 | 250 | 280 | 320 | 360
max. max.
24SH 1% x2 %-10 1% 34" 75 102
2% 675 6%
25SH 2x2'%-10 2 8" 75 1%
4 12V 13% 14%
22SH 2Y2x3-8 36 6'% 5% 72 15
3 2
27SH 22 x3-10 84
67 6% | 9%
23SH 3x4-8 86 1% | 12
4 3 37 5 13% 147 15% | 16
28SH 3x4-10 7% Tk 11 98
@ For use with ANSI class 150 mating flanges. NOTES: NOTAS: NOTA :

Para usar con bridas que casan ANS! clase 150.

A utiliser avec des contre-brides ANS,
classe 150.

. Pumps shipped in vertical discharge as
standard. For other orientations, remove
casing bolts, rotate discharge to desired
position, and tighten %— 16 bolts to
12 ft./Ibs., 76— 14 bolts to 20 ft./Ibs.,

1/,—13 bolts to 35 ft./Ibs.

[}

manufacturer.

w

. Motor dimensions may vary with motor

1. Las bombas se transportaran en descarga

nes, retirar los tornillos de la carcasa, rotar
la descarga a la posicion deseada, y apretar
¥~ 16 tornillos a 12 pies/libras, 76— 14
tornillos a 20 pies/libras, /> - 13 tornillos a
35 pies/libras.

2. TODAS las dimensiones en pulgadas.

vertical como estandar. Para otras orientacio-

1. Lorifice de refoulement est orienté vers le haut.
Pour ['orienter autrement, enlever les vis de fixation du
corps de pompe, placer [‘orifice dans le sens voulu,
puis reposer et serrer les vis s - 16 a 12 Ibf-pi, 75 - 14
a 20 Ibfpiet /- 13a 35 Ibfpi.

2. Les dimensions sont en pouces, et le poids, en livres.

Les dimensions et le poids du moteur peuvent varier

selon le fabricant.

. Ne pas utiliser les dimensions pour la construction si

“w

N

. Not for construction purposes. 3. No para propsitos de construccion.

elles ne sont pas certifiées a cette effet.

Motor Frame Selections,
Selecciones del Armazén del Motor,
Choix de carcasses de moteur

Dimensions Determined by JM Motor Frame,
Dimensiones Determinadas por el Armazon del Motor JM,
Dimensions - carcasse de moteur JM

Frame, AB P Max., Motor Horsepower, Potencia del Motor, Puissance (hp) MWt'
: Max., P Méx., - - ax.,
;?:rmazon, A "’ B | D | E| F| G HIT Frame, 3500 RPM, 3500 trimin 1750 RPM, 1750 trimin Peso
arcasse max. max. Armazon, | 3 py, Trifasicos, 3 @ |1 PH, Monofésicos, 1 @] 3 PH, Trifasicos, 30 %Z’és
145M | 6% | 5% | 6 | 3% | 2% | 2% | % | | 1% Carcasse ™ o T TEFC | oDP | TEFC | ODP | TEFC max.
1
gim 84 | 5% | 6% | 4% | 3 22 i 8% 145]M - - - - 2 2 57
213M 2% 134, 182IM - - 2 2,3 3 3 77
215 IM 9% | T 8 5% | 4% 37, ha 10%6 184JM - - 3 - 5 5 97
254IM 41/2 213IM 10 - 5 - 7% 7' 11
256)M Ma| 9 1% | 6Va 5 5 13 215)M 15 10 - - 10 10 155
B Va | A 254]M 20 15 - — 15 15 265
28IM 1, Lo [ 12% | 7 | s 22 15
wow ST | 5% wan | 30 3 |~ = | 2 | 5 Tas
324M 5Ya - -
326M 14 [13% | 14 8 | 6% 51/ %16 . 16'%16 286IM 40 30 _ _ _ _ 422
3647CZ 5% 324)M 50 40 - - - — 562
Sesrr | 1A 1SR 15 | 9| T =i 19 226IM 60 P - — — s
364TCZ and 365TCZ frames are built with 326JM shaft extensions. 36417 75 60 - - - - 775
Dimensions may vary with manufacturer; 365TCZ 100 75, 100 - — — - 905

Los armazdrRA364TCZ y 365TCZ se construyen con extensiones del eje 326JM.

Las dimensiones puede que varien con los fabricantes.,

Les carcasses 364TCZ et 365TCZ posseédent la rallonge d'arbre de la 326JM.

364TCZ and 365TCZ frames are built with 326JM shaft extensions.

Los armazones 364TCZ y 365TCZ se construyen con extensiones del eje 326JM.
ODP = carcasse abritée (a ouvertures de ventilation protégées) ; TEFC = carcasse fermée
autoventilée. Les carcasses 364TCZ et 365TCZ possedent la rallonge d'arbre de la 3261/\/i 3




SSH M-Group Frame Mounted — Dimensions and Weights, SSH Armazén Montado — Dimensiones y

Pesos, Dimensions et poids — SSH montée sur palier, groupe M

[ P
DISCHARGE,
DESCARGA,
REFOULEMENT
I
PRIME PLUG,
o ! PON DE PURGA, BOUCHON D'AMORGAGE
X | [ 37 —>|
SUCTION,
0 o\ | s - sz
- I A YY)
A - L = - B) DIA. (DIAM)
T iy
o o T ‘ " © KEYWAY ¥%is X %, CHAVETERO %6 X %,
6 DC o LOGEMENT DE CLAVETTE, %sx %
MAX. v 4 HOLES 9/1? )DIA.,
916 DIAM. - (4) AGUJEROS,
o [*) N A l L —y TROUS, DIAM. : 916
I | — - 1 1 I %
3% "l" 3% DRAIN PLUG, L I 6 —> <
TAPON DE DRENAJE _/
8y —> BOUCHON DE VIDANGE £= 34 GAS THREAD 8
UNI IS0 228/1
%, PAS DU GAZ (UNI S0 2281)
Dimensions and Weights — Bare Pump Only,
Dimensiones y Pesos - Solamente Bomba
Dimensions et poids - pompe nue seulement
DC
Pump Size, @ 0} Max., (I\tl)\lst.)
Pump, | Tamafio de | Suction | Discharge e BC DD | L | X| Y| peso
iomba, la Bomba, | Succion | Descarga Méx., (Iiber?;)
OMPE | Dimensions | Aspir. | Refoul. DC hndd
Poids
max.
1 1/ 1
24SH 1/2)(?/210 2 1 & | 6% . 125
255H 2x2'-10 2 23 10%8 /16 4 125
22SH 2'2x 3-8 3 2, 6'% | 5% 125
2
1 - 15,
27SH 22 x3-10 % | 6% 9% 134
23SH 3x4-8 4 3 2 M 5 136
285H 3x4-10 Tk | T 11V 148
@ For use with ANSI class 150 mating flanges.
Para usar con bridas que casan ANSI clase 150.
A utiliser avec des contre-brides ANSI, classe 150.
NOTES: NOTAS: NOTA :

1. Pumps will be shipped with top verti-
cal discharge as standard. For other ori-
entations, remove casing bolts, rotate
discharge to desired position, replace
and tighten %—16 bolts to 12 ft./Ibs.

2. Motor dimensions may vary with mo-
tor manufacturer.

3. Not for construction purposes.

14

1. Las bombas se transportaran con la
descarga vertical superior como estandar.
Para otras orientaciones, retirar los
tornillos de la carcasa, rotar la descarga
a la posicion deseada, y apretar ¥; - 16
tornillos a 12 pies/libras.

2. TODAS las dimensiones en pulgadas.

3. No para propositos de construccion.

1. Lorifice de refoulement est orienté vers
le haut. Pour ['orienter autrement, enlever
les vis de fixation du corps de pompe,
placer ['orifice dans le sens voulu, puis
reposer et serrer les vis ;- 16 a 12 Ibf-pi.

2. Les dimensions sont en pouces, et le
poids, en livres.

3. Les dimensions et le poids du moteur
peuvent varier selon le fabricant.

4. Ne pas utiliser les dimensions pour la
construction si elles ne sont pas certifiées
3 cette effet.
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Declaration of Conformity

We at,

Goulds Pumps/ITT Industries

1 Goulds Drive

Auburn, NY 13021

Declare that the following products: SSH, NPE, MCS, MCC, 3656, 3656
SP, GB, SSV, SVI, NPO, Prime Line SP, HB, HMS, LC, NPV, LB, LBS
Comply with Machine Directive 98/37/EC. This equipment is intended to
be incorporated with machinery covered by this directive, but must not be
put into service until the machinery into which it is to be incorporated has
been declared in conformity with the actual provisions of the directive.

/VZW%%V

James M. Allocco

Product Manager

15



I I I Commercial Water

GOULDS PUMPS LIMITED WARRANTY
This warranty applies to all water systems pumps manufactured by Goulds Pumps.
Any part or parts found to be defective within the warranty period shall be replaced at no charge to the dealer during the warranty period. The
warranty period shall exist for a period of twelve (12) months from date of installation or eighteen (18) months from date of manufacture, whichever
period is shorter.
A dealer who believes that a warranty claim exists must contact the authorized GouldsPumps distributor from whom the pump was purchased and
furnish complete details regarding the claim. The distributor is authorized to adjust any warranty claims utilizing the Goulds Pumps Customer Service
Department.
The warranty excludes:

(a) Labor, transportation and related costs incurred by the dealer;
(b) Reinstallation costs of repaired equipment;

(c) Reinstallation costs of replacement equipment;

(d) Consequential damages of any kind; and,

)

Reimbursement for loss caused by interruption of service.
y p

For purposes of this warranty, the following terms have these definitions:

(1) “Distributor” means any individual, partnership, corporation, association, or other legal relationship that stands between Goulds Pumps
and the dealer in purchases, consignments or contracts for sale of the subject pumps.

(2) “Dealer” means any individual, partnership, corporation, association, or other legal relationship which engages in the business of selling
or leasing pumps to customers.

(3) “Customer” means any entity who buys or leases the subject pumps from a dealer. The “customer” may mean an individual, partnership,
corporation, limited liability company, association or other legal entity which may engage in any type of business.

THIS WARRANTY EXTENDS TO THE DEALER ONLY.

@) GOULDS PUMPS

Goulds Pumps and the ITT Engineered Blocks Symbol are
registered trademarks and tradenames of ITT Corporation.

SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE.

IM184R04 December, 2006
© 2006 ITT Corporation

Engineered for life 127



Appendix A. Apéndice

A.2 Bomba 3.0 HP
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HALBERG NOWA

Bombas Centrifugas de Carcasa Espiral

STERLING FLUID SYSTEMS GROUP

www.sterlingfluidsystems.com
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HALBERG

Pag. 2/8

NOWA 3213...25032
segn EN 733 / DIN 24255 y transnorma

DATOS TECNICOS

Caudal : Méx. 1300 m%h
Altura : Max. 140 m
Velocidad 1 Max. 3600 r.p.m.
Temperatura : Max. 160 ©°C
Presién de la carcasa : Max. 16  bar

Cierre del eje : Empaquetadura 6 sello mecéanico

APLICACIONES

Las bombas centrifugas NOWA pueden emplearse en todas

aquellas aplicaciones donde se tenga que trasegar liquidos

limpios & turbios no agresivos. Sus aplicaciones son
principalmente:

- Abastecimiento de agua potable.

- Suministro de agua en general para agricultura e
industria.

- Sistemas de rociadores (riego, contra incendio, etc.).

- Circulacion de agua caliente hasta 160°C, agua de
refrigeracion y aceite en circuitos de refrigeracion y
calefaccion.

- Bombeo de condensados
especialmente favorable

- En ejecucion de bronce, fundicion nodular, acero al
carbono e inoxidable, pueden utilizarse en diferentes
tipos de fluidos.

gracias a un NPSH

DESCRIPCION Y CONSTRUCCION

Bombas centrifugas con carcasa en espiral, horizontales de
una sola etapa, con dimensiones y caracteristicas de
funcionamiento segin EN 733 / DIN 24255 en construccion
proceso, més tamafios transnorma.

El sistema proceso permite desmontar las partes giratorias
hacia el lado del motor, sin necesidad de desacoplar las
conducciones de aspiracion y de impulsion. Si ademas se
utiliza un acople de extensién, tampoco es necesario mover
el motor.

El programa NOWA comprende 42 tamafios constructivos,
pero mediante el empleo de unidades normalizadas, son
utilizables solo seis (6) conjuntos de eje. Dentro de cada
conjunto son intercambiables los siguientes elementos: el
eje, el cierre del eje, la fijacién del impulsor, los rodamientos
y el soporte de los rodamientos (bastidor).

Apoyo del eje:
Un rodamiento rigido de una hilera de bolas segun
DIN 625 y un rodamiento de contacto angular de dos
hileras de bolas segin DIN 628, ambos con juego interno
tipo C3 segun DIN 620 y lubricados por grasa. Bajo pedido
se pueden suministrar con lubricacién por bafio de aceite.

130

Presion maxima de trabajo (bar):

Rango de Ejecucién de materiales (ver pag. 4)

Temperatura OB/ 0C/ 3B 1A/ 2A/ 4B
-10 hasta 110 °C 10 16
110 hasta 160 °C 9 14

(1) En los tamafios 4026, 15050 y 20050: 14 bar hasta 30 °C

ATENCION: La presion maxima de trabajo es igual a la presion de
aspiracion mas la presion de descarga para caudal cero

Bridas:
Bridas segun ANSI B16.1 clases 125 ¢ 250, segun el tipo
de bomba. Posicién de la brida de succion axial y de la
brida de descarga radial orientada hacia arriba.

Sentido de giro:
A la derecha (sentido horario), visto desde el extremo de
accionamiento.

Cierre del eje:
El cierre del eje puede efectuarse mediante
empaguetadura 6 sello mecanico segun sea requerido. En
ambos casos, el eje esta protegido por un casquillo de
acero inoxidable.

- Ejecucion 011: Prensaestopas prolongado sin anillo de
cierre hidraulico. Temperatura: -10 hasta 110 °C.

- Ejecucion 041: Prensaestopas no refrigerado, con
lubricacién interna por el mismo liquido bombeado.
Temperatura: -10 hasta 110 °C.

- Ejecucion 051: Prensaestopas no refrigerado, con
lubricacién por liquido externo (conexion de entrada y
salida). Temperatura: -10 hasta 110 °C.

- Ejecucion 541: Prensaestopas con lubricacién interna
por el mismo liquido bombeado y chaqueta de
refrigeracion. Temperatura hasta 160 °C (No disponible
para conjunto de eje C-55).

- Ejecucion CD2: Sello mecénico monoresorte, no
balanceado, lavado internamente por el mismo liquido
bombeado. Temperatura: -10 hasta 110 °C.

- Ejecuciones con sellos mecanicos especiales 6 de
proceso son posibles; consultar con la fabrica.

Reservado el derecho a modificaciones

Sterling Fluid Systems (Colombia) S.A. / Febrero 2003




HALBERG NOWA Pag. 3/8

PLANO DE CORTE Y LISTA DE PARTES

324 azm 52,3 .
36.0 3.8 43.3 6.1 E %
7
10.2
N
7 % < 23.0
N i
AT // 7 L
! iy :
Ejec. 041 £
92.2
—_— /4_
0.2
42.2 18.3 214 50.7 45.2 46.1 45.8 52.4
10.2 Carcasa 33.0 Soporte (Bastidor) 46.1 Empaquetadura
16.1 Tapa carcasa 36.0 Tapa rodamiento 50.2 Anillo de desgaste
18.3 Pata soporte 42.2 Anillo de fieltro 50.7 Anillo deflector
211 Eje 43.3 Sello mecanico 52.3 Casquillo del eje S.M.
23.0 Impulsor 45.2 Casquete prensaestopas 52.4 Casquillo del eje P.E.
32.1 Rodamiento exterior 45.8 Anillo de cierre hidraulico 92.2 Tuerca impulsor

32.11 Rodamiento interior

NOTA: Plano de corte de bomba con paletas dorsales. Los tamafios 15020, 15026, 20025 y todas las bombas con didmetro
nominal del impulsor de 32, 40 y 50 cm, tienen anillo de desgaste en ambos lados del impulsor.

Otras ejecuciones de cierre del eje

Ejecucién 011 Ejecucion 051 Ejecucion 541 Ejecucién S.M. especiales
Prensaestopas prolongado Prensaestopas con lubricacion Prensaestopas con chaqueta Sellos mecénicos especiales
sin anillo de cierre hidraulico por liquido externo de refrigeracion o de proceso
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HALBERG NOWA
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EJECUCION DE MATERIALES

Ejecucién de materiales®

Pos. Denominacion
0B 0C 1A 2A 3B 4B
10.2 Carcasa Fundicién Ac. al Carbono
16.1 Tapa carcasa Fundicién gris nodular (termorresist.)
Fundicién gris Bronce Acero inoxidable

50.2 Anillo de desgaste
Fundicién gris Fundicién gris
23.0 Impulsor Bronce
21.1 Eje Acero al carbén AlSI 1045@ Acero inox. AISI 304 6 316®
52.3/4 | Casquillo del eje Acero inoxidable AlISI 304 6 316
46.1 Empaquetadura PTFE con grafito incorporado + Fibras de Aramid
433 Sello mecénico Carbén / Ceramica / Buna N / Acero inoxidable®

(1) Otras combinaciones de materiales son posibles bajo pedido.
(2) En bombas con conjunto de eje C-45 y potencias superiores a 120 HP — 1750 rpm y con conjunto de eje C-55 y potencias superiores a 240 HP — 1750 rpm, se

emplea acero AlISI 4340 6 4140 bonificado.
(3) En bombas con conjunto de eje C-45 y potencias superiores a 90 HP —1750 rpm y con conjunto de eje C-55 y potencias superiores a 180 HP — 1750 rpm, se

emplea acero AlISI 420 modificado.

(4) De acuerdo al tipo de sello, se pueden suministrar otras combinaciones de material.

Especificacion de los materiales fundidos

Descripcion Norma colombiana NTC Norma alemana DIN Norma americana ASTM
Fundicion gris (1370) FG-200 (1691) GG-20 A48 clase 30B
Fundicién nodular (1415) Grado 400-15 (1693) GGG-40 A536 clase 60-40-18
Ac. al Carbono (termorresist.) (17200) GS-C25 A216 clase WCB
Bronce (1705) G-CuSn 12 Ni B427

(17445) G-X6CrNiMo18 10 A296 clase CF 8M
Acero inoxidable
(17445) G-X10CrNiMo18 9 A296 clase CF 12M

REGIMEN DE VELOCIDAD

Las velocidades maximas admisibles para los diferentes modelos de las bombas NOWA son:

Tipo de bomba

Velocidad
maxima [rpm]

3213 4013 5013 6513
3216 4016 5016 6516 3600
3220 4020 5020
4026
8016
6520 8020 10020 12520 3000
3226 5026 6526 8026 10026
15020
12526 15026 20025
4032 5032 6532 8032 10032 12532 15032 20032 25032 1800
8040 10040 12540 15040 20040
15050 20050
132
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CAMPOS DE APLICACION

200 ‘ ‘ [pies]
Ll
3500 rpm 900
R
~ - 400
ioak
00 =TT T / \
=== : I N - - 300
.;H"‘%. _-—-Mh“‘\ .
k ¥
NN IR
TN TN
__________________ L - 200
""--..,_:_ q-—.___‘
50 o | [T~ SN ™
Y S N Q.
£
" NN \
__________________ I —d '““‘L
-a.._-...\\ “""':%\ @;!‘:\\ ‘\\ {r’
L i
30 s S AV e
. Fi I ki
N 7 TN
o0 P LN // H
pARIr N N AN,
___________________ / NN
=T - 50
. =L T AT v
~_} ~
- a0
10
S 2 3 4 5 10 20 v 40 50 100 200
i i i ——t i i i ——t
USgpm 1 10 20 0 40 50 100 200 o0 400 500 (00
200 I I TTT [pies]
[l | L -~ 500
R Y [
1750 rpm Ty N 400
160
- P Hi 360
A B N N T 4
57 2, B S
> .0\\\ Osn S oy, \i%'\ Lo
Vi = -l~ k.
=0 P S ) ?" By Tos T | g B W
40 AN i ok N 2N 839%%,, ot
--------- g o e LTI Y NN IR TR GTAN
30 i 52 Sy INNRSHI S SV RSP 2L 100
£, a
EREN] | % PNEN] N N,
_________ - o PR S : \
20 i o I W, iy T-\__;\‘ Hi by H\“Q/ >
N R NN RN PR T T
--------- —-— L] T N \} e, Moy ’ - S0
| T [ | T 1
‘3\..{9\\ 10;; T \\;'é‘% a; //’ g \\ \ 40
o o i B e e < e Y SN I AN TR i -
S ", ] [T~ F | ™ Wi !
et For NI b AL/
~ 2 £ Y L 2
4 \/ vV
5 // \ 7 \I
) G dm——ri
R
= N
5 N =10
H H
Iz 405 10 20 30 40 50 100 200 300 400 500 wen 2000
i i 1 i i 1 i i 1
USgpm 1 26 30 40 &0 100 200 300 400 500 1040 2000 3000 4000 5000 (GO0

133

Reservado el derecho a modificaciones Sterling Fluid Systems (Colombia) S.A. / Febrero 2003




HALBERG NOWA Pag. 6/8
s ¥
; =
! 2
=l
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%
mi
W
110 | EJE MEDIDAS DE LA BOMBA MEDIDAS DE LAS PATAS EXTREMO DEL EJE @
NWp | NWs a f hy h2 b c my m, ny n, s e S1 w d | t u y
3213 112 | 140 190 | 140 100
8216 | »g 1,1/4" 2" 80 | gg0 | 132 | 160 | 50 14 | 100 704 om0 | 190 | 14 14 | 267 | 24 50 27 8 140
3220 160 | 180 110
3226 100 180 | 225 | 65 125 | 95 | 320 | 250
4013 80 112 | 140 210 | 160 100
4016 | 25 360 | 132 | 160 | 50 100 | 70 | 240 | 190 267 | 24 | 50 | 27 8
4020 112 2,120 o 160 | 180 14 265 | 212 | 14 14 140
*4026 180 | 225 320 | 250 110
2052 | 251 479 500 2501 5 125 | 95 —i50s 342 | 32 | 80 | 35 | 10
5013 132 | 160 240 | 190 100
5016 . 180 | 50 100 | 70
c020 ] 25| v |21/2"] 100 | 360 | 160 — 0o " 25 | 212 |, o | 14 267 | 24 | 50 | 27 8 | 140
5026 180 | 225 | o 125 | g5 | 320 [ 250
5032 | 35 3" [ 125 [ 470 | 225 | 280 345 | 280 342 [ 32 [ 80 | 35 | 10
6513 180
6516 | 25 100 | 360 160 500 | 65 | 14 | 125 | o5 | 280 | 212 | 44 267 | 24 | 50 | 27 8
6520 2,1/2"| 3" 180 | 225 320 | 250 110 | 14 140
6526 200 | 250 360 | 280
ey | 35 o5 | 470 oo T oo | 80 | 16 | 160 | 120 — oo 18 342 | 32 | 80 | 35 | 10
8016 | 25 360 225 320 | 250 267 | 24 | 50 | 27 8
8020 & 180 Tos0 ] 5 | ¥ | 125 5 e e0 | M
8026 | 35 | 3” 125 | 470 | 200 | 280 400 | 315 110 | 14 | 342 | 32 | 80 | 35 | 10 | 140
8032 250 | 315 | 80 | 16 | 160 | 120 18
8040 | 45 5" 530 | 280 | 355 435 | 355 370 | 42 [ 110 | 45 | 12
10020 125 200 [ ,o0 360 | 280
10026 | 35 " ” 470 | 225 80 | 16 | 160 | 120 18 342 | 32 | 80 | 35 | 10
10032 4 5 140 550 1 315 400 | 315 110 | 14 140
10040 | 45 530 | 280 | 355 | 100 | 18 | 200 | 150 | 500 | 400 | 23 370 | 42 [ 110 | 45 | 12
12520 | 55 470 | 250 3151 g0 |28 | 160 | 120 | 400 | 315 | 18 342 | 32 | 80 | 35 | 10 &0
12526 " " 16
o532 5 6 140 50 355 110 | 14 140
o240 | 45 530 e 00 | 100 | 18 | 200 | 150 | 500 | 400 | 23 370 | 42 | 110 | 45 | 12
15020 | 35 470 400 550 | 450 342 [ 32 | 80 | 35 | 10 | 180
15026 280 | 375 500 | 400
15032 | 45 | 6" g | 180 | 530 400 | 100 | *® | 150 | 150 s50 | 450 | 23 01 14 1 a70 | a2 | 120 | 45 | 12 | 140
15040 315 | 450
*15050 | 55 180 | 670 | 400 | 500 22 640 | 540 140 | 18 | 489 | 48 | 115 | 51,5 | 14 | 180
20025 | 45 8" | 160 | 595 | 280 | 400 500 | 400 110 | 14 | 435 | 42 | 110 | 45 | 12 | 200
20032 " 200 450
20040 | 55 | 8 10" [180 | 670 | 3 [5op | 100 | 22 | 180 | 150 | 550 | 480 | 23 | .4 | 15 | 4g9 | 48 | 115 | 515 | 14 | 180
*20050 200 425 | 620 700 | 600
25032 | 55 | 10" | 12" [ 250 | 670 | 375 | 560 | 120 | 28 [ 240 [ 190 [ 620 [ 520 | 23 | 140 | 18 | 489 | 48 [ 115 [ 515 | 14 | 180

(1) Distancia necesaria entre los ejes del motor y la bomba, para desmontar el impulsor de la bomba hacia el |

ado del motor, sin mover el motor ni la carcasa de la bomba.

DIMENSIONES DE LAS BRIDAS

ANSI B16.1 clase 125 ANSI B16.1 clase 250
NWD / NWS 1,1/4" | 1,1/2" 2" 2,1/2" 3” 4" 5” 6” 8” 10” 12" 1,1/2" | 2,1/2" 6” 8” 10”
D 118 127 152 178 191 229 254 280 343 407 483 156 191 318 381 445
K 89 98 121 140 152 191 216 241 299 362 432 114 149 270 330 387
d2 x cantidad 16x4 | 16x4 | 19x4 | 19x4 | 19x4 | 19x8 | 22x8 | 22x8 | 22x8 | 25x12 | 25x12 | 22x4 | 22x8 | 22x12 | 25x12 | 30x 16

* Las bombas tipo 4026, 15050 y 20050 tienen bridas seguin ANSI B16.1 clase 250 Ibs
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TABLA DE CONEXIONES

o I

I VISTA X

el
xb Xa x1b xla
Ejecucién 051 Ejecucion 541
KVIIb  XVITa XYI IX Y11

Pos. Conexion Tamafo bomba o conjunto eje Dimensiones
| Manémetro 32.., 40.., 50.., 65.., 8016/20/26, 10020 R 1/4" — 18NPT
8032/40, 10026/32/40, 125.., 150.., 200.., 250.. R 1/2" — 14NPT
1 Manémetro 32.., 40.., 50.., 65.., 8016/20/26, 10020 R 1/4" — 18NPT
8032/40, 10026/32/40, 125.., 150.., 200.., 250.. R 1/2" — 14NPT
1 Purga de aire®” Todos los tamafios R 1/4" - 18NPT
VII Drenaje 3213/16/20, 4013/16/20, 5013/16/20, 6513 R 1/4" — 18NPT
3226, 4026/32, 5026/32, 6516/20/32, 80.., 100.., 125.., 150.., 200.., 250.. R 3/8” - 18 NPT
15050, 20040 R 1/2" — 14NPT
IX Goteo ¢ fugas Conjunto de eje 25 R 1/4" — 18NPT
Conjunto de eje 35 R 3/8” — 18NPT
Conjunto de eje 45y 55 R 1/2" — 14NPT
Xa Lig. cierre — entrada® | Conjunto de eje 25 R 1/8" — 27NPT
Conjunto de eje 35, 45y 55 R 1/4” — 18NPT
Xb Lig. cierre — salida® Conjunto de eje 25 R 1/8" — 27NPT
Conjunto de eje 35, 45y 55 R 1/4” — 18NPT
Xla | Lig. refrig. — entrada® | Conjunto de eje 25 y 35 (excepto 5032, 12520 y 15020) R 1/4” — 18NPT
Xlb | Lig. refrig. —salida® | Conjunto de eje 25 y 35 (excepto 5032, 12520 y 15020) R 1/4” — 18NPT

XV Llenado de aceite® Todos los tamafios @ 20mm
XVl Drenaje de aceite®” Todos los tamafios R 1/4" - 18NPT
XVlla | Mirilla de aceite® Conjunto de eje 25 y 35 R 1/2" — 14NPT
Conjunto de eje 45y 55 R 3/4" — 14NPT
XVIlb | Regulador de nivel® Todos los tamafios R 1/4" — 18NPT

(1) Disponible segln ejecucién o bajo demanda
(2) Para ejecucion 541 (Chaqueta de refrigeracion) 135
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DENOMINACION DE LA BOMBA

En la siguiente tabla se presenta la denominaciéon de la bomba, en sus ejecuciones mas comunes. Otras ejecuciones son
posibles, consultar con la fabrica.

Tipoy Apoyo de eje y . . . L,
z . . Cierre de eje Materiales de construccion Junta carcasa
tamario Sentido de giro
BN Un rodamiento rigido de 011 Prensaestopas prolongado 0B Componentes principales 2 Junta plana
una hilera de bolas en el no refrigerado, sin anillo de de la bomba en fundicién
lado exterior cierre hidraulico. gris.
(accionamiento) y un
rodamiento de contacto 041 Prensaestopas no 0C Componentes principales
angular de dos hileras en refrigerado con lubricacién de la bomba en fundicién
el lado interior; lubricados por el mismo liquido gris, pero con impulsor en
por grasa. bombeado. bronce.
Rotacién a la derecha 051 Prensaestopas no 1A Componentes principales
NOWA (sentido horario). refrigerado con lubricacion de la bomba en fundicién
3213 por liquido externo. de hierro nodular 6 acero
. CN Igual a BN pero con termoresistente.
. lubricacion por aceite. 541 Como 041 pero con
25032 chaqueta de refrigeracién. 2A  Componentes princiaples
de la bomba en acero al
CD2  Sello mecanico carbono.
monoresorte estandar.
3B Componentes principales
de la bomba en fundicién
de bronce.
4B Componentes principales
de la bomba en fundicién
de acero inoxidable.

Ejemplo para el pedido:
Bomba NOWA tamafio 12526 en acero inoxidable, con rodamientos lubricados
por grasa y cierre de eje mediante prensaestopas con lubricacion interna:  .....ccoceeeeeeveiens NOWA 12526 BN.041.4B.2

STERLING FLUID SYSTEMS (COLOMBIA) S.A. se reserva el derecho de efectuar cualquier cambio sobre los datos de este documento sin previo aviso

Miembros del Grupo Sterling Fluid Systems / Members of the Sterling Fluid Systems Group

Sterling Fluid Systems (Colombia) S.A.
Cra. 34 A Nr. 4B-33 Bogota D.C., Colombia
Tel: (57-1) 364 92 64 Fax: (57-1) 364 92 62 — 364 92 41 A.A. 151228
E-mail: info@sihi.com.co
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Pump Data Sheet - GOULDS

Company: Bonneville Power Administration

Name:
Date: 2/9/2007
Selection: Gould Centrifugal Pump

GOULDS
PUMPS

Pump: Search Criteria:
Size: 6BF Flow: --- US gpm Head: --- ft
Type: CC_ENDSUCT_C Speed: 3500 rpm Fluid:
Synch speed: 3600 rpm Dia: 6.375in :
X ' Water Temperature: 60 °F
Curve: GP 3656/3756 Impeller: Density: 62.25 Ib/ft3 Vapor pressure: 0.2563 psi a
Specific Speeds: Ns: --- Viscosity: 1.105 cP Atm pressure: 14.7 psi a
Nss: — NPSHa: - ft
Dimensions: Suction: 4 in
Discharge: 3in Motor
— Canci 1+ r‘r_\l 11_NCc +n_¢-n|nn+ A mntar far thic numn
Pump Limits: Pump Selection Warnings:
Temperature: 212 °F Power: 15 hp Design curve maximum power exceeds limit for the pump.
Pressure: 175 psig Eye area: --- in2
Sphere size: 0.5in
6.375in
--—- Data Point ----
Flow: 400 US gpm 150
Head: 124 ft
Eff: 74%
Power: 17 hp 125
NPSHI: 115 ft 5.5in
---- Design Curve ---- =
Shutoff head: 161 ft 100 ,
) i) 5.125in
Shutoff dP: 69.5 psi o
Min flow: 100Usgom | T adg7hin
BEP: 74% @ 400 US gpm 75
NOL power:
18.1 hp @ 485 US gpm
-- Max Curve -- 50
Max power:
18.1 hp @ 485 US gpm
32 100 200 300 400 500 600
=
= 10
n
o
Z
28 100 200 300 400 500 600
2
\ 10
o}
=
£ o
o 100 200 300 400 500 600
US gpm
Performance Evaluation:
Flow Speed Head Efficiency Power NPSHTr
US gpm rpm ft % hp ft
554 3500 68.9 57 16.7 16.6
462 3500 108 70 17.9 135
370 3500 130 73 16.4 10.7
271738 3500 146 70 14.7 8.36
185 3500 155 57 12.6 6.58
PUMP-FLO 9 Selected from catalog: GLPUMPS Vers: 2
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Tacometro, Modelo: MDT-2238A

Tacometro Foto/Contacto Digital Modelo: MDT-2238A

Instrumento digital portdtil, con LCD de 5 digitos, precision bdsica de 0.05%+1D, registro de
mdximo, minimo y lectura actual y cambio de rango automadtico. Realiza medidas de RPM por
medio foto-electrénico o por contacto y medidas de velocidad de superficie en m/min. Incluye
como accesorios adaptadores y cintas reflectoras.

Descripcion Técnica:

- Display: LCD 5 digitos con lectura maxima de 99999.

- Tasa de Muestreo: 0.5 segundo (arriba de 120 RPM).

- Indicacién de Bateria Agotada.

- Memorizacién de los Valores Maximo, Minimo y Ultima Lectura: "UP", "dn", y "LA" son mostrados, respectivamente, en el display.
- Seleccion de Rango: Automatico.

- Distancia de Deteccién (Foto Tacdmetro): 50mm ~ 500mm.
- Base de Tiempo: Cristal de Quartzo.

- Ambiente de Operacion: 0°C ~ 50°C, RH < 80%.

- Ambiente de Almacenamiento: -20°C ~ -50°C, RH < 80%.

- Alimentacion: 4 baterias AA de 1.5V.

- Consumo de Corriente: 50mA.

- Dimensiones: 160 (Al) x 72(An) x 37(P)mm.

- Peso: 300g (con baterias).

Eléctricas

- Rangos: 2.5~ 99999 RPM (Foto); 0.5 ~ 19999 RPM (Contacto); 0.05 ~ 1999.9 m / min (Superficie)

- Precisién: + (0.05%+1D)

- Resolucién: 0.1 RPM (2.5 ~ 999.9 RPM - Foto); 1 RPM (>= 1000 RPM - Foto); 0.1 RPM (0.5 ~ 999.9 RPM - Contacto); 1 RPM (>= 1000
RPM - Contacto); 0.01 m/min(0.05 ~ 99.99 m/min); 0.1 m/min (>= 100 m/min)

Accesorios

- Manual de Instrucciones

- Adaptador para Medir Velocidad de Superficie (Modelo TW-02)
- Adaptador para Medir RPM por Contacto

- Adaptador para Medida por Contacto

- Adaptador Tipo Cono (Modelo TC-02)

- Adaptador Tipo Embudo (Modelo TF-02)

- Cinta Reflectora para RPM (600mm) (Modelo FRT-60)

- Estuche para Transporte

140 Industrias Asociadas Ltda. — Colombia. Instrumentacion Industrial
www.industriasasociadas.com/Minipa.htm



Informacidén Técnica:
Peso: 0,160 Kg

Industrias Asociadas Ltda. — Colombia. Instrumentacion Industrial 141
www.industriasasociadas.com/Minipa.htm



Appendix A. Apéndice

A.5 Tacémetro con seiial

142



VECTUS

Introduction for DT2234C+ DIGITAL TACHOMETER
DT2234C+ DIGITAL TACHOMETER

Descriptions for DT2234C+ DIGITAL TACHOMETER
Display: 5 digits, 18mm LCD
Test Range: 2.5 to 99,999 RPM (r/min)
Resolution: 0.1 RPM (2.5 to 999.9 RPM)
1 RPM (over 1,000 RPM)
Accuracy: + (0.05%+1 digit)
Sampling Time: 0.8 sec. (over 60 RPM)
Test Range Select: Automatic
Detecting Distance: 50 to 500 mm/2 to 20inch (Laser)
Battery: 6F22 9V
Power Consumption: Approx.30mA (Laser)
Operation Temp.:0 to 503EC (32 to 1224EF)
Size: 131*70*29mm
Weight: 1609 (including battery)
Memory: Max. Value, Min. Value, Last Value.

Av da Invernada 12 - Vila Congonhas - CEP 04612-060 - S&o Paulo - SP
Fone / fax 011 5096 4654

Para honra e gléria de IX0Yz
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UNIVERSIDAD

EAFIT

Abierta al mundo

Informe de Calibracion

Calibration Report
Laboratorio: Hidréulica U. EAFIT Nuamero: 2014-03-06 (1 de 4)
Laboratory Number
Instrumento: Transductor de Presién
Instrument
Fabricante: WIKA
Manufacturer
Modelo: N.A.
Model
Nimero de serie: S# 2644313
Serial number
Rango de medicién: -30 Inch Hg - 100 psi
Measurement range
Solicitante: LABORATORIO DE HIDRAULICA .UNIVERSIDAD EAFIT
Customer
Direccién: CRA. 49 7 Sur 50. Medellin (ANT.)
Address
Fecha recepcién de equipo: 2014-03-19
Date of instrument reception
Fecha de calibracién: 2014-03-19
Date of calibration
Numero de paginas incluyendo anexos: 4
Number of pages and documents attached
Calibrado por: Revisado por:
Tecnélogo Ingeniero
Milton César Marin Marin Jesis Alberto Pérez Mesa
Técnico II del laboratorio de hidraulica Coordinador del laboratorio de hidraulica
Hydraulic Laboratory Technician II Hydraulic Laboratory Coordinator
Radicacion:

File number
Fecha de emision:2014/03/20
Date of issue

Este reporte expresa fielmente el resultado de las mediciones manométricas realizadas. No podrd ser
reproducido total o parcialmente excepto cuando se haya obtenido previamente permiso por escrito del
laboratorio que lo emite.

Los resultados contenidos en el presente reporte se refieren al momento y condiciones en que se realizaron
las mediciones. El laboratorio no esta acreditado ante la siper intendencia de industria y comercio pero
sus patrones tienen trazabilidad, el personal técnico cuenta con las pasantias en la SIC y se trabaja bajo
normas reconocidas , ademds no se responsabiliza de los perjuicios que puedan derivarse del uso
inadecuado de los instrumentos calibrados.

El usuario es responsable de la calibracién de sus instrumentos a intervalos apropiados.

Universidad EAFIT-Campus principal EAFIT Lianogrande EAFIT Bogota EAFIT Pereira

Carrera 49 7 Sur 50. avenida Las Vegas Kildmetro 3.5 via Don Diego Carrera 16 93-46 Carrera 1912-70

Medefiin-Colombia Rionegro-Colombia Bogota-Colombia Edificio Megacentro, Pinares de San Martin

Teléfonos: (57} (4) 2613500-4489500 Teléfonos: (57) (4) 2619500 extensiones: 9562-9188 Teléfonos: (57) (1) 6114618 Pereira-Calombia

Apartado Aéreo: 3300 | Fax: 2664264 Teléfono directo: (57) (4) 2619562 Apartado Aéreo: 1100 | Fax: 6230126 Teléfonos: (57] (6) 3243242-3243213 :

INit: B390.901.389-5 Apartado Aéreo: 725 | Fax: 5621866 Fax: 3316175 WVM@&fIt.EdU.CD



UNIVERSIDAD

EAFIT

Abierta al mundo

Informe de calibracion Numero: 2014-03-06 (2 de 4)
Solicitante: LABORATORIO DE HIDRAULICA. UNIVERSIDAD EAFIT.
Instrumento: Transductor de presion

Fabricante: WIKA

Serie: S# 2644313

Identificacion #: N.A

Rango: -30 In Hg a 100 psi

Divisién de escala: N.A.

Clase de exactitud: 0,25

Diametro frente: N.A.

Conexion: 1/2" NPT Inferior.

Fecha de calibracion: Marzo 19 de 2014

Norma Empleada: NTC 2263

El manémetro a calibrar fue comparado con un Modulo de Presién (CL 0,004), FLUKE 700P06

No. 91350601 utilizando como medio para transmitir las presiones Agua destilada.
Los patrones utilizados en la calibraciéon de este instrumento estin trazados a los patrones

nacionales, loa cuales tienen trazabilidad a patrones internacionales reconocidos.
La temperatura ambiente del laboratorio durante las mediciones es de 26,0 °C + 2 °C (Grados
Celsius).

Al iniciar las medidas de regreso, a este manémetro se le mantuvo a la presion manométrica
correspondiente al valor maximo que esta indicado en su escala, durante el tiempo de 20 minutos.

RESULTADOS DE LA CALIBRACION

- s . Lecturas (Pr
Presion Manométrica (No) Patron Lecturas (Px) s (Pr)
. Ida Regreso
(psi) 5 :
(psi) (psi)
0,0 0,016 0,045

10,0 9,984 10,041

20,0 19,994 20,037

30,0 30,012 30,055

40,0 40,023 40,037

50,0 50,055 50,033

60,0 60,029 60,029

70,0 70,047 70,033

80,0 80,036 80,043

90,0 90,047 90,040

100,0 100,000 100,000
Universidad EAFIT-Campus principal EAFIT Lianogrande EAFIT Bogots EAFIT Pereira W
Carrera 49 7 Sur 50, avenida Las Vegas Kildmetro 3.5 via Don Diego Carrera 16 93-46 Carrera 19 12-70
Medellin-Colombia Rionegro-Colombia Bogots-Colombia Edificio Megacentro, Pinares de San Martin
Teléfonos: (57) (4) 2619500-4489500 Telefonos: (57) (4] 2619500 extensiones: 9562-9188 Teléfonos: (57 (1) 6114618 Perewra-Colombia
Apartado Aéreo: ;J%GFM: 2664284 Teléfono directo: (57) (4) 2613562 Apartado Aéreo: 1100 1 Fax: 6230126 Teléfonos: (57) (6] 3243242-3243213 :
Nit: 890.901.389- Apartado Aéreo: 725 | Fax: 5621866 Fax: 3316175 www.eafit.edu.co




UNIVERSIDAD

EAFIT

Abiertaal mundo Numero: 2014-03-06 (3 de 4)

La diferencia maxima en esta calibracion entre el aparato sometido a prueba y el patron es:

Pr( prueba) — No( patron) = 0,06 psi

Esta diferencia en porcentaje, respecto al valor maximo de la escala es:

Porcentaje = 9,06 x100=0,052%
114,73

’

El porcentaje de error asi obtenido es permitido en manémetros que correspondan a la clase de
exactitud:

CL.0,06 [CL.0,1 |CL.0,16 |CL. 0,25 |CL.0,4
CL.0,6 |CL.1,0 |CL.1,6 |CL.2,6 |CL.4,0

CL: Clase Metrologica
Tolerancia = % *114,73 = +0,2868 psi

La incertidumbre de medicién de cada una de las lecturas de presion que han sido dadas por el
mandmetro a prueba es:

+ 0,47 psi

La incertidumbre reportada se ha determinado multiplicando la incertidumbre estdndar combinada
(patrén, método, resolucién de manémetro a prueba) por el factor de cubrimiento k=2, con el cual
se logra un nivel de confianza de aproximadamente un 95%.

El manémetro es provisto con una estampilla del laboratorio, que contiene fecha y nimero del
Informe de Calibracion.

Observaciones:

El mandmetro es apto para seguir operando siempre y cuando el proceso admita el error con el cual

quedo.
Universidad EAFIT-Campus principal EAFIT Llanogrande EAFIT Bogota EAFIT Pereira
Carrera 49 7 Sur 50, avenida Las Vegas Kiémetro 3.5 via Don Diego Carrera 16 9346 Camera 19 12-70.
Medellin-Colombia Hionegro-Colombia Bogota-Colombia Edificio Megacentro, Pinares de San Martin
Teléfonos: (57) (4) 2619500-4488500 Teléfonos: (57) (4) 2613500 extensiones: 9562-9188 Teléfanos: (57) (1) 6114618 Pereira-Colombia
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8702B_000-239a-04.06

Acceleration

K-Shear® Accelerometers

KISTLER

measure. analyze. innovate.

Type 8702B...
8704B...

General Purpose, Voltage Mode Accelerometers

Small, relatively light weight general purpose accelerometers for
vibration measurements in wide range of applications. Available
in three measuring ranges 25g, 50g and 100g, all range types
are available in a ground isolated option. These accelerometers
feature a rugged, hermetically sealed construction.

¢ Low impedance, voltage mode

® Quartz-shear sensing elements

e Ultra-low base strain

¢ Minimal thermal transient response

e Lightweight, hermetically sealed titanium case

¢ Conforming to CE

Description

The 8702B... side connector and 8704B... top connector accel-
erometer series use a unique shear mode sensing element made
of stable quartz crystals. The quartz sensing elements afford
excellent long-term stability that ensure repeatable, accurate
measurements for many years. Additionally the shear element
design provides low transverse sensitivity along with an insensi-
tivity to base strain and thermal transients.

All units are hermetically sealed and are constructed entirely of
titanium or a combination of titanium and stainless steel. An
internal circuit Piezotron® impedance converter provides a high
signal level at low impedance output.

Models identified with an M1 are ground isolated versions. All
units are hermetically sealed and are constructed entirely of
titanium or a combination of titanium and stainless steel.

Application

All types are designed for general purpose vibration measure-
ment in a laboratory or industrial environment. They can be
used for environmental testing (with or without temperature
cycling), ESS , vehicle tests, automotive NVH testing, rotating
machinery vibration analysis.

20.48

10-32 UNF thread
coaxial connector neg.

10-32 UNF-2B thread

—= 0.50 HEX x 0.13 deep
mounting hole
Dim 8702B... 8702B...M1
A 0.76 0.80
10-32 UNF thread
_ coaxial connector neg
A
10-32 UNF-2B thread
—=| 0.50 HEX. |~=— x 0.13 deep
Dim 87048B... 8704B...M1
A 0.96 0.98

Accessing TEDS Data

Accelerometers with a “T" suffix are variants of the standard
version incorporating the “Smart Sensor” design. Viewing
an accelerometer's data sheet requires an Interface/Coupler
such as Kistler's Model 5000M07 PDA based or 5000M04 PC
(serial port) based TEDS Editor software. The Interface provides
negative current excitation (reverse polarity) altering the operat-
ing mode of the PiezoSmart® sensor allowing the program editor
software to read or add information contained in the memory
chip.

Page 1/3
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General Purpose, Voltage Mode Accelerometers, Type 8702B..., 8704B...

Technical Data

KISTLER

measure. analyze. innovate.

Type Unit 8702/04B25 8702/04B50 8702/04B100
Acceleration Range g +25 +50 +100
Acceleration Limit gpk +50 +100 +200
Transverse Acceleration Limit gpk +50 +100 +200
Threshold nom. grms 0.002 0.004 0.006
Sensitivity (£5%) mV/g 200 100 50
Resonant Frequency mounted, nom. kHz 54 54 54
Frequency Response, +5% Hz 1...8000 0.5 ... 10000 0.5 ... 10000
Amplitude Non-linearity %FSO +1 +1 +1
Time Constant nom. sec 1 2 15
Transverse Sensitivity nom., (max. 3) % 1.5 1.5 1.5
Long Term Stability % +1 +1 +1
Environmental:
Base Strain Sensitivity @ 250pe g/pe 0.01 0.01 0.01
Shock Limit (1ms pulse) gpk 2000 2000 2000
Temperature Coefficient of Sensitivity % /°F -0.030 -0.030 -0.030
Temperature Range Operating °F -65 ... 212 -65 ... 212 -65 ... 212
Temperature Range Storage °F -95 ... 250 -95 ... 250 -95 ... 250
Output:
Bias nom. VDC 11 11 11
Impedance Q <100 <100 <100
Voltage full scale \ +5 +5 +5
Current mA 2 2 2
Source:
Voltage VDC 20...30 20...30 20...30
Constant Current mA 4 4 4
Impedance min. kQ 100 100 100
Construction:
Sensing Element type Quartz Shear Quartz Shear Quartz Shear
Housing/Base material Titanium Titanium Titanium
Sealing-housing/connector type Hermetic Hermetic Hermetic
Connector type 10-32 UNF neg. 10-32 UNF neg. 10-32 UNF neg.
Weight 8702B... / 87048B... grams 8.7/7.25 8.7/7.25 8.7/7.25
8702B...M1 / 8704B...M1 grams 9.7/8 9.7/8 9.7/8
Mounting type 10-32 UNF-2B 10-32 UNF-2B 10-32 UNF-2B
thread thread thread
Mounting Torque Ibf-in 18 18 18

8702B_000-239a-04.06

18 =9.80665 m/s?, 1 inch = 25.4 mm, 1 gram = 0.03527 oz, 1 Ibf-in =0.1129 Nm
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8702B_000-239a-04.06

General Purpose, Voltage Mode Accelerometers, Type 8702B..., 8704B...

Mounting

A threaded 10-32 UNF stud provides positive attachment of the
accelerometer to the test structure. Reliable and accurate mea-
surements require that the mounting surface be clean and flat.
The operating instruction manual for the 8702B... and 87048B...
series accelerometers provides detailed information regarding
mounting surface preparation.

Accessories Included Type
¢ 10-32 mounting stud 8402

¢ Mounting stud, 10-32 to Mé; shipped only 8411
outside N. America

Optional Accessories Type
* Mounting magnet 8452A

e Triaxial mounting cube 8502

Ordering Key

Measuring Range 8702B
+25g side connector 25

>[]
>[]

>

+50g side connector 50

+100g side connector 100

Variants
Ground isolated ‘ M1 ‘

TEDS Templates (standard, M1 only)
Standard -

KISTLER

measure. analyze. innovate.

Measuring Chain Type
1 Low Impedance Sensor 87
2 Sensor cable, 10-32 pos. to BNC pos. 1761B...
3 Power Supply/Signal Conditioner 51...
4 Outout cable, BNC pos. to BNC pos. 1511
[
O | I
1 2 3 4
Readout
(not supplied)
Ordering Key
Measuring Range 8704B[1 1 [
+25g top connector 25 J‘ A4
+50g top connector 50
+100g top connector 100
Variants
Ground isolated ‘ M1

TEDS Templates (standard, M1 only)

Default, IEEE 1451.4 V0.9 Template O T
(UTID 1)

IEEE 1451.4 V0.9 Template 24 TO1
(UTID 116225)

LMS Template 117, Free format Point ID | TO2

LMS Template 118, Automotive Format | TO3
(Field 14 Geometry = 0)

LMS Template 118, Aerospace Format TO4
(Field 14 Geometry =1)

P1451.4 v1.0 template 25 - Transfer TO5
Function Disabled
P1451.4 v1.0 template 25 - Transfer T06

Function Enabled

Standard -
Default, IEEE 1451.4 V0.9 Template O T
(UTID 1)

IEEE 1451.4 V0.9 Template 24 TO1

(UTID 116225)

LMS Template 117, Free format Point ID | TO2

LMS Template 118, Automotive Format | TO3

(Field 14 Geometry = 0)

LMS Template 118, Aerospace Format TO4

(Field 14 Geometry =1)

P1451.4 v1.0 template 25 - Transfer TO5

Function Disabled

P1451.4 v1.0 template 25 - Transfer T06

Function Enabled
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BN [FC 100 D —

Convertidor de senal para caudalimetros
electromagnéticos

Revision electrdnica:
ER 2.1.xx
(SW.REV. 3.0x)

La documentacion solo estd completa cuando se usa junto con la documentacién
relevante del sensor de caudal.
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IFC 100 INSTRUCCIONES DE SEGURIDAD i

Avisos y simbolos empleados

i PELIGRO!
Esta informacion se refiere al dario inmediato cuando trabaja con electricidad.

iPELIGRO!

Estos avisos deben cumplirse a rajatabla. Hacer caso omiso a este aviso, incluso de forma
parcial, puede provocar problemas de salud graves e incluso la muerte. También existe el riesgo
de danar el aparato o partes de la planta en funcionamiento.

jAVISO!

Hacer caso omiso de este aviso de seguridad, aunque sea solo en parte, representa el riesgo de
problemas de salud graves. También existe el riesgo de danar el aparato o partes de la planta en
funcionamiento.

> b P

i PRECAUCION!
Hacer caso omiso de estas instrucciones puede dar como resultado un dano en el aparato o
partes de la planta en funcionamiento.

i INFORMACION!
Estas instrucciones contienen informacion importante para el manejo del aparato.

e [->

MANEJO

¢ Este simbolo indica todas las instrucciones para las acciones que se van a ser llevadas a cabo
por el operador en la secuencia especificada.
9 Resultado
Este simbolo se refiere a todas las consecuencias importantes de las acciones previas.

Instrucciones de seguridad para el operador

i PRECAUCION!
La instalacion, ensamblaje, puesta en marcha y mantenimiento solo puede ser realizado por
peronal entrenado. Siempre se deben sequir las directrices de sequridad y salud ocupacional.

AVISO LEGAL

La responsabilidad respecto a la idoneidad y al uso deseado de este aparato recae solamente en
el usuario. El proveedor no asume ninguna responsabilidad en caso de uso indebido del cliente.
Una instalacion inadecuada y su funcionamiento pueden llevar a la pérdida de garant/a. Ademas,
se aplican "Las condiciones y términos de Venta" Estas aparecen en la parte trasera de la
factura y forman la base de contrato de compra.

| [>

iINFORMACION!
e Puede encontrar mas informacion en el CD-ROM del manual que se suministra, en la hoja de
datos, en manuales especiales, en los certificados y en la Website del fabricante.

mio

* Sinecesita devolver el aparato al fabricante o suministrador, por favor, rellene el impreso
contenido en el CD-ROM y envielo con el aparato. Desafortunadamente, el fabricante no
puede reparar o inspeccionar el aparato sin el impreso completo.
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INSTALACION

2.1 Propdsito de uso

Los caudalimetros electromagnéticos estan disenados exclusivamente para medir el caudal y la
conductividad de un medio liquido conductivo eléctricamente.

por favor consulte la documentacion Ex.

jAvIso!
Siel equipo no se utiliza segun las condiciones de funcionamiento [consultar el capitulo "Datos

i PELIGRO!
Para equipos que se empleen en zonas peligrosas, se aplican notas de sequridad adicionales;
A técnicos”), la proteccion prevista podria verse perjudicada.

2.2 Alcance del suministro

iINFORMACION!
Revise las cajas cuidadosamente por si hubiera algun dano o signo de manejo brusco. Informe
del dano al transportista y a la oficina local del fabricante.

mio

i INFORMACION!
Compruebe la lista de repuestos para verificar que ha recibido todo lo que pidio.

mio

i INFORMACION!

Mire la placa del fabricante del equipo para asegurarse de que el equipo se ha entregado segun
su pedido. Compruebe en la placa del fabricante la impresion correcta del voltaje para su
alimentacion.

e

w O

Figura 2-1: Alcance de suministro

D Equipo en la versién pedida

@ Documentacién (informe de calibracién, Arranque Répido, CD-Rom con documentacién del producto para el sensor
de medicidn y el convertidor de sefal)

@ Cable de sefial [solo para la versién remota)
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INSTALACION

2.3 Almacenamiento

e Almacene el aparato en un lugar seco y sin polvo.

e Evite la luz del sol directa de forma continua.

e Guarde el equipo en su caja original.

e Temperatura de almacenamiento: -40...+70°C / -40...+158°F

2.4 Transporte

Convertidor de senal

¢ Sinrequisitos especiales.

Version compacta
¢ No levante el equipo por el alojamiento del convertidor de senal.
¢ No use cadenas de elevacion.

e Para transportar los equipos con bridas, use las correas de elevacion. Envuelva éstas
alrededor de las conexiones del proceso.

2.5 Especificaciones de la instalacion

iINFORMACION!
Se deben tomar las siguientes precauciones para asegurar una instalacion fiable.
e Asegudrese de que hay espacio suficiente a los lados.

e Proteja el convertidor de senal de la luz del sol directa e instale una sombrilla si es
necesario.

e Convertidores de senal instalados en los gabinetes de control requieren un enfriamiento
adecuado, p.ej. con un ventilador o intercambiador de calor.

e No exponga el convertidor de serial a una vibracion intensa. Los caudalimetros estan
probados para un nivel de vibracion segun el IEC 68-2-3.
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INSTALACION

2.6 Montaje de la version compacta

® | i/NFORMACION!

l El convertidor de senal se monta directamente en el sensor de medicion. Para instalar el
caudalimetro, por favor, siga las instrucciones de la documentacion del producto suministrado

para sensor de medida.

2.7 Montaje del housing de pared, version remota

® | i/NFORMACION!

l Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los
materiales de ensamblaje y las herramientas conforme a las directrices de seguridad y salud
ocupacional pertinentes.

2.7.1 Montaje de pared

I —
L)
l\\\\\\\\\\\\ﬁ
LA S
-_
[a——an

@ (D Prepare los agujeros con ayuda de la placa de montaje. Para mas informacién vaya a Placa de
\ montaje, version de montaje en pareden la pagina 8.
@ Fije el equipo con seguridad a la pared con la placa de montaje.

=

Figura 2-2: Montaje del housing de pared
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INSTALACION

Montaje multiple de equipos unos al lado de otros

i 7—’%\
T a
T
/ 3 \r
o . O
[of 0
T
o /0
i
i
|
Tied o o
M

[mm] [pulgadas]
a 06,5 00,26
b 87,2 3,4
c 241 9,5
d 310 12,2
e 257 10,1
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INSTALACION

2.7.2 Placa de montaje, version de montaje en pared

Dimensiones en mm y pulgadas

[mm] [pulgadas]
06,5 (0,26
87,2 3,4
C 241 9,5
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IFC 100

CONEXIONES ELECTRICAS

3.1 Instrucciones de seguridad

> BB P

mio

i PELIGRO!
Todo el trabajo relacionado con las conexiones eléctricas solo se puede llevar a cabo con la
alimentacion desconectada. i Tome nota de los datos de voltaje en la placa de caracteristicas!

i PELIGRO!
iSiga las regulaciones nacionales para las instalaciones eléctricas!

i PELIGRO!
Para equipos que se empleen en zonas peligrosas, se aplican notas de seguridad adicionales;
por favor consulte la documentacion Ex.

jAVISo!

Se deben seguir sin excepcion alguna, las regulaciones de seguridad y salud ocupacional
regionales. Cualquier trabajo hecho en los componentes eléctricos del aparato de medicion
debe ser llevado a cabo unicamente por especialistas entrenados adecuadamente.

iINFORMACION!

Mire la placa del fabricante del equipo para asegurarse de que el equipo se ha entregado segun
su pedido. Compruebe en la placa del fabricante la impresion correcta del voltaje para su
alimentacion.

3.2 Notas importantes sobre la conexion eléctrica

>

162

i PELIGRO!

La conexion eléctrica debe realizarse en conformidad con la Directiva VDE 07100 "Reglas para las
instalaciones eléctricas con tensiones de linea hasta 1000 V" o las reglas nacionales
equivalentes.

i PRECAUCION!

e Emplee entradas de cable adecuadas para todos los cables eléctricos.

e £l sensory convertidor se configuran juntos en fabrica. Por esta razon, por favor conecte los
equipos en parejas. Asegurese de que las constantes del sensor GK/GKL [ver los tipos de
placas] estan programados de forma idéntica.

o Sile fue entregado por separado o cuando instalo los equipos no estaban configurados
Jjuntos, programe el convertidor al tamario DN y GK/GKL del sensor.

07/2010 - 4001013301 - QS IFC 100 R04 es www.krohne.com 9



CONEXIONES ELECTRICAS

3.3 Cables eléctricos para las versiones remotas, notas

3.3.1 Notas sobre el cable de senal A

® | i/NFORMACION!
l El cable de senal A [tipo DS 300) con doble proteccion asegura la transmision correcta de los
valores medidos.

Preste atencion a las siguientes notas:

e Extender el cable de senal con elementos de sujecion.

e Elcable de senal se puede extender tanto en el agua como en el suelo.

e El material aislante es resistente al fuego en conformidad con EN 50625-2-1, IEC 60322-1.

e El cable de senal no contiene halédgenos ni plastico y no pierde su flexibilidad a baja
temperatura.

e Laconexion de la proteccion interna se realiza por medio del hilo trenzado (1).
e La conexidn de la proteccion externa (60) se realiza por medio del hilo trenzado (6).

3.3.2 Nota sobre el cable de corriente de campo C

i PELIGRO!

Se utiliza un cable de cobre de dos hilos con proteccion como cable de corriente de campo. La
proteccion DEBE estar conectada al alojamiento del sensor de medicion y de convertidor de
senal.

iINFORMACION!
El cable de corriente de campo no forma parte del suministro.

o
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CONEXIONES ELECTRICAS

3.3.3 Requisitos para los cables de senal proporcionados por el cliente

®
1

164

iINFORMACION!
Siel cable de senal no fue pedido, tendra que proporcionarlo el propio cliente. Se deben cumplir
los requisitos siguientes respecto a los valores eléctricos:

Seguridad eléctrica
e En conformidad con EN 60811 (Directiva baja tensién) o normas nacionales equivalentes.

Capacitancia de los conductores aislados
e Conductor aislado / conductor aislado < 50 pF/m
e Conductor aislado / proteccion < 150 pF/m

Resistencia de aislamiento
e Ry, >100GQx km

o Uy <24V

o lpayx < 100 MA

Tensiones de prueba

e Conductor aislado / proteccion interna 500 V
e Conductor aislado / conductor aislado 1000 V
e Conductor aislado / proteccién externa 1000 V

Torsion de los conductores aislados

e Al menos 10 vueltas por metro, importante para proteger de los campos magnéticos.

07/2010 - 4001013301 - QS IFC 100 R04 es www.krohne.com 11



CONEXIONES ELECTRICAS

3.4 Preparacion de los cables de senal y de corriente de campo

®
1

i INFORMACION!

Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los
materiales de ensamblaje y las herramientas conforme a las directrices de seguridad y salud
ocupacional pertinentes.

3.4.1 Cable de senal A (tipo DS 300), construccion

e Elcable de sefial A es un cable con doble proteccidn para la transmision de las sefales entre
el sensor de medida y el convertidor de senal.

e Radio de curva: >50 mm /2"

(60)

Figura 3-1: Cable de senal de construccion A

Cable fijo (1) para la proteccién interna (10), 1,0 mmZ Cu / AWG 17 (no aislado, desnudo)
Cable de aislamiento (2], 0,5 mmZ2 Cu / AWG 20

Cable de aislamiento (3), 0,5 mm? Cu / AWG 20

Funda exterior

Capas de aislamiento
Cable fijo (6] para la proteccién externa (60)

SISICIZASAS)
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3.4.2 Longitud del cable de senal A

°® i INFORMACION!

l Para temperaturas del medio superiores a los 150° C / 30(P F, se necesita un cable de sefial
especial y una toma intermedia SD. Estos estan disponibles asi como los esquemas de conexion
eléctrica.

Sensor de medicion Tamano nominal Conductividad Curva del cable de
eléctrica min. senal A
DN[mm]  [pulgadas] [pS/cm]
OPTIFLUX 1000 F 10...150 3/8...6 5 Al
OPTIFLUX 2000 F 25...150 1...6 20 Al
200...1200 8...48 20 A2
OPTIFLUX 4000 F 2,5...150 1/10...6 1 Al
200...1200 8...48 1 A2
OPTIFLUX 5000 F 2,5...100 1/10...4 1 Al
150...250 6..10 1 A2
OPTIFLUX 6000 F 2,5...150 1/10...6 1 Al
WATERFLUX 3000 F 25...600 1...24 20 Al
© = 2
600 — 1800
/n2 /A1
"
”
100 S 300
V4
/
”
10 30
1 5 10 100 1000 6000

Figura 3-2: Longitud maxima del cable de seiial A

@ Longitud méxima del cable de sefial A entre el sensor de medicién y el convertidor de sefal [m]
@ Longitud maxima del cable de sefal A entre el sensor de medicién y el convertidor de sefal [pies]
@ Conductividad eléctrica del medio a medir [uS/cm]

166
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3.4.3 Preparacion del cable de senal A, conexion al convertidor de senal

® | /NFORMACION!

l Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los
materiales de ensamblaje y las herramientas conforme a las directrices de seguridad y salud

ocupacional pertinentes.

e La conexion de dos protecciones en el convertidor de sefal se realiza mediante los hilos
trenzados.

e Radio de curva: >50 mm /2"

Materiales necesarios

e Tubo aislado de PVC, 32,5 mm /0,1"

e Tubo termorrectractil

e 2xférulas para cables segin DIN 46 228: E 1,5-8 para los hilos trenzados (1, 6)

e 2xférulas para cables segun DIN 46 228: E 0,5-8 para los conductores aislados (2, 3

Figura 3-3: Preparacion del cable de senal A
a=80mm/3,15"

@ @ Pelar el conductor hasta la dimensién a.
i @ Cortar la proteccién interna (10) y la proteccién externa (60). Asegurarse de no dafar los hilos
trenzados (1, 6).
® Deslizar el tubo de aislamiento sobre los hilos trenzados (1, 6).
& Engarzar las férulas para cables en el hilo trenzado.
® Engarzar las férulas para cables en los conductores (2, 3).
® Tirar del tubo termorretractil sobre el cable de senal preparado.
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CONEXIONES ELECTRICAS

3.4.4 Preparacion del cable de corriente de campo C, conexion al convertidor de senal

PN

mio

168

i PELIGRO!

Se utiliza un cable de cobre de dos hilos con proteccion como cable de corriente de campo. La
proteccion DEBE estar conectada al alojamiento del sensor de medicion y del convertidor de
senal.

i{INFORMACION!

Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los
materiales de ensamblaje y las herramientas conforme a las directrices de sequridad y salud
ocupacional pertinentes.

e Elcable de corriente de campo C no forma parte del suministro.
e Radio de curva: >50 mm /2"

Materiales necesarios:

¢ Cable de cobre de al menos 2 hilos con proteccién con tubo termorretractil
e Tubo de aislamiento de tamano conforme al cable que se utiliza
e Férulas para cables DIN 46 228: tamario conforme al cable que se utiliza

Longitud y seccion transversal del cable de corriente de campo C

Longitud Seccion transversal Ag (Cu)
0...150 0...500 2x0,75Cu @ 2x18
150...300 500...1000 2x1,50Cu @® 2x 14
300...600 1000...2000 2x250Cu @® 2x12

(@ Cu = seccién transversal cobre

07/2010 - 4001013301 - QS IFC 100 R04 es www.krohne.com 15
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-

__— ®

>€® /_\©
f_—: '
P =

Figura 3-4: Cable de corriente de campo C, preparacion para el convertidor de sefal

a=80mm/3,15"

@ @ Pelar el conductor hasta la dimensioén a.
- @ Sihay un hilo trenzado, retire la proteccién. Tener cuidado para no danar el hilo trenzado.
@ Deslizar un tubo aislado sobre el hilo trenzado.
@ Engarzar una férula para cables en el hilo trenzado.
® Engarzar las férulas para cables en los conductores.
® Tirar del tubo termorretractil sobre el cable preparado.
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3.4.5 Preparacion del cable de senal A, conexidon al sensor de medida

®
1

170

iINFORMACION!

Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los
materiales de ensamblaje y las herramientas conforme a las directrices de seguridad y salud
ocupacional pertinentes.

e La proteccidn externa (60) esta conectada en el compartimiento de terminales del sensor de
medicion directamente mediante la proteccion y un clip.

e Radio de curva: >50 mm /2"

Materiales necesarios

e Tubo de aislamiento de PVC, ©2,0...2,5 mm/0,08...0,1"

e Tubo termorrectractil

e Férula para cables segin DIN 46 228: E 1,5-8 para el hilo trenzado (1)

e 2xférulas para cables segun DIN 46 228: E 0,5-8 para los conductores aislados (2, 3

Y

b (6)

-

Y
A

(1)

—

—
(60) ﬂ
> —

Figura 3-5: Preparacion del cable de sefnal A, conexion al sensor de medida

a=50mm/2"

b=10mm/0,39"

@ Pelar el conductor hasta la dimensidn a.

@ Cortar la proteccion externa (60) segln la dimensién b y tirar de ella sobre la funda externa.

@ Retirar el hilo trenzado (6) de la proteccién externay la proteccién interna (10). Tener cuidado
para no dafnar el hilo trenzado (1) de la proteccién interna.

@ Deslizar un tubo aislado sobre el hilo trenzado (1).

® Engarzar las férulas para cables en los conductores 2 y 3y el hilo trenzado (1).

® Tirar del tubo termorretractil sobre el cable de senal preparado.
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3.4.6 Preparacion del cable de corriente de campo C, conexion al sensor de medida

® | /NFORMACION!

l Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los
materiales de ensamblaje y las herramientas conforme a las directrices de seguridad y salud

ocupacional pertinentes.

e El cable de corriente de campo no forma parte del suministro.

e La proteccion esta conectada en el compartimiento de terminales del sensor de medicion
directamente mediante la proteccidn y un clip.

e Radio de curva: >50 mm /2"

Materiales necesarios

¢ Cable de cobre aislado de 2 hilos con proteccion

e Tubo de aislamiento de tamano conforme al cable que se utiliza

e Tubo termorrectractil

e Férulas para cables DIN 46 228: tamano conforme al cable que se utiliza

Figura 3-6: Preparacion del cable de corriente de campo C

a=50mm/2"
b=10mm/0,4"

@ @ Pelar el conductor hasta la dimensidn a.
: @ Cortar la proteccién externa seguln la dimension b y tirar de ella sobre la funda externa.

@ Engarzar las férulas para cables en ambos conductores.
@ Tirar del tubo termorretractil sobre el cable preparado.
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CONEXIONES ELECTRICAS

3.5 Conexion de los cables de senal y de corriente de campo

> B b P

172

i PELIGRO!
Los cables solo se pueden conectar cuando la alimentacion estd apagada.

i PELIGRO!
El aparato debe estar conectado a tierra segun la regulacion para proteger al personal de
descargas eléctricas.

i PELIGRO!
Para equipos que se empleen en zonas peligrosas, se aplican notas de seguridad adicionales;
por favor consulte la documentacion Ex.

jAVISo!

Se deben seguir sin excepcion alguna, las regulaciones de seguridad y salud ocupacional
regionales. Cualquier trabajo hecho en los componentes eléctricos del aparato de medicion
debe ser llevado a cabo unicamente por especialistas entrenados adecuadamente.
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3.5.1 Conexion de los cables de senal y de corriente de campo al convertidor de senal,
versiones remotas

® | i/NFORMACION!
l La version compacta se suministra pre-ensamblada desde fabrica.

Abrir el alojamiento

®

g,

@ O) Aflojar los 4 tornillos con una herramienta adecuada.

: @ Levantar el alojamiento desde la parte superior e inferior al mismo tiempo.
@ Deslizar hacia arriba la tapa del alojamiento.
@ La tapa del alojamiento es guiada y sujetada por la bisagra interna.

el &5

Figura 3-7: Abrir el alojamiento

173
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Conexion de los cables de senaly de corriente de campo
® @
®@

Figura 3-8: Funcion del terminal de conexién eléctrica

@ Conecte los conductores eléctricos como sigue:

(D Apriete la palanca hacia abajo con un destornillador en buenas condiciones [filo de 3,5 mm
anchoy 0,5 mm grueso).

@ Inserte el conductor eléctrico dentro del tapon de entrada.

@ El conductor quedara sujeto tan pronto como la palanca se libere.

m mmm
- M
TTEE

0] @

Figura 3-9: Conectar los cables de senal y corriente de campo

Entrada de cable de corriente de campo

Entrada de cable para cable de senal.

Conexion de la proteccion del cable de corriente de campo
Conductor eléctrico (7)

Conductor eléctrico (8)

Hilo trenzado (1) de la proteccién interna (10) del cable de sefal
Conductor eléctrico (2)

Conductor eléctrico (3)

Hilo trenzado (S) de la proteccidn externa (60)

CICISISISISIZICIS)
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3.5.2 Esquema de conexion para el cable de senal y de corriente de campo

i PELIGRO!
El aparato debe estar conectado a tierra segun la regulacion para proteger al personal de
descargas eléctricas.

e Un cable de cobre de dos hilos con proteccion se utiliza como cable de corriente de campo.
La proteccién DEBE estar conectada al alojamiento del sensor de medicion y del convertidor
de senal.

e La proteccion externa (60) estd conectada en el compartimiento de terminales del sensor de
medicion directamente mediante la protecciéon y un clip.

¢ Radio de curva del cable de sefal y de corriente de campo: =50 mm /2"

¢ Lasiguiente figura es esquematica. Las posiciones de los terminales de conexion eléctrica
pueden variar dependiendo de la version del alojamiento.

© [i]e[s[s]  [7]s]s]
[10]=> [ —
(60)—]
@ ®
® =g [
—>(10)

|—(
[ele[f]  [le[s)l1®

Figura 3-10: Esquema de conexion para el cable de sefal y de corriente de campo

(@M Compartimiento de terminales eléctricos en el convertidor de sefal
@ Cable de senal A

@ Cable de corriente de campo C

@ Compartimiento de terminales eléctricos en el sensor de medicion
® Tierra funcional FE
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3.6 Puesta a tierra del sensor de medida

3.6.1 Método clasico

iPELIGRO!
iNo debe haber diferencia de potencial entre el sensor de medicion y el alojamiento o la tierra de
proteccion del convertidor de senales!

e Elsensor de medicidon debe estar puesto a tierra adecuadamente.
e Elcable de tierra no deberia transmitir ningln voltaje de interferencia.
¢ No emplee el cable de conexion a tierra mas que para un equipo a tierra al mismo tiempo.

e Los sensores de medicidn estan conectados a tierra por medio de un conductor de tierra
funcional FE.

e Se suministran por separado instrucciones especiales para la puesta a tierra de varios de los
sensores de medicidn disponibles.

e Ladocumentacion del sensor de medicion contiene también indicaciones para el uso de los
anillos de puesta a tierray para la instalacion del sensor de medicion en tuberias metalicas o
de plastico con recubrimiento interno.

176
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3.7 Conexion de la alimentacion

i PELIGRO!
El aparato debe estar conectado a tierra segun la regulacion para proteger al personal de
descargas eléctricas.

e Losalojamientos de los equipos, que estan disenados para proteger el equipo electrdnico del
polvo y la humedad, deberian guardarse siempre bien cerrados. Las distancias de fuga y los
juegos estan dimensionados segin VDE 0110 e IEC 664 para categoria de contaminacion 2.
Los circuitos de alimentacidn estan disefados para categorias de sobretensidn Il y los
circuitos de salida para categoria de sobretension Il.

* Se debe prever una proteccion del fusible (Iy < 16 A) para el circuito de alimentacion de

entrada, y también un dispositivo de desconexidn (interruptor, disyuntor diferencial) para
aislar el convertidor de senal.

i L

N R N

Figura 3-11: Compartimiento de terminales de alimentacion

(@M Banda de retencién de la tapa
@ Entrada cable de alimentacidn, version remota
@ Entrada cable de alimentacidn, versién compacta

Vision general

Version No-Ex Ex
100...230 VAC Estandar Opcional
12...24VDC Estandar -

24 VAC/DC - Estandar

177
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>

o

o

mio
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e Abrir la tapa del compartimiento de terminales eléctricos presionandola y tirando de ella
hacia adelante al mismo tiempo.

rrnr
L N @
-

@

ITI
® 0 e

Figura 3-12: Conexidn de la alimentacion

@ 100...230 VAC (-15% / +10%], 8 VA
@ 24VDC (-55% / +30%), 4 W
@ 24 VAC/DC (AC: -15% / +10%; DC: -25% / +30%), 7 VA y 4 W

e Cerrar la tapa una vez conectada la alimentacion.

100...230 VAC (rango de tolerancia: -15% / +10%)

e Observe el voltaje y la frecuencia de alimentacion (50...60 Hz) en la placa del fabricante.

iINFORMACION!
Se incluye 240 VAC + 5% en el rango de tolerancia.

12...24 VDC (rango de tolerancia: -55% / +30%)

¢ Observe los datos en la placa del fabricante!

e Al conectar con tensiones funcionales muy bajas, hay que prever un dispositivo para la
separacion de proteccion (PELV) (VDE 0100 / VDE 0106y IEC 364 / IEC 536 o segun las
normativas nacionales pertinentes).

i{INFORMACION!
12 VDC - 10% se incluye en el rango de tolerancia.

24 VAC/DC (rango de tolerancia: AC: -15% / +10%; DC: -25% / +30%)
e AC: Observe el voltaje y la frecuencia de alimentacion (50...60 Hz) en la placa del fabricante.

e DC: Al conectar con tensiones funcionales muy bajas, hay que prever un dispositivo para la
separacion de proteccion (PELV) (VDE 0100 / VDE 0106 y IEC 364 / IEC 536 o segun las
normativas nacionales pertinentes).

i INFORMACION!
12V no se incluye en el rango de tolerancia.
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3.8 Vision general de salidas

3.8.1 Descripcion del numero CG

CG1 _

D2 ®® ©®

00

Figura 3-13: Marcar (nimero CG) del mddulo electrénico y variantes de salida

@ Numero ID: 0

@ Numero ID: 0 = estandar; 9 = especial
® Alimentacion

@ Pantalla (versiones del lenguaje)

® Version de salida

3.8.2 Versiones de salidas fijas, no modificables

Este convertidor de sefnal esta disponible con varias combinaciones de salidas.

e Las casillas grises en las tablas denotan terminales de conexidén no usados o no asignados.

En la tabla, solo se representan los digitos finales del N° CG.
El terminal de conexion A+ solo sera operativa en la version basica de salidas.

N° CG

Terminales de conexion

A+

A A- c

Salidas basicas (I/0) estandares

100

|, + HART® pasivo ® Sp pasivo

I, + HART® activo @

Pp /S, pasivo @

(@ funcién cambiada por reconexién
@ cambiable

26

Descripcion de abreviaciones empleadas

Salida de corriente activa o pasiva

Salida de pulso / frecuencia pasiva

Salida de estado / alarma pasiva

www.krohne.com
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3.9 Conexion eléctrica de entradas

i{INFORMACION!

[ ]
l Los materiales de ensamblaje y las herramientas no son parte de la entrega. Emplee los

materiales de ensamblaje y las herramientas conforme a las directrices de seguridad y salud
ocupacional pertinentes.

3.9.1 Conexion eléctrica de las salidas

i PELIGRO!
Todo el trabajo relacionado con las conexiones eléctricas solo se puede llevar a cabo con la
alimentacion desconectada. i Tome nota de los datos de voltaje en la placa de caracteristicas!

Figura 3-14: Conexion de las salidas

@ Entrada del cable, version remota
@ Entrada del cable, version compacta
@ Terminal S para proteccién

Abra la tapa del alojamiento

Empuje los cables preparados a través de la entrada de cables y conecte los conductores
necesarios.

Cierre la proteccion.

Cierre la tapa del alojamiento.

O

i INFORMACION!
Asegurese de que la junta del alojamiento estd colocada adecuadamente, limpia y sin darios.

mio
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3.9.2 Colocacion correcta de los cables eléctricos

©) @ (©)

d

Figura 3-15: Proteja el alojamiento del polvo y del agua

@ (@D Para versiones compactas con entradas de cable casi horizontalmente orientadas, coloque
los cables eléctricos necesarios con un bucle antigoteo como se muestra en la ilustracion.
) Apriete la conexidn del tornillo del cable de entrada con seguridad.
@ Selle las entradas del cable que no se necesiten con un tapén.

181
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PUESTA EN MARCHA

4.1 Conectando la alimentacion

Antes de conectarse a la alimentacion, compruebe por favor que el sistema haya sido
instalado correctamente. Esto incluye:

e Elequipo debe ser mecanicamente seguroy montarse conforme a las regulaciones.

¢ Las conexiones de alimentacion deben haberse hecho conforme a las regulaciones.

¢ Los compartimentos del terminal eléctrico deben asegurarse y las cubiertas debe ser
atornilladas.

e Compruebe que los datos de funcionamiento eléctrico de la fuente de alimentacion sean
correctos.

@ e Encendiendo la alimentacion.

4.2 Poniendo en marcha el convertidor de senal

El equipo de medida es una combinacidn de uno a dos sensores de medicidn tipo abrazaderay
un convertidor de senal. Todos los datos de funcionamiento se han programado en la fabrica de
acuerdo con las especificaciones de su solicitud.

Cuando la alimentacion esta encendida, se lleva a cabo un auto-test. Después de que el equipo
comience a medir, los valores serdn mostrados en pantalla inmediatamente.

yi\12345678 _|WEMPi\12345678 |

2 +123456  xly
+123.45 5 123

e'——— | z +1234.56 22

Figura 4-1: Muestras en pantalla en modo de medicidn (ejemplos para 2 o 3 valores medidos)
X, Yy z denotan las unidades de valores medidos mostrados en pantalla

Es posible cambiar entre las dos ventanas de valores medidos, la pantalla de tendenciay la lista
con mensajes de estado, presionando las teclas Ty .
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Vision global del producto KROHNE

® Caudalimetros electromagnéticos
® Caudalimetros de area variable

® Caudalimetros ultrasonicos

® Caudalimetros masicos

® Caudalimetros Vortex

® Controladores de caudal

® Medidores de nivel

® Medidores de temperatura

® Medidores de presion

® Productos de analisis

® Sistemas de medicion para la industria del gas y petréleo.

® Sistemas de medida para tanques maritimos.

Oficina central KROHNE Messtechnik GmbH
Ludwig-Krohne-Str. 5

D-47058 Duisburg (Alemania)

Tel.:+49 (0)203 3010

Fax:+49 (0)203 301 10389

infodkrohne.de

La lista actual de los contactos y direcciones de KROHNE se encuentra en:
www.krohne.com
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Appendix A. Apéndice

A.9 Martillo de Analisis Modal
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#1/4-28 UNF-2B e}
THREADED HOLE
M T
A [ RUBBERIZED GRIP
= SENSITIVITY SELECT
I 3 POS. TOGGLE SWITCH
-
DYNAPULSE ™
2.71 IMPULSE HAMMER DW
bwmm INSTRUMENTS, INC. USA .
FORCE SENSOR N
/ PERMANENTLY ATTACHED
DO NOT ATTEMPT REMOVAL FIBERGLASS HANDLE
/ SUPPLIED IMPACT TIPS
N_—@— MODELS 6250A, P & PS
f BNC CONNECTOR
5 - 9.29
MODEL NO. SENSITIVITY Q
5850B 1, 10, 100 mV/LbF OMN LY %F{;ERS
Ponrrmang
INSTRUMENTS, INC.
EXCEPT AS OTHERWISE NOTED CHATSWORTH, CA.
ALL DIMENSIONS IN INCHES | S 1X REV DATE FCN
TOLERANCE: XXX =% XX= 1 BATE 1 1/1/95 SARTNG:
SURFACE FINISH
EXCEPT AS NOTED \7- AW = AT
BREAK EDGES TO DEBURR D.Z. | N.C |
RADIUS OR CHAMFER [APPROVED XT A Y Ium
A THESE DIAS@ TO T.IR. TTE DWG No.
R OUTLINE/INSTALLATION DRAWING, 127-5850B
1. WEIGHT - 256 GRAMS
Fuers. e, IMPULSE HAMMER 58508 T —
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SPECIFICATIONS, MODEL 5850B
THREE-RANGE IMPULSE HAMMER

SPECIFICATION VALUE UNITS
SWITCH POSITION 10 1

RANGE (for +5V out) 500 5000 Lbs F
SENSITIVITY, £10% 10 1 mV/Lb
MAXIMUM INPUT FORCE 6000 8000 Lbs F
DISCHARGE TIME CONSTANT 150 1500 Sec

COMMON SPECIFICATIONS, ALL RANGES

STIFFNESS, SENSOR

RESONANT FREQUENCY

LINEARITY

OUTPUT IMPEDANCE, MAX

VOLTAGE BIAS

SUPPLY (COMPLIANCE) VOLTAGE RANGE
SUPPLY CURRENT RANGE

MATERIAL, HEAD/HANDLE

WEIGHT, HEAD

WEIGHT, TOTAL

CONNECTOR, MODEL 5850B

ACCESSORIES SUPPLIED WITH BASIC HAMMER:

11.4 Lbs F/p in.
>75 kHz

+1 %FS
100 Ohms
+7.5t0 +12 VDC
+18 to +30 vDC
27020 mA

STAINLESS STEEL/FIBERGLAS
150/5.3 Grams/Ounces
275/9.7 Grams/Ounces

BNC JACK, COAXIAL

1 EA. IMPACT TIP, MODEL 6250A (ALUMINUM), (1) MODEL 6250P (HARD PLASTIC) AND 6250PS,

(SOFT PLASTIC)

ACCESSORIES SUPPLIED WITH HAMMER KITS HB5850A & B AND HL5850A & B:
ABOVE 3 TIPS PLUS (2) HEAD EXTENDERS, 6270S1 AND 6270S2

REV B ECN 9708, 3-6-13



A.10. Sistema de Adquisicion del Laboratorio de Hidraulica

A.10 Sistema de Adquisicion del Laboratorio de Hidraulica
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OPERATING INSTRUCTIONS AND SPECIFICATIONS

CompactRI0™ cR10-9072/3/4

Reconfigurable Embedded Chassis with Integrated
Intelligent Real-Time Controller for CompactRIO
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LEDs 5 SMB Connector (cRIO-9074 Only)
RS-232 Serial Port 6 Power Connector

RJ-45 Ethernet Port 2 7 Reset Button

(cRIO-9074 Only) 8 DIP Switches

4 RJ-45 Ethernet Port 1

Figure 1. CompactRIO cRI0-9072/3/4
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This document describes how to connect the cRIO-9072/3/4 to a network
and how to use the features of the cRIO-9072/3/4. This document also
contains specifications for the cRIO-9072/3/4.

Safety Guidelines

Operate the cRI0-9072/3/4 only as described in these operating
instructions.

Safety Guidelines for Hazardous Locations

> B

The cRIO-9072/3/4 is suitable for use in Class I, Division 2, Groups A, B,
C, D, T4 hazardous locations; Class 1, Zone 2, AEx nL IIC T4 and Ex nL
IIC T4 hazardous locations; and nonhazardous locations only. Follow these
guidelines if you are installing the cRIO-9072/3/4 in a potentially explosive
environment. Not following these guidelines may result in serious injury or
death.

Caution Do not disconnect the power supply wires and connectors from the controller
unless power has been switched off.

Caution Substitution of components may impair suitability for Class I, Division 2.

Caution For Zone 2 applications, install the CompactRIO system in an enclosure rated to
at least IP 54 as defined by IEC 60529 and EN 60529.

Special Conditions for Hazardous Locations Use
in Europe

Some chassis have been evaluated as Ex nL IIC T4 equipment under
DEMKO Certificate No. 07 ATEX 0626664 X. Each such chassis is marked
& 11 3G and is suitable for use in Zone 2 hazardous locations, in ambient
temperatures of —20 < Ta < 55 °C.

Special Conditions for Marine Applications

Some chassis are Lloyd’s Register (LR) Type Approved for marine
applications. To verify Lloyd’s Register certification, visit ni.com/
certification and search for the LR certificate, or look for the Lloyd’s
Register mark on the chassis.
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What You Need to Install CompactRIO Reconfigurable
Embedded Hardware

[ CompactRIO reconfigurable embedded chassis with integrated
intelligent real-time controller

C Series I/0 modules
DIN rail mount kit (for DIN rail mounting only)
Two M4 or number 10 panhead screws (for panel mounting only)

A number 2 Phillips screwdriver

U 000 0

Power supply

@ Notes Visit ni.com/info and enter the Info Code rdsoftwareversion to determine
which software you need to use the cRIO-9072/3/4.

The cRIO-9072/3/4 may be shipped with a clear protective film cover on the front panel.
You can remove the film cover before installing the cRIO-9072/3/4.

Mounting the CompactRIO Reconfigurahle
Embedded Chassis

You can mount the chassis in any orientation on a 35 mm DIN rail or on a
panel. Use the DIN rail mounting method if you already have a DIN rail
configuration or if you need to be able to quickly remove the CompactRIO
chassis. Use the panel mount method for high shock and vibration
applications.

A Caution Your installation must meet the following requirements for space and cabling
clearance:

* Allow 25.4 mm (1 in.) on the top and the bottom of the chassis for air circulation.

* Allow 50.8 mm (2 in.) in front of modules for cabling clearance for common
connectors, such as the 10-terminal, detachable screw terminal connector, as shown
in Figure 2.
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Cabling Clearance
50.8 mm (2.00 in.)

1

286.4 mm
(11.28in.)

19.0 mm
0.751in.)
A ] [ ([ ([ o | A
36.4 mm
(1.43in.)
s & - Y-
. ED,] i 51.1 mm
%u}] (2.04in.)
3.1 mm
< (0.121in.)
Figure 3. cRI0-9072/3/4, Front View with Dimensions
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(0.98in.)
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44 mm
(1.73in.)

63.1 mm
(2.48in.)

.

Figure 4. cRI0-9072/3/4, Side View with Dimensions

The following sections contain instructions for the mounting methods.
Before using any of these mounting methods, record the serial number from
the back of the chassis. You will be unable to read the serial number after
you have mounted the chassis.

A Caution Make sure that no I/O modules are in the chassis before mounting it.

Mounting the Chassis on a Panel

You can use the NI 9905 panel mount kit to mount the cRIO-9072/3/4 on a
flat surface. Complete the following steps.

1. Fasten the chassis to the panel mount kit using a number 2 Phillips
screwdriver and two M4 X 16 screws. National Instruments provides
these screws with the panel mount kit. You must use these screws
because they are the correct depth and thread for the panel.
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Figure 5. Installing the Panel Mount Accessory on the cR10-9072/3/4

330.2 mm
(13.00in.)
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(12.25in.)

=T 5 ; Bt K

2N fod !
D #% (1.25in.)y 63.5 mm

00) O G| -t B

== A . i

Figure 6. Dimensions of cRI0-9072/3/4 with Panel Mount Accessory Installed

2. Fasten the NI 9905 panel to the wall using the screwdriver and screws
that are appropriate for the wall surface.

A Caution Make sure that no I/O modules are in the chassis before removing it from the
panel.
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Mounting the Chassis on a DIN Rail

You can order the NI 9915 DIN rail mount kit if you want to mount the
chassis on a DIN rail. You need one clip for mounting the chassis on a

standard 35 mm DIN rail. Complete the following steps to mount the
chassis on a DIN rail.

1. Fasten the DIN rail clip to the chassis using a number 2 Phillips

screwdriver and two M4 X 16 screws. National Instruments provides
these screws with the DIN rail mount kit.
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2. Insert one edge of the DIN rail into the deeper opening of the DIN rail
clip, as shown in Figure 8.

/

R =

1 DIN Rail Clip 2 DIN Rail Spring 3 DIN Rail

Figure 8. One Edge of the DIN Rail Inserted in a Clip

3. Press down firmly on the chassis to compress the spring until the clip
locks in place on the DIN rail.

Caution Make sure that no I/O modules are in the chassis before removing it from the
DIN rail.

Installing C Series I/0 Modules in the Chassis

Figure 9 shows the mechanical dimensions of C Series I/O modules.

Figure 9. C Series I/0 Module, Front and Side View with Dimensions
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Complete the following steps to install a C Series I/O module in the chassis.

1. Make sure that no I/0-side power is connected to the I/O module. If the
system is in a nonhazardous location, the chassis power can be on
when you install I/O modules.

2. Align the I/O module with an I/O module slot in the chassis as shown
in Figure 10. The module slots are labeled 1 to 8, left to right.

1 Insertion Groove 2 Latch

Figure 10. Installing an I/0 Module in the Chassis

Squeeze the latches and insert the I/O module into the module slot.

4. Press firmly on the connector side of the I/O module until the latches
lock the I/O module into place.

5. Repeat these steps to install additional I/O modules.
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Removing I/0 Modules from the Chassis

Complete the following steps to remove a C Series I/O module from the
chassis.

1. Make sure that no I/O-side power is connected to the I/O module. If the
system is in a nonhazardous location, the chassis power can be on
when you remove I/O modules.

2. Squeeze the latches on both sides of the module and pull the module
out of the chassis.

Connecting the Chassis to a Network

Connect the chassis to an Ethernet network using RJ-45 Ethernet port 1 on
the controller front panel. Use a standard Category 5 (CAT-5) or better
shielded, twisted-pair Ethernet cable to connect the chassis to an Ethernet
hub, or use an Ethernet crossover cable to connect the chassis directly to a
computer.

A Caution To prevent data loss and to maintain the integrity of your Ethernet installation,
do not use a cable longer than 100 m.

If you need to build your own cable, refer to the Cabling section for more
information about Ethernet cable wiring connections.

The first time you power up the chassis, the BIOS network settings
determine the initial IP settings and other network behavior. After powerup,
you must install software on the chassis and configure the network settings
in Measurement & Automation Explorer (MAX).

@ Note Installing software may change the network behavior of the chassis. For information
about network behavior by installed software version, go to ni.com/info and enter the
Info Code ipconfigcrio.

The BIOS network settings of the cRIO-9072/3/4 depend on the part
number of the chassis. The part number is located on the bottom of the
chassis.

BIOS Network Settings of cR10-9072/3/4
with Part Number Beginning 192172

If the part number of the cRIO-9072/3/4 begins with 192172, the IP
address, subnet mask, DNS address, gateway, and Time Server IP are all
setto 0.0.0.0 at powerup.
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The host computer communicates with the chassis over a standard Ethernet
connection. If the host computer is on a network, you must configure

the chassis on the same subnet as the host computer. If neither the host
computer nor the chassis is connected to a network, you can connect the
two directly using a crossover cable.

If you want to use the chassis on a subnet other than the one the host
computer is on, first connect the chassis on the same subnet as the host
computer. Use DHCP to assign an IP address or reassign a static IP address
for the subnet where you want it to be and physically move it to the other
subnet.

BIOS Network Settings of cR10-9072/3/4
with Part Number Beginning 198944

If the part number of the cRIO-9072/3/4 begins with 198944, the chassis
attempts to initiate a DHCP network connection at powerup. If the chassis
is unable to initiate a DHCP connection, it connects to the network with a
link-local IP address with the form 169.254.x.x.

The host computer communicates with the chassis over a standard Ethernet
connection. If neither the host computer nor the chassis is connected to a
network, you can connect the two directly using a crossover cable.

Wiring Power to the Chassis

The cR1I0-9072/3/4 requires an external power supply that meets the
specifications in the Power Requirements section. The cRIO-9072/3/4
filters and regulates the supplied power and provides power for all of
the I/0 modules. The cRIO-9072/3/4 has one layer of reverse-voltage
protection. Complete the following steps to connect a power supply to
the chassis.

1. Connect the positive lead of the power supply to the V terminal of the
COMBICON power connector shipped with the cRIO-9072/3/4, and
tighten the terminal screw. Figure 11 shows the terminal screws, which
secure the wires in the screw terminals, and the connector screws,
which secure the power connector on the front panel.
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1 Terminal Screws 2 Connector Screws

Figure 11. COMBICON Power Connector

2. Connect the negative lead of the power supply to one of the C terminals
of the power connector and tighten the terminal screw.

3. Optionally, you can connect the positive lead of another power supply
to the other V terminal and the negative lead to one of the C terminals.

4. Install the power connector on the front panel of the cRIO-9072/3/4
and tighten the connector screws.

A Caution The C terminals are internally connected to each other.

Powering On the cRI0-9072/3/4

When you apply power to the cRIO-9072/3/4, the controller runs a
power-on self test (POST). During the POST, the Power and Status LEDs
turn on. The Status LED turns off, indicating that the POST is complete. If
the LEDs do not behave in this way when the system powers on, refer to
the Understanding LED Indications section.

You can configure the cRIO-9072/3/4 to launch an embedded stand-alone
LabVIEW RT application each time you boot the controller. Refer to the
Running a Stand-Alone Real-Time Application (RT Module) topic of the
LabVIEW Help for more information.
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Chassis Reset Options

Table 1 lists the reset options available on CompactRIO systems such
as the cRIO-9072/3/4. These options determine how the chassis behaves
when the controller is reset in various conditions. Use the RIO Device
Setup utility to select reset options. Access the RIO Device Setup utility
by selecting Start»All Programs»National Instruments»NI-RIO»
RIO Device Setup.

Table 1. CompactRIO Reset Options

Chassis Reset Option Behavior

Do not autoload VI Does not load the FPGA bit stream from flash memory.

Autoload VI on device powerup | Loads the FPGA bit stream from flash memory to the FPGA
when the controller powers on.

Autoload VI on device reboot Loads the FPGA bit stream from flash memory to the FPGA
when you reboot the controller either with or without cycling
power.

Connecting Serial Devices to the cR10-9072/3/4

The cRIO-9072/3/4 has an RS-232 serial port to which you can connect
devices such as displays or input devices. Use the Serial VIs to read from
and write to the serial port from a LabVIEW RT application. For more
information about the Serial VIs, refer to the LabVIEW Help.

Figure 12. Controller Serial Port
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Table 2. DB-9 Pin Descriptions

Pin Signal

[S—

DCD

RXD

TXD

DTR

GND

DSR

RTS

CTS

O [0 | I | | D | & W]

RI

Using the Internal Real-Time Clock

The system clock of the cRIO-9012/9014 is synchronized with the internal
high-precision real-time clock at startup. This synchronization provides
timestamp data to the controller. You can also use the internal real-time
clock to correct drift of the system clock. Refer to the Internal Real-Time
Clock specification in the Specifications section for the accuracy
specifications of the real-time clock.

Using the SMB Connector for Digital 1/0
(cR10-9074 Only)

You can use the SMB connector of the cRIO-9074 to connect digital
devices to the controller. For example, if you connect the pulse-per-second
output of a GPS device to the SMB connector of the cRIO-9074, you can
use the GPS device to correct for drift of the system clock.

For software that supports GPS drift-correction and other digital I/O
through the SMB connector, go to ni.com/info and enter the Info Code
criosmb.
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Configuring DIP Switches

ST ~ | SAFE MODE
T3 ~ | CONSOLE OUT
[T « | IPRESET
T ~ | NOAPP
[T o | USERT
[T = | NOFPGA

Figure 13. DIP Switches

All of the DIP switches are in the OFF position when the chassis is shipped
from National Instruments.

SAFE MODE Switch

The position of the SAFE MODE switch determines whether the embedded
LabVIEW Real-Time engine launches at startup. If the switch is in the OFF
position, the LabVIEW Real-Time engine launches. Keep this switch in the
OFF position during normal operation. If the switch is in the ON position
at startup, the cRIO-9072/3/4 launches only the essential services required
for updating its configuration and installing software. The LabVIEW
Real-Time engine does not launch.

If the software on the controller is corrupted, you must put the controller
into safe mode and reformat the controller drive. You can put the controller
into safe mode by powering it up either with the SAFE MODE switch in
the ON position or with no software installed on the drive. Refer to the
Measurement & Automation Explorer Help for more information about
installing software on a controller and reformatting the drive on the
controller.

CONSOLE OUT Switch

With a serial-port terminal program, you can use the CONSOLE OUT
switch to read the IP address and firmware version of the controller. Use a
null-modem cable to connect the serial port on the chassis to a computer.
Push the switch to the ON position. Make sure that the serial-port terminal
program is configured to the following settings:

* 9,600 bits per second
*  Eight data bits
*  No parity
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IP RESET Switch

NO APP Switch

USER1 Switch

NO FPGA Switch

*  One stop bit

e No flow control

The serial-port terminal program displays the IP address and firmware
version of the chassis. Keep this switch in the OFF position during normal
operation.

Push the IP RESET switch to the ON position and reboot the controller
to reset the IP address and other TCP/IP settings of the controller to the
factory defaults. Refer to the Troubleshooting Network Communication
section for more information about resetting the IP address. You also can
push this switch to the ON position to unlock a chassis that was previously
locked in MAX.

Push the NO APP switch to the ON position to prevent a LabVIEW RT
startup application from running at startup. If you want to permanently
disable a LabVIEW RT application from running at startup, you must
disable it in LabVIEW. To run an application at startup, push the NO APP
switch to the OFF position, create an application using the LabVIEW
Application Builder, and configure the application in LabVIEW to launch
at startup. If you already have an application configured to launch at startup
and you push the NO APP switch from ON to OFF, the startup application
is automatically enabled. For more information about automatically
launching VIs at startup and disabling VIs from launching at startup, refer
to the Running a Stand-Alone Real-Time Application (RT Module) topic of
the LabVIEW Help.

You can define the USERI1 switch for your application. To define the

purpose of this switch in your embedded application, use the RT Read
Switch VI in your LabVIEW RT embedded VI. For more information
about the RT Read Switch VI, refer to the LabVIEW Help.

Push the NO FPGA switch to the ON position to prevent a LabVIEW
FPGA application from loading at startup. The NO FPGA switch overrides
the CompactRIO reset options described in the Chassis Reset Options
section. After startup you can download to the FPGA from software
regardless of switch position.
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Using the RESET Button

Pressing the RESET button resets the processor in the same manner as
cycling power.

@ Note The FPGA continues to run unless you select the Autoload on Any Device Reset
boot option. Refer to the Chassis Reset Options section for more information.

Understanding LED Indications

O POWER
O] FPGA
() STATUS
() USER1

Figure 14. cRI0-9072/3/4 LEDs

POWER LED
The POWER LED is lit while the cRIO-9072/3/4 is powered on. This LED
indicates that the power supply connected to the chassis is adequate.
FPGA LED
You can use the FPGA LED to help debug your application or easily
retrieve application status. Use the LabVIEW FPGA Module and NI-RIO
software to define the FPGA LED to meet the needs of your application.
Refer to LabVIEW Help for information about programming this LED.
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STATUS LED

The STATUS LED is off during normal operation. The cRIO-9072/3/4
indicates specific error conditions by flashing the STATUS LED a certain
number of times every few seconds, as shown in Table 3.

Table 3. Status LED Indications

Number of Flashes
Every Few Seconds Indication

1 The chassis is unconfigured. Use MAX to configure the chassis. Refer
to the Measurement & Automation Explorer Help for information about
configuring the chassis.

2 The chassis has detected an error in its software. This usually occurs
when an attempt to upgrade the software is interrupted. Reinstall
software on the chassis. Refer to the Measurement & Automation
Explorer Help for information about installing software on the chassis.

3 The chassis is in safe mode because the SAFE MODE DIP switch is in
the ON position or there is no software installed on the chassis. Refer to
the Configuring DIP Switches section for information about the Safe
Mode DIP switch.

4 The software has crashed twice without rebooting or cycling power

between crashes. This usually occurs when the chassis runs out of
memory. Review your RT VI and check the memory usage. Modify
the VI as necessary to solve the memory usage issue.

Continuously flashing | The chassis has detected an unrecoverable error. Contact National
Instruments.

Continuously flashing | The device may be configured for DHCP but unable to get an IP address

or solid because of a problem with the DHCP server. Check the network
connection and try again. If the problem persists, contact National
Instruments.

USER1 LED

You can define the USER1 LED to meet the needs of your application. To
define the LED, use the RT LEDs VI in LabVIEW. For more information
about the RT LEDs VI, refer to the LabVIEW Help.
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Troubleshooting Network Communication

If the cRIO-9072/3/4 cannot communicate with the network, you can
perform the following troubleshooting steps.

1.  Move the IP RESET switch to the ON position.

2. Push the RESET button to cycle power to the chassis.
3. Configure the IP and other network settings in MAX.
4. Move the IP RESET switch to the OFF position.

@ Note The network behavior of the chassis after powering up with the IP RESET switch on
depends on the version of LabVIEW RT installed. For information about the different
network behaviors with different software versions, go to ni . com/info and enter the Info
Code ipconfigcrio.

If you are unable to fix network communication with the LabVIEW RT
network settings restored, you can restore the BIOS network settings of the
chassis. Refer to the Connecting the Chassis to a Network section of this
document for information about the BIOS network settings for different
chassis revisions. Complete the following steps to restore the BIOS
network settings of the chassis.

1. Move the IP RESET and SAFE MODE switches to the ON position.
2. Push the RESET button to cycle power to the chassis.

3. Configure the IP and other network settings in MAX.

4. Move the IP RESET and SAFE MODE switches to the OFF position.

Note If the chassis is restored to the BIOS network settings, the LabVIEW run-time
engine does not load. You must reconfigure the network settings and restart the chassis for
the LabVIEW run-time engine to load.
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Specifications

Network

RS-232 Serial Port

The following specifications are typical for the —20 to 55 °C operating
temperature range unless otherwise noted.

Network interface

Compatibility

Communication rates

SMB Connector (cRI0-9074 Only)

CRI0-9072/3/4 Operating Instructions and Specifications

Output Characteristics

Minimum high-level output voltage
With —100 (A output current ..........
With —16 mA output current............
With —24 mA output current............

Maximum low-level output voltage
With 100 pA output current ............
With 16 mA output current..............
With 24 mA output current..............

Driver type

20

10BaseT and 100BaseTX
Ethernet

IEEE 802.3

10 Mbps, 100 Mbps,
auto-negotiated

100 m/segment

115,200 bps

5,6,7,8

1,2

Odd, Even, Mark, Space

RTS/CTS, XON/XOFF,
DTR/DSR

29V
24V
23V

0.10V
040V
0.55V

209
ni.com



Maximum sink/source current ............... +24 mA

Maximum 3-state output
leakage Current .........coeeveeeeeveeeiuveeeneeennne +5 LA

Input Characteristics
Minimum input voltage........c...ccecueeueene ov
Minimum low-level input voltage.......... 0.94V

Maximum high-level input voltage........ 243V

Maximum input voltage.........cc.cceeeuveenn. 55V

Typical input capacitance....................... 2.5 pF

Typical resistive strapping ..................... 1kQto3.3V

Memory

cRIO-9072, cRIO-9073
Nonvolatile.........ccoceeviiriiiniiinnnene 128 MB minimum
System Memory ........cceeceveerveveennnen. 64 MB

cRIO-9074
Nonvolatile.........ccooeeriernieiniinienns 256 MB minimum
System Memory ........cccecveeerveeenenenn. 128 MB

For information about the life span of the nonvolatile memory and about
best practices for using nonvolatile memory, go toni . com/info and enter
the Info Code SSDBP.

Reconfigurable FPGA

cRIO-9072
Number of logic cells..........c...c..... 17,280
Available embedded RAM ............. 432 kbits

cRIO-9073, cRIO-9074
Number of logic cells..........cc......... 46,080
Available embedded RAM ............. 720 kbits

For information about the life span of the nonvolatile memory and about
best practices for using nonvolatile memory, go to ni . com/info and enter
the Info Code SSDBP.
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Internal Real-Time Clock
ACCUTACY ..ttt 200 ppm; 35 ppm at 25 °C

Power Requirements

Caution You must use a UL Listed ITE power supply marked LPS with the
cRIO-9072/3/4.

Recommended power supply.................. 48 W, 24 VDC
Power consumption ........cccccceeeviieeninennn. 20 W maximum
Power supply input range ..........cc.cc...... 19030 V

Physical Characteristics

If you need to clean the controller, wipe it with a dry towel.

Screw-terminal Wiring .........c.occeeeevveennee. 0.5 to 2.5 mm?2 (24 to 12 AWG)
copper conductor wire with
10 mm (0.39 in.) of insulation
stripped from the end

Torque for screw terminals..................... 0.5t00.6 N-m
(44t05.31b-in.)

Weight ..o, 929 g (32.7 0z)

Safety Voltages

Connect only voltages that are within these limits.

V terminal to C terminal ..........cccccceeeeeee. 35 V max, Measurement
Category 1

Measurement Category I is for measurements performed on circuits not
directly connected to the electrical distribution system referred to as
MAINS voltage. MAINS is a hazardous live electrical supply system that
powers equipment. This category is for measurements of voltages from
specially protected secondary circuits. Such voltage measurements include
signal levels, special equipment, limited-energy parts of equipment,
circuits powered by regulated low-voltage sources, and electronics.

A Caution Do not connect the system to signals or use for measurements within
Measurement Categories II, 11, or I'V.
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Safety Standards

This product meets the requirements of the following standards of safety
for electrical equipment for measurement, control, and laboratory use:

« IEC61010-1, EN 61010-1
e UL 61010-1, CSA 61010-1

Note For UL and other safety certifications, refer to the product label or the Online
Product Certification section.

Electromagnetic Compatibility

This product meets the requirements of the following EMC standards for
electrical equipment for measurement, control, and laboratory use:

e EN61326 (IEC 61326): Class A emissions; Industrial immunity
e ENS55011 (CISPR 11): Group 1, Class A emissions

e AS/NZS CISPR 11: Group 1, Class A emissions

* FCC 47 CFR Part 15B: Class A emissions

* ICES-001: Class A emissions

@ Note For the standards applied to assess the EMC of this product, refer to the Online
Product Certification section.

Note For EMC compliance, operate this product according to the documentation.

CE Compliance Cce

This product meets the essential requirements of applicable European
Directives as follows:

*  2006/95/EC; Low-Voltage Directive (safety)
*  2004/108/EEC; Electromagnetic Compatibility Directive (EMC)

Online Product Certification

Refer to the Declaration of Conformity (DoC) for this product for
additional regulatory compliance information. To obtain product
certifications and the DoC for this product, visit ni . com/
certification, search by model number or product line, and click
the appropriate link in the Certification column.
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Environmental Management

National Instruments is committed to designing and manufacturing
products in an environmentally responsible manner. NI recognizes that
eliminating certain hazardous substances from our products is beneficial to
the environment and to NI customers.

For additional environmental information, refer to the NI and the
Environment Web page at ni . com/environment. This page contains the
environmental regulations and directives with which NI complies, as well
as other environmental information not included in this document.

Waste Electrical and Electronic Equipment (WEEE)

EU Customers At the end of the product life cycle, all products must be sent to a WEEE
recycling center. For more information about WEEE recycling centers, National
Instruments WEEE initiatives, and compliance with WEEE Directive 2002/96/EC on
Waste and Electronic Equipment, visit ni.com/environment/weee.

P

BT ERFmsREHEEME (PE ROHS)

&Gy HEEA  National Instruments 74 [ i 745 6= fh e B T 247 5 )46 4 (ROHS).
%T National Instruments 11 RoHS & #iTE(E B, 5% 5% ni.com/environment/rohs_china.
(For information about China RoHS compliance, go to ni . com/environment/rohs_china.)

Battery Replacement and Disposal

This device contains a long-life coin cell battery. If you need to replace it,
use the Return Material Authorization (RMA) process or contact an
authorized National Instruments sevice representative.

After replacement, recycle the old battery. For additional information, visit
ni.com/environment.

Hazardous Locations

US. (UL) oo, Class I, Division 2, Groups A,
B, C, D, T4; Class I, Zone 2,
AEx nL IIC T4

Canada (C-UL) ..ccoceiiieiiieeeiieecee, Class I, Division 2, Groups A,
B, C, D, T4; Class I, Zone 2,
Ex nL IIC T4

Europe (DEMKO) ...ccoovviiviiiiiiiiiieens Ex nL IIC T4 (part numbers
beginning with 192172F and
198944 only)
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Environmental

The cRI0-9072/3/4 is intended for indoor use only, but it may be used
outdoors if mounted in a suitably rated enclosure.

Operating temperature
(IEC 60068-2-1, IEC 60068-2-2)........... -20to 55 °C

@ Note To meet this operating temperature range, follow the guidelines in the installation
instructions for your CompactRIO system.

Storage temperature

(IEC 60068-2-1, IEC 60068-2-2)........... —-40to 85 °C

Ingress protection..........ccceeveeveevneveennnneen. IP 40

Operating humidity

(IEC 60068-2-56).....cccccvvreeeecrrreeeennennn. 10 to 90% RH, noncondensing
Storage humidity

(IEC 60068-2-56) ......ccoeeeerrrreeeeeeeeeeeannns 5 to 95% RH, noncondensing
Maximum altitude ..........ccceeeevveeevreennenn. 2,000 m

Pollution Degree (IEC 60664) ............... 2

Shock and Vibration

To meet these specifications, you must panel mount the CompactRIO
system and affix ferrules to the ends of the power terminal wires.

Operating shock
(IEC 60068-2-27) eeeeeeeereeeeeecreeeeeecreennn. 30 g, 11 ms half sine
50 g, 3 ms half sine,
18 shocks at 6 orientations

Operating vibration, random
(IEC 60068-2-64)......cccoecveiiiiiiiinenene. 5 gms» 10 to 500 Hz

Operating vibration, sinusoidal
(IEC 60068-2-6) ....ccueeeeeeerienieiieieanane 5¢g,10to 500 Hz
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Cabling

Table 4 shows the standard Ethernet cable wiring connections for both
normal and crossover cables.

Table 4. Ethernet Cable Wiring Connections

Connector 2 Connector 2
Pin Connector 1 (Normal) (Crossover)
1 white/orange white/orange white/green
2 orange orange green
3 white/green white/green white/orange
4 blue blue blue
5 white/blue white/blue white/blue
6 green green orange
7 white/brown white/brown white/brown
8 brown brown brown
Connector 1 Connector 2
Pin1—-qmuj<—mns Pin1—bEHM"P<—Pin8
r |

L

Figure 15. Ethernet Connector Pinout
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Where to Go for Support

The National Instruments Web site is your complete resource for technical
support. At ni.com/support you have access to everything from
troubleshooting and application development self-help resources to email
and phone assistance from NI Application Engineers.

National Instruments corporate headquarters is located at

11500 North Mopac Expressway, Austin, Texas, 78759-3504.

National Instruments also has offices located around the world to help
address your support needs. For telephone support in the United States,
create your service request at ni . com/support and follow the calling
instructions or dial 512 795 8248. For telephone support outside the United
States, contact your local branch office:

Australia 1800 300 800, Austria 43 662 457990-0,

Belgium 32 (0) 2 757 0020, Brazil 55 11 3262 3599,

Canada 800 433 3488, China 86 21 5050 9800,

Czech Republic 420 224 235 774, Denmark 45 45 76 26 00,
Finland 358 (0) 9 725 72511, France 01 57 66 24 24,

Germany 49 89 7413130, India 91 80 41190000, Israel 972 3 6393737,
Italy 39 02 41309277, Japan 0120-527196, Korea 82 02 3451 3400,
Lebanon 961 (0) 1 33 28 28, Malaysia 1800 887710,

Mexico 01 800 010 0793, Netherlands 31 (0) 348 433 466,

New Zealand 0800 553 322, Norway 47 (0) 66 90 76 60,

Poland 48 22 328 90 10, Portugal 351 210 311 210,

Russia 7 495 783 6851, Singapore 1800 226 5886,

Slovenia 386 3 425 42 00, South Africa 27 0 11 805 8197,

Spain 34 91 640 0085, Sweden 46 (0) 8 587 895 00,

Switzerland 41 56 2005151, Taiwan 886 02 2377 2222,

Thailand 662 278 6777, Turkey 90 212 279 3031,

United Kingdom 44 (0) 1635 523545
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LabVIEW, National Instruments, NI, ni.com, the National Instruments corporate logo, and the Eagle
logo are trademarks of National Instruments Corporation. Refer to the Trademark Information at
ni.com/trademarks for other National Instruments trademarks. Other product and company
names mentioned herein are trademarks or trade names of their respective companies. For patents
covering National Instruments products/technology, refer to the appropriate location: Help»Patents
in your software, the patents. txt file on your media, or the National Instruments Patent Notice
atni.com/patents.

© 2007-2010 National Instruments Corporation. All rights reserved. 374639E-01
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Appendix A. Apéndice

A.11 Sistema de Adquisicion del Laboratorio de Mecatrénica
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OPERATING INSTRUCTIONS AND SPECIFICATIONS

CompactRIO™ ¢cRI10-9075/9076

Reconfigurable Embedded Chassis with Integrated
Intelligent Real-Time Controller for CompactRIO

7 NATIONAL | NI cRIO-907X
INSTRUMENTS

POWER (O
STATUS |O
USER1|O
USER FPGA1 (O

ENERGIZED IN HAZARDOUS LOCATIONS

DO NOT SEPARATE CABLES WHEN

1 LEDs 4 Power Connector
2 RJ-45 Ethernet Port 5 Reset Button
3 USB Port (cRIO-9076 Only) 6 RS-232 Serial Port

Figure 1. cRI0-9075/9076 Front Panel
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This document describes how to connect the cRIO-9075/9076 to a network
and how to use the features of the cRIO-9075/9076. This document also
contains specifications for the cRIO-9075/9076.

Safety Guidelines

Operate the cRIO-9075/9076 only as described in these operating
instructions.

Safety Guidelines for Hazardous Locations

> B

The cRIO-9075/9076 is suitable for use in Class I, Division 2, Groups A,
B, C, D, T4 hazardous locations; Class 1, Zone 2, AEx nC IIC T4 and
Ex nL IIC T4 hazardous locations; and nonhazardous locations only.
Follow these guidelines if you are installing the cRIO-9075/9076 in a
potentially explosive environment. Not following these guidelines may
result in serious injury or death.

Caution Do not disconnect the power supply wires and connectors from the controller
unless power has been switched off.

Caution Substitution of components may impair suitability for Class I, Division 2.

Caution For Zone 2 applications, install the CompactRIO system in an enclosure rated to
at least IP 54 as defined by IEC 60529 and EN 60529.

Special Conditions for Hazardous Locations Use
in Europe

Some chassis have been evaluated as Ex nA nL IIC T4 equipment under
DEMKO Certificate No. 07 ATEX 0626664 X. Each such chassis is marked
& 11 3G and is suitable for use in Zone 2 hazardous locations, in ambient
temperatures of —20 °C < Ta <55 °C.

Special Conditions for Marine Applications

220

Some chassis are Lloyd’s Register (LR) Type Approved for marine
applications. To verify Lloyd’s Register certification, visit ni.com/
certification and search for the LR certificate, or look for the Lloyd’s
Register mark on the chassis.
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What You Need to Install the ¢cRI0-9075/9076

a

O 0 0 O

CompactRIO reconfigurable embedded chassis with integrated
intelligent real-time controller

C Series I/0 modules
DIN rail mount kit (for DIN rail mounting only)
Panel mount kit (for panel mounting only)

Two M4 or number 8 flathead screws (for mounting the chassis
without one of the listed mounting kits)

A number 2 Phillips screwdriver
Power supply

Ethernet cable

@ Notes Visitni.com/info and enter the Info Code rdsoftwareversion to determine
which software you need to use the cRIO-9075/9076.

Mounting the cRI0-9075/9076

You can mount the chassis horizontally on a flat, vertical, metallic surface
such as a panel or wall. The maximum allowable ambient temperature for
operation in this configuration is 55 °C. Figure 2 shows the chassis
mounted horizontally.

L g - y - y - i
NI cRIO-9076 :

Figure 2. cRI0-9075/9076 Mounted Horizontally

You can also mount the chassis on a panel or wall in other orientations, on
a non-metallic surface, on a 35 mm DIN rail, on a rack, in an enclosure, or
on a desktop. Mounting the chassis in these or other configurations can
reduce the maximum allowable ambient temperature and can affect the
typical accuracy of modules in the chassis.

© MNational Instruments Corporation
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Note Forinformation about how different mounting configurations can cause temperature
derating, go to ni.com/info and enter the Info Code criomounting.

Note For information about typical accuracy specifications for modules, go to
ni.com/info and enter the Info Code criotypical.

Note Measure the ambient temperature at each side of the chassis, 63.5 mm (2.5 in.) from
the side and 25.4 mm (1 in.) forward from the rear of the chassis, as shown in Figure 3.

> @ @ &

Caution Your installation must meet the following requirements for space and cabling
clearance:

e Allow 25.4 mm (1 in.) on the top and the bottom of the chassis for air circulation.

e Allow 50.8 mm (2 in.) in front of modules for cabling clearance for common
connectors, such as the 10-terminal, detachable screw terminal connector, as shown
in Figure 3.

Cabling Clearance
50.8 mm (2.00 in.)

' 63.5 mm '

! < (2.50in.) ':

' 64.3 mm

(2.531n.) 5

- i . A 254 mm

(1in.) ' .1 mm | 1in.
< (7.011in.) > (1in.)
| 1 Measure ambient temperature here. 2 Chassis Grounding Screw

Figure 3. cRI0-9075/9076, Bottom View with Dimensions

@ Note Go toni.com/info and enter the Info Code rdcrioconn to find the minimum
cabling clearance for C Series modules with other connector types.
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_________________ 47.2mm _ . <
: - (1.861in.) - |
Cooling Outline ! _p g 30-6 mm
25.4 mm (1in.) ! ' ' (1.21in.)
NI cRIO-9076 = e g A : L o -‘- -
47.0 mm
53, (1.85in.)
¢ ~ A
e | 41.1 mm
i |
QT ™ < R 2
Cooling Outline > g 4mm
25.4 mm (1in.) X (0.16in.)

Figure 4. cRI0-9075/9076, Front View with Dimensions

2X M4X0.7

~_E

_______ 44.1 mm

=
u
w
5
-

Figure 5. cRI0-9075/9076, Side View with Dimensions

@ Note For more information about the dimensions of the CompactRIO system, including
detailed dimensional drawings, go to ni.com/dimensions.
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The following sections contain instructions for the mounting methods.
Before using any of these mounting methods, record the serial number from
the back of the chassis. You will be unable to read the serial number after
you have mounted the chassis.

A Caution Make sure that no I/O modules are in the chassis before mounting it.

Mounting the Chassis on a Flat Surface
Using the NI 9904 Panel Mount Kit

Panel or wall mounting is the best method for applications that are subject
to high shock and vibration. You can use the NI 9904 panel mount kit to
mount the cRIO-9075/9076 on a flat surface. Complete the following steps.

1. Fasten the chassis to the panel mount kit using a number 2 Phillips
screwdriver and two M4 X 25 screws. National Instruments provides
these screws with the panel mount kit. You must use these screws
because they are the correct depth and thread for the panel. Tighten the
screws to a maximum torque of 1.3 N - m (11.51b - in.).

Figure 6. Installing the Panel Mounting Plate on the cR10-9075/9076
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NI cRIO-9076
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o @ } 31.7 mm
Ak D (1.251n.)
63.5 mm
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]!
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(2.5in.)

Mounting the Chassis Directly on a Flat Surface

Figure 7. Dimensions of cR10-9075/9076 with Panel Mounting Plate Installed

2. Fasten the NI 9904 panel to the wall using the screwdriver and screws

that are appropriate for the wall surface. The maximum screw size is
M4 or number 8.

Using the Mounting Holes

Panel or wall mounting is the best method for applications that are subject
to high shock and vibration. If you do not have the NI 9904 panel mount kit
and do not require the portability that the NI 9904 affords, you can mount

the chassis directly on a flat surface using the mounting holes. Complete
the following steps.

1. Align the chassis on the surface.

2. Fasten the chassis to the surface using M4 or number 8 flathead screws,

as shown in Figure 8. National Instruments does not provide these
screws with the chassis.

© MNational Instruments Corporation
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Figure 8. Mounting the Chassis Directly on a Flat Surface

A Caution Make sure that no I/O modules are in the chassis before removing it from the
surface.

Mounting the Chassis on a DIN Rail
Using the NI 9912 DIN Rail Mount Kit

You can order the NI 9912 DIN rail mount kit if you want to mount the
chassis on a DIN rail. You need one clip for mounting the chassis on a

standard 35 mm DIN rail. Complete the following steps to mount the
chassis on a DIN rail.

1. Fasten the DIN rail clip to the chassis using a number 2 Phillips
screwdriver and two M4 X 25 screws. National Instruments provides
these screws with the DIN rail mount kit. Tighten the screws to a
maximum torque of 1.3 N -m (11.51b - in.).
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Figure 9. Installing the DIN Rail Clip on the cRI0-9075/9076

2. Insert one edge of the DIN rail into the deeper opening of the DIN rail
clip, as shown in Figure 10.

1 DIN Rail Clip 2 DIN Rail 3 DIN Rail Spring

Figure 10. One Edge of the DIN Rail Inserted in a Clip

3. Press down firmly on the chassis to compress the spring until the clip
locks in place on the DIN rail.
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Mounting the Chassis on a Desktop
Using the NI 9901 Desktop Mounting Kit

You can use the NI 9901 desktop mounting kit to mount the chassis on a
desktop. You must install the adapter bracket using two M3 X 20 screws.
The adapter bracket and the screws are included in the kit. Refer to the
NI 9901 documentation for information about mounting the chassis on a
desktop.

Installing C Series I/0 Modules in the Chassis

Figure 11 shows the mechanical dimensions of C Series I/O modules.

? < noﬂ A
2!
g 88.1 mm
o (3.47 in.)
®

[ :

o

s - \

Figure 11. C Series I/0 Module, Front and Side View with Dimensions

Complete the following steps to install a C Series I/O module in the chassis.

1. Make sure that no I/O-side power is connected to the I/O module. If the
system is in a nonhazardous location, the chassis power can be on
when you install I/O modules.

2. Align the I/O module with an I/O module slot in the chassis as shown
in Figure 12. The module slots are numbered 1 to 4, left to right.
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Figure 12. Installing an I/0 Module in the Chassis

Squeeze the latches and insert the I/O module into the module slot.

4. Press firmly on the connector side of the I/O module until the latches
lock the I/0 module into place.

5. Repeat these steps to install additional I/O modules.

Removing I/0 Modules from the Chassis

Complete the following steps to remove a C Series I/O module from the

chassis.

1. Make sure that no I/O-side power is connected to the I/O module. If the
system is in a nonhazardous location, the chassis power can be on
when you remove I/O modules.

2. Squeeze the latches on both sides of the module and pull the module
out of the chassis.
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Connecting the Chassis to Earth Ground

You must connect the chassis grounding screw to earth ground. Refer to
Figure 3 for the location of the grounding screw. Complete the following
steps to connect to earth ground:

1. Attach aring lug to a 1.6 mm? (14 AWG) or larger wire.

2.  Remove the grounding screw from the grounding terminal on the right
side of the chassis. Refer to Figure 3 for the location of the chassis
grounding screw.

Attach the ring lug to the grounding terminal.
4. Tighten the grounding screw to 0.5 N - m (4.4 1b - in.) of torque.

Attach the other end of the wire to earth ground using a method
appropriate for the application.

@ Note If you use shielded cabling to connect to a C Series I/O module with a plastic
connector, you must attach the cable shield to the chassis grounding terminal using
1.3 mm? (16 AWG) or larger wire. Use shorter wire for better EMC performance.

For more information about earth ground connections, go toni .com/info
and enter the Info Code earthground.

Connecting the Chassis to a Network

Connect the chassis to an Ethernet network using the RJ-45 Ethernet port
on the controller front panel. Use a standard Category 5 (CAT-5) or better
shielded, twisted-pair Ethernet cable to connect the chassis to an Ethernet
hub, or use an Ethernet crossover cable to connect the chassis directly to a
computer.

A Caution To prevent data loss and to maintain the integrity of your Ethernet installation,
do not use a cable longer than 100 m.

The first time you power up the chassis, it attempts to initiate a DHCP
network connection. If the chassis is unable to initiate a DHCP connection,
it connects to the network with a link-local IP address with the form
169.254.x.x. After powerup, you must install software on the chassis and
configure the network settings in Measurement & Automation Explorer
(MAX).

@ Note Installing software may change the network behavior of the chassis. For information
about network behavior by installed software version, go to ni.com/info and enter the
Info Code ipconfigcrio.
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Wiring Power to the Chassis

The cRIO-9075/9076 requires an external power supply that meets the
specifications in the Power Requirements section. The cRI0-9075/9076
filters and regulates the supplied power and provides power for all of

the I/0O modules. The cRIO-9075/9076 has one layer of reverse-voltage
protection. Complete the following steps to connect a power supply to the
chassis.

1. Ensure that the power supply is turned off.

Caution Do not install or remove the power connector from the front panel of the
cRIO-9075/9076 while power is applied.

2. Connect the positive lead of the power supply to the V terminal of the
COMBICON power connector shipped with the cRIO-9075/9076, and
tighten the terminal screw. Figure 13 shows the terminal screws, which
secure the wires in the screw terminals, and the connector screws,
which secure the power connector on the front panel.

1 Terminal Screws 2 Connector Screws

Figure 13. COMBICON Power Connector

3. Connect the negative lead of the power supply to the C terminal of the
power connector and tighten the terminal screw.

4. Install the power connector on the front panel of the cRIO-9075/9076
and tighten the connector screws.

5. Turn on the power supply.

Powering On the cRI0-9075/9076

When you apply power to the cRIO-9075/9076, the controller runs a
power-on self test (POST). During the POST, the Power and Status LEDs
turn on. The Status LED turns off, indicating that the POST is complete. If
the LEDs do not behave in this way when the system powers on, refer to
the Understanding LED Indications section.
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You can configure the cRIO-9075/9076 to launch an embedded stand-alone
LabVIEW RT application each time you boot the controller. Refer to the
Running a Stand-Alone Real-Time Application (RT Module) topic of the
LabVIEW Help for more information.

Restarting the cR10-9075/9076 Using the Reset Button

Pressing the Reset button restarts the controller. The FPGA continues to
run unless you have selected the Autoload VI on device reboot chassis
reset option. Refer to the Chassis Reset Options section for more
information.

To restart the cRIO-9075/9076 in safe mode, press and hold the Reset
button for 5 s, then release it. The Status LED lights solid yellow, indicating
that the cRIO-9075/9076 is in safe mode. Refer to the MAX help for
information about safe mode.

Controller Startup Options

You can configure the following controller startup options in MAX:
*  Safe Mode

*  Console Out

* JP Reset

* No App

* No FPGA App

To turn these startup options on or off, select the controller under Remote
Systems in the MAX configuration tree, then select the Controller
Settings tab. Refer to the MAX help for information about the startup
options and how to configure the controller.

Chassis Reset Options

232

Table 1 lists the reset options available on CompactRIO systems such

as the cR10-9075/9076. These options determine how the chassis behaves
when the controller is reset in various conditions. Use the RIO Device
Setup utility to select reset options. Access the RIO Device Setup utility
by selecting Start»All Programs»National Instruments»NI-RIO»
RIO Device Setup.
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Table 1. CompactRIO Reset Options

Chassis Reset Option Behavior

Do not autoload VI Does not load the FPGA bit stream from flash memory.

Autoload VI on device powerup | Loads the FPGA bit stream from flash memory to the FPGA
when the controller powers on.

Autoload VI on device reboot Loads the FPGA bit stream from flash memory to the FPGA
when you reboot the controller either with or without cycling
power.

Connecting Serial Devices to the cRI0-9075/9076

The cRIO-9075/9076 has an RS-232 serial port to which you can connect
devices such as displays or input devices. Use the Serial VIs to read from
and write to the serial port from a LabVIEW RT application. For more
information about the Serial VIs, refer to the LabVIEW Help.

Pin 5 Pin 9

Pin 1 Pin 6

Figure 14. Controller Serial Port

Table 2. DB-9 Pin Descriptions

Pin Signal

1 DCD

RXD

TXD

DTR

GND

DSR

RTS

CTS

O |0 [ I | | N | B[ W]

RI
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Understanding LED Indications

POWER (O
STATUS |O
USER1 |O
USER FPGA1 |

Figure 15. cRI0-9075/9076 LEDs

POWER LED

The POWER LED is lit while the cRIO-9075/9076 is powered on. This
LED indicates that the power supply connected to the chassis is adequate.

STATUS LED

The STATUS LED is off during normal operation. The cRIO-9075/9076
indicates specific error conditions by flashing the STATUS LED a certain
number of times every few seconds, as shown in Table 3.

Table 3. Status LED Indications

Number of Flashes
Every Few Seconds Indication

2 The chassis has detected an error in its software. This usually occurs
when an attempt to upgrade the software is interrupted. Reinstall
software on the chassis. Refer to the Measurement & Automation
Explorer Help for information about installing software on the chassis.

3 The chassis is in safe mode. Refer to the Measurement & Automation
Explorer Help for information about safe mode.

4 The software has crashed twice without rebooting or cycling power
between crashes. This usually occurs when the chassis runs out of
memory. Review your RT VI and check the memory usage. Modify
the VI as necessary to solve the memory usage issue.

Continuously flashing | The chassis has detected an unrecoverable error. Contact National
or solid Instruments.

USER1 LED

You can define the USER1 LED to meet the needs of your application. To
define the LED, use the RT LEDs VI in LabVIEW. For more information
about the RT LEDs VI, refer to the LabVIEW Help.
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USER FPGA1 LED

You can use the USER FPGA1 LED to help debug your application or
easily retrieve application status. Use the LabVIEW FPGA Module and
NI-RIO software to define the USER FPGA1 LED to meet the needs of
your application. Refer to LabVIEW Help for information about
programming this LED.

Using the System Clock to Provide Data Timestamps

At startup, the system clock resets to January 1, 1970, 12:00 a.m.
(midnight). For information about synchronizing the system clock with an
SNTP time server on the network at startup, go to ni . com/info and enter
the Info Code criosntp.

Troubleshooting Network Communication

If the cRIO-9075/9076 cannot communicate with the network, you can
perform the following troubleshooting steps.

1. Hold the Reset button down for 5 s, then release it. The Status LED
turns on, then starts blinking three times every few seconds. The
chassis is now in safe mode with output from the serial port enabled.
You can use a serial port terminal to read the IP address of the
controller. If you want the controller to attempt a new DHCP
connection, proceed to step 2.

2. Hold the Reset button down for 5 s, then release it. The Status LED
repeats the same behavior. The cRIO-9075/9076 attempts to establish
a new DHCP connection. If it fails, it assigns itself a link-local
IP address. If the DHCP connection is successful and appropriate for
your application, skip to step 4.

3. Configure the IP and other network settings in MAX.

4. Press and release the Reset button to reboot the chassis.
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Where to Go from Here

Now that you have set up the cRIO-9075/9076 and configured it on your
network, you can start using it in your applications. The following figure
shows the main components of the CompactRIO documentation that you

may find helpful as you program and use the cRIO-9075/9076.

This Document

Installation and
Specifications

ni.com/info

rdcriostartup

Troubleshooting Tips,
Tutorials, Examples,

and More
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Specifications

Network

RS-232 Serial Port

Memory

© MNational Instruments Corporation

The following specifications are typical for the —20 to 55 °C operating
temperature range unless otherwise noted.

10BaseT and 100BaseTX
Ethernet

Network interface

IEEE 802.3

Compatibility

Communication rates 10 Mbps, 100 Mbps,

auto-negotiated

Maximum cabling distance.................... 100 m/segment

Maximum baud rate .........ccoeeeeeevvevivnnnnnn. 230,400 bps

Data DItS ceveeeeeeeeeeeeeeee e 5,6,7,8

StOP DItS.cueeeiiiiiieiieeeieeee e 1,2

Parity ..o.oeeviiiee Odd, Even, Mark, Space

Flow control ........c.ccoceviiniinenicnicneenne. RTS/CTS, XON/XOFF,
DTR/DSR

cRIO-9075
Nonvolatile......ouueeeeeeeeeieeeeeeeeeeennnn, 256 MB minimum
System memory .........cccceecueevueennee. 128 MB
cRIO-9076
Nonvolatile.......oeeeeveeeiiiiieeeeeeeeennnnnn, 512 MB minimum

System memory

For information about the life span of the nonvolatile memory and about
best practices for using nonvolatile memory, go toni . com/info and enter
the Info Code SSDBP.
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Reconfigurable FPGA

cRIO-9075
FPGA type ...ccevviveeiiieeiniieeiieeeeen Xilinx Spartan-6 LX 25
Number of flip-flops........cceevuveeenneee. 30,064
Number of 6-input LUTs................. 15,032
Number of DSP48s......ccccccevevieennn. 38
Available block RAM...................... 936 kbits
Number of DMA channels .............. 5
cRIO-9076
FPGA type ...ccovvuveeiiiieeniiieiieeeen Xilinx Spartan-6 LX 45
Number of flip-flops........cceevuveeenneee. 54,576
Number of 6-input LUTs................. 27,288
Number of DSP48s......c.cccocveenennee. 58
Available block RAM...................... 2,088 kbits
Number of DMA channels .............. 5

Power Requirements

Caution You must use a UL Listed ITE power supply marked LPS with the
cRIO-9075/9076.

Recommended power supply.................. 24 W, 24 VDC
Power consumption .........ccccceeevuveeninenn. 15 W maximum
Power supply input range ...........cc.c...... 9to 30V

Physical Characteristics

If you need to clean the controller, wipe it with a dry towel.
Screw-terminal Wiring ..........occeeevvuveennee. 0.5 to 2.5 mm? (24 to 12 AWG)
copper conductor wire with

10 mm (0.39 in.) of insulation
stripped from the end

Torque for screw terminals..................... 0.5t00.6 N-m
(44t0531b-in.)

WeIght ..cooeiiiiiiieeeeee e, 643 g (22.7 oz)
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Safety Voltages

Connect only voltages that are within these limits.

V terminal to C terminal ........................ 30 V max, Measurement
Category |

Measurement Category I is for measurements performed on circuits not
directly connected to the electrical distribution system referred to as
MAINS voltage. MAINS is a hazardous live electrical supply system that
powers equipment. This category is for measurements of voltages from
specially protected secondary circuits. Such voltage measurements include
signal levels, special equipment, limited-energy parts of equipment,
circuits powered by regulated low-voltage sources, and electronics.

A Caution Do not connect the system to signals or use for measurements within
Measurement Categories II, III, or I'V.

Safety Standards

This product meets the requirements of the following standards of safety
for electrical equipment for measurement, control, and laboratory use:

« JEC61010-1, EN 61010-1
« UL 61010-1, CSA 61010-1

@ Note For UL and other safety certifications, refer to the product label or the Online
Product Certification section.

Electromagnetic Compatibility

This product meets the requirements of the following EMC standards for
electrical equipment for measurement, control, and laboratory use:

* EN61326 (IEC 61326): Class A emissions; Industrial immunity
e ENS55011 (CISPR 11): Group 1, Class A emissions

e AS/NZS CISPR 11: Group 1, Class A emissions

e FCC 47 CFR Part 15B: Class A emissions

e ICES-001: Class A emissions

Note For the standards applied to assess the EMC of this product, refer to the Online
Product Certification section.

@ Note For EMC compliance, operate this product according to the documentation.
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CE Compliance Q3

This product meets the essential requirements of applicable European
Directives as follows:

*  2006/95/EC; Low-Voltage Directive (safety)
*  2004/108/EEC; Electromagnetic Compatibility Directive (EMC)

Online Product Certification

Refer to the Declaration of Conformity (DoC) for this product for
additional regulatory compliance information. To obtain product
certifications and the DoC for this product, visit ni.com/
certification, search by model number or product line, and click
the appropriate link in the Certification column.

Environmental Management

P

240

National Instruments is committed to designing and manufacturing
products in an environmentally responsible manner. NI recognizes that
eliminating certain hazardous substances from our products is beneficial to
the environment and to NI customers.

For additional environmental information, refer to the NI and the
Environment Web page at ni . com/environment. This page contains the
environmental regulations and directives with which NI complies, as well
as other environmental information not included in this document.

Waste Electrical and Electronic Equipment (WEEE)

EU Customers At the end of the product life cycle, all products must be sent to a WEEE
recycling center. For more information about WEEE recycling centers, National
Instruments WEEE initiatives, and compliance with WEEE Directive 2002/96/EC on
Waste and Electronic Equipment, visit ni .com/environment/weee.

RFERFmisRIEFEERME (FE ROHS)

PEZER  National Instruments 74 [ HL 745 B i b BRI 32845 5 545 4 (ROHS).
KT National Instruments H1[E RoHS &#IPE(F K, 7%k ni.com/environment /rohs_chinas
(For information about China RoHS compliance, go to ni . com/environment /rohs_china.)
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Hazardous Locations

U.S. (UL) oo Class I, Division 2, Groups A,
B, C, D, T4; Class I, Zone 2,
AEx nC IIC T4

Canada (C-UL)........coovvvererrenrrininnn. Class I, Division 2, Groups A,
B, C, D, T4; Class I, Zone 2,
Ex nL IIC T4

Europe (DEMKO)......ccccoiirviinieiieienee. Ex nA nL IIC T4

Environmental
Operating temperature
(IEC 60068-2-1, IEC 60068-2-2)........... —20to 55 °C
@ Note To meet this operating temperature range, follow the guidelines in the installation

instructions for your CompactRIO system.

Storage temperature

(IEC 60068-2-1, IEC 60068-2-2)........... -40to 85 °C

Ingress protection..........ccoceeeveecvereennennn IP 40

Operating humidity

(IEC 60068-2-56).....ccccvvreeeecrrreeeerrennn. 10 to 90% RH, noncondensing
Storage humidity

(IEC 60068-2-56) ......cccoveeirrrrreeieeeeeeeeannns 5 to 95% RH, noncondensing
Pollution Degree (IEC 60664) ............... 2

Maximum altitude .........covvveeeriveivninnnnnee. 2,000 m

Indoor use only.
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Shock and Vibration

To meet these specifications, you must panel mount the CompactRIO
system and affix ferrules to the ends of the power terminal wires.

Operating shock
(IEC 60068-2-27) c.covevvveeeeecrreeeeeerveenn. 30 g, 11 ms half sine
50 g, 3 ms half sine,
18 shocks at 6 orientations

Operating vibration, random
(IEC 60068-2-64) ......cceeoveiiniiniiiennne 5 gms» 10 to 500 Hz

Operating vibration, sinusoidal
(IEC 60068-2-6) ...cveeueeaieiiaieeieeieieene 5 g, 10to 500 Hz

Where to Go for Support

The National Instruments Web site is your complete resource for technical
support. At ni.com/support you have access to everything from
troubleshooting and application development self-help resources to email
and phone assistance from NI Application Engineers.

National Instruments corporate headquarters is located at

11500 North Mopac Expressway, Austin, Texas, 78759-3504.

National Instruments also has offices located around the world to help
address your support needs. For telephone support in the United States,
create your service request at ni.com/support and follow the calling
instructions or dial 512 795 8248. For telephone support outside the United
States, visit the Worldwide Offices section of ni . com/niglobal to access
the branch office Web sites, which provide up-to-date contact information,
support phone numbers, email addresses, and current events.

LabVIEW, National Instruments, NI, ni.com, the National Instruments corporate logo, and the Eagle
logo are trademarks of National Instruments Corporation. Refer to the Trademark Information at
ni.com/trademarks for other National Instruments trademarks. Other product and company
names mentioned herein are trademarks or trade names of their respective companies. For patents
covering National Instruments products/technology, refer to the appropriate location: Help»Patents
in your software, the patents. txt file on your media, or the National Instruments Patent Notice
atni.com/patents. Refer to the Export Compliance Information at ni.com/legal/
export-compliance for the National Instruments global trade compliance policy and how to
obtain relevant HTS codes, ECCNs, and other import/export data.
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Dytran Instruments, Inc.
21592 Marilla St. Chatsworth, CA 91311 Ph: 818-700-7818 Fax 818-700-7880
www.dytran.com email:' info@dytran.com

CALIBRATION CERTIFICATE

i,
SN,
P
;? 3 "
z,f,i\\\\\s ACCREDITED
R

4
SITARR Calbration Lbceatory
CEAT#I67201

LIVM DYNAMIC PRESSURE SENSOR

CUSTOMER: SIELECOM SAS TEST REPORT #: 2104
PURCHASE ORDER #: C15001 SALES ORDER #: 171816 PROCEDURE: TP2006
MODEL.: 2005V SERIAL #: 2104 TEMP (°C): 23 HUMIDITY (%): 38

NEW UNIT E X

RE-CALIBRATION [1]

AS RECEIVED CODE

AS RETURNED CODE }

BIAS VOLTAGE (VDC):

10.5

DISCHARGE T.C. (sec):

0.18

CALIBRATION PERFORMED AT 10

Lb

in MOUNTING TORQUE

PRESSURE (psi)

SENSITIVITY (mV/psi)

PRESSURE (psi)

SENSITIVITY (mV/psi)

0.29

104.32

REMARKS: NONE

TEST EQUIPMENT LIST - CALIBRATION STATION # 4

DIl # MANUFACTURER MODEL SERIAL # DESCRIPTION CAL DATE | DUE DATE
1042 FLUKE 45 8850043 MULTIMETER 05/29/14 05/29/15
1718 DYTRAN INST. 2013D 2301 MICROPHONE 02/04/14 05/04/15
911 KENWOOD CS-5230 8020007 OSCILLOSCOPE 09/24/14 09/24/15

[1] AS RECEIVED / AS RETURNED CODES:

1=IN TOLERANCE, NO ADJUSTMENTS
2 =IN TOLERANCE, BUT ADJUSTED
3 =0UT OF TOLERANCE < 5%

4 =0UT OF TOLERANCE > 5%
5 = REPAIR REQUIRED
6 = REPAIRED AND CALIBRATED

7 = UNIT NON-REPAIRABLE, RECOMMEND REPLACEMENT

8 = UNIT SERVICEABLE WITH CURRENT CALIBRATION DATA

[2] THIS CALIBRATION WAS PERFORMED PER MIL-STD-45662A, ANSI/NCSL Z540-1-1994, ISO 10012-1 AND IS TRACEABLE TO THE NIST THROUGH
TEST REPORT NUMBER: 2609100001 DUE 05-04-2015.
ESTIMATED UNCERTAINTY OF CALIBRATION: 2.5%.

THIS CERTIFICATE SHALL NOT BE REPRODUCED EXCEPT IN FULL, WITHOUT THE WRITTEN PERMISSION FROM DYTRAN INSTRUMENTS, INC.

TEST DATE:  04/07/15

CALIBRATION TECHNICIAN: %, W ke %q__@ o

VINH VU

RECOMMENDED RECALL DATE :

04/07/16
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DYTRAN INSTRUMENTS INC.
21592 MARILLA ST.
CHATSWORTH, CA 91311
818/700-7818

Sold To

9809

SIELECOM SAS

CARRERA 13 #35-10

OFFICINA 904

BUCARAMANGA, SANTANDER 04125

COLOMBIA

Ship Date Customer PO
04-07-15 C15001

Qty ord Qty Ship

PACKING SLIP Shipper # 110322

Page # 2
so # 171816
SO Date 03-27-15

Cancel Date

Ship To

9809

SIELECOM SAS

CARRERA 13 #35-10

OFFICINA 904

BUCARAMANGA, SANTANDER 04125

COLOMBIA
Rep Ship Via Freight Tag
9809 TBD BY CUSTOMER (SEE KM COLLECT
SALES) ’
Qty BO Part # Description

CERTIFICATION OF CONFORMANCE

We certify that the products or services listed above are in conformance with the

requirements of your purchase order.

Objective evidence of manufacturing, inspection and testing is on file and available

for review at our facility. ,

Where materials or services incorporated in any of the items listed above have been
procured by us from vendors, we certify that test reports or suitable evidence of
compliance with the requirements of the purchase order have been obtained by us and

are available from our files.

Products are in compliance with all applicable regulatory guidelines. Certificates

are enclosed as required.

Calibrations are in accordance with ISO/IEC 17025, ANSI/NCSL Z540-1-1994, ISO 10012-1
and are NIST (National Institute of Standards and Technology) traceable.

iy

Quality Assurance Date
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\ Dynamic Transducers and Systems
: pL 2 ) 21592 Marilla St. « Chatsworth, CA 91311 « Phone 818-700-7818
:.-RUME“TS’ | INC. www.dytran.com « e-mail: info@dytran.com

0G2005V.DOC
05-11-04

OPERATING INSTRUCTIONS
MODEL 2005V
HIGH SENSITIVITY, ACCELERATION COMPENSATED

LIVM DYNAMIC PRESSURE SENSOR

This manual includes:

1) Specifications, Model 2005V
2) Supplemental operating guide Model 2005V
3) Outline/Installation Drawing Model 2005V

NOTE: LIVM is Dytran’s trademark for its line of Low Impedance Voltage Mode sensors with built-in amplifiers
operating from constant current sources over two wires. LIVM instruments are compatible with most other
manufacturers' comparable systems.
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SPECIFICATIONS MODEL 2005V
DYNAMIC PRESSURE SENSOR

Dynamic Transducers and Systems

: ; I I 21592 Marilla St. + Chatsworth, CA 91311 « Phone 818-700-7818
‘NSTRUMEN‘I'S, 'Nc' WWW. dytran com ¢ e-mail: info@dytran.com

TO A DC POWER SOURCE WITHOUT CURRENT LIMITING, 20 mA MAXIMUM.

[3] A CALIBRATION CERTIFICATE TRACEABLE TO NIST IS SUPPLIED WITH EACH INSTRUMENT.

SPECIFICATION VALUE UNITS
PHYSICAL
WEIGHT 43 grams
SIZE (HEX x HEIGHT) 625 x2.0 inches
1569 x 52 mm
MOUNTING PROVISION 1/8-27 NPT Male Thread
CONNECTOR, AXIALLY MOUNTED AT TOP TNC Jack
DIAPHRAGM MATERIAL Stainless Steel
PERFORMANCE
SENSITIVITY, £10% 100 mV/psi
RANGE F.S. FOR +5 VOLTS OUT +50 psi
MAXIMUM PRESSURE 1000 psi
MOUNTED RESONANT FREQUENCY, NOM. 90 kHz
MINIMUM RISE TIME OF INPUT PRESSURE PULSE 2 usec
EQUIVALENT ELECTRICAL NOISE FLOOR (RESOLUTION) .0007 psi
LINEARITY [1] +1 % F.S
ACCELERATION SENSITIVITY, AXIAL DIRECTION .002 psi/g
DISCHARGE TIME CONSTANT 0.16 sec
LOWER -3db FREQUENCY 1.0 Hz
ENVIRONMENTAL
MAXIMUM VIBRATION 3000 g rms
MAXIMUM SHOCK 10,000 g pk
TEMPERATURE RANGE -100 to +275 °F
-73 to +135 °C
MAXIMUM FLASH TEMPERATURE AT DIAPHRAGM +3000 °F
+1600 °C
THERMAL COEFFICIENT OF SENSITIVITY 0.01 %I°F
0.02 %/°C
ENVIRONMENTAL SEAL Hermetic
Welded / Glass to Metal
POWER /SIG GND ISOLATION 10MQ min @ 50VDC
ELECTRICAL
EXCITATION (COMPLIANCE) VOLTAGE RANGE +18 to +30 Vdc
EXCITATION CURRENT RANGE [2] +2 to +20 mA
OUTPUT IMPEDANCE, NOM. 100 Q
"OUTPUT BIAS VOLTAGE, NOM +10 Vdc
OUTPUT SIGNAL POLARITY FOR INCREASING PRESSURE Positive Going
NOTES:
[1] PERCENT FULL SCALE, ZERO BASED BEST FIT STRAIGHT LINE METHOD.
[2] FROM CONSTANT CURRENT TYPE POWER UNIT ONLY. THIS SENSOR MUST NOT BE CONNECTED
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OPERATING INSTRUCTIONS MODELS 2005V PRESSURE SENSOR

INTRODUCTION

Model 2005V is a high sensitivity (100 mV/psi)
probe style miniature pressure sensor designed to
measure dynamic pressure phenomena such as
pressure perturbations in hydraulic and pneumatic
systems and for fast rise time measurements such as
in shock tubes or field blast testing.

This miniature pressure sensor utilizes pure
synthetic alpha quartz in compression mode to create
an output signal exactly analogous to pressure
impinging on the thin stainless steel diaphragm. The
2005V can measure pressure perturbations at
frequencies from .08 Hz to 80 kHz and higher and
pressure steps or pulses to 2psec rise time.

Model 2005V features LIVM operation, i.e., a
tiny amplifier built inside the housing accepts the very
high impedance charge signal from the quartz element
and lowers its output impedance by many orders of
magnitude providing a low impedance voltage mode
output signal.

Model 2005V is acceleration compensated in
the axial direction to minimize the effects of
acceleration on the body of the instrument during
measurements where the instrument is subjected to
motion such as when field blast testing. An internal
accelerometer, integral with the quartz pressure
element, cancels the unwanted acceleration effects of
the masses of the diaphragm and end piece of the
sensor, making the sensor sensitive to pressure only.

DESCRIPTION

Refer to outline/installation drawing 127-

2005V for a physical description of Model 2005V.

Figure 1, following, is a cross sectional representation
of Model 2005V.

Model 2005V is a slender probe with .310

diameter diaphragm and 1/8-27 NPT mounting threads
which are integral to the body of the probe.

248 3

TNC CONNECTOR

j/

\&\

CLAMP NUT

SEISMIC MASS

QUARTZ CRYSTALS
DIAPHRAGM

FIGURE 1 Cross sections Model 2005V

Self-generating quartz elements consist of
heavily preloaded quartz discs for highest rigidity.
Pressure acting on the diaphragm compresses the
discs and produces electrical charge exactly
analogous to this pressure. The charge (approximately
1 pC/psi) is converted to a voltage by virtue of the self
capacitance of the crystals and the input capacitance
of the IC amplifier. in accordance with the electrostatic
equation, equation 1.0.
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AQ
AV = —memeee Eq 1.0
C
where:
AV = change in voltage across crystal
element

AQ = change in charge generated by the
change in input pressure

C = the total shunt capacitance of the
quartz element (including the amplifier input
capacitance).

MOSFET
AMPLIFIER g:.(l?RDREENT REG

BIAS MONITOR
METER

COUPLING CAP

TOTAL SHUNT
CAPACITANCE

L pc POWER —  PULLDOWN _1
BIAS RESISTOR SOURCE RESISTOR
QUARTZ ELEMENT

POWER UNIT

OUTPUT

SENSOR

Figure 2 Simplified schematic of sensor and
power unit

Figure 2 is a simplified schematic of the
2005V sensor with power unit. AV created by
pressure acting upon the quartz element is amplified
and superimposed upon the +10 volt DC bias of the
amplifier.

The sensor is normally connected to the
power unit with a single TNC coaxial cable but in many
cases, a two wire cable of almost any type will do.
Since the signal level at the output connector of the
sensor is at a very low impedance level, it is not
susceptible to interference or attenuation as would a
high impedance signal.

The DC bias level of the sensor amplifier is
blocked by the coupling capacitor in the power unit but
the AV (the pressure information) is allowed to pass on
to the readout instrument.

The current regulating diode (or constant
current circuit) in the power unit applies a fixed current
to the sensor amplifier and because of its high
dynamic impedance, allows the sensor amplifier to
operate at essentially unity gain.

INSTALLATION

Before attempting to install these sensors,
refer to the outline/installation drawing provided with
the sensor which pertains to your installation.

At the factory, the calibration of these
instruments is performed at a precise installation
torque level. Therefore, in order to minimize mounting
errors due to varying mounting torques, it is advised
that the recommended mounting torque be observed
when installing the probe. These errors are admittedly
very small but for most accurate and repeatable
results it is good practice to do so.

Model 2005V is designed to mount directly
into 1/8-27 pipe thread. After installation, if possible,
check for leaks by slowly increasing the pressure and
looking for evidence of a leak. If a leak is found, try re-
mounting the instrument before looking for other
causes. Inspect the seal seat if retorquing does not
seal the unit.

ELECTRICAL INTERCONNECTIONS

Connect the power unit Sensor jack to the
pressure sensor using a TNC connector (Model
6410AXX TNC to BNC as an example). XX represents
the cable length in feet.

As shown in figure 3 below, the sensor is
connected to the “sensor” jack and the “output” jack of
the power unit is connected to the readout instrument,
which could be a digital storage oscilloscope, a
spectrum analyzer or other data collecting
instrumentation.
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Figure 3 Equipment Interconnect

Secure cables securely (hand tight, no pliers)
and secure cable at sensor end with shrink tubing over
the connector and sealing tower provided on the top of
the sensor to protect connections in damp or dirty
environments.

After powering up the power unit, wait a few
seconds for coupling capacitors to charge. The output
voltage will cease to “drift” after several seconds and
the system is ready to go.

CALIBRATION

These sensors are calibrated at the factory to
determine the exact sensitivity, using dynamic
calibration hydraulic methods. The actual calibrated
sensitivities are given on individual calibration
certificates supplied with each instrument.

Because of the relatively short discharge time
constants of these units, field calibration methods by
quasi static means (such as by a dead weight tester)
are very difficult. Should recalibration become
necessary, contact the factory for details on the low
cost calibration services available.

FREQUENCY RESPONSE
Series 2200V sensors are truly DYNAMIC

pressure sensors, i.e., they respond to changes in
pressure and can do so very quickly and at rise times
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as fast as several microseconds and as slow as
several seconds.

They cannot however, measure STATIC
pressures, i.e., pressure changes lasting more than
several seconds. This section of this manual is an
attempt to the advantages as well as the limitations of
this type of sensor.

LOW FREQUENCY RESPONSE

If a steady state (static) pressure is applied to
the diaphragm of these sensors, the output voltage will
respond instantly to this change in pressure with a
corresponding change in output voltage. However, the
output signal will immediately begin discharging
toward the quiescent bias voltage level at a rate
determined by the discharge time constant of the
sensor. Consult the calibration certificate for the exact
discharge time constant (TC) of each sensor.

Figure 4 below, is a representation of the
response of the 2200V series sensors to a step
function of input pressure.

INPUT
PRESSURE  2F

OUTPUT Av

VOLTAGE -
V=aVe

to

Figure 4 Response to a steady state input



The output voltage response follows the
classical exponential decay formula:

v=AVetRC Eq. 3

Where:

Vv = instantaneous output voltage at any
time t (in Volts)

AV = initial voltage response to the input
step pressure (in Volts)

RC = TC = the discharge time constant of
the sensor (in seconds)

e = the base of natural logarithms

t = time (in seconds)

It is thus, the discharge time constant which
determines the low frequency response of the sensor.
The first 10% of the curve shown in Fig. 4 is relatively
linear, therefore some estimates as to accuracy of
measurements at various event times is possible. For
example, in one percent of the TC, the sensor will
discharge 1% of the voltage, therefore, for 1%
accuiacy of measurement, it is necessary to have a
discharge TC of at least 100 times the longest event
time.

If the sensor TC is 2 seconds, an event of
2/100 of a second (or 20 milliseconds) duration will be
accurate to 1%. An event of twice the duration, i.e., 40
milliseconds, will have a 2% error inherent due to the
TC of the sensor.

Use caution here when making this
determination however, since the total TC of the
system, including power unit and readout instrument,
must be taken into account.

Jumping to the frequency base, to find the low
frequency at which the sensor will be 3db down from
the reference frequency (usually 1kHz) use equation 4
below.

0.16

fadp = ——-mm-
TC

Eq4

where:

fasp = frequency at which the sensor
response is 3db down from the
reference frequency

TC = discharge time constant of the
sensor

High frequency response’

Figure 5 below, illustrates the typical
frequency response of the 2005V series sensors.

MAGNIFICATION
RATIO

+3d

b
— -3b oIAsf. l \
| f.
fm

NATURAL
FREQUENCY
-80 kHz

LOG
FREQUENCY

Figure 5 Typical frequency response

characteristics, series 2005V

Since the piezo element is a typical second
order system, mechanically, the high frequency
response is that of an under damped spring-mass
system., i.e., the response will exhibit a rising
characteristic as frequency increases, then as
resonance is approached, a sharply rising upswing as
shown in figure 5.

The upper 3db frequency will be approx. 0.5
times f,. The resonant frequency is approx. 90 kHz
making the upper 3db frequency (the frequency at
which the output has risen 3db) approx. 45 kHz.

These guidelines loosely define the useable
frequency range of these sensors. Consult the factory
for help with specific measurement problems not
covered in this guide such as those situations where
special longer TC’s may be necessary.

Fault monitor meter

Most Dytran power units for LIVM -sensors
feature a voltmeter which monitors the bias voltage of
the LIVM sensor amplifier. This feature is very useful
when trouble shooting system problems. Consult the
paper “Low Impedance Voltage Mode (LIVM) Theory
and Operation” included with this operating guide for a
complete treatment of this topic.

251



" msrnumt—:urs, lqc.

J»

Some precautions

If the pressure sensor is to be used in a
thermally active environment such as in blast or other
explosive pressure measurements, it may be
necessary to thermally shield the diaphragm with an
insulating or ablative coating to preclude excessive
thermally induced transient output voltage swings and
to protect the diaphragm against damage from particle
impingement that could damage or abrade the
diaphragm.

Black vinyl electrician’s tape, available at most
hardware stores, has proven to be an excellent
material for protection of the diaphragm and for the
reduction of transient thermal effects in many cases.

More sophisticated ablative coatings such as
many of the silicone rubber compounds available are
very acceptable for this use. The application of these
materials to the diaphragm will not alter the sensitivity
of the sensor due to the high relative stiffness of the
sensor element compared to the coatings. The
coatings become transparent to pressure changes as
far as the sensor is concerned.

Do’s and don’ts

Here are some guidelines to help get
maximum life and utility from your sensor investment:

1) Do not under any circumstances, connect
power to the sensor using a DC voltage supply
(battery or power supply) without current limiting to 20
mA maximum. To do so will instantly destroy the
integral sensor amplifier. This type of misuse is not
covered by the warranty.

2) Do not exceed the maximum rated
temperature of your sensor. To do so may damage the
IC amplifier and may lead to early failure or increased

-background noise. .

3) Monitor the mounting torque of the sensor
probe carefully during installation. Over-torquing can
strip threads, overstress the sensor body, damage
mounting port or sensor seal surfaces, damage seals
and change the calibration factor of the sensor. On the
other hand, too little torque can result in calibration
errors, leaks and/or damaged seals when high
pressures are encountered.
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4) Checks seal surfaces carefully for burrs,
chips, nicks and other imperfections which could
damage the sensor seal surface and preclude a leak
free installation.

5) Bleed entrapped air out of hydraulic
installations by first torquing the sensor in hand tight,.
then slowly increasing pressure until leaking oil has no
included air bubbles. In most cases, entrapped air will
give erroneous results when measuring fast transient
events.

6) Don't forget to consider the frequency
limiting effects of long passages ahead of the
diaphragm due to “pipe organ” effects. Consult the
factory for more information on this topic.

7) Protect cable connections with shrink
tubing in wet and dirty environments. Use the shrink
tower provided at the top of the sensor to anchor the
tubing.

Maintenance and repair

The sealed construction of the model 2005V
precludes field maintenance. Should a problem occur,
contact the factory for help in troubleshooting or for
instructions in returning the instrument for ‘inspection,
repair and/or recalibration. In no case will Dytran
proceed with a repair or recalibration without first
notifying you of the charges.
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B Dynamic Transducers and Systems

, ./ 21592 Marilla St. « Chatsworth, CA 91311 « Phone 818-700-7818
V INSTRUMENTS, INC, www.dytran.com ¢ e-mail: info@dytran.com

LOW IMPEDANCE VOLTAGE MODE (LIVM) SYSTEMS,
THEORY AND OPERATION

LIVM: WHAT IS IT?

LIVM is Dytran’s trademark for our version of Low
Impedance Voltage Mode piezoelectric instruments, i.e., piezo
instruments with integral-impedance-converting amplifiers
operating from constant current supplies over two wires. LIVM
instruments are entirely compatible the new industry standard
IEPE designated systems.

LIVM instruments produced at Dytran include force,
pressure and acceleration sensors. Each class of sensors is
produced in many varieties for a wide range of applications.

Also falling under the class of LIVM instruments are in-
line charge amplifiers that utilize the same two-wire constant
current operating mode as the LIVM sensors.

Operating principles for LIVM sensors and in-line
amplifiers are similar in that they utilize the same two-wire
constant current operating mode. The amplifiers built into the
sensors are either MOSFET-input voltage or charge amplifiers or
JFET-input charge amplifiers.

All types of LIVM amplifiers serve to convert the very
high impedance of the piezoelectric crystals to much lower
impedance voltage signals that have the capability of driving
long cables with little or no signal degradation.

THEORY OF OPERATION

Y E——

LSURHI 2B "

SENSOR POWER UNIT

FIGURE 1: TYPICAL LIVM VOLTAGE MODE SYSTEM

Figure 1 is a simplified schematic of a basic LIVM system
including the sensor with integral electronics, the cable and the
power unit. The sensor amplifier in this case is the unity gain
voltage follower. This is the type of amplifier used in most LIVM
sensors and almost exclusively used with quartz element
sensors.

The sensing element (force, pressure or acceleration),
usually made with quartz or piezoceramic crystals, is connected
directly to the gate of a FET input integrated circuit (IC) amplifier.
This amplifier is operated as a source follower and, as such, has
unity voltage gain.

The source terminal of the IC is supplied with constant
current over the range of 2 to 20 mA at a compliance (supply)
voltage of +18 to +30 volts DC. The power unit may take the
form of many different configurations from simple battery
powered 2 mA units with constant current diode, to line-powered
adjustable current power units able to supply 2 to 20 mA of
constant current from adjustable constant current circuits.
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In either case, the constant current device (current diode
or constant current circuit), acts as the source impedance for the
unity gain IC built into the sensor or for the in-line charge
amplifier.

Under quiescent conditions, the IC will bias itself at
approximately +10 volts DC at the input (source) terminal of the
sensor. (Some special variations will bias at different voltages
depending upon the specific application). This sensor bias
voltage is monitored and displayed, on most Dytran power units,
and this feature serves as a handy trouble-shooting tool, serving
as an indicator for normal or abnormal operation. (More on this
topic in a following section, “The fault monitoring monitor as a
trouble-shooting tool”).

The sensor signal, produced by the measurand acting
upon the piezo element, is superimposed upon the sensor bias
voltage and appears at the “Sensor” jack of the power unit. At
this point, the DC bias portion of the signal is blocked by a
coupling capacitor and the AC (signal) portion is coupled directly
to the “Output” jack of the power unit.

The Output jack may then be connected directly to the
input of readout instruments (oscilloscopes, spectrum analyzers,
AC meters, frequency counters, etc.). The very low output
impedance of the LIVM sensor (about 150 Ohms) makes the
effect of most readout instruments on the signal, negligible."

Be aware that the coupling capacitor in the power unit
(usually 10 pF) and the impedance of the readout load constitute
a high-pass filter that may set the low frequency response of the
system below the LF response built into the sensor. In most
accelerometer applications, the 10 pF capacitor provides ample
time constant to allow vibration measurements down to fractions
ofaHz.

Dytran also manufactures DC-coupled power unit for
LIVM sensors that utilizes an active variable voltage level
amplifier circuit to “buck out” the DC bias voltage of the sensor.
One such unit, model 4115B, supplies constant current to the
sensor and direct-couples the sensor to the output jack
eliminating the coupling capacitor. This feature allows the user to
take full advantage of the long time constant built into the sensor
and precludes the effect of readout instrument load on the low
frequency response of the system. Model 4115B is especially
useful for very long-duration (quasi-static) measurements
especially with force and pressure sensors.

OPERATION, GENERAL

Special note: LIVM sensors depend on the power unit to
supply a fixed amount of current to the sensor IC. These IC
circuits will absorb any amount of current supplied until they
exceed their power rating and burn up. For this reason, never
apply power to an LIVM sensor without this current limiting
protection. This precludes the connection of LIVM sensors
directly to batteries, DC power units and many types of
resistance measuring devices. Never measure the continuity of
an LIVM sensor with any type of Ohmmeter. This type of
measurement is redundant and may lead to destruction of the
sensor. To determine if the IC is intact, use the monitor meter on
the front panel of your Dytran power unit. This topic is covered in
the following section, “The fault monitoring meter as a trouble-
shooting tool”.



After installing the sensor in accordance with instructions
in the operating guide (manual) supplied with each sensor,
connect the sensor to the power unit's “Sensor” jack. This jack,
in most cases, is a BNC coaxial connector. You should have
been supplied with the proper cable to connect the sensor to the
power unit you have selected. If you were not and/or do not have
such a cable, contact the factory for help.

It is important to carefully support the sensor cable,
especially in situations where there is movement between the
sensor and its surroundings. This practice will prolong cable life
and will diminish or preclude the effects of triboelectric (cable
generated) noise on the signal.

THE FAULT-MONITOR METER: A TROUBLE -SHOOTING
TOOL

Most Dytran power units incorporate a dc voltmeter on
the front panel that measures the DC bias voltage at the sensor
terminal. Measuring this voltage supplies information about the
“health” of the measurement system. The three conditions it can
identify are 1) normal operation, 2) shorted cable or sensor or
faulty power unit and 3) open sensor or cable connection. We
will examine each possibility here.

NOTE: The fault-monitor meter may be the LED style
shown on the left, Fig. 2, or the D'Arsonval panel meter style
shown on the right, Fig. 2.

& .
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FIGURE 2: TYPICAL FAULT MONITOR METERS
NORMAL OPERATION

Under most normal operating conditions, the monitor
meter will indicate approx. mid-scale (+10 to +13 volts DC) when
the sensor is connected. Many of the meter faces have a
“Normal” area delineated to indicate that the sensor is
functioning and the cable from sensor to power unit is neither
open nor shorted. It is possible that certain failure modes of the
sensor can produce “Normal” indications but these modes are
very rare. In most cases, if the meter reads in the “Normal” area,
the system is viable.

" As a further quick check on normal operation, with some
sensors such as pressure and force sensors, pressing on the
diaphragm or force sensitive surface with a finger can cause the
monitor meter pointer to deflect showing that the sensor is
“alive”. With some higher sensitivity accelerometers, shaking
them by hand can deflect the monitor meter enough to show the
sensor is functioning.

OPEN SENSOR OR CABLE (FULL SCALE METER READING)

If the sensor amplifier is blown or the cable connecting
sensor to power unit is open, the monitor meter will read in the
“OPEN” area of the scale since the current source in the power
unit has no load. To check if the problem is in the sensor,
disconnect the sensor from its cable (leaving the other end

connected to the power unit), and short across the open end of
the cable with a metallic object while observing the meter. If the
meter does not indicate zero (“short") while the sensor end of the
cable is shorted, the cable is open. Replace the cable and try the
sensor again, looking for the “Normal” indication.

If the meter reads zero when the short is applied, the
cable is OK but the sensor is open. If another sensor is
available; try it to verify the finding.

SHORTED SENSOR OR CABLE (“SHORT” METER
READING)

If the fault-monitor meter reads in the “Short” area after
connecting the sensor, this means that there is a short in the
cable or sensor.

This condition cannot damage the power unit since the
constant current circuit in the power unit limits the maximum
current. Sometimes, shards of metal can scrape off of the cable
connector of the 10-32 cables and these may short across the
sensor connection. Check for this. Cleaning with a stiff-bristled
brush will dislodge such metal shards.

If a short is still indicated, then the problem is with the
cable or the power unit. Disconnect the cable from the power
unit and observe the meter reading. If the meter reads full scale,
the power unit is OK and the problem is a shorted cable or
sensor. Replace the cable to verify.

MAINTENANCE AND REPAIR

Because of their small size and sealed construction, field
maintenance of LIVM sensors is limited to cleaning of
connectors and maintenance of mounting surfaces.

Clean connectors with a cloth or paper wipe dipped in
solvents such as alcohol, Freon, etc. For hermetically sealed
units, acetone may be used also. Acetone is not recommended
for non-hermetic units. o~

Clean epoxy from the mounting surfaces of
accelerometers, if necessary, with acetone or other solvents to
dissolve and remove epoxies and other adhesives.

If the problem you are having is’poor low frequency
response and the sensor is not hermetically sealed, baking in a
250° oven for one hour will often get rid of moisture that may
have condensed and shorted across the crystals which would
shortened the discharge time constant.

If you cannot solve the problern, call the factory for
assistance in trouble-shooting the system or for instructions for
returning the instrument for evaluation and/or possible repair.

If the instrument is to be returned, you will be issued a
Returned Material Authorization (RMA) number by the service
department to help speed the instrument through the evaluation
process. Do not return an instrument without first contacting the

factory.
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WARRANTY

Dytran Instruments, Inc. warrants its products against defects in materials and
workmanship for a period of one year after delivery. During the warranty period,
Dytran, at its option, will either repair or replace products which prove to be

defective.

WARRANTY LIMITS
1. Improper or inadequate maintenance by the buyer.
2. Unauthorized modification or misuse.
3. Improper installation by the buyer.

EXCLUSIVE REMEDIES

The remedies provided herein are the buyer’s sole and exclusive remedies. Dytran
shall not be liable for any direct, indirect, special, incidental or consequential tort
or any other legal theory. Dytran warrants only the free recalibration of any sensor
which deviates beyond its calibrated value within the warranty period.

Contact he factory for return instructions before sending any material for repair.
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A.13. Sensor de Caudal por Ultra Sonido

A.13 Sensor de Caudal por Ultra Sonido
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Information Paragraphs

Note: These paragraphs provide additional information about the topic
which is helpful but is not essential to proper completion of the task.

Important:

> B

These paragraphs provide emphasis to instructions that are
essential to proper setup of the equipment. Failure to follow
these instructions carefully may cause unreliable performance.

WARNING! Indicates a potentially hazardous situation
which can result in serious personal injury or death, if it is
not avoided.

CAUTION! Indicates a potentially hazardous situation
which can result in minor or moderate injury to personnel
or damage to the equipment, if it is not avoided.

Safety Issues

VAN
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WARNING! [tis the responsibility of the user to make sure
all local, county, state and national codes, regulations, rules
and laws related to safety and safe operating conditions
are met for each installation.

TransPort® PT878 User’s Manual i



Auxiliary Equipment
Local Safety Standards

The user must make sure that he operates all auxiliary equipment in
accordance with local codes, standards, regulations, or laws applicable to
safety.

Working Area

WARNING! Auxiliary equipment may have both manual
A and automatic modes of operation. As equipment can

move suddenly and without warning, do not enter the work

cell of this equipment during automatic operation, and do

not enter the work envelope of this equipment during
manual operation. If you do, serious injury can result.

WARNING! Make sure that power to the auxiliary
A equipment is turned OFF and locked out before you
perform maintenance procedures on the equipment.

Qualification of Personnel

Make sure that all personnel have manufacturer-approved training
applicable to the auxiliary equipment.

Personal Safety Equipment

Make sure that operators and maintenance personnel have all safety
equipment applicable to the auxiliary equipment. Examples include safety
glasses, protective headgear, safety shoes, etc.

Unauthorized Operation

Make sure that unauthorized personnel cannot gain access to the operation
of the equipment.
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Environmental Compliance
Waste Electrical and Electronic Equipment (WEEE) Directive

GE Measurement & Control is an active participant in Europe’s Waste
Electrical and Electronic Equipment (WEEE) take-back initiative, directive
2012/19/EU.

The equipment that you bought has required the extraction and use of
natural resources for its production. It may contain hazardous substances
that could impact health and the environment.

In order to avoid the dissemination of those substances in our environment
and to diminish the pressure on the natural resources, we encourage you to
use the appropriate take-back systems. Those systems will reuse or recycle
most of the materials of your end life equipment in a sound way.

The crossed-out wheeled bin symbol invites you to use those systems.

If you need more information on the collection, reuse and recycling
systems, please contact your local or regional waste administration.

Visit http://www.ge-mcs.com/en/about-us/environmental-health-
and-safety/1741-weee-req.html for take-back instructions and more
information about this initiative.
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Chapter 1. Features and Capabilities

Chapter 1. Features and Capabilities

The TransPort® Model PT878 is a transit-time flowmeter which combines
all the features of a full-size flowmeter with the advantages of a portable
instrument.

This section describes the TransPort features and general system, and
explains the theory of operation.

1.1 Overview

The PT878 measures the flow rate of acoustically conductive single-phase
fluids. This includes most clean liquids, sewage, some slurries, some
oil/water mixtures, and liquids with a small percentage of entrained gas
bubbles. The flowmeter provides one linear (0/4-20 mA) analog output of
flow velocities or volumetric flow rate of these fluids, measuring velocities
from £0.03 to £12 m/sec (x0.1 to +40 ft/sec), along with one selectable
frequency output or pulsed totalizer output.

The PT878 also provides two 4 to 20-mA analog inputs in order to connect
temperature transmitters to measure energy flow rate of liquids. Energy
flow rate may be calculated for water, glycol, and water/glycol mixtures.

The PT878 has the ability to store site data in files which can be accessed at
a later time. Within the Main Menu, a set of forms (windows) asks you all
the necessary setup information for a particular site. Once the necessary
questions are answered, you simply save the information to a file.

The PT878 stores these files and other data in non-volatile memory, which
retains the information even if power is off. The flowmeter itself runs on
rechargeable or alkaline batteries for up to 10 hours.

This small lightweight flowmeter displays measurements in both numeric
and graphical form on a EL-backlit, 240 x 200 pixel LCD graphic screen.
The PT878 also has the capability of logging over 100,000 flow data points
internally.

Using the USB communications port, the PT878 can transmit logged data,
as well as real time data and other stored data. It is also
€dmputer-programmable via GE’s PanaView™ software.
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1.1 Overview (cont.)

To assist you, the PT878 is fully equipped with context-sensitive on-line
help which is accessible at any time by simply pressing the “?”” (Help) key.
Internal diagnostic and troubleshooting features help isolate and remedy
common flowcell and transducer problems.

The PT878 operates with all standard GE transducers - wetted, clamp-on,
hybrids (Pan-Adapta® plug), and buffered styles.

A built-in ultrasonic thickness gauge capability measures the pipe wall
thickness when used with the optional thickness transducer.

1.2 System Description

The PT878 is one part of the flowmeter system. The flowmeter system
consists of two essential subsystems: the flowcell and the electronics
package (the PT878).

1.2.1 The Flowcell

The flowcell is that part of the system that uses ultrasonic pulses to
interrogate the flow. It consists of the flowcell pipe and the transducers.

A. FLOWCELL PIPE - The flowcell can either be created in the existing
piping (for example, by inserting wetted transducers into the pipe, or
clamping non-wetted transducers onto the pipe), or inserted as a
substitute pipe section (spoolpiece). The flowcell must provide
mechanical support for the transducers and assure stable fluid conditions
for accurate flow measurement.

B. TRANSDUCERS - The transducers convert electrical energy into
ultrasonic pulses when in a transmit cycle, and convert the ultrasonic
pulses back to electrical energy when in a receive cycle. In other words,
they act like loudspeakers when transmitting the signal and microphones
when receiving it. In the PT878 system, each transducer acts as both a
receiver and transmitter, since a series of ultrasonic pulses are alternately
sent upstream and then downstream through the flowcell.
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1.2.2 Electronics Package

The PT878 consists of circuits that generate, receive, and measure the travel
time of the ultrasonic pulses. It also contains a microcomputer that controls
operation and calculates flow measurement parameters. Specific circuits
function as follows:

e TRANSMIT SIGNAL GENERATOR - The transmit signal generator,
under control of the microcomputer and timing circuit, synthesizes the
signal that drives the transmitter.

e TRANSMITTER - The transmitter amplifies the signals from the
transmit signal generator to a signal that drives the transmit transducer.

 RECEIVER - The receiver amplifies the received signals to a level
suitable for the data acquisition circuitry.

e DATA ACQUISITION - The data acquisition circuitry digitizes the
received signal and stores it in a buffer for processing by the
microcomputer.

 TIMING CIRCUIT - The timing circuit generates the transmitter
frequency, receive window, controls the data acquisition circuit and the
direction of the transmission.

e MICROCOMPUTER - The microcomputer controls the PT878
flowmeter’s operation and calculates flow measurements derived from
the transmitted and digitized received signals. Also, the microcomputer
continually checks for faults and allows the use of built-in diagnostics
for troubleshooting.

e INPUT/OUTPUT - The input/output circuitry allows the flowmeter to
indicate the measured flow with the 0/4-20 mA current loop, and to
output to a remote device. The digital output supports frequency or pulse
output, as well as use as a gate input; it can also act as a test point for
triggering an oscilloscope from the transmit or receive window.

276

TransPort® PT878 User’s Manual 3



Chapter 1. Features and Capabilities

1.3 Theory of Operation

The PT878 is a transit-time ultrasonic flowmeter. When ultrasonic pulses
are transmitted through a moving liquid, the pulses that travel in the same
direction as the fluid flow (downstream) travel slightly faster than the pulses
that travel against the flow (upstream). The PT878 uses various digital
signal processing techniques, including cross-correlation, to determine
transit times and then uses the transit times to calculate flow velocity.

During operation, two transducers serve as both ultrasonic signal generators
and receivers. When mounted on a pipe, they are in acoustic communication
with each other, so that each transducer can receive ultrasonic signals
transmitted by the other transducer. Each transducer thus functions as a
transmitter generating a certain number of acoustic pulses, and as a receiver
for an identical number of pulses.

The flowmeter measures the time interval between transmission and
reception of the ultrasonic signals in both directions. When the liquid in the
pipe is not flowing, the transit-time downstream equals the transit-time
upstream. When the liquid is flowing, the transit-time downstream is less
than the transit-time upstream. The difference between the downstream and
upstream transit-times is proportional to the velocity of the flowing liquid,
and its sign indicates the direction of flow.
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Chapter 2. Initial Setup

Before making measurements, you must prepare the PT878 for operation.
This includes the following procedures:

* Making Electrical Connections

» Charging and/or Replacing Batteries

* Powering On and Off

e Using the Screen and Keypad

e Obtaining On-Line Help

Figure 1 below shows the PT878 in its standard soft case (a) and in the
optional solid case (b). In the solid case, the interior is structured for optimal
protection of the PT878 and its accessories.

(a)

Figure 1: The PT878 and Accessories
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2.1 Making Electrical Connections

Before making measurements with the PT878, you must make all the
necessary connections to the unit. This section describes how to connect the
following:

* Power

e Transducers

* Input/Output

* USB Interface
Make all connections to the top of the PT878 unit as shown in Figure 2
below. Please note that you need to make the proper power and transducer

connections only. The other connections are required for particular
functions, but are not necessary for basic operation.

Note: For a listing of Input/Output connections, see Table 1 on page 8.

Transducer Input/Output
Upstream Downstream USB Port Power

Figure 2: Connection Locations
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2.1.1 Power Connections

The PT878 is powered by either a 100-120/200-260 VAC wall mount
plug-in module, or by 5 internal Cs-size NiCad high-energy rechargeable

batteries or by a pack of 3.0 Ahr NiMH batteries. (An optional power
supplement, part #703-1283, uses 6 AA alkaline batteries.) When you
receive the PT878, the batteries are not charged; therefore, to make remote
measurements using the batteries, follow the instructions on page 12 to
charge the batteries. In either case, you must connect the power cord to the
appropriate terminal as shown in Figure 2 on page 6.

WARNING! To ensure the safe operation of the PT878, you
A must install and operate it as described in this manual. In

addition, be sure to follow all applicable safety codes and

regulations for installing electrical equipment in your area.

The PT878 and its transducers are designed for use only in
general-purpose locations.

2.1.2 Transducer Connections

The transducer cables connect to the PT878 with LEMO® coaxial type
connectors. Each color-coded cable should have a collar labeled
UPSTREAM or DOWNSTREAM. Make transducer cable connections to
the top of the flowmeter as shown in Figure 2 on page 6. Because there are
various types of transducers and installations, transducer installation is
discussed separately in the Liquid Transducer Installation Guide (916-055).

2.1.3 Input/Output Connections

The PT878 provides one 0/4-20 mA current output and two 4 to 20-mA
analog inputs with switchable 16-V supply for loop- powered temperature
transmitters. It also supports digital, frequency, and totalizer outputs.

Connect the inputs/outputs using a LEMO® multi-pin connector as in
Figure 2 on page 6. The pin numbers for the connector and the color code
for the standard input/output cable are shown in Table 1 on page 8.
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2.1.3 Input/Output Connections (cont.)

Table 1: Cable Assembly for Analog Inputs/Outputs

Pin Wire
Number Color Description
1 Black | Analog Out 1
2 Red 16 V (switched)
3 White | Supply or Return Temperature (Input A)
4 Yellow | Supply or Return Temperature (Input B)
5 Green | Analog Ground
6 Orange | Digital Output (frequency output, pulse totalizer,
diagnostic output or calibration gate)
Blue Digital Ground
Violet | Receive Monitor

2.1.4 The USB Port

The TransPort™ PT878 portable ultrasonic flowmeter allows the user to
update firmware, communicate with a PC running the GE PanaView™
graphical user interface software and transfer files via a built-in USB
Interface. This manual provides instructions for performing these actions.

The PT878 USB design uses an RS232 to USB converter. which converts
the USB data to standard serial port data. The RS232 communications
protocol is used, which allows the meter to operate with both the GE
PanaView graphical user interface software as well as commercially
available terminal emulation programs such as HyperTerminal. The PT878
communications parameters, such as baud rate (300 to 38400 baud), can be
set via the PT878 keypad.

Important: All PC and PT878 communications parameters must match for
successful data transfer.

281

8 TransPort® PT878 User’s Manual



Chapter 2. Initial Setup

2.1.4 The USB Port (cont.)

The PT878 always ships with the latest firmware version installed.
However, as new firmware versions become available, your PT878
firmware is easily updated via its USB interface.

The USB connector installed in the PT878 is IP67 rated and is
leak-resistant, even if the instrument is exposed to water for a short period
of time.

CAUTION!  Be sure to use caution when connecting a USB
A cable to the PT878, if the meter’'s USB connector has been

exposed to water.

2.1.4a USB Setup

The initial step for communicating with the PT878 through its USB
interface is to make sure that the PC operating system recognizes the USB
device in the PT878. This is done by connecting the PT878 to the PC with a
USB cable and verifying that the PC operating system loads the correct
drivers for the PT878 USB interface device.

USB Cable

The recommended USB cable for use between the PT878 and a PC is a
USB A male to mini USB B male cable, such as GE p/n 238-407-LF or
equivalent.
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USB Drivers

To set up the USB drivers in Microsoft Windows®, complete the following
steps:

Power on PT878.

Plug the mini B USB male connector into the PT878 USB port.

Plug the USB A male connector into any USB port on the PC.

el A

Verify that Windows automatically loads the driver for the FTDI chip in
the PT878.

5. Open the Control Panel>>Device Manager window and then select
Ports (see Figure 3 below). Verify that the PT878 USB port is installed.

Figure 3: Device Manager Window

Note: If the USB port is not automatically installed, the driver may be
installed manually from the FTDI website.

Install the drivers for the FT230XS UART from http://www.ftdichip.com.

Note: For operation with the GE PanaView software, set the Com Port
between COM1 and COM 9.

Open the USB serial port settings window (see Figure 2 below) and match
those listed in the PT878\Meter\Communications window at the PT878 UI.

Note that the COM port settings may vary with theP C configuration. 263
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USB Drivers (cont.)

The USB driver setup is now complete.

Note: The USB driver should recognize the flowmeter each time the PT878

Is reconnected to the PC, but the COM port number may change
depending on the PC configuration.

USE Serial Por (COME) Properties =

Germral | Fort Setrgs | Driver | Dietals

B3 per second: | 33400
[etabis; |§

Eaty. | Nona
Sep b |1

Bler contrel: | None

Satemmmd Bt Dedmate

OK Cancel

Figure 4: USB Serial Port Properties
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2.2 Caring for the PT878 Batteries

The PT878 comes with self-contained, built-in rechargeable batteries to
support portable operation. For optimum performance, these batteries
require a minimum of maintenance.

CAUTION! Use only GE-approved batteries and desktop

A chargers. These chargers are designed to maximize battery
life. Using other batteries or chargers voids the warranty
and may cause damage.

Important: For CE compliance, the PT878 is classified as a
battery-powered device, not to be used with the AC adaptor.

2.2.1 Charging and Storing the Batteries

When you receive the PT878, you will need to initially charge the batteries.
Also, the battery may need recharging if it has not been used for a long
period of time. The batteries must be charged up to 8 hours to receive the
maximum charge. When fully charged, the batteries provide 8 to 10 hours
of continuous operation. An internal battery gauge indicates the remaining
power in the batteries.

To charge the batteries, simply plug the AC power module cord into the
power jack (shown in Figure 2 on page 6) and be sure the battery pack is
installed. When the PT878 is plugged into line voltage, the internal battery
charger automatically charges the batteries, whether the PT878 is on or off.
If the PT878 is on, the Battery icon in the upper right corner of the screen
indicates battery status (as shown in Table 2 on page 13).

Note: For version 1B of the PT878 software, you must also press the red
power key in the upper right corner of the keypad. (See page 109 to
determine your software version.)

For optimal run time, charge the batteries only in temperatures from 50°F to
104°F (10°C to 40°C). Otherwise, the batteries will not be properly charged

and will have a significantly reduced run time.
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2.2.1 Charging and Storing the Batteries (cont.)

Store the batteries at temperatures from —4°F to 131°F (-20°C to 55°C) for
periods of less than one month, or from 32°F to 104°F (0°C to 40°C) for
longer periods. (If you are transporting them for two days or less, the
batteries can withstand temperatures from —40°F to 158°F (—40°C to 70°C).

Table 2: Battery Status Icons

Icon Battery Status

i Full battery

= Partially full battery

] Empty battery

Fully charged battery, connected to AC power
B0 Charging battery
e OO Discharging battery

Failure/missing battery

i Notification to check battery form (see page 114)

2.2.2 Replacing the Batteries

CAUTION! Replace batteries only with the specified

A rechargeable batteries. The battery charges when the unit
is off. Do not attempt to recharge non-rechargeable
batteries.

If you need to replace the rechargeable batteries, use the recommended 3.0
Ahr NiMH batteries (part number 200-081). While the batteries can be
recharged up to 600 times, it is best to replace them when they no longer
provide acceptable performance. To replace the batteries, remove the rubber
boot, open the panel located on the back of the PT878 unit, disconnect the
batteries, and replace with new ones (see Figure 5 on page 14).
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2.2.2 Replacing the Batteries (cont.)

2 7,

Battery Location
(behind panel)

\Q %, %) Q/

Figure 5: Battery Location

To further extend the battery power on the PT878, the GE Part #705-1283
option uses 6 AA alkaline batteries.

2.2.3 Disposing of Batteries

CAUTION! Never dispose of the batteries by incineration.

A Do not attempt to disassemble or short-circuit the
batteries. For safety. do not handle a damaged or leaking
battery.

Important: Be sure to dispose of your battery properly. In some areas,
battery disposal in business or household trash may be
prohibited. For safe disposal options, contact your nearest

GE-authorized service center. ’g7
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2.3 Powering ON and OFF

To operate the PT878, the power cord must be plugged into line voltage or
the battery must be charged as described previously.

Important: For CE compliance, the PT878 is classified as a
battery-powered device, not to be used with the AC adapter. To
comply with CE certification, do not operate the meter with the
charger plugged in.

To turn the PT878 on, press the red button in the upper-right-hand corner of
the keypad. Immediately upon power up the PT878 emits a short beep and
displays a “PCI Loader” message. It then validates the instrument
programming, and then displays the GE logo and the software version and
emits a long beep. If the meter fails any of these tests, contact the factory.

WARNING! [f the meter fails the backup battery test, you
A must send the unit back to the factory for a battery

replacement. Make sure you keep the batteries charged

until you are ready to ship the unit back to the factory.

Before shipping, transfer all the log and site data to your
PC.
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2.3 Powering ON and OFF (cont.)

After the meter conducts all the self checks, the screen then appears similar
to the one shown in Figure 6 below.

ABC.SIT 2000/11/30 09:53AM 5
Velocity, ft/s Signal, dB

32
0.00

Delta-T, ns Volume, I/s

0.10 0.0

EO: No Errors

Figure 6: Screen After Powering ON
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2.3 Powering ON and OFF (cont.)

To turn the PT878 off, press the red key for 3 seconds. The screen now
appears similar to Figure 7 below.

SHUTDOWN: Meter OFF
SLEEP: Meter Idle
CANCEL: Resume Operations

|| Shutdown Sleep Resume ||
Figure 7: Shutdown Menu

Three options are available:

* Press [F1] to shut down the PT878, turning it completely off.

e Press [F2] to send the PT878 into sleep mode. In this mode, some of the
power supplies shut down, but the PT878 remains in a standby mode.
Users can resume taking measurements immediately by pressing the
power button.

* Press [F3] to cancel the command and return the PT878 to normal
operation.

If the PT878 locks up, you can reset it by holding the power key (the red
key in the upper right corner) for 15 seconds.
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2.4 Using the Screen and Keypad

The essential features for operating the PT878 are the screen and keypad.
Although these features are common on portable instruments, the PT878
design offers particular features to simplify and speed operation.

2.4.1 Screen

The primary function of the screen is to display information in order for you
to accurately and easily take measurements. The PT878 screen consists of
seven parts (see Figure 8 below).

Status Bar Battery
Current Site  (alternates with Menu Bar) Status
DEFAULT  2000/11/30 0353 AM |gd

Velocity, ft/s Signal, dB
Measurements
S 32
000 E—

Delia-T, ns Volume, I/s

0.10 0.0

EO: No Errors
«

/ el

Error Messages

System Tray Function Keys

Figure 8: PT878 Screen in Operate Mode

The top line of the screen is the status bar, which normally displays the
time and date. However, when you press [MENU] (the menu key), the Menu

Bar replaces the status line.
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2.4.1 Screen (cont).

The middle of the screen shown in Figure 8 on page 18 is the work area,
which displays the measured parameters, numeric measurements, and both
bar and line graphs. (When you enter a selection on the Menu Bar discussed
in Chapter 3, Programming Site Data, this area displays menu prompts.) A
line at the bottom of the area also displays error code messages, which are
described in more detail in Chapter 9, Diagnostics and Troubleshooting.

The system tray displays icons that indicate meter operations not otherwise
shown. Table 3 below lists the icons and their meanings.

Table 3: Icons in the System Tray

Icon Function Meaning
’ Alert Indicates the meter encountered an
error in operation.
-:% Log Indicates a log is pending (no marks)
B or running (marks).
s (]f:. Heating/ Indicates heating or cooling energy
cooling mode.
i Stopwatch Calibration Gate Operation: Watch is
L stopped when the gate is closed, or
runs when it is open.
(=] Snapshot Indicates that the Snapshot function

(To file) has been activated, so users can take
screen captures (see page 130).

The bottom of the screen displays the three function key options: F1, F2
and F3. These keys have different functions, depending on the task you are
performing.
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2.4.2 Keypad

The PT878 keypad has 25 keys. The functions for each key are as follows
(see Figure 9 on page 21):

3 function keys ([F1], [F2], [F3]) — enable you to select the special
functions which appear at the bottom of the screen.

12 numeric keys (including — and .) — enable you to enter numeric data.

4 arrow keys ([4], [>], [A], [¥]) — enable you to move through the
menu options.

[?] Help key— enables you to access on-line help (discussed on
page 22).

[MENU] Menu key — enables you to access the Main Menu.

[ENTER] — enables you to enter a particular menu, and enters selected
values into the PT878 memory.

[SEL] — enables you to move between data measurements on the screen.

[ESC] — enables you to exit menus or menu options at any time; cancels
a numeric entry.

Red key [(D] — turns the power on or off, and toggles the backlight on
or off.
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2.4.2 Keypad (cont.)

;

)

»

PT878

RIS

(@
IO
(D)
IO

D&

() @)

N

/
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Figure 9: PT878 Keypad
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2.5 Obtaining On-Line Help

The PT878 offers context-sensitive on-line help screens that describe
various features. You can access on-line help at any time by pressing the [?]
key. The screen appears similar to Figure 10 below.

Table of Contents
Use the arrows and the enter key to
select from the links below. Press [F2]
to return to the TOC.

Site Menu
Program Menu
Meter Menu
Log Menu
Service Menu
Miscellaneous

About

Back TOC | Close |

Figure 10: Main Help Menu

Use the three function keys and the [A] and [ ] arrow keys to navigate to
the desired menu, and press [ENTER]. Repeat this procedure to access the
desired topic within the menu. When you have finished using the Help
menu:

* Press [F1], Back, to move back one level.
e Press [F2], TOC, to return to the Table of Contents.

e Press [F3], Close, to return to the previous screen.
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Chapter 3. Programming Site Data

On the PT878, a Program Menu (part of the Main Menu) enables you to
enter information that is specific to each site:

e Transducer types and paths

e Pipe materials and linings

e Fluid types

e Heating or cooling energy flow rate

e Analog input and output parameters

e Digital output parameters

e User functions

* Correction factors

For immediate operation, the PT878 requires only transducer, pipe and fluid
data. However, additional information allows you to tailor measurements as
specifically as possible to your particular application. Once you have
entered this data, you can save it in files and recall these files for later use.
The PT878 can store up to 1 MB (or 32 site files) of data in the meter at any
one time. But through the USB link, users can store an unlimited number of
sites in a PC, and then upload the sites they will actually use.

This chapter covers entering:

e Transducer, pipe, and fluid parameters
e |nput/output and other setup parameters

e User functions.
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3.1 Entering the Program Menu

To enter the Program Menu, press the [MENU] key at the lower right of the
PT878 keypad. The Menu Bar replaces the Status Bar at the top of the
screen. Press the [P>] arrow key once to scroll from the Site Menu to the
Program Menu. At the Program Menu, press [ENTER]. The screen appears
similar to Figure 9 below. While following the programming instructions,
see Figure 139 on page 222 of Appendix A, Menu Maps.

Hgelo]lnilMMeter Logging Service

Vel Transducer Signal, dB
Pipe

Lining
Fluid 32
Path
Energy
ﬂ Analog Input Volume, I/s

Analog Output
Digital Output
User Functions OO
Correction Factors

EO: No Errors | | | | | ‘

Figure 9: Program Menu
To scroll to a particular option, press the [ W ]or [A] arrow keys until you
reach the option. Then press [ENTER] to open the option window.
When entering parameters in an option, press:
e The [¥] key to step through the available parameters
e The [A] key to scroll back to a previously entered parameter

* The [F2] key (Cancel) or the [ESC] key to exit an option at any time and
return to Operate Mode without changing the parameters.

Note: If you enter an incorrect numeric value, press the [] key to erase
the last digit entered.

297

22 TransPort® PT878 User’s Manual



Chapter 3. Programming Site Data

3.2 Entering Transducer Parameters

To enter the Transducer option, scroll to the Transducer entry on the
Program Menu and press [ENTER]. The screen appears similar to Figure 10
below. To step through each parameter, press the [ ¥ ] key. Refer to

Figure 143 on page 227 of Appendix A.

Note: Refer to the Liquid Transducer Installation Guide (916-055) for
additional information about transducers and configurations.

Pipe| Lining | Fluid | Path )

Type: @ Wetted () Clamp-on

Transducer | Special

Frequency MHz Tw 14| US

Wedge Ang | 50 |°

Wedge Tmp | 25 [°C

Wedge SS [1219.2| m/s

Cancel OK

Figure 10: Transducer Option Window

1. The first prompt asks you to select whether you are using a wetted or a
clamp-on transducer.

a. Use the [4] and [P>] keys to scroll between the two types.
b. Press [ENTER] to confirm the choice.
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3.2 Entering Transducer Parameters (cont.)

Note: The choices made early in the Transducer and Pipe options
determine the prompts available later. If the PT878 does not scroll to
a particular parameter, it is not necessary for that transducer or
pipe type. For example, the Lining window is not available if you
select a wetted transducer.

2. The next prompt asks you to enter the transducer number (printed on
the transducer itself), or to specify that you are using a special
application transducer.

a. From the Type prompt, press the [ ¥] key to reach the Transducer
prompt, and press [ENTER].

b. A drop-down list of transducer numbers opens as in Figure 11 on
page 25. (The list varies, depending on whether you have selected
wetted or clamp-on in the previous prompt. See Table 4 on page 25.)
Press the [ W] or [A] keys to scroll to the appropriate number, or
scroll to “Special” for a special application transducer. To speed
scrolling, you can press the [P>] key to scroll down by a page, or the
[ 4] key to scroll up by a page.

c. Press [ENTER] to confirm your selection.

The program now varies, depending on whether you have selected standard
or special transducers.

* |f you have selected a standard wetted or clamp-on transducer, the
PT878 comes programmed with the needed parameters. Proceed to
Confirming Entries on page 30.

* However, if you have selected a special application transducer, go to
page 26.
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300

Trans SpECIAL

Type: (@) Wetteq

Transducer

Frequency | 2.00

Wedge
Wedge
Wedge

#40
#41
#42

#43
#44

#45
#46
#A4T
#48
#49

4

Path |

VES

Cancel

OK

Figure 11: Transducer Numbers Drop-Down List

Table 4: Transducer Numbers Available

WETTED CLAMP-ON
SPECIAL | 64 SPECIAL 23 (Shear) | 113 (Shear) | 307 (Shear)
40 | 52 | 65 | 1(Rayleigh) | 24(Shear) | 114 (Shear) | 308 (Shear)
41 | 53 | 66 | 2(Rayleigh) | 25(Shear) | 115 (Shear) | 309 (Shear)
42 | 54 | 67 | 3(Rayleigh) | 26(Shear) | 116 (Shear) | 310 (Shear)
43 | 55 | 68 | 10(Shear) | 27 (Shear) | 117 (Shear) | 311 (Shear)
44 | 56 | 69 | 10(Shear) | 28(Shear) | 125 (Shear) | 312 (Shear)
45 | 57 | 70 | 11(Shear) | 29 (Shear) | 126 (Shear) | 313 (Shear)
46 | 58 | 71 | 12(Shear) | 30(Shear) | 127 (Shear) | 314 (Shear)
47 | 59 | 72 | 13(Shear) | 31(Shear) | 133 (Shear) | 315 (Shear)
48 | 60 | 73 | 1l4(Shear) | 32(Shear) | 136 (Shear) | 401 (Shear)
49 | 61 | 74 | 15(Shear) | 33(Shear) | 137 (Shear) | 402 (Shear)
50 | 62 | 75 | 16(Shear) | 34(Shear) | 139 (Shear) | 403 (Shear)
51 | 63 | 76 | 17(Shear) | 35(Shear) | 301 (Shear) | 407 (Shear)
18 (Shear) | 36 (Shear) | 302 (Shear) | 408 (Shear)
19 (Shear) | 37 (Shear) | 303 (Shear) | 409 (Shear)
20 (Shear) | 38 (Shear) | 304 (Shear) | 410 (Shear)
21 (Shear) | 39 (Shear) | 305 (Shear)
22 (Shear) | 112 (Shear) | 306 (Shear)
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3.2.1 Parameters for Special Transducers

Note: The factory will supply the information required below with the
transducers.

3. The prompt asks for the transducer frequency, to transmit a signal at a
frequency to which the transducer can respond.

a. From the Transducer prompt, press the [ W] key to reach the
Frequency prompt, and press [ENTER].

b. A drop-down list of five frequencies opens, ranging from 0.50 to
4.00 MHz. Scroll to the desired frequency, and press [ENTER].

4. The next prompt asks for Tw, the time delay. This parameter is actually
the time the transducer signal spends travelling through the transducer
and cable. The PT878 calculates the flow rate from the upstream and
downstream transit times in the fluid, so the Tw (time delay) must be
subtracted out for an accurate measurement. The factory supplies the
time delay on a sheet of paper inside the transducer case.

a. From the Frequency prompt, press the [P>] key to reach the Tw
prompt, and press [ENTER].

b. Use the numeric keys to enter the GE-supplied time delay and press
[ENTER].

The program now varies, depending on whether you have selected a wetted
or a clamp-on transducer.

 |If you have selected a special wetted transducer, proceed to
Confirming Entries on page 30.

» Special clamp-on transducers require three more inputs: wedge
angle, wedge temperature, and wedge soundspeed.

5. When calculating the flow rate, the PT878 must take into account the
wedge angle, the angle of the ultrasonic transmission.

a. From the Tw prompt, press the [ W] key to reach the Wedge Angle
prompt, and press [ENTER].

b. Use the numeric keys to enter the factory-supplied wedge angle (in

degrees) and press [ENTER]. 301

26 TransPort® PT878 User’s Manual



Chapter 3. Programming Site Data

3.2.1 Parameters for Special Transducers (cont.)

Note: If the error message in Figure 12 below, or one similar to Figure 13
on page 28 appears, the Pipe Soundspeed, Wedge Soundspeed,
and/or the Wedge Angle may be in error. Review the pipe and wedge
parameters currently entered and change one or more as necessary.

Note: To change pipe information, see Entering Pipe Parameters on
page 30.

Transducer/Pipe

(] *** WARNING * * *

Critical Angle Exceeded!

OK

Figure 12: High Angle Error Message Window

302
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3.2.1 Parameters for Special Transducers (cont.)

Transducer/Pipe

(] Invalid Value - Too Low

15 is Too Low.

The valid range is from:
25.000 to 90.000 °

OK

Figure 13: Low Angle Error Message Window

Note: When the corrected information is entered, a message similar to
Figure 14 appears. Press [F3] (OK).

303
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3.2.1 Parameters for Special Transducers (cont.)

Transducer/Pipe

(] *** WARNING * * *

Transducer Spacing has changed!
New Spacing:

0.964 inches ( 24.493 mm)

OK

Figure 14: Transducer Spacing Change Window

6. The PT878 must also take into account the wedge temperature.

a. From the Wedge Angle prompt, press the [ ¥] key to reach the
Wedge Temperature prompt, and press [ENTER].

b. Use the numeric keys to enter the wedge temperature (in degrees F
or C) and press [ENTER].

7. Finally, the PT878 requires the wedge soundspeed.

a. From the Wedge Temp prompt, press the [ ¥] key to reach the
Wedge SS prompt, and press [ENTER].

b. Use the numeric keys to enter the factory-supplied wedge
soundspeed (in ft/sec or m/sec) and press [ENTER].

Pressing the [ ¥] key returns the meter to the Transducer tab at the top.

304
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3.2.2 Confirming Entries

* To confirm the entries and return to Operate mode, press [F3] (OK).

e To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key.

In either case, the PT878 returns to Operate Mode.

3.3 Entering Pipe Parameters

To enter the Pipe option, scroll to the Pipe entry on the Program Menu and
press [ENTER]. (From the Transducer window, you can scroll back up to the
Transducer tab and press the [P>] arrow key to reach the Pipe window, and
press [ENTER].) The screen appears similar to Figure 15 below. To step
through each parameter, press the [ W] key. Refer to Figure 139 on page 222
of Appendix A, Menu Maps.

Note: Refer to the brochure Soundspeeds and Pipe Size Data (914-004) for
additional information about pipe sizes and soundspeeds.

Transducer/Pipe
(Transducer m Lining “' Fluid {Path)
Material

Sound Speed 600.3 | m/s

Measure Wall with TGauge

oD, mm OD x Pl, mm Wall, mm

5 15.708 2
Nominal Schedule
ANSI
Cancel OK

Figure 15: Pipe Option Window
305
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3.3 Entering Pipe Parameters (cont.)

1. The first prompt asks you to select the pipe material.
a. Press [ENTER] to enter the material prompt.

b. A drop-down list of materials opens. Table 5 below lists the
available preprogrammed materials on the list. Press the [W] or [A]
keys to scroll to the appropriate material, or scroll to “Other” for a
material not on the list. You can press the [P>] key to scroll down by
a page, or the [d] key to scroll up by a page.

Table 5: Preprogrammed Pipe Materials

Pipe Material
Category Specific Material
Al - Aluminum Rolled
Brass None
Cu - Copper Annealed or Rolled
CuNi - Copper/Nickel | 70% Cu 30% Ni or 90% Cu 10% Ni
Glass Pyrex, Flint, or Crown
Gold Hard-drawn
Inconel None
Iron Armco, Ductile, Cast, Electrolytic
Monel None
Nickel None
Plastic Nylon, Polyethy‘lene, Polypropylene, PVC
(CPVC), or Acrylic
Steel Carbon Steel or Stainless Steel
Tin Rolled
Titanium None
Tungsten Annealed, Carbide, Drawn
Zinc Rolled
Other* Any material

e Press [ENTER] to confirm the choice.

TransPort® PT878 User’s Manual 31



Chapter 3. Programming Site Data

3.3 Entering Pipe Parameters (cont.)

d. If you have selected “Other,” the meter prompts you to enter the
soundspeed. Use the numeric keys to type the desired soundspeed in
the text box, and press [ENTER] to confirm the choice.

Note: If the ““Other”” Pipe soundspeed entered is too large, given the
previously entered Wedge soundspeed and angles, an error message
similar to Figure 16 below will appear. Press [F3] (OK) (the error
message disappears), and enter another soundspeed within the
range specified.

Transducer/Pipe
(] Invalid Value - Too High

100000 is Too High

The valid range is from:
3330.052 to 24000.000 ft/s

OK

Figure 16: Soundspeed Error Message Window

Note: When the corrected soundspeed is entered, a message similar to
Figure 17 on page 33 appears. Press [F3] (OK).to return to the Site
Menu.
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3.3 Entering Pipe Parameters (cont.)

Transducer/Pipe

' ***WARNING***

Transducer Spacing has changed!
New Spacing:

0.964 inches ( 24.493 mm)

OK

Figure 17: Transducer Spacing Change Window

2. The next prompt asks if you wish to measure the pipe wall with the
internal thickness gauge. If you press [ENTER], the program moves to
the T-Gauge Display option (as covered on page 162). When you have
completed setting up and using the thickness gauge (as discussed in
Chapter 8), press [F2] or [F3] to return to the Pipe tab.

3. For pipe diameter, two alternatives are available. At the Diameter
prompt, the meter asks for the pipe outside diameter and thickness. But
If you have selected certain pipe materials (carbon or stainless steel,
cast iron, PVC and CPVC), you have the option of entering the pipe
dimensions by a standardized schedule. Once you enter the nominal
pipe size and identification, the PT878 determines the OD and wall
thickness from an internal table.

308

TransPort® PT878 User’s Manual 33



Chapter 3. Programming Site Data

3.3 Entering Pipe Parameters (cont.)

If you select a material that uses the Diameter alternative:

a. You must select from two choices, outside diameter or
circumference.

e The prompt moves to the OD (outside diameter) text box. Type the
thickness (in mm or in.) into the text box, and press [ENTER] to
confirm the choice, or

* Move the prompt to the OD X PI (circumference) text box. Type
the OD (in mm or in.) into the box, and press [ENTER] to confirm
your choice.

b. In either case, the next prompt asks for the wall thickness. Type the
value (in mm or in.) into the box, and press [ENTER] to confirm your
choice.

Note: The measurement units shown depend on the choices you have made
in the English/Metric window or the Meter Settings menu.

If you select a material that has the Schedule option:

a. The prompt asks if you wish to apply ANSI (the ANSI schedule).
Press [ENTER] to select (or deselect) the ANSI box. (If you do not
select the ANSI option, the prompt moves to the OD text box, and
you enter the parameters for the Diameter alternative as discussed
above.)

b. Press the [d] key twice to move the prompt to the Nominal pipe
size drop-down menu. Press [ENTER] to open the menu. Scroll to
the desired pipe size, and press [ENTER] to confirm your choice.

c. Press the [P>] key to move the prompt to the Schedule drop-down
menu. Press [ENTER] to open the menu. Scroll to the desired
schedule, and press [ENTER] to confirm the choice.

After entering either diameter or schedule settings, pressing the [A] key
returns the meter to the Pipe Material prompt.
309
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3.3 Entering Pipe Parameters (cont.)

* To confirm the entries and return to Operate Mode, press [F3] (OK).

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key.

In either case, the PT878 returns to Operate Mode.

» To return to the Pipe tab and scroll to other windows, press the [ A] key.

3.4 Entering Pipe Lining Parameters

To enter the Lining option, scroll to the Lining entry on the Program Menu
and press [ENTER]. (From the Pipe window, you can scroll back up to the
Pipe tab and press the [P>] arrow key to reach the Lining window, and press
[ENTER].) The screen appears similar to Figure 18 below. To step through
each parameter, press the [ ¥] key. While programming, refer to Figure 144
on page 228 of Appendix A, Menu Maps.

Note: The Lining option is only available for clamp-on transducers.

(Transducer | Pipe m Fluid | Path )

Material REW= o)XY

Sound Speed| 2000 | m/s

Thickness 0| mm

Cancel | OK

Figure 18: Pipe Lining Window
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3.4 Entering Pipe Lining Parameters (cont.)

1. The PT878 first prompts you to select the pipe lining material.
a. Press [ENTER] to open the drop-down list of lining materials.

b. Scroll to the appropriate material. If you do not see your lining
material on the list, select “Other.”

c. Press [ENTER] to confirm your choice.
Note: If your pipe lining is not on the drop-down list, consult the factory
for further information.
2. The menu now follows one of two paths:

* |f you have selected a preprogrammed material, the PT878
automatically supplies the correct soundspeed, and you can proceed
to step 3.

* If you have selected “Other,” the meter prompts you to enter the
soundspeed. Use the numeric keys to type the desired soundspeed in
the text box, and press [ENTER] to confirm the choice.

3. The meter now asks for the lining thickness. Use the numeric keys to
enter the desired value in the text box, and press [ENTER] to confirm
your entry.

Pressing the [ W] key returns the meter to the Lining tab.

* To confirm the entries and return to Operate Mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

* To scroll to other windows, press the [ 4] or [P>] key. Your changes will remain
until you select OK or Cancel from one of the tabbed windows in the
Transducer/Pipe form,
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3.5 Entering Fluid Types and Speeds

To access the Fluid option, scroll to the Fluid entry on the Program Menu
and press [ENTER]. (If you are already in the Transducer/Pipe form, press
the [P>] arrow key to reach the Fluid window, and press [ENTER].)The
screen appears similar to Figure 19 below. To step through each parameter,
press the [ V] key. Refer to Figure 145 on page 229 of Appendix A, Menu
Maps.

\ Transducer/Pipe
( Transducer | Pipe | Lining Path

Tracking Windows? @No () Yes

Fluid Water (2C)
Sound Speed 1496 | m/s

Speed Min 1350 | m/s

Speed Max 1650| m/s

Temp| 77 |°F Glycol| 10 | %

Cancel OK

Figure 19: Fluid Type Window

1. The first prompt asks you to select whether or not you want Tracking
Windows. These windows are used to detect the receive signal when
you are unsure of the fluid soundspeed. (Default operation is “No.”)

a. Use the [d] and [P>] keys to scroll to the appropriate radio button.

b. Press [ENTER] to confirm your selection.
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3.5 Entering Fluid Types and Speeds (cont.)

2. Next, you must select the fluid type.

a. Press [ENTER] to open the drop-down menu. Table 6 below lists the

available choices, which vary with your selection of Tracking
Windows or the Energy option.

Table 6: Fluid Type Selection

Tracking Windows Off

Tracking Windows On

Energy Off

Other

Water (0-260°C)

Water (0-260°C)

Oil

Sea Water

Other

Qil (22°C)

Crude Qil

Lube QOil (X200)

Methanol

Ethanol

LN2 (-199°C)

Freon (R-12)

Energy On

Water/0-260°C

Water/0-260°C

Water/Glycol (with glycol
percentage)

Water/Glycol (with glycol
percentage)

Other (with single
soundspeed)

Other (with minimum and
maximum soundspeeds)

b. Scroll to the appropriate fluid. If you do not see your fluid on the
list, select “Other.”

Note:

specified in Table 6 above.

Depending on your selection, additional prompts may appear, as

c. Press [ENTER] to confirm your selection.

At the end of any sequence, pressing the [¥] key returns you to the
Tracking Windows prompt.
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e To confirm the entries and return to Operate Mode, press [F3] (OK).The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

 To scroll to other windows, press the [d] or [P>] key.

3.6 Entering the Signal Path Parameters

To enter the Path option, scroll to the Path entry on the Program Menu and
press [ENTER]. (From the Lining window, you can scroll back up to the
Lining tab and press the [P>] arrow key to reach the Path window, and press
[ENTER].) The screen appears similar to Figure 20 below. To step through
each parameter, press the [ W] key. Refer to Figure 146 on page 230 of
Appendix A, Menu Maps.

(Transducer| Pipe | Lining | Fluid R

Path Length | 248.92| mm

Axial Length| 203.2 | mm

Traverses 1

Spacing 90| mm

Cancel OK

Figure 20: Signal Path Window

The prompts available for the Path option depend on whether you have
selected clamp-on or wetted transducers in the Transducer menu. (If the
PT878 does not scroll to a particular parameter, it is not necessary for that
gﬁnsducer type.)
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3.6.1 Path Parameters for Clamp-On Transducers

Note: For wetted transducers, go to page 41.

If you are using clamp-on transducers, the PT878 path menu includes two
parameters:

e Traverses

e Spacing

1. The PT878 first prompts for traverses, the number of times the
ultrasonic signal crosses the pipe (see the Liquid Transducer
Installation Guide (916-055) for more details).

a. Press [ENTER] to open the drop-down list of traverse numbers.
b. Scroll to the appropriate number.

c. Press [ENTER] to confirm the entry.

2. The next prompt displays the spacing of the transducers, as calculated
from the information entered.

a. Record this number and use it to space the transducers. (Use the
Liquid Transducer Installation Guide (916-055) to assist in
installing transducers on the pipe.) Press the [¥] key to scroll to the
next parameter.

b. If necessary, you can overwrite the spacing to match the actual
physical spacing of the transducers. (Do not change the spacing by
more than £10% from that calculated by the meter.) Use the numeric
keys to enter the desired value, and press [ENTER] to confirm the
entry. If you have entered an invalid entry, the PT878 rejects the
entry and displays an error message.

Note: It is not recommended that you use a spacing other than the one
calculated by the PT878.

After you enter the spacing, pressing the [ A] key returns the prompt to the
Traverses box, and then to the Path tab at the top of the screen.

315
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3.6.2 Path Parameters for Wetted Transducers

If you are using wetted transducers, the PT878 path menu includes the
following set of parameters:

e Path Length
e Axial Length

The meter first prompts for the path length (P) of the ultrasonic signal.
GE has calculated the path length based on the transducer configuration
for your particular application. Find the path length on the flowcell or
on other supplied documentation.

a. Press [ENTER] to enter the text box.
b. Use the numeric keys to enter the appropriate number.

c. Press [ENTER] to confirm the entry.

Note: If the documentation does not supply the path or axial lengths, refer

2.

to Appendix B, Measuring P and L Dimensions, to measure these
lengths.

The next prompt asks for the axial dimension (L) of the ultrasonic
signal. Again, GE has calculated the axial dimension based on the
transducer configuration for your particular application. Find the axial
dimension on the flowcell or from other supplied documentation.

a. Press [ENTER] to enter the text box.
b. Use the numeric keys to enter the appropriate number.

c. Press [ENTER] to confirm the entry.

After you enter the axial length, press the [ A] key to return to the main Path
tab at the top of the screen.

°
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To confirm the entries and return to Operate Mode, press [F3] (OK). The
PT878 returns to Operate Mode.

To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

To scroll to other windows, press the [] or [P>] key.
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3.7 Entering the Energy Option Parameters

The Energy Option enables you to calculate the energy of a system based on
the temperature at a supply point, the temperature at a return point, and the
flow of fluid through the system. To enter the Energy Option, scroll to the
Energy entry on the Program Menu and press [ENTER]. The screen appears
similar to Figure 21 below. To step through each parameter, press the [¥]

key. While programming, refer to Figure 147 on page 231 of Appendix A,
Menu Maps.

Energy Options
Energy Option Inputs T Custom Cp W

Energy

() Disabled (®) Enabled
System

(@) Heating (O Cooling

Flow Measurement at

@ Supply Q Return

Calculation Method
() Standard (®) Custom Cp

Cancel OK

Figure 21: Energy Option Window

1. The first prompt asks if you want to disable or enable the Energy
Option.

a. Use the [] and [P>] keys to scroll to the appropriate radio button.
b. Press [ENTER] to confirm your selection.

Note: If you select “Disabled,” you cannot select any other prompt in this
window.
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3.7 Entering the Energy Option Parameters (cont.)

2. The next prompt asks if you are using a heating or cooling system.
a. Use the [4] and [P>] keys to scroll to the appropriate radio button.
b. Press [ENTER] to confirm your selection.

3. The program now asks if you are measuring flow at the point of supply
or return.

a. Use the [4] and [P>] keys to scroll to the appropriate radio button.
b. Press [ENTER] to confirm your selection.

4. The final prompt asks if you wish to use the standard or Custom Cp
method for energy calculations. If you choose Custom Cp, you must
enter tables for fluid enthalpy and density in the Custom Cp tab (see
page 46).

a. Use the [] and [P>] keys to scroll to the appropriate radio button.
b. Press [ENTER] to confirm your selection.

Pressing the [ A] key returns the meter to the Energy prompt, and then to

the Energy Option tab.

e To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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3.7.1 Entering Inputs in the Energy Option

To enter input parameters in the Energy Option, return to the Energy Option
tab at the top of the Energy Option window. Press the [P] arrow key to
reach the Inputs window, and press [ENTER]. The screen appears similar to
Figure 22 below. To step through each parameter, press the [¥] key.

Important:  The supply and return must be on separate inputs.

Energy Options

Supply
O Fixed @ Active
Temp °C Input # A
T Return

(® Fixed () Active

Cancel OK I

Figure 22: Inputs Tab in the Energy Option

1. The first prompt asks if the temperature supply is fixed or active.
a. Use the [] and [P>] keys to scroll to the appropriate radio button.

b. Press [ENTER] to confirm your selection.
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3.7.1 Entering Inputs in the Energy Option (cont.)

2. The next prompt depends on whether you have selected a fixed or an
active supply.

* If you have selected a fixed supply, the PT878 asks for the desired
temperature. Use the numeric keys to enter the desired temperature (in
degrees C), and press [ENTER] to confirm the entry.

e If you have selected an active supply, the PT878 asks for the desired
input.

a. Press [ENTER] to open the drop-down menu.
b. Scroll to Input A or B.
c. Press [ENTER] to confirm the entry.
3. The next prompt asks if the temperature return is fixed or active.
a. Use the [] and [P>] keys to scroll to the appropriate radio button.
b. Press [ENTER] to confirm your selection.

4. The next prompt depends on whether you have selected a fixed or an
active return.

* If you have selected a fixed return, the PT878 asks for the desired
temperature. Use the numeric keys to enter the desired temperature (in
degrees C), and press [ENTER] to confirm the entry.

e If you have selected an active return, the PT878 asks for the desired
input.

a. Press [ENTER] to open the drop-down menu.
b. Scroll to Input A or B.
c. Press [ENTER] to confirm the entry.
Note: If either input is fixed, the analog input(s) not used by the Energy
Option can act as general-purpose inputs.

Pressing the ['¥] key returns the meter to the Inputs tab.
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3.7.1 Entering Inputs in the Energy Option (cont.)

e To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

e To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

To enter data for Custom Cp calculations, proceed to the Custom Cp tab,
discussed on page 46.

3.7.2 Entering Custom Cp Data in the Energy Option

To program Custom Cp tables in the Energy Option, return to the tabs at the
top of the Energy Option window. Press the [P>] arrow key until you have
highlighted the Custom Cp tab, and press [ENTER]. The screen appears
similar to Figure 23 below. To step through each parameter, press the [V]
key.

Energy Options
f Energy Option W( Inputs

Custom Cp Edit Table
Density Source () Fixed (@) Table

Static Density

Density Table Edit Table

Cancel OK

Figure 23: Custom Cp Tab in the Energy Option

321

46 TransPort® PT878 User’s Manual



Chapter 3. Programming Site Data

3.7.2 Entering Custom Cp Data in the Energy Option (cont.)

1. The first prompt asks if you wish to enter or edit data in the Custom Cp
(enthalpy) table.

a. Press [ENTER] to open the Custom Cp table, shown in Figure 24 on
page 47.

b. Use the numeric keys to enter the desired temperature in degrees
Kelvin, and press [ENTER] to confirm the entry.

c. Press the [P>] key to move to the k/kg/°K column (enthalpy in
KiloJoules/Kilogram/°Kelvin). Use the numeric keys to enter the
desired value, and press [ENTER].

°Kelvin kJ/kg/°K

Cancel OK I

Figure 24: Custom Cp (temperature vs. enthalpy) Table

d. Repeat steps b and c for the remainder of the table.

e. When you have completed entering values, press [F3] (OK) to
confirm the table and return to the Custom Cp window.
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3.7.2 Entering Custom Cp Data in the Energy Option (cont.)

2.

The next prompt asks from which source — a fixed value or table —
the PT878 will use for fluid density values. Use the [d] and [P>] keys
to scroll to the appropriate radio button, and press [ENTER].

The menu now varies, depending on your selection in step 2.

* |f you selected “Fixed,” the PT878 asks for the fixed fluid density.
Use the numeric keys to enter the desired value, and press [ENTER].

* |f you selected “Table,” the meter highlights the “Edit Table” button.

Edit Density

°Kelvin

kg/m”3

Cancel

OK

Figure 25: Fluid Density Table

a. Press [ENTER] to open the Edit Density table, shown in Figure 25

above.

b. Use the numeric keys to enter the desired temperature in degrees

Kelvin, and press [ENTER].

c. Press the [P>] key to move to the kg/m”3 column (density in
Kilogram/cubic meters). Use the numeric keys to enter the desired

value, and press [ENTER].
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3.7.2 Entering Custom Cp Data in the Energy Option (cont.)

d. Repeat steps b and c for the remainder of the table.

e. When you have completed entering up to 20 values, press [F3] (OK)
to confirm the table and return to the Custom Cp window.

* To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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3.8 Entering Analog Inputs

The Analog Input option enables you to specify parameters for general
purpose or energy inputs. To enter the Inputs option, scroll to the Analog
Input entry on the Program Menu and press [ENTER]. If you have not
enabled the Energy Option (see page 42), the screen appears similar to
Figure 26 below. To step through each parameter, press the [ V] key. Refer
to Figure 148 on page 232 of Appendix A, Menu Maps.

3.8.1 Entering General-Purpose Analog Inputs

Analog Input

Input A | Input B )

Function | General Purpose

Label| Inlet Temp

Units | *C

Zero 0l°C

Span 100 | °C

Cancel OK

Figure 26: Analog Inputs Option Window
1. The first prompt asks you to select whether the desired function is off or
general purpose.
a. Press [ENTER] to open the drop-down menu.
b. Scroll to the desired response.

c. Press [ENTER] to confirm your selection.
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3.8.1 Entering General-Purpose Analog Inputs (cont.)

2. The next prompt asks if you want to label the input.

a. Press [ENTER] to enter the text box. The text creation window
appears, as shown in Figure 27 below.

A B C D E F G H I J
K L M N @ P Q S T
u |V W[l X |Y Z| O 1 2 3
4 | 5 6| 7 |8 9 : S

= < >
Delete Cancel OK

Figure 27: Text Creation Window

b. Use the four arrow keys to scroll to the desired letter or symbol, and
press [ENTER] to add the letter to the name.

Note: Pressing [SEL] causes the screen to show successively a set of
upper-case (capital) letters, a set of lower-case letters, and a set of
symbols. Use all three screens to create a desired label.

c. Repeat this procedure for each letter or symbol you wish to add to
the name. If you wish to delete a letter, press [F1] (Delete) to erase
each letter or symbol, from right to left on the label.

d. When you have completed the label, press [F3] (OK) to confirm the
label, or [F2] (Cancel) to leave the window without adding the label.

326

TransPort® PT878 User’s Manual 51



Chapter 3. Programming Site Data

3.8.1 Entering General-Purpose Analog Inputs (cont.)

3. The next prompt asks you to create a label for the units, if desired. (This
label will appear to the right of the zero and span value boxes.) Press
[ENTER] to reopen the text creation window, and follow the same steps
covered in Step 2 on page 51.

4. The next prompt asks for the zero input value.
a. Press [ENTER] to enter the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm the entry.

5. The final prompt asks for the span input value.
a. Press [ENTER] to enter the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm the entry.

You have completed entering data for general-purpose inputs.

3.8.2 Entering Analog Inputs in the Energy Option

If you have enabled the Energy Option, the screen displays fewer options,
as shown in Figure 28 below.

Analog Input

( Input A Y Input B )

Function | Supply Temp

Label| Supply Temp
Units [ oc

Zero 0|°C

Span| 100 [°C

Cancel OK

Figure 28: Analog Inputs Option Window - Energy Option Activated 37
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3.8.2 Entering Analog Inputs in the Energy Option (cont.)

The screen displays the function (supply or return temperature), label
(supply or return temperature) and units selected in the Inputs form of the
Energy Option (see page 44). You cannot change these parameters in this
form. Press the [ V] key to step through these parameters.

1. The first prompt asks for the zero input value.
a. Press [ENTER] to enter the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm the entry.

2. The final prompt asks for the span input value.
a. Press [ENTER] to enter the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm the entry.

You have completed entering parameters in the Analog Inputs option.

* To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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3.9 Entering the Analog Output

The Analog Output option enables you to enter information to set up output
parameters. To enter the option, scroll to the Analog Output entry on the
Program Menu and press [ENTER]. The screen appears similar to Figure 29
below. To step through each parameter, press the [ V] key. Refer to

Figure 149 on page 233 of Appendix A, Menu Maps.

Analog Output

Function [0-20 mA

Data Source Velocity
Meters/sec
Zero | O m/s

Span | 25.5 m/s

On Error|Hold Last Value

Cancel OK

Figure 29: Analog Output Window

1. The first prompt enables you to select a range to send a current signal to
a recording device.

a. Press [ENTER] to open the drop-down menu.

b. Scroll to the desired output from three choices: Off, 0-20 mA, and
4-20 mA.

c. Press [ENTER] to confirm your selection.

Note: If you select “Off,”” you will not be able to access any other
parameters in this option.
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3.9 Entering the Analog Output (cont.)

2. The next prompt asks you to select the analog output type from a list of
choices, as shown in Figure 30 below.

Select Measurement

Diagnostics Meters/sec
Velocity Feet/sec

Temperature
Volume
UserFunction

Aux Input A
Aux Input B

Power
Test

No Unit Cancel OK

Figure 30: Data Source Selection Window

a. Press [ENTER] to open the window.
b. Scroll to the desired output type.
c. Press [SEL] to confirm your selection.

d. The prompt then moves to a list of unit types. (The available units
depend on the selection made at the Data Source prompt.) Scroll to
the desired output unit.

e. Press [F3] (OK) to confirm your selection.
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3.9 Entering the Analog Output (cont.)

3. The next prompt asks you to enter the zero (base) value for the analog
output. This value represents the 0/4 mA output (in flow units).

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your selection.

4. The next prompt asks you to enter the span (full scale) value for the
analog output. This value represents the 20 mA output (in flow units).

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your selection.

5. The last prompt, On Error, asks you to select how the PT878 will handle
the analog outputs in the event of a fault condition. The meter offers
three alternatives:

Hold Last Value (hold the last good reading)

Force Low (force the reading to 0 or 4 mA)

Force High (force the reading to 20 mA).

a. Press [ENTER] to open the drop-down menu.
b. Scroll to the desired selection.
c. Press [ENTER] to confirm your selection.

You have completed entering data in the Analog Output option.

* To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

e To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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3.10 Entering the Digital Output

While resembling the Analog Output option, the Digital Output option
enables you to set up parameters necessary for a digital output. To enter the
option, scroll to the Digital Output entry on the Program Menu and press
[ENTER]. The screen appears similar to Figure 31 below. To step through
each parameter, press the [ W] key. While programming, refer to Figure 150
on page 234 of Appendix A, Menu Maps.

Digital Output

Function [Pulse Totalizer

Data Source | Fwd Totalizer

Fwd Gallons
Units/Pulse 10| gal
Pulse Width 10| us

Polarity |Low to High

Cancel OK

Figure 31: Digital Output Window

1. The first prompt enables you to select the output function from five
choices:

o Off

Pulse Totalizer

Frequency

Test Points

Gate Input
332
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3.10 Entering the Digital Output (cont.)

a.
b.

C.

Note:

Press [ENTER] to open the drop-down menu.
Scroll to the desired function.
Press [ENTER] to confirm your selection.

If you select Off, you will not be able to access any other parameters
in this option. If you select Test Points or Gate Input, the program
goes at once to Step 4.

2. The next prompt asks you to select the data source for the digital output.
The choices vary with the function. For Pulse Totalizer (shown in
Figure 31 on page 57, the available choices include:

e.

Forward Totalizer
Reverse Totalizer
Forward Energy
Reverse Energy

Press [ENTER] to open the data source selection window, shown in
Figure 30 on page 55.

Scroll to the desired source.
Press [SEL] to confirm your selection.

The prompt then moves to a list of unit types. (The available units
depend on the selection made at the Data Source prompt.) Scroll to
the desired output unit.

Press [F3] (OK) to confirm your selection.

3. The last set of parameters that appears depends on the selection you
made at the Function prompt.

If you selected Pulse Totalizer:

The prompt asks for the units/pulse, the pulse width (in microseconds), and
the polarity. (Figure 31 on page 57 illustrates a Digital Output window
configured for the Pulse Totalizer function.) For the Units/Pulse and Pulse
Width parameters: 333
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3.10 Entering the Digital Output (cont.)

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.

c. Press [ENTER] to confirm your selection.

For Polarity:
a. Press [ENTER] to open the drop-down menu.
b. Scroll to the desired polarity, either Low to High or High to Low.

c. Press [ENTER] to confirm your selection.

If you selected Frequency:

The prompt asks for the minimum and maximum frequencies and the duty
cycle percentage. For each parameter:

a. Press [ENTER] to open the text box.

b. Use the numeric keys to enter the desired value.

c. Press [ENTER] to confirm your selection.
If you entered Test Points:
The prompt asks for the window (trigger) type from two choices, transmit
and receive. These two windows can be used to trigger an oscilloscope to

look at the receive signal output on another channel.

a. Press [ENTER] to open the drop-down menu.
b. Scroll to the desired signal.

c. Press [ENTER] to confirm your selection.
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3.10 Entering the Digital Output (cont.)

If you entered Gate Input:

Note: Gate Input is used to synchronize the totalizer with the meter
calibration system (discussed on page 67). The gate stops and starts
the meter totalizer, so that you can compare the totalizer figure with
the measured volume of water in the weight tank.

1. The prompt asks for the gate active.
a. Press [ENTER] to open the drop-down menu.

b. Scroll to the desired gate active, whether Contact Open or Contact
Closed.

c. Press [ENTER] to confirm your selection.
2. The second prompt asks for the mode.
a. Press [ENTER] to open the drop-down menu.
b. Scroll to the desired mode, either Automatic or Manual.

c. Press [ENTER] to confirm your selection.

Stopwatch Totalizer

Through the Gate Input option, you can implement the Stopwatch Totalizer
function to measure totals manually. To set up the Totalizer function:

1. At the Gate Active prompt, select Contact Open.

2. At the Mode prompt, select Manual, and press [ENTER]. (Selecting
Automatic causes the totalizer to run continuously.)

The stopwatch icon (see page 19) appears in the system tray. To start or stop
the function, press the minus (=) key on the keypad.

You have completed entering parameters in the Digital Output option.

* To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

e To leave the window without confirming the entries, press [F2] (Cancel)

or the [ESC] key. The PT878 returns to Operate Mode.
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3.11 Entering User Functions

User functions enable you to program mathematical equations on each
measurement. You can also use any parameter in the meter to calculate a
different parameter. To enter the User Functions option, scroll to the User
Functions entry on the Program Menu and press [ENTER]. The screen
appears similar to Figure 32 below. To step through each parameter, press

the [ W] key. Refer to Figure 151 on page 235 of Appendix A, Menu Maps.

Set User Function
Function

Label
Units Sym
Dec. |0
Delete Check Done

Figure 32: User Functions Window

1. The first prompt asks you to select the function number, 1 through 8.

a. Press [ENTER] to open the drop-down menu.

b. Scroll to the desired function number (User F1, User F2, etc.).

c. Press [ENTER] to confirm the entry.
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3.11 Entering User Functions (cont.)

2. The next prompt asks you to create a label for the function. The label
corresponds to the measurement type (i.e., velocity or temperature),
while the units symbol corresponds to the measurement units (i.e.,

feet/sec or degrees F).

a. Press [ENTER] to open the text creation window, which appears
similar to Figure 33 below.

A Bl C| D|E|F| G| H I J
K L{ M| N|O|P|] Q| R| S T
u |V Wl X |Y Z| O 1 2 | 3
4 | 5 6 7 |8 9 , o

= | < >
Delete Cancel OK

Figure 33: Text Creation Window

b. Use the four arrow keys to scroll to the desired letter or symbol, and
press [ENTER] to add the letter to the label.

Note: Pressing [SEL] causes the screen to alternate between a set of
upper-case (capital) letters, a set of lower-case letters, and a set of
symbols. Use all three screens to create a desired label.

c. Repeat this procedure for each letter or symbol you wish to add to
the label. If you wish to delete a letter, press [F1] (Delete) to erase
each letter or symbol, from right to left on the label.
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3.11 Entering User Functions (cont.)

d.

When you have completed the label, press [F3] (OK) to confirm the
label, or [F2] (Cancel) to leave the window without adding the label.

3. The next prompt asks for the Units Symbol.

a.

b.

Press [ENTER] to reopen the text creation window.

Repeat the procedure used for the Label (on page 62) to create the
Units Symbol.

When you have completed the label, press [F3] (OK) to confirm the
symbol, or [F2] (Cancel) to leave the window without adding the
symbol.

4. The next prompt asks you to select the number of decimal places.

a.
b.

C.

Press [ENTER] to open the drop-down menu.
Scroll to the desired number of decimal places, ranging from 0 to 4.

Press [ENTER] to confirm the entry.

5. The final prompt asks for the function itself.

a.

Note:

338

Press [ENTER] to open the function creation window, which appears
similar to Figure 34 on page 64.

Use the four arrow keys to scroll to the desired function or table, and
press [ENTER] to confirm each entry. Use the numeric keys to enter
numeric values. Press [F1] (Delete) to remove any mistaken or
unwanted symbols or numbers.

Pressing [SEL] causes the screen to alternate between a set of
symbols and functions and a list of user functions. Use both screens
to create the desired function.
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3.11 Entering User Functions (cont.)

- + * / ( )
A E abs exp inv In
log sqrt | MODE
sin cos tan asin acos atan
tblA tbIB tblC tblD tblE tblF
Delete Cancel OK

Figure 34: Function Creation Window

c. To enter a particular measured parameter into the equation, click on
the MODE symbol in the middle of the third row. The Data Source
Selection window (shown in Figure 30 on page 55) opens. Select the
desired data source and unit as discussed on page 55, and press [F3]
(OK) to confirm the entry.

d. When you have completed entering the function, press [F3] (OK) to
confirm the entry and return to the User Function window.

GE recommends pressing [F2] (Check) to test the validity of the
function. The PT878 displays either “OK” or a message such as
“Syntax Error.”

e Press [F1] to delete the entire function, or

e Press [F3] (Done) to confirm the function and return to Operate
Mode.
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3.11.1 Entering Correction Factors

The final option in the Program Menu, Correction Factors, allows you to
enter and modify three correction factors: Reynolds Correction, Kinematic
Viscosity and Calibration Factor. To enter the Correction Factors option,
scroll to the Correction Factors entry on the Program Menu and press
[ENTER]. The screen appears similar to Figure 35 below. To step through
each parameter, press the [ ¥] key. Refer to Figure 152 on page 236 of
Appendix A, Menu Maps.

Correction Factors
SV Yol g=Ta ol Calibration Factoﬂ

Re Correction @ Oon O Off
KIV Factor (@) single () Table
KIV (V) 10| m3/s

Data Source

Edit Table

Cancel OK

Figure 35: Reynolds Correction Window

3.11.2 Entering Reynolds Correction

The default for Reynolds Correction is “On.” This correction factor should
be on in most applications, including all those that utilize clamp-on
transducers. It makes a small adjustment to the flow rate reported by the
PT878, based on the Kinematic Viscosity. Reynolds Correction is necessary,
as the velocity of the fluid measured along a diametrical path must be
related to the total area average velocity over the entire pipe cross-section.
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3.11.2 Entering Reynolds Correction (cont.)

1. The first prompt asks if you want to enable the Reynolds Correction
factor, a number based on the Kinematic Viscosity and flow rate of the
fluid.

Note: If you are using clamp-on transducers, you should enable Reynolds
Correction.

a. Use the [4] and [P>] keys to scroll to the appropriate radio button.

b. Press [ENTER] to confirm your selection.

Note: If you disable Reynolds Correction, you will not be able to enter any
other values in this window.

2. If you enable Reynolds Correction, you will also need to enter the
Kinematic Viscosity of the fluid (available in the brochure Soundspeeds
and Pipe Size Data, 914-004). The prompt asks for a kinematic
viscosity value.

a. Press [ENTER] to open the text box.

b. Use the numeric keys to enter the desired value (from Soundspeeds
and Pipe Size Data).

c. Press [ENTER] to confirm your selection.

You have completed entering data for a single Kinematic Viscosity factor.
Proceed to Entering a Calibration Factor on page 67.

* To confirm the entries and return to Operate Mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key.
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3.11.3 Entering a Calibration Factor

The Calibration Factor is used to calibrate or adjust the readings of the

PT878 to another flow reference. To enter a Calibration Factor, return to the

Reynolds Correction tab at the top of the Correction Factors option. Press
the [P] arrow key to reach the Calibration Factor window. The window
appears similar to Figure 36 below. To step through each parameter, press
the [ V] key.

Correction Factors
/Reynolds Correctio [e£=1le]g=1ile]glzr=-Teilo]

Calibration Factor (@) On () off

K Factor(@) Single () Table
Meter K-Factor 10

Data Source

Edit Table

Cancel OK

Figure 36: The Calibration Factor Window

1. The first prompt asks if you wish to enable the calibration factor.
a. Use the [d] and [P>] keys to scroll to the appropriate radio button
b. Press [ENTER] to confirm your selection.

2. The next prompt asks if you want a single K factor or a table of K
factors.

a. Use the [d] and [P>] keys to scroll to the appropriate radio button

b. Press [ENTER] to confirm your selection.
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3.11.3 Entering a Calibration Factor (cont.)

3. The following steps depend on whether you select a single value or a
table.

If you entered Single:

The prompt asks for a value. This feature enables a single multiplier to be
applied to the flow rate reported by the PT878.

a. Press [ENTER] to open the text box.

b. Use the numeric keys to enter the desired value. Generally, if you
have enabled the Reynolds Correction factor, the correction factor
should be set to 1.00. Otherwise, the typical factor is between 0.5
and 2.00.

c. Press [ENTER] to confirm your selection.

You have completed entering data for a single Calibration Factor.

e To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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3.11.3 Entering a Calibration Factor (cont.)

If you entered Table:

The menu asks, first for the data source, and then for the entry of values into
the Correction Factor table. This feature allows the user to “curve fit”
velocity calibration multiple data points (from several different data sources
or flow variables) to the flow rate reported by the PT878.

a. Press [ENTER] to open the Data Source window.

b. Press [F3] (OK) to confirm your selection. (Velocity is the only
choice available.)

4. The prompt then asks if you wish to edit the K factor table.
a. Press [ENTER] to open the table, which appears similar to Figure 37

below.
0
Data Source KFactor
1
2
3
4
5
Cancel OK

Figure 37: KFactor Table
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3.11.3 Entering a Calibration Factor (cont.)

b. Use the numeric keys to enter the desired value for the data source,
and press [ENTER] to confirm the entry.

c. Press the [>] key to move to the KFactor column. Use the numeric
keys to enter the desired value, and press [ENTER] to confirm the
entry.

d. Repeat steps b and c for the remainder of the table.

e. When you have completed entering values, press [F3] (OK) to
confirm the table and return to the Correction Factors window.

You have completed entering data for correction factors.

* To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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Chapter 4. Creating and Managing Sites

As mentioned in Chapter 1, the PT878 can store site data in files for current
and future access. (To learn how to program setup data, refer to Chapter 3,
Programming Site Data.) After you answer the necessary questions, simply
save the information to a site file. The Site Manager option then enables you
to recall, rename, revert to, transfer or delete site files as needed.

To open the Site Menu, press the [MENU] key at the lower right of the
PT878 keypad. The Menu Bar replaces the Status Bar at the top of the
screen. Then press [ENTER]. The screen now appears similar to Figure 38
below. While following the programming instructions, refer to Figure 137
on page 219 and Figure 138 on page 221 of Appendix A, Menu Maps.

Slicl Program  Meter Logging Service

Site Manager Signal, dB
Save Now

1 View 32

2 View
3 View
4 View

!

Volume, I/s

Drive Manager
FKeys 4

About _ 0.0

EO: No Errors

Figure 38: Site Menu
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4.1 The Site Manager

From the Site Menu, press [ENTER] to open the Site Manager. The screen
appears similar to Figure 39 below.

Site Manager
W Site Sort

Info;: DEFAULT:SIT
New Site

**CURRENT SITE**

09/04/00 14:51:10
5111 bytes
118272 bytes free

Convert Cancel OK

Figure 39: Site Manager Window

Note: Each PT878 comes preprogrammed with a basic site, Default, which
serves as a basis for saving data and creating other sites.

The right section of the screen supplies information for the site highlighted
in the list on the left: its date, time and size, as well as the remaining amount
of free memory. You can use the [¥] and [A] arrow keys to scroll to a
particular site and display information pertaining to that site.

To open the Site Manager menu, press [MENU] and then [ENTER]. The
screen now appears similar to Figure 40 on page 73.
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4.1 The Site Manager (cont.)

Site Manager

SICMSite  Sort

New EFAULT:SIT

Open ite

Save

Save As

Refresh

Rename

Delete 1/00 14:51:10

bytes

118272 bytes free
Refresh Exit

Figure 40: Site Manager Menu

Depending on the choice made above, proceed as follows:

» To create a new site, go to page 74.

* To open an existing site (thus replacing the current site), go to page 76.
* To save a current site, go to page 77.

* To refresh site information, go to page 79.

e To rename a site, go to page 78.

e To delete a site, go to page 80.

You can access five additional functions from the Site submenu (shown in
Figure 48 on page 81).

* To add a site message, go to page 81.

» To transfer a site to a PC, go to page 83.

» To transfer a site in text format, go to page 83.

e To transfer a site from a PC to the PT878, go to page 85.
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4.1 The Site Manager (cont.)

You can arrange files from the Sort submenu (shown in Figure 53 on
page 86)

* To sort files by name, go to page 86.

* To sort files by date, go to page 87.

4.1.1 Creating a New Site

Note: Be sure you have entered the necessary setup data discussed in
Chapter 3, Programming Site Data, before creating and saving a
new site.

To create a new site within the Site Manager, press [MENU] to open the File
Menu. Be sure the option New is highlighted, and then press [ENTER]. The
screen appears similar to Figure 41 below.

Site 01

A B C D E F G H
| J K L M N @) P
Q R S T U V W X
Y Z 0 2 3 4 5
6 7 8 - _ @ #
& | ( )

Delete Cancel OK

Figure 41: Name Entry Window for a New Site

1. Use the four arrow keys to scroll to the desired letter or number, and
press [ENTER].
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4.1.1 Creating a New Site (cont.)

2. Repeat this procedure until you have created the desired site name of up
to eight characters. (Press [F1], Delete, to remove any unwanted letters

or numbers.)

3. When you have finished, press [F3] (OK) to confirm the entry, or [F2],

Cancel, to leave the window without creating a site.

A second screen appears (as shown in Figure 42 below) asking if you want
to use the currently highlighted site as a template, with the current display
windows, measurements and programmed data. (To modify the display and

measurements, refer to Chapter 5, Displaying and Configuring Data. To

alter programming data, see Chapter 3, Programming Site Data.)

e Press [F2] (No) if you do not want to use it, or

e Press [F3] (Yes) if you do want to use it as a template.

Use the selected site
‘DEFAULT.SIT’ as a template?

o|<|O|7 |

I

No

Yes

Figure 42: Template Confirmation Window

The meter returns to Operate Mode, with the new site name displayed in the

upper left corner of the screen.
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4.1.2 Opening an Existing Site

If you want to return to a site you have previously saved, first highlight the
replacement site in the left window of the Site Manager. Then press [MENU]
to open the File Menu. Scroll to the Open option, and press [ENTER]. The
screen appears similar to Figure 43 below.

Site Manager
Fi Open Confirmation

Open File DEFAULT
Are You Sure?

No Yes

Figure 43: Open Site Confirmation Window
* Press [F2] (No) to cancel opening the site and return to the current site,
or
* Press [F3] (Yes) to open the site.

If you have changed the current site, the PT878 asks if you want to save the
changes to the previously opened site.

* Press [F2] (No) to cancel the changes, or
* Press [F3] (Yes) to confirm and save the changes.

The PT878 returns to Operate Mode, with the selected site displayed in the
upper left corner of the screen. 351
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4.1.3 Saving a Site

You can save the current site in one of two ways:

e From the Site Menu, you can scroll down to the Save Now option and
press [ENTER], or

* From within the Site Manager, press [MENU] to open the File Menu,
scroll to the Save option, and press [ENTER].

In either case, the screen appears similar to Figure 44 below.

Save the current site
(DEFAULT.SIT)?

No Yes

Figure 44: Save Current Site Window

* Press [F2] (No) to cancel saving the site, or
e Press [F3] (Yes) to save the site.

The PT878 remains in the current window (Operate Mode or Site Manager),
with the current site saved.

352

TransPort® PT878 User’s Manual 77



Chapter 4. Creating and Managing Sites

4.1.4 Saving a Site with a Different Name

If you want to save the current site with a different name, open the Site
Manager, press [MENU] to open the File Menu, scroll to the Save As option,
and press [ENTER]. The screen appears similar to Figure 45 below.

Save Current Site

A B C D E F G H
I J K L M N O P
Q R S T U \Y W X
Y Z 0 1 2 3 4 5
6 7 8
Delete Cancel OK

Figure 45: Save As (Another Name) Window

Use the four arrow keys to scroll to the desired letter or number, and press
[ENTER]. Repeat this procedure until you have created the desired site
name. (Press [F1], Delete, to remove any unwanted letters or numbers.)
When you have finished,

* Press [F2] (Cancel) to erase the entry, or
e Press [F3] (OK) to confirm the entry.

The Save Site window then appears.

* Press [F2] (No) to cancel saving the site, or

* Press [F3] (Yes) to save the site.

The PT878 remains in Site Manager, with the current site saved under both
the old and new names. 353
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4.1.5 Refreshing a Site

You can refresh a site (updating the display with the most current
information) in one of two ways:

* Press [F2], Refresh, to refresh the highlighted file.

* From the File Menu, scroll to the Refresh option and press [ENTER].
The updated information on the highlighted file appears in the window on
the right. However, to save the file, you must use the Save option.

4.1.6 Renaming a Site

If you want to rename a site, first be sure the site has been highlighted in the
left window of the Site Manager. Then press [MENU] to enter the File Menu,
scroll to the Rename option, and press [ENTER]. The screen appears similar
to Figure 46 below.

Rename Site
DEFAULT |

A B C D E F G H

I J K L M N 0] P

Q R S T U vV w X

Y Z 0 1 2 3 4 5

6 7 8 9

Delete Cancel OK I

Figure 46: Rename Site Window

Use the four arrow keys to scroll to the desired letter or number, and press
[ENTER]. Repeat this procedure until you have created the desired site
name. (Press [F1], Delete, to remove any unwanted letters or numbers.)
When you have finished,

* Press [F2] (Cancel) to erase the entry, or
e Press [F3] (OK) to confirm the entry.

BI878 remains in Site Manager, with the site listed under the new name.
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4.1.7 Deleting a Site

To delete a site in the Site Manager, first be sure you have highlighted that
site in the left window of the Site Manager. Then press [MENU] to open the
File Menu, scroll to the Delete option, and press [ENTER]. The screen
appears similar to Figure 47 below.

Site Manager
Fi Delete Confirmation

Delete The Site ‘A.SIT’
Are You Sure?

No Yes

Figure 47: Delete Confirmation Window

* Press [F2], No, to cancel the deletion and return to the Site Manager, or
* Press [F3], Yes, to delete the site.

The Site Manager appears, with the highlighted site now deleted.
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4.1.8 Creating a Site Message

The Site Message option allows you to add an explanatory message (with
up to 30 characters or spaces) for any given site. To create a site message:

1. Press [MENU]J to enter the File Menu. Then press the [P>] arrow key
once to scroll from the File Menu to the Site Menu. Press [ENTER]. The
screen appears similar to Figure 48 below.

Site Manager
File BSIIGEH Sort

£ Message EFAULT:SIT
ite

Transfer
Transfer as Text

09/04/00 14:51:10
5111 bytes
118272 bytes free

Refresh Exit

Figure 48: Site Menu in the Site Manager

2. Press [ENTER] to select “Message,” which opens the text creation
window, shown in Figure 49 on page 82.
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4.1.8 Creating a Site Message (cont.)

A B| C| D|E|F| G| H I J
K L{ M| N|O| P| Q| R| S T
u |V Wl X |Y Z| 0 1 2 | 3
4 |5 6| 7 |8 9 / , “

‘ = | < >

| Delete | Cancel OK

Figure 49: Text Creation Window

3. Use the four arrow keys to scroll to the desired letter or symbol, and
press [ENTER] to add the letter to the message.

Note: Pressing [SEL] causes the screen to alternate between a set of
upper-case (capital) letters, a set of lower-case letters, and a set of
symbols. Use all three screens to create a desired message.

4. Repeat this procedure for each letter or symbol you wish to add to the
message. If you wish to delete a letter, press [F1] (Delete) to erase each
letter or symbol, from right to left on the label.

When you have completed the message, press [F3] (OK) to confirm the
message, or [F2] (Cancel) to leave the window without adding the message.
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4.1.9 Transfer Files Between the PT878 and a PC
4.1.9a Site Files

Site files contain configuration parameters for the PT878. These parameters
can be changed one at a time and saved in the meter’s memory via either
PanaView or the PT878 keypad. Site files can be transferred as text to the
PC and transferred as files between the PC and the PT878 meter.

4.1.9b Transfer a Site File as Text using HyperTerminal

To transfer a PT878 site file to a PC as text using HyperTerminal, complete
the following steps:

1. Connect the PT878 USB port to any USB port on the PC (page 9).

2. Start HyperTerminal and set up the communication link to match the
PT878 Com port settings.

3. From the PT878 select Site\Site manager and select the site file you
want to print to PC.

4. From Site manager select Site\Transfer as Text. This should print out
the site file as text to HyperTerminal.

COMZ Properties i El

Post Sattings

Bestore Defauls

ok | [ Concel Bogky

Figure 50: COM Properties
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4.1.9b Transfer a Site File as Text using HyperTerminal

To save the site file as text in HyperTerminal, complete the following steps:
1. Select the Transfer\Capture Text option.
2. Select the location of the file and the filename. Then, click Start.

3. Transfer the site file as text from the PT878 and then select the
Transfer\Capture Text\End option in HyperTerminal. The site file transfer is
now complete.

4.1.9c Transfer a Site File as a File from the PT878 to a PC

To transfer a PT878 site file to a PC as a file, complete the following steps:

1. Connect the PT878 USB port to any USB port on the PC (page 9).

2. Start HyperTerminal and set up the communication link to match the
PT878 Com port settings.

3. From the PT878 select Site\Site Manager and then select the site file
you want to transfer to the PC.

COM3 Properties

@

Post Sattings

Bits per second: | 38400 -

Bations Defauls

— ok | [ Ccoce Aoply

Figure 51: COM Properties
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4.1.9¢ Transfer a Site File as a File from the PT878 to a PC (cont.)

To save the site file as a file using HyperTerminal, complete the following

steps:

1. Select the Transfer\Receive File option.

2. Select the location of the file and the XModem receiving protocol.
3. Click the Receive option and enter the Filename.

4. From PT878 Site Manager, select the Site\Transfer option. This will

allow the PT878 to send the site file to a PC using the secure XModem
protocol. File transfer is complete when the XModem Receive dialog
box closes.

4.1.9d Transfer a Site File as a File from a PC to the PT878

To transfer a site file from a PC to the PT878 as a file, complete the
following steps:

1.
2.

360

Connect the PT878 USB port to any USB port on the PC (page 9).

Start HyperTerminal and set up the communication link to match the
PT878 Com port settings.

From the PT878 select Site\Site Manager and then select Site\Transfer
from the PC. Type in the name of the site file and click OK.

=

COMZ Properties

Post Sattings

Bits per second: | 38400 -

Bestone Defauls

O Cancel Apphy

Figure 52: COM Properties
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4.1.9d Transfer a Site File as a File from a PC to the PT878 (cont.)

From HyperTerminal, complete the following steps:

1. Select the Transfer\Send File option.

2. Select the location of the file and the XModem protocol.

3. Click Send. File transfer is complete when the XModem Receive dialog

box closes. The file should now appear in the PT878 Site Manager.

4.1.10 Listing Files by Name

If you want to list your files alphabetically by site name within the Site

Manager, press [MENU] to open the File Menu. Then press the [P>] arrow

key twice to scroll from the File Menu to the Sort Menu, shown in

Figure 53 below. Press [ENTER]. The Site Manager screen refreshes, with

the sites listed in alphabetical order.

Site Manager
File Site Ki

DEFAULT v By Name AULT:SIT
By Date

09/04/02 14:51:10
5111 bytes
118272 bytes free

Refresh

Exit

Figure 53: Sort Submenu
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4.1.11 Listing Files in Chronological Order

If you prefer to list your files chronologically by time of creation within the
Site Manager, press [MENU] to open the File Menu. Then press the [P>]
arrow key twice to scroll from the File Menu to the Sort Menu, and scroll to
the By Date option. Press [ENTER]. The Site Manager screen refreshes,
with the sites listed in chronological order, from the most recent to the
earliest.
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[no content intended for this page - proceed to next page]
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Chapter 5. Displaying and Configuring Data

The PT878 allows you to view from one to four different measurement
parameters simultaneously. The screen can show these parameters not only
in numeric format, but as line or bar graphs as well.

You can configure any given measurement for your particular requirements.
To configure an individual measurement, press [SEL] from the Operate
Mode window shown in Figure 6 on page 16. A cursor appears next to the
parameter closest to the upper left corner. Continuing to press [SEL] enables
the cursor to scroll through the other displayed measurements. Once you
have reached a particular window, pressing the [ENTER] button opens the
menu for that window, as shown in Figure 54 below. To learn how to use the
display window menu, see page 90 to page 94.

]

ABC.SIT 2000/11/30 09:53 AM [
» Velocity, ft/s Signal, dB

Helgnleld View Measurement

0.00

Delta-T, ns Volume, I/s

0.10 0.0

EO: No Errors

Figure 54: Display Screen After Pressing [SEL]
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5.1 The Format Option

The first option on the menu, Format, allows you to specify the type of
notation and the number of decimal places for the measurement in that
window. Press [ENTER] and the submenu shows two options, Decimal
Place and Notation. Press the [ W] or [ A] arrow keys to select either entry,
and press [ENTER]. The screen appears similar to Figure 55 below. To scroll
to a particular parameter or menu entry, press the [ W] or [A] key.

Note: If the window displays a line or bar graph, the Limits option
appears instead of Format in the menu.

Number Format

Format | Fixed Decimal
Decimal Places 2
Cancel OK

Figure 55: Number Format Window

1. The first entry, Format, asks you to select the numeric format from three
choices: default, fixed decimal and scientific. Default provides the
default resolution, while Fixed Decimal allows users to override the
standard resolution. Scientific format displays the value in mantissa and

exponent format.

a. Press [ENTER] to open the drop-down list of format choices.

b. Scroll to the appropriate selection.

c. Press [ENTER] to confirm your choice.

365

90

TransPort® PT878 User’s Manual



Chapter 5. Displaying and Configuring Data

5.1 The Format Option (cont.)

2. The second step asks you to choose the number of decimal places to be
displayed. Available choices range from 0 to 4 places.

a. Press [ENTER] to open the drop-down list.
b. Scroll to the appropriate number.
c. Press [ENTER] to confirm your choice.
* To confirm the entries and return to Operate mode, press [F3] (OK).

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key.
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5.2 The View Option

The second option, View, allows you to select the presentation of a
parameter in one of three formats: numeric, line graph or bar graph.

1.

3.

From the Display Menu, press the [P>] key once to reach the View
option, and then press [ENTER].

A drop-down menu shows the three formats. Scroll to the appropriate

selection.

Press [ENTER] to confirm your selection.

The screen immediately displays any changes. For example, if you have
changed the first parameter to a line graph, the screen appears similar to
Figure 56 below.

Velocity, ft/s Signal, dB

ABC.SIT

12.2 -0.6014

-12.2|i{illl
10 Seconds

0.10

Delta-T, ns Volume, |/s
0.0

2000/11/30 09:53 AM [i

32

EO: No Errors

]

Figure 56: Screen After Format Change
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5.3 The Limits Option

Once you have configured a parameter as a line or bar graph, you might
need to change its presentation or values. The Limits option (replacing the
Format option for line and bar graphs) enables you to program the minimum
or maximum values displayed, the time interval and the display of the
average value.

To enter the Limits option:

1. Press [SEL] from the Operate Mode window until you have reached the
desired measurement.

2. Press [ENTER] to open the Display Menu.

3. Be sure the Limits option is highlighted, and press [ENTER].

4. A drop-down menu entry, Change, appears. Press [ENTER] again.

The screen appears similar to Figure 57 below.

Set Line Graph Parameters

Velocity
Minimum -12.2
Maximum 12.2
10 Seconds
Use Lines

Plot Average Value

Show Minimum and Maximum

Cancel OK

Figure 57: Line (or Bar) Graph Parameters Window
368

TransPort® PT878 User’s Manual 93



Chapter 5. Displaying and Configuring Data

5.3 The Limits Option (cont.)

5. The first prompt asks for the minimum value shown in the graph.
a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm the value.

6. Repeat the procedure in step 5 to enter the maximum value.

A line graph involves two more prompts.

7. The next prompt asks for the display interval.

a. Press [ENTER] to open the text box. Use the numeric keys to enter
the desired number. Press [ENTER] to confirm the value.

b. The second box asks for the interval in terms of seconds, minutes,
hours, or days. Press [ENTER] to open the drop-down menu, and
then press the [ W] or [A] keys to move to the desired parameter.
Press [ENTER] to confirm the entry.

8. The final three prompts ask for details of the graph configuration: if you
want to use lines, plot the average value, or show the minimum and
maximum values. Press the [ W] key to step through each value, and
press [ENTER] to add a given detail as part of the graph.

9. When you have configured the graph, press [F3] (OK) to confirm the
graph settings.

The screen returns to Operate Mode, and displays any changes.
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5.4 The Measurement Option

On occasion, you might need to change the actual parameter measured in a
given window.The Measurement option enables you to reconfigure the
window with one of five categories of data source (velocity, volume,
forward or reverse totalizer, power, energy or diagnostics) and appropriate
English or metric measurement units.

To enter the Measurement option:

1. Press [SEL] from the Operate Mode window until you have reached the
desired measurement.

2. Press [ENTER] to open the Display Menu.
3. Be sure the Measurement option is highlighted, and press [ENTER].
4. A drop-down menu entry, Change, appears. Press [ENTER] again.

The screen appears similar to Figure 58 on page 96. The left column
displays the five measurement data sources, while the right column displays
English and metric measurement units (or, with the Diagnostics source
shown, a list of diagnostics parameters).

5. Usethe [¥]and [A] arrow keys to reach the desired data source, and
press [SEL].

6. Then use the [ W] or [A] arrow keys to select the desired measurement
unit (or diagnostic parameter). Press [F3] (OK) to confirm the entry.

7. The screen returns to Operate Mode, and displays any changes.
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5.4 The Measurement Option (cont.)

Select Measurement

Diagnostics Delta-T
Ve||00|ty Amplitude Up
Volume :
Fwd Totalizer Amplitude Down
Rev Totalizer T Up
Power
Energy T Down
Temperature Gain
Soundspeed
P# Up
No Unit Cancel OK

Figure 58: Measurement Menu Window
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5.5 Customizing the Display Screen

You might wish to display one or two parameters, or customize the soft keys
to quickly access particular menus. The Site Menu enables you to make
more comprehensive changes in your display screen.

To enter the Site Menu, press the [MENU] key at the lower right of the
PT878 keypad. The Menu Bar replaces the Status Bar at the top of the
screen. The Site Menu will be highlighted in the upper left corner. Press
[ENTER] or the [ ¥] arrow key. The screen now appears similar to
Figure 59 below. While following the programming instructions, refer to
Figure 138 on page 221 of Appendix A, Menu Maps.

NIl Program  Meter Logging Service
Manager Signal, dB
Save Now
1 View 32
2 View
3 View
4 View

Volume, |/s
Drive Manager
FKeys 4
About 0.0

EO: No Errors

| I | E—

Figure 59: Site Menu

» To specify the number of parameters displayed, go to page 98.

e To customize or clear softkeys (FKeys), go to page 99.
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5.5.1 Specifying the Number of Displayed Parameters

As mentioned earlier, the PT878 can display one to four different
measurement parameters simultaneously. However, sometimes you might
wish to display only one or two parameters. To change the number of open
display windows from within the Site Menu (shown in Figure 59 on

page 97), use the [ ¥ ]or [A] arrow keys to move to the desired number of
views (1 View, 2 Views, etc.) Press [ENTER].

The screen displays the designated number of windows. For example,
Figure 60 below shows the screen displayed in Figure 56 on page 92,
reconfigured for a single view.

ABC.SIT 2000/11/30 09:53 AM

Velocity, ft/s

-0.6014

=

N

N
|

2.2 AT I T T T T T T 7T
10 Seconds

EO: No Errors

Figure 60: Display Screen Configured for Single View

Note: The PT878 opens display windows clockwise from the upper left;
that is, if you press ““1 View,”” the parameter displayed in the upper
left window appears. If you press “2 Views,” the parameters shown
in the two top windows appear. The view for ““3 Views’ adds the
window in the lower left, and that for *““4 Views’” adds the window in
the lower right.
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5.5.2 Customizing Softkeys

When the screen is in Operate Mode, you might wish to access a particular
submenu frequently without the trouble of scrolling through menus.
Customizing the softkeys ([F1], [F2] and [F3]) allows you to access up to
three submenus by pressing the associated softkey. You can customize a
softkey from the Site Menu or from within a particular menu.

* To customize a softkey from within the Site Menu:

1. From the Site Menu (shown in Figure 59 on page 97), use the [¥] or
[A] arrow keys to move to the FKeys entry on the menu. Press
[ENTER]. The screen now appears similar to Figure 61 below.

S/ Program  Meter Logging Service
Manager Signal, dB
Save Now

1 View 32

2 Views
3 Views

4 Views

Drive Manager Volume, I/s

F1

About F2 0.0
F3
Clear F1

EO: No Errors Clear F2
Clear F3

Figure 61: FKeys Menu

2. Usethe [ V] or [A] arrow keys to move to the desired FKey (1, 2 or 3)
entry on the menu. Press [ENTER]. The Configure FKey window opens,
as shown in Figure 62 on page 100.
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5.5.2 Customizing Softkeys (cont.)

Configure FKey

Select a menu item

Cancel OK

Figure 62: Configure FKey Window

3. Press [ENTER] to open the menu drop-down list. Then use the [V ] or
[A] arrow keys to scroll to the desired submenu (for example,
Contrast).

4.  Press [ENTER] to confirm the entry, and press [F3] (OK) to confirm the
entry and close the window. (Press [F2] (Cancel) to close the window
without changing the key.)

The screen now appears similar to Figure 63 on page 101, with the [F1]
window displaying “Contrast.” Pressing [F1] opens the Contrast window.

e To customize a softkey from a particular menu:

1. Open the desired menu on the Menu Bar (see Chapters 3, 4, 6, 7 and 8
for details on particular menus) and scroll to the desired option.

2. Press the desired softkey. A window appears with the question, “Assign
current menu command to FKeyX?”

3. Press [F3] (Yes) to confirm the assignment and close the window. (Press
[F2] (No) to close the window without changing the key.)
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5.5.2 Customizing Softkeys (cont.)

ABC.SIT 2000/11/30 09:53 AM [i

Velocity, m/s Gain, dB

5000, -1.5121 6

5000

10 0.4 -30 3

Delta-T, ns Volume, I/s

-1.65 0.0

E2: Soundspeed

Contrast |

Figure 63: Display Screen with Modified Softkey

* To clear a softkey:

1. From the Site Menu (shown in Figure 59 on page 97), use the [ ¥] or
[A] arrow keys to move to the FKeys entry on the menu. Press
[ENTER]. The screen now appears similar to Figure 61 on page 99.

2. Usethe [¥]or [A]arrow keys to move to the desired Clear FKey (1, 2
or 3) entry on the menu. Press [ENTER].

The softkey window clears. You can also clear the softkey through the
Configure FKey window, by selecting (Clear) as an entry, pressing [ENTER]
and then [F3] (OK).

Note: Since the customized softkeys are saved globally, they will remain,
even if you change site files.
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5.6 Managing Files — The Drive Manager

On occasion, you might want to review or transfer some or all of the files in
the PT878. The Drive Manager allows you to view all the files stored in the
meter. While following the programming instructions, refer to Figure 138
on page 221 of Appendix A, Menu Maps. To open the Drive Manager:

1. Press [MENU].

2. From the Site Menu (shown in Figure 59 on page 97), use the [¥] or
[A] arrow keys to move to the Drive Manager entry on the menu. Press
[ENTER]. The screen now appears similar to Figure 64 below.

File Manager

=W Sort
SYSLOG. Info: SYSLOG.MET
DEFAULT.
GLOBAL.
TABLE.MET
FUNCTIO
AAA.LOG
BBB.LOG 03/15/01 10:39:20
CCC.LOG 6402 bytes
Q.LOG 91136 bytes free
Refresh Exit

Figure 64: Drive Manager Window

The window on the left lists all the meter, site and log files in the PT878,
while the window on the right displays information on the file highlighted
in the left window.
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5.6 Managing Files — The Drive Manager (cont.)

File Manager
SN Sort

Transfer = Info: SYSLOG.MET
Refresh T

Delete [.

TABLE.MET

FUNCTIO

AAA.LOG

BBB.LOG 03/15/01 10:39:20

CCC.LOG 6402 bytes

Q.LOG 91136 bytes free

Refresh Exit

Figure 65: File Manager Menu

To transfer, refresh or delete a file, first be sure the file is highlighted in the
window on the left. Then press [MENU] to open the File Menu, and scroll to
the appropriate option, as shown in Figure 65 above. Press [ENTER]. The
PT878 then performs the desired action with the file.
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5.6.1 Transferring a Filetoa PC

To upload a log, meter, bitmap or site file to a PC:

1. Connect the PT878 USB port to any USB port on the PC (page 9).

2. Start HyperTerminal and set up the communication link to match the
PT878 Com port settings.

3. From the PT878 select Site\Site Manager and then select the file you
want to transfer to the PC.

Select the Transfer\Receive File option.
Select the location of the file and the XModem receiving protocol.

Click the Receive option and enter the Filename.

N o g &

From PT878 Site Manager, select the Site\Transfer option. This will
allow the PT878 to send the site file to a PC using the secure XModem
protocol. File transfer is complete when the XModem Receive dialog
box closes.
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5.6.2 Transferring a File from a PC to the PT878

Once you have stored site or meter files to a PC, you can then transfer them
back to the PT878 over the USB interface. The PT878 only accepts files
with a .sit (site) or .met (meter) extension. If you try renaming another type
of file with a .sit or .met extension and transfer it, it will be transferred, but
it will not function if you open it. Also, if you are transferring a file and the
meter already has a file with the identical name, the meter will overwrite its
current file with the transferred file. If the transferred file has a name longer
than eight characters, the meter will shorten the name to eight characters,
and replace any spaces in the name with underbars.

Note: Itis not possible to download log files back to the PT878.
To download a site or meter file from a PC to a PT878:

1. Connect the PT878 USB port to any USB port on the PC(page 9).

2. Start HyperTerminal and set up the communication link to match the
PT878 Com port settings.

3. From the PT878 select Site\Site Manager and then select Site\Transfer
from the PC. Type in the name of the site file and click OK.

From HyperTerminal, complete the following steps:

1. Select the Transfer\Send File option.
2. Select the location of the file and the XModem protocol.

3. Click Send. File transfer is complete when the XModem Receive dialog
box closes. The file should now appear in the PT878 Site Manager.
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5.6.3 Refreshing a File

To refresh a file so that the PT878 displays the most recent information, you
have two options:

* Press [MENU]J, scroll to the Refresh option, and press [ENTER].

* Press [F2] (Refresh).

In either case, the window on the right of the File Manager displays the
most recent file information.
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5.6.4 Deleting a File

To delete a file in the File Manager, first be sure you have highlighted that
file in the left window of the File Manager. Then press [MENU], scroll to the
Delete option, and press [ENTER]. The screen appears similar to Figure 66

below.

File Manager

Delete Confirmation

Fi
[ Delete Site ‘A.SIT'?

No

Yes

Figure 66: Delete Confirmation Window

e Press [F2], No, to cancel the deletion and return to the File Manager, or

* Press [F3], Yes, to delete the site.

The File Manager appears, with the highlighted site now deleted.
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5.6.5 Listing Files by Name

If you want to list your files alphabetically by site name within the File
Manager, press [MENU] to open the File Menu. Then press the [P>] arrow
key to scroll from the File Menu to the Sort Menu, shown in Figure 67
below. Press [ENTER]. The File Manager screen refreshes, with the sites
listed in alphabetical order.

File Manager
File 0

DEF/ A CWEN DEFAULT:SIT
GLO| ByDate |
TABLE.MET
FUNCTIO
AAA.LOG
BBB.LOG

09/04/02 14:51:10
CCC.LOG 5111 bytes
Q.LOG 118272 bytes free

Refresh Exit

Figure 67: Sort Submenu

5.6.6 Listing Files in Chronological Order

If you prefer to list your files chronologically by time of creation within the
File Manager, press [MENU] to open the File Menu. Then press the [P]
arrow key to scroll from the File Menu to the Sort Menu, and scroll to the
By Date option. Press [ENTER]. The Site Manager screen refreshes, with
the sites listed in chronological order, from the most recent to the earliest.
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5.7 Accessing Meter Data —The About Option

The About option displays useful information concerning the model number

and software version of any given PT878. While the window normally

appears briefly at startup, users might want to access the information for a
longer period. To open the About window, scroll to the About option on the

Site Menu and press [ENTER]. The screen appears similar to Figure 68
below. To access data on your specific PT878, press [F2] (Next).

PT878 Portable Flowmeter
Copyright ©2002 General Electric Co.
All rights reserved.
and international treaties.

or reverse engineering may result in
severe civil and criminal penalties.

This product is protected by copyright law

Unauthorized distribution, decompilation,

GE Sensing & Inspection Technologies

Next

Exit

Figure 68: About Window

To return to Operate Mode, press [ESC] or [F3] (EXxit).
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[no content intended for this page - proceed to next page]
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Chapter 6. Programming Meter Settings

Along with display formats and site data, PT878 users can program global
settings for the meter that suit their individual preferences. The global
settings include:

* English or Metric measurement units

» Battery power

» Date and time parameters and appearance (locale)

* Screen contrast

* Backlight timeout

e Language settings

e USB communications settings

» Resetting forward and reverse totals

e User tables

» Taking a bitmap capture of a screen
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6.1 Entering the Meter Menu

To enter the Meter Menu, press the [MENU] key at the lower right of the
PT878 keypad. The Main Menu replaces the Status Bar at the top of the
screen. Press the [P>] arrow key twice to scroll from the Site Menu to the
Meter Menu. At the Meter Menu, press [ENTER]. The screen appears
similar to Figure 76 below. While programming, refer to Figure 140 on
page 223 of Appendix A, Menu Maps.

Site Program@\Y&ielg L ogging Service

Velocity, Signal, dB
Battery
Date/Time 32
O Locale
1+ Contrast :I

Backlight

Language
BIEIERIM communication NASISIMICIIES
Totals >
0 0.0

User Tables
\/Snapshot

EO: No Errors &

Figure 76: Meter Menu

To scroll to a particular option, press the [ W] or [A] arrow keys until you
reach the option. Then press [ENTER] to open the option window.

When entering parameters in an option, press:

* The [¥] key to step through the available parameters
* The [A] key to scroll back to a previously entered parameter

* The [F2] key (Cancel) or the [ESC] key to exit an option at any time and
return to Operate Mode without changing the parameters.
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6.2 Selecting Measurement Units

The first option, Units, enables you to select either English or Metric units
as global measurement units for the PT878. The selected units then become
the default settings for every measurement that has the option for
metric/English units. To select the units, scroll to the Units entry on the
Meter menu and press [ENTER]. The Meter Settings window opens, as
shown in Figure 77 below.

Meter Settings

Units

(®) English () Metric

Date:
2000/11/1

Time:
10:08:53

Cancel OK

Figure 77: Meter Settings Window

1. Use the [d] and [P>] keys to scroll between English and Metric units.
2. Press [ENTER] to confirm the choice.
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6.3 The Battery Charger

The Battery option allows you to monitor the current run time and status of
the internal rechargeable batteries, as well as to condition NiCad batteries to
maintain the maximum life possible. Conditioning NiCad batteries (a
process that can take up to 12 hours for a fully charged pack) discharges the
pack completely and then performs a fast charge.

Note: When conditioning the batteries, be sure you have plugged the AC
adapter into the PT878 and pressed the power key. NiMH batteries
normally do not require conditioning.

To open the option window:

1. From the Meter menu, scroll to the Battery entry and press [ENTER].
The Battery Charger window opens, as shown in Figure 78 below.

2. If you wish to open the Part Number window, press [ENTER]. You can
choose from a 1.8 Ahr NiCad battery (part number 200-058) or a 3.0
Ahr NiMH battery (part number 200-081). Scroll to the battery type you
have installed and press [ENTER].

Note: If you do not set the correct battery type in the Part Number window,
the battery continues to function, but the battery status icons (see
page 13) will not be accurate.

Battery Charger
Status: Full Charge

Run Time Remaining: [i [i [i [i ﬁ [ﬁ

Battery Voltage: 5.78 Volts
Battery Type: NiCd
Backup Battery: OK

Part Number: 1.8Ahr NiCd (200-058)

Condition Battery

Cancel OK
Figure 78: Battery Charger Window 389
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6.3 The Battery Charger (cont.)

3. To condition the batteries, press the [ENTER] key. The “Condition
Battery” window should now read “Stop.” The status line should
change to “Discharging.” (Updating the status could take up to 30
seconds.)

Note: It is advisable to condition NiCad batteries when their run time is
reduced to 50% of their previous run time.

4. To stop the discharge cycle, press the [ENTER] key and the “Condition
Battery” window reappears. The status now changes to “On Charger.”

5. Press [F3] (OK) to return to Operate Mode.

6.4 Entering Date and Time

In Operate mode, the Status Bar displays the current date and time above
the measurements in the upper right corner of the screen. The Date/Time
option allows you to set the date or time, which are required for correct data
logging operation.

To set the time:

1. From the Meter menu, scroll to the Date/Time entry and press [ENTER].
The Meter Settings window reopens, as shown in Figure 77 on
page 113.

2. From the Units option, press the [ ] key once to reach the date text
box. This box displays the current meter date.

3. Press [ENTER] to enter the text window. The meter highlights the center
number. Use the [ ] and [P>] keys to scroll to any number you wish to
change.
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6.4 Entering Date and Time (cont.)

4. Two alternatives are available to change a highlighted number:
* Use the numeric keys to enter the desired number.

e Usethe [¥]or [A] arrow keys to scroll, in 1-digit increments, to the
desired number. (For example, if the text box highlights 09, pressing
the [ W] key twice changes the number to 07. You can scroll from 01
to 12 for the month and from 01 to 31 for the day (depending on the
number you have selected for the month.)

In either case, press [ENTER] to confirm the entry.
To enter or change the time:

1. From the time text box, press the [ ¥] key once to scroll to the time text
box. This box displays the current meter time.

2. Press [ENTER] to enter the text box. The meter highlights the first
number. Use the [] and [P>] keys to scroll to any number you wish to
change.

3. Two alternatives are available to change a highlighted number:
* Use the numeric keys to enter the desired number.

e Usethe [¥] or [A] arrow keys to scroll, in 1-digit increments, to the
desired number. (For example, if the text box highlights 09, pressing
the [ ] key twice changes the number to 07.) You can scroll from 01
to 12 for the hour and from 01 to 59 for the minute and second inputs.

4. In either case, press [ENTER] to confirm the entry.

Pressing the [ W] or [A] arrow keys causes the meter to scroll within the
Meter Settings options.

* To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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6.5 Changing Date and Time Appearance

In addition to setting the correct date and time, you can also change its
presentation to suit local preferences. You can select a time display of
AM/PM or 24-hour time.

To alter the time and date display:
1. From the Meter menu, scroll to the Locale entry and press [ENTER].

The Display Options window opens on the Format tab, as shown in
Figure 79 below. To step through each parameter, press the [ V] key.

Display Options

Separators:

Date | / Time| Decimal

Date Format |MM/DD/YYYY

Time Format| 12 Hour

Date/Time, Decimal Formats:
MM/DD/YYYY HH:MM:SS PM, 123.45

Cancel OK

Figure 79: Format Tab in the Display Options Window
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6.5 Changing Date and Time Appearance (cont.)

2. The first series of prompts asks you to select separator symbols for the
date, time and decimal. You can choose from a dash, comma and slash
(/) for the date; from a period and colon for the time: and from a period
or comma for the decimal place. For each symbol type:

a. Press [ENTER] to open the drop-down menu.
b. Use the [ W] or [A] arrow keys to scroll to the desired format.
c. Press [ENTER] to confirm your entry.

3. The next prompt asks you to select the date format.

a. Press [ENTER] to open the drop-down menu. Three options are
available:

* YYYY/MM/DD (year/month/day)

* MM/DD/YYYY (month/day/year)

e DD/MM/YYYY (day/month/year)

b. Use the [¥] or [A] arrow keys to scroll to the desired format.

c. Press [ENTER] to confirm your entry.

4. The PT878 now asks you to select whether you want the time presented
in a 12-hour format (for example, 11:53:23 PM) or in a 24-hour format
(23:53:23).

a. Press [ENTER] to open the drop-down menu.
b. Use the [¥] or [A] arrow keys to scroll to the 12-hour or 24-hour
entry.
c. Press [ENTER] to confirm your entry.
393
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6.5 Changing Date and Time Appearance (cont.)

A line at the bottom, the Date/Time, Decimal Formats, displays how the
format and separator selections will appear on the screen.

Pressing the [ W] arrow key returns the PT878 to the Locale tab.

e To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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6.6 Adjusting the Contrast

For more comfortable viewing in a particular environment, the PT878
enables you to adjust the screen contrast. To adjust the screen contrast:

1. From the Meter menu, scroll to the Contrast entry and press [ENTER].
The Display Options window opens on the Display tab, as shown in
Figure 80 below. (From the Format tab, press the [ ] key to move to
the Display tab.) To step through each parameter, press the [ V] key.

Display Options
__ Display [ZIEEN

Darker

Lighter

Backlight Offf 3 | Min

Language | English

Cancel OK
Figure 80: Display Tab in the Display Options Window

2. Scroll to the Darker or Lighter box as desired.

3. Press the [ENTER] button repeatedly until the screen has the desired
contrast.

Note: If you find the screen has become too light or too dark, scroll to the
other box and press [ENTER] until you have adjusted the screen to
your satisfaction.
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6.6 Adjusting the Contrast (cont.)

To confirm the entries and return to Operate Mode, press [F3] (OK). The
PT878 returns to Operate Mode.

To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

6.7 Setting Backlight Timeout

By using the Backlight Timeout option, you can set a specified time that the
PT878 backlight will remain on before turning itself off. Automatic turnoff
enables the PT878 to conserve battery power.

To

1.

set the backlight timeout:

From the Meter menu, scroll to the Backlight entry and press [ENTER].
The Display Options window opens on the Display tab, as shown in
Figure 80 on page 120.

Press the [ W] key three times to reach the Backlight Off text box.
Then press [ENTER] to enter the box.

Use the numeric keys to enter the number of minutes that the backlight
remains on (from 0 to 99).

Press [ENTER] to confirm the entry.

To confirm the entries and return to Operate mode, press [F3] (OK). The
PT878 returns to Operate Mode.

To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

Note: You can turn the backlight on or off at any time by pressing the
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6.8 Changing the Display Language

Important:

The PT878 offers the selection of several languages for its display. To

change the display language:

1.

o o

To use this option, you must have previously loaded a
language translation file into the PT878.

From the Meter menu, scroll to the Language entry and press [ENTER].

The Display Options window opens on the Display tab, as shown in

Figure 80 on page 120.

Press the [ W] key four times to reach the Language prompt.
Then press [ENTER] to enter the drop-down menu.

Scroll to the desired language on the menu, here shown as either

English or Francais (French).

Press [ENTER] to confirm the entry, and [F3] (OK) to close the option.

Since changing the language requires restarting the PT878, a window
(shown in Figure 81 below) opens, asking that you confirm the change.

Press [F2] to cancel the change or [F3] to confirm the change.

Change Language

Changing the meter’s language
requires a restart.

Choose CANCEL to exit or OK to
proceed.

Cancel

OK

Figure 81: Confirmation Window for Language Change
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6.8 Changing the Display Language (cont.)

The meter restarts in Operate Mode in the desired language. Figure 82
below illustrates a French version of the display shown in Figure 56 on
page 92.

ABC.SIT 2000/11/30 09:53 AM [j§
Vitesse, m/s Gain, dB
5000: -1.5121 _6

;
5000’10 5.4 30 3

-1.65 0.0

E2: Vitesse saine

o

Figure 82: French Version of Typical Display

Note: The PT878 defaults to US English. However, one or more alternate
languages can be installed at any time. Consult your GE
representative or www.ge-mcs.com for available languages.

6.9 Changing Communications Settings

On occasion, you might need to change the parameters by which the PT878
communicates with a PC over the USB interface. While programming, see
Figure 153 on page 237 of Appendix A, Menu Maps. To check or change
these parameters:
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6.9 Changing Communications Settings (cont.)

1. From the Meter menu, scroll to the Communications entry and press
[ENTER]. The Communications window appears similar to Figure 83
below.

Node ID

Comm Interface (@) USB

Baud Rate | 9600 bps

Parity None
Stop Bits (@) 1 O 2
DataBits () 7 (@ 8

Cancel OK

Figure 83: Communications Window

2. The first prompt asks for the node identification number, which can be
any number from 1 to 240. Do NOT change the node ID unless
instructed by GE.

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the node ID.
c. Press [ENTER] to confirm the entry.

3. The next prompt confirms the USB communications interface.

399
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6.9 Changing Communications Settings (cont.)

4. The program now asks for the baud rate. The default rate is 9600 bps.
a. Press [ENTER] to open the drop-down menu.

b. Usethe [¥] or [A] arrow keys to scroll to the desired rate, from
300 to 115.2K bps.

c. Press [ENTER] to confirm the entry.

5. The next prompt asks for the parity from five options: None, Mark,
Space, Even or Odd. The default parity is None.

a. Press [ENTER] to open the drop-down menu.
b. Usethe [¥] or [A] arrow keys to scroll to the desired parity.
c. Press [ENTER] to confirm the entry.

6. The next prompt asks you to select either one or two stop bits.The
default number is one. Use the [d] and [P>] keys to scroll to the desired
number, and press [ENTER].

7. The final prompt asks you to select either seven or eight data bits. The
default number is 8. Use the [d] and [P>] keys to scroll to the desired
number, and press [ENTER].

* To confirm the entries and return to Operate Mode, press [F3] (OK). The
PT878 returns to Operate Mode.

* To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.
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6.10 Resetting Forward and Reverse Totals

On occasion, it might be necessary to clear and reset the forward and
reverse totals computed by the Forward and Reverse Totalizers. To reset the
totals:

1. From the Meter menu, scroll to the Totals entry and press [ENTER]. The
window now appears similar to Figure 84 below.

Site Program ogging Service
Velocity, f Signal, dB
Battery
Date/Time 32
0.( Locale
A Contrast ____ I
Backlight
Language
DIEIERIME Communication NMASIUUMIERIS

Totals

O | User TablaGERE o= elig

1 Snapsho| Reset Fwd Tota
Reset Rev Total

EO: No Errors

Figure 84: Resetting Totals Menu

2. Usethe [¥] or [A] arrow keys to choose the total to be reset.
3. Press [ENTER] to reset the total(s).

The meter resets the selected total(s) to 0.0 and returns to Operate Mode.
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6.11 Setting Up User Tables

When you program user functions (see page 61), you can also support them
with up to six user tables of non-linear or empirical data. To program one or
more user tables:

1. From the Meter menu, scroll to the User Tables entry and press
[ENTER]. The window now appears similar to Figure 85 below.

User Function Tables

Table |Table 1

Table ID | UserTablel

# Data Points

Max Points

Edit Tables

Cancel OK

Figure 85: User Tables Window

2. The first prompt asks you to select the table to be programmed.

a. Press [ENTER] to open the drop-down menu.

b. Usethe [¥] or [A] arrow keys to scroll to the table you wish to
program.

c. Press [ENTER] to confirm the entry.
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6.11 Setting up User Tables (cont.)

3. The next step is to create a Table ID.

a.

Note:

Note:

Press [ENTER] to open the window. The screen now appears similar
to Figure 86 below.

UserTablel
A B C| D E F G | H I J
K L M| N O | P Q R| S T
ulvVv | W X Y Z 0 1 2 3
4 | 5 6 7 8 9 . , “ ‘
= < >
Delete Cancel OK

Figure 86: Text Creation Window

Use the four arrow keys to scroll to the desired letter or symbol, and
press [ENTER] to add the letter to the label.

Pressing [SEL] causes the screen to alternate between a set of
upper-case (capital) letters and a set of symbols. Use both screens to
create the desired label.

Repeat this procedure for each letter or symbol you wish to add to
the label. If you wish to delete a letter, press [F1] (Delete) to erase
each letter or symbol, from right to left on the label.

When you have completed the label, press [F3] (OK) to confirm the
label, or [F2] (Cancel) to leave the window without adding the label.

It is not necessary to enter the “#Data Points™ or “Max Points™ text
boxes. 403
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6.11 Setting up User Tables (cont.)

4. The final prompt asks you to enter or change data in the user table.

a. Press [ENTER] to open the window. The screen appears similar to
Figure 87 below.

Edit User Table 1

UserTablel Y
1
2
3
4
5
Cancel OK

Figure 87: Edit User Table Window

b. Use the four arrow keys to move to the desired entry in the table.

c. Press [ENTER]. Then use the numeric keys to enter the desired data,
which appears in the right corner of the window above the table.

d. Press [ENTER] to confirm the data, which then appears in the
appropriate slot in the table.

e. Repeat steps b, ¢ and d on the previous page 129 until you have
completed entering data for the table.

f.  When you have finished, press [F3] (OK) to confirm the entries or
[F2] (Cancel) to leave the window without confirming the table.
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6.11 Setting up User Tables (cont.)

The program returns to the Edit Tables window.

To confirm the entries and return to Operate Mode, press [F3] (OK). The
PT878 returns to Operate Mode.

To leave the window without confirming the entries, press [F2] (Cancel)
or the [ESC] key. The PT878 returns to Operate Mode.

6.12 Taking a Bitmap Capture of a Current Screen

The Snapshot option enables you to take a screen capture of the current
screen in bitmap format (.bmp) for display or storage in a Windows-based
PC. To take a “snapshot” of the screen:

1.
2.

From the Meter menu, scroll to the Snapshot entry and press [ENTER].

Another menu opens with two entries: Off and To File. Scroll to the
desired entry and press [ENTER].

Note: An icon of a camera (for file capture — see page 19) appears at the

3.

far right of the status tray, indicating that you have activated the
Snapshot option. Figure 76 on page 112 shows a screen with the
Snapshot option activated.

To capture a screen, press the [.] (decimal) button in the lower left
corner of the keypad twice. The meter beeps, indicating that it has made
a screen capture.

The captured file appears as “Screen 0X.bmp” in the Drive Manager

(see page 102). To transfer the file to a PC, follow the instructions in
Transferring a File to a PC on page 104.
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Chapter 7. Logging Data

A powerful and flexible feature of the PT878 is data logging. The meter
enables you to choose up to 12 parameters to log. Log files contain
diagnostic and measurement data as programmed by the user. The log file is
typically programmed in the PT878 Log Manager, but it can also be
programmed using PanaView.You can also select the start time and date,
end time and date, and time interval. Logs can run one at a time or
simultaneously. Error and circular logs are also available. The logged data is
internally stored in battery-backed-up memory. A fixed amount of memory
Is assigned to data logging. The frequency of the time interval, the length of
the log run, and the number of logs affect the amount of memory required
for a particular log. For example, a log that records every 5 seconds will use
up more memory than a log that records every 5 minutes for a given amount
of time. Once you make your data logging selections, the PT878 enables
you to view the amount of memory left. You may also stop logging or view
logged data while or after data is logged.

This section describes:

* How to enter the Logging Menu.
e How to set up a new log.
* How to view the data logger memory.

e How to start, stop or pause logging
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7.1 Entering the Logging Menu

To enter the Logging Menu, press the [MENU] key at the lower right of the
PT878 keypad. The Main Menu replaces the Status Bar at the top of the
screen. Press the [P>] arrow key three times to scroll from the Site Menu to
the Logging Menu. At the Logging Menu, press [ENTER]. The screen
appears similar to Figure 88 below. Refer to Figure 141 on page 224 of
Appendix A, Menu Maps.

Site Program Meter [Mels]e]igle!
Velocity, ft/s  Manager

0.00

0.10 0.0

EO: No Errors

Figure 88: Logging Menu

To scroll to a particular option, press the [ W] or [A] arrow keys until you
reach the option. Then press [ENTER] to open the option window.

When entering parameters in an option, press:

e The [¥] key to step through the available parameters
* The [A] key to scroll back to a previously entered parameter

* The [F2] key (Cancel) or the [ESC] key to exit an option at any time and
return to Operate Mode without changing the parameters.
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7.2 The Log Manager

The Log Manager offers users a way to check the status and memory size of
all the logs currently pending, running or finished. To select Log Manager,
scroll to the Manager entry on the Logging Menu and press [ENTER]. The
screen appears similar to Figure 89 below. The right section of the screen
supplies information for the log highlighted in the list on the left. You can
use the [ W] and [ A] arrow keys to scroll to a particular log and display
information pertaining to that log.

Log Manager

File Log View Sort

Info: AAA.LOG

BBB State: Finished
CCC S:03/01/01 13:13:41

E:03/01/01 13:23:41
Interval: 10 Seconds
Records:51

03/01/01 13:23:21
1216 bytes
109568 bytes free

Refresh Exit ||

Figure 89: Log Manager Window

To access the menu for the Log Manager, press the [MENU] key. The cursor
highlights the File Menu in the upper left corner. Use the [d] and [P>] keys
to scroll to the desired menu, and press [ENTER] to open the menu.
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7.3 The File Menu

The File menu allows you, not only to create new logs, but also to copy,
rename or delete logs, as well as to print them or transfer them to a PC. To
open the File Menu from the Log Manager, press the [MENU] key and then
[ENTER]. The screen appears similar to Figure 90 below.

Log Manager
Sl Log View Sort

Info: AAA.LOG
Clone Selected Log State: Finished
Rename S:03/01/01 13:13:41
Delete E:03/01/01 13:23:41
Delete All Logs? Interval; 10 Seconds
Refresh Records:51
Transfer 03/01/01 13:23:21
1216 bytes

109568 bytes free

Refresh Exit

Figure 90: File Menu in the Log Manager
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7.3.1 Setting up a New Log

The New Log option enables you to create and set up parameters for a new
log. You can access this option in two ways:

* by scrolling to the New Log option in the Logging Menu (as shown in
Figure 88 on page 132) and pressing [ENTER], or

e by scrolling to the New option in the File Menu of the Log Manager (as
shown in Figure 90 on page 134) and pressing [ENTER].

In either case, the Create New Log screen appears similar to Figure 91
below. Use the four arrow keys to scroll to the desired letter or number, and
press [ENTER]. Repeat this procedure until you have created the desired log
name. (Press [F1], Delete, to remove any unwanted letters or numbers.)
When you have finished, press [F3] (OK) to confirm the entry.

Create New Log

A B C D E F G H
I J K L M N @) P
Q R S T U Vv wW X
Y Z 0 1 2 3 4 5
6 7 8 9 - _ @ #
& ( )
“ Delete Cancel OK

Figure 91: New Log Window

The PT878 now asks for log formatting and measurements. The screen
appears similar to Figure 92 on page 136.
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7.3.1 Setting up a New Log (cont.)

General Measurements}

Log Name |10SEC.LOG

Format (@) Linear () Circular
Type (e) Standard () Error

Start Date/Time | 2000/11/01| | 01:38:08

End Date/Time | 2000/11/01 09:38:08

Logging Interval 10 | secs

Cancel Activate

Figure 92: General Log Format Window

To step through each parameter, press the [ V] key.

1.

The first prompt asks you to choose between a linear or circular format
for the log.

a. Use the [d] and [P>] keys to scroll to the appropriate radio button.
b. Press [ENTER] to confirm your selection.

The next prompt asks you to choose whether the log is to be a standard
or error log.

a. Use the [d] and [P>] keys to scroll to the appropriate radio button.

b. Press [ENTER] to confirm your selection.
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7.3.1 Setting up a New Log (cont.)

3. The next prompt asks for the starting date and time.

a. Press [ENTER] to enter the text box. The meter highlights the first
number. Use the [d] and [P>] keys to scroll to any number you wish
to change, or the [P>] key to scroll to the time box.

b. Two alternatives are available to change a highlighted number:
* Use the numeric keys to enter the desired number.

o Usethe [¥] or [A]arrow keys to scroll, in 1-digit increments, to the
desired number. (For example, if the text box displays 09, pressing
the [ W] key twice changes the number to 07.) You can scroll from 01
to 12 for the month and from 01 to 31 for the day (depending on the
number you have selected for the month).

c. Ineither case, press [ENTER] to confirm the entry.

4. Follow the same procedure to enter the end date and time.

5. The final prompt in this window asks for the logging interval.
a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired interval in seconds.
c. Press [ENTER] to confirm the entry.

6. You have completed entering parameters in this window. To select the
measurements,

a. Press the [¥] key to return to the Format prompt.
b. Then press the [A] key to return to the General tab.

c. Finally, press the [P>] key to move to the Measurements tab, and
press [ENTER]. The Measurements window appears similar to
Figure 93 on page 138.
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7.3.1 Setting up a New Log (cont.)

To step through each entry, press the [ V] key.

1.

( General NEERUGES

NO UNIT NO UNIT

NO UNIT NO UNIT

NO UNIT NO UNIT

NO UNIT NO UNIT

NO UNIT NO UNIT

NO UNIT NO UNIT
Cancel Activate

Figure 93: Log Measurements Window

Press [ENTER] to open the first entry. The Select Measurement window
opens, as shown in Figure 94 on page 139.

413
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7.3.1 Setting up a New Log (cont.)

Select Measurement

Diagnostics Meters/sec
Velocity Feet/sec
Volume

Fwd Totalizer

Rev Totalizer
Energy

No Unit Cancel OK
Figure 94: Select Measurement Window

2. Scroll to the desired output type.
3. Press [SEL] to confirm your selection.

4. The prompt then moves to a list of unit types. (The available units
depend on the selection made at the Data Source prompt.) Scroll to the
desired output unit.

5. Press [F3] (OK) to confirm your selection.
6. You can repeat this procedure for up to 12 different parameters.

7. When you have finished, press [F2] (Cancel) to cancel the entries, or
[F3] (Activate) to confirm the entries and start the log.

If you started the log from the New Log option, the PT878 returns to
Operate Mode, with a Pencil icon in the System Tray; if you started it from
within the Log Manager, the meter returns to the Log Manager.
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7.3.

2 Copying (Cloning) a Selected Log

In the Clone Selected Log option, you can copy the parameters of a
particular log, modify the parameters, and start the copy. To copy a log,

1.

First, select the log you wish to copy in the Log Manager (shown in
Figure 89 on page 133).

Then open the File Menu, scroll to the Clone Selected Log option, and
press [ENTER].

The Create New Log window (see Figure 91 on page 135) opens.
Follow the procedure discussed on page 135 to create a log name, and
press [F3] (OK) to confirm the name.

The General Log Format window (shown in Figure 92 on page 136)
opens. Follow the procedure discussed on page 136 and page 137 to
change any settings.

Note: Unless otherwise specified, the cloned log always begins at the

current date and time, and ends after the period of time used by the
original log.

If you wish, scroll to the Measurements window (shown in Figure 93 on
page 138) and follow the procedure discussed on page 138 and
page 139 to modify any parameters.

When you have completed modifying the log parameters, press [F2]
(Cancel) to cancel the log or [F3] (Activate) to confirm and start the new
log.

The PT878 returns to the Log Manager, which now displays the status of the
cloned log.
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7.3.3 Renaming a Log

To rename a log:

1. First, select the log you wish to rename in the Log Manager (shown in
Figure 89 on page 133)).

2. Then open the File Menu, scroll to the Rename option, and press
[ENTER].

3. The Rename Log window opens. (Except for the heading, the window is
identical to the Create New Log window shown in Figure 91 on
page 135.) Follow the procedure discussed on page 135 to create a log
name, and press [F3] (OK) to confirm the name.

The PT878 returns to the Log Manager, which highlights the renamed log.

7.3.4 Deleting a Log

To delete a log:

1. First, select the log you wish to delete in the Log Manager (shown in
Figure 89 on page 133)).

2. Then open the File Menu, scroll to the Delete option, and press
[ENTER].

3. A delete confirmation window opens, as shown in Figure 95 on
page 142. Press [F2] (No) to stop the deletion, or [F3] (Yes) to delete the
log.

The Log Manager reappears, with the specified log deleted.
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7.3.4 Deleting a Log (cont.)

Log Manager

Delete

Fi
[ Delete Log ‘555.LOG?’

No Yes |

Figure 95: Delete Confirmation Window

7.3.5 Deleting All Logs

To clear the Log Manager and memory of all logs, open the File menu,
scroll to the Delete All Logs option, and press [ENTER]. A window opens,
asking, “Delete All Logs?” Press [F2] (No) to stop the deletion, or [F3] (Yes)
to delete the logs.

A blank Log Manager appears. All logs have been deleted.

7.3.6 Refreshing the Log Manager Screen

To refresh the Log Manager screen and view the most recent information on
a given log, select the log you wish to view in the Log Manager. Then open
the File Menu, scroll to the Refresh option, and press [ENTER]. The screen
momentarily blanks, and then reappears with the most current information

on the highlighted log.
417

142 TransPort® PT878 User’s Manual



Chapter 7. Logging Data

7.3.7 Transferring a Log to a PC

Log files are only required to be transferred from the PT878 to a PC. This
can be accomplished via either PanaView or HyperTerminal, as text or as
binary data.

7.3.7a Transfer Log Files Using PanaView

To transfer a log file from the PT878 to a PC using PanaView, complete the
following steps:

1. Connect the PT878 to the PC (page 9).

2. View the available logs from the PT878 in the Meter Logs section of the
PanaView Explorer window. For example, see LOGOL.log in page 143
below.

3. Double click the log file and the data will be pulled into PanaView. The
data can then be displayed as a Graph and saved as a PC log file. If
desired, the PC log file can now be exported as a CSV file so it can be
opened with Microsoft Excel®.

Ty Farisvore - [TAeter Biowner]

B fle fdA Yeew Quipsl Pedew Help

7 7 - (Mo Label) Function 7 Hx)
Uner @i - (Mo Label} Function 8 #x)
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7.3.7b Transfer Log Files as Text using HyperTerminal

To transfer a log file as text from the PT878 to a PC using HyperTerminal,
complete the following steps:

1. Connect the PT878 to the PC(page 9).

2. Start HyperTerminal and set up the communication link to match the
Com port and RS232 settings of the PT878 (see Figure 97 below).

3. From the PT878 select Logging\Log Manager and select the Log file
you want to send to the PC.

4. From Log manager select File\Transfer as Text. This should print out
the Log file as text to HyperTerminal.

5. To save the log file as text, from HyperTerminal proceed as follows:
a. Select the Transfer\Capture Text option.
b. Select the location and filename of the log file. Then, click Start.

c. Transfer the log file as text from the PT878 and then select the
Transfer\Capture Text\End option from HyperTerminal.

The log file transfer as text is now complete.

COMZ Properties i | S

Port Sattings

Bits par second: | 38400 -

Bestore Defauls

ok | [ Concel dooly

Figure 97: COM Properties
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7.3.7c Transfer Log Files as Binary Data Using HyperTerminal

To transfer a log file as binary data from the PT878 to a PC using
HyperTerminal, complete the following steps:

1.
2.

Connect the PT878 to the PC(page 9).

Start HyperTerminal and set up the communication link to match the
Com port and RS232 settings of the PT878 (see Figure 9 below).

From the PT878 select Logging\Log Manager and select the Log file
you want to send to the PC.

From Log Manager select File\Transfer as Text. This should print out
the Log file as text to HyperTerminal.

To save the log file as binary data, from HyperTerminal proceed as
follows:

a. Select the Transfer\Receive File option.

b. Select the location of the log file and select XModem as the
receiving protocol.

c. Click Receive and enter the desired filename, using a .log extension.

From the PT878 Site Manager, select the File\Transfer option. This will
allow the PT878 to send the log file to the PC using the secure
XModem protocol. File transfer is complete when the XModem
Receive dialog box closes.

Note: The file is transferred in GE Panametrics format and it must be

420

opened using the GE PanalogViewer software.

COME Properties =

Poit Seftngs

B por sncens. (3640 2
Dol bits 3
Party: |Hone
Srop bhie: l

B comtrol: | Hone -

| Bestore Defandks |

[ ok ] [ Cencal Epcly

Figure 98: COM Pro;-)érties.
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7.4 The Log Menu

The Log Menu allows you to pause, restart or end any or all logs that are
currently pending or running. (However, you cannot restart any finished
logs, even if they were finished before the programmed end time.) To open
the Log Menu in the Log Manager, press [MENU]. Scroll to the Log option,
and press [ENTER]. The window appears similar to Figure 99 below.

Pause

BE End

Cd

Log Manager
File jXels@ View Sort

Pause All Logs
Start All Logs
End All Logs

View All Sites

Info: AAA.LOG
State: Finished
S:03/01/01 13:13:41

E:03/01/01 13:23:41
Interval; 10 Seconds
Records:51

03/01/01 13:23:21
1216 bytes
109568 bytes free

Refresh Exit

Figure 99: Log Menu in the Log Manager
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7.4.1 Stopping (Pausing) a Log

To stop a log that is currently pending or running,

1. First, select the log you wish to pause in the Log Manager (shown in
Figure 89 on page 133).

2. Then open the Log Menu, scroll to the Pause option, and press
[ENTER].

The PT878 returns to the Log Manager, which displays the highlighted log
with “Paused” in the State line.

7.4.2 Restarting a Log

To restart a paused log:

1. First, select the log you wish to restart in the Log Manager (shown in
Figure 89 on page 133).

2. Then open the Log Menu, scroll to the Start option, and press [ENTER].

The PT878 returns to the Log Manager, which displays the highlighted log
with a status of “Pending” or “Running.”

7.4.3 Endinga lLog
To end a log:

1.  First, select the log you wish to end in the Log Manager (shown in
Figure 89 on page 133).

2. Then open the Log Menu, scroll to the End option, and press [ENTER].

The PT878 returns to the Log Manager, which displays the highlighted log
with a status of “Finished.” The space not used by the finished log is freed
for reuse.

Note: You cannot restart a finished log. You must create a new log with the
same parameters.
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7.4.4 Stopping All Logs

To stop all log that are currently pending or running, open the Log Menu,
scroll to the Pause All Logs option, and press [ENTER]. The PT878 returns
to the Log Manager, which displays all log programmed to run now or in the
future with a status of “Paused.”

7.4.5 Restarting All Logs

To restart all paused logs, open the Log Menu, scroll to the Start All Logs
option, and press [ENTER]. The PT878 returns to the Log Manager, which
displays the logs with a status of “Pending” or “Running.”

7.4.6 Ending All Logs

To end all currently pending or running logs, open the Log Menu, scroll to
the End All Logs option, and press [ENTER].The PT878 returns to the Log
Manager, which displays the running logs with a status of “Finished.”

7.4.7 View All Sites

To check on all logs, open the Log Menu, scroll to the View All Sites
option, and press [ENTER]. Logs are associated with the site in use at the
time the log is created. Thus, when another site is in use, the PT878
automatically starts different logs. By default, the Log Manager only
displays the logs created with the current site. View All Sites allows the
Manager to list logs for all sites.
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7.5 The View Menu

Through the View menu, you can view the data of individual logs in
graphical or spreadsheet formats. To open the View menu from the Log
Manager, press [MENU]. Scroll to the View menu, and press [ENTER]. The
screen appears similar to Figure 100 below.

Log Manager

File Log NEWR Sort

E:03/01/01 13:23:41
Interval: 10 Seconds
Records:51

03/01/01 13:23:21
1216 bytes
109568 bytes free

Refresh Exit

Figure 100: View Menu
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7.5.1 Displaying Log Details

To view details of a given log, be sure the log is highlighted in the left
window of the Log Manager. Then scroll to the View menu and press
[ENTER]. Scroll to the Details option and press [ENTER]. The screen now
appears similar to Figure 101 below.

Log Info

State: Finished

S:03/01/01 13:13:41
E:03/01/01 13:23:41
Interval:10 Seconds
Records:51

Precision: 8 Error:No (Basic)

Velocity: Meters/sec

Exit

Figure 101: Log Details Display Window - List of Measurements in Log

Press [F2] (Cancel) or [F3] (OK) to return to the Log Manager.
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7.5.2 Displaying Log Data in Graphical Form

To view a log in graphical form, be sure the log is highlighted in the left
window of the Log Manager. Then scroll to the View menu and press
[ENTER]. Scroll to the Graph option and press [ENTER].

AAA.LOG (Velocity, ft/s)

297
]
T
289
2001/03/01 2001/03/01
13:23:41 PM 13:53:41 PM
|
Scale Time Exit

Figure 102: Log Graph Display Window

The Select Measurement window opens and lists the log measurement
parameters. If a log contains more than one measurement, you must select
which measurement to plot from the list displayed. Once you have chosen
the measurement parameter, press [F3] (View). The screen now appears
similar to Figure 102 above. (Press [F2], Cancel, to leave the window
without viewing the graph.)

e If you wish to alter the graph scale, press [F1] (Scale) and go to
page 152.
e If you wish to alter the time scale, press [F2] (Time) and go to page 153.

* To leave the window, press [F3] (Exit).
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7.5.2 Displaying Log Data in Graphical Form (cont.)

Limits
@ Max  (ORange () Set

Minimum -52
Maximum -52
T T 1 11 T 117171 T 1T 11 11 T
2003/03/01 2003/03/01
13:23:41 PM 13:53:41 PM

/-

Cancel OK

Figure 103: Y-Axis Window

The Y-Axis window (shown in Figure 103 above) allows you to specify
whether the Y axis on the graph extends to the maximum value (Max), over
the entire range (Range) or between certain specified values (Set).

1. Use the [d] and [>] keys to scroll to the desired limit type. Press
[ENTER] to confirm the entry.

If you select Max or Range for limits, you have finished entering data in this
form. If you select Set, the PT878 asks for minimum and maximum limits.

2. Press the [¥] key to reach the Minimum text box.
a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm the entry.

3. Repeat step 2 to enter the Maximum value.

4. When you have finished, press [F2] (Cancel) to cancel the entries, or [F3]

(OK) to confirm the entries and change the graph. 127
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7.5.2 Displaying Log Data in Graphical Form (cont.)

If you wish to alter the time scale, press [F2] (Time). The Enter Time
window appears similar to Figure 104 below.

AAA.LOG (Velocity, ft/s)

Enter Time
Start Date Start Time
2003/03/01 13:23:41 PM
End Date End Time
2003/03/01 13:53:41 PM

Figure 104: Enter Time Window

1. Use the arrow keys to scroll to the desired text box. Press [ENTER] to
open the box.

2. Two alternatives are available to change a highlighted date or time:
* Use the numeric keys to enter the desired number.

o Usethe [¥] or [A] arrow keys to scroll, in 1-digit increments, to the
desired number. (For example, if the text box displays 09, pressing
the [ W] key twice changes the number to 07.) You can scroll from 01
to 12 for the month, from 01 to 31 for the day (depending on the
number you have selected for the month), and from 0 to 59 for
minutes and seconds.

In either case, press [ENTER] to confirm the entry.

3. Repeat step 2 for any other entries you wish to change.

When you have finished, press [F3] (OK) to confirm the entries and close
the window, or press [F2] (Cancel) to leave the window without changing

the entries.

428

TransPort® PT878 User’s Manual 153



Chapter 7. Logging Data

7.5.3 Displaying Log Data in Spreadsheet Form

To view a log in spreadsheet form, be sure the log is highlighted in the left
window of the Log Manager. Then scroll to the View menu and press
[ENTER]. Scroll to the Spreadsheet option and press [ENTER]. The screen
now appears similar to Figure 105 below.

123.LOG

Time ) _
03/20/2001 Dngi#grl\JOpstlcs
14:24:46
14:24:56 450
14:25:06 448
14:25:17 451
14:25:27 453
14:25:37 450
14:25:47 449
Time Refresh Exit

Figure 105: Log Spreadsheet Window

Use the [] and [P>] keys to scroll to other columns, or the [W] or [A]
keys to scroll backward or forward in time.

* To alter the times displayed, press [F1] (Time). The Enter Time window
(shown on page 153) opens. Follow the instructions on page 153 to
change the date or time.

* To refresh the display, press [F2] (Refresh). The display shows the most
current data.

e Press [F3] (Exit) to return to the Log Manager.
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7.6 The Sort Menu

The Sort Menu within the Log Manager allows you to arrange your log list
either alphabetically (By Name) or chronologically (By Date).

Log Manager
File Log View Sl

v By Name YNele

T OJIT U LT

E:03/01/01 13:23:41
Interval: 10 Seconds
Records:51

03/01/01 13:23:21
1216 bytes
109568 bytes free

Refresh Exit

Figure 106: Sort Menu in the Log Manager

7.6.1 Listing Logs by Name

If you want to list your logs alphabetically by log name within the Log

Manager, press [MENU] to open the File Menu. Then scroll from the File
Menu to the Sort Menu, shown in Figure 106 above. Press [ENTER]. The
Log Manager screen refreshes, with the sites listed in alphabetical order.

7.6.2 Listing Logs in Chronological Order

If you prefer to list your logs chronologically by time of creation within the
Log Manager, press [MENU] to open the File Menu. Then scroll from the
File Menu to the Sort Menu, and scroll to the By Date option. Press
[ENTER]. The Log Manager screen refreshes, with the sites listed in chrono-
logical order, from the most recent to the earliest.
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[no content intended for this page - proceed to next page]
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Chapter 8. Servicing the PT878

For user convenience, the PT878 offers a Service Menu. This menu enables
users to perform a variety of functions that they might occasionally require:

* output reports

 set up and view the thickness gauge measurements

e calibrate the PT878

* run diagnostics

* set up signal parameters and peak detection

e define error limits

e test the PT878 screen and keys

* diagnose setup problems with the impulse response

* check test points

* return to factory default parameters

* |oad updated versions of the meter program into the PT878.
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8.1 Entering the Service Menu

To enter the Service Menu, press the [MENU] key at the lower right of the
PT878 keypad. The Menu Bar replaces the Status Bar at the top of the
screen. Press the [P>] arrow key four times to scroll from the Site Menu to
the Service Menu. At the Service Menu, press [ENTER]. The screen appears
similar to Figure 105 below. When programming, refer to Figure 142 on
page 225 of Appendix A, Menu Maps.

Site Program Meter Logging SEgiles

Velocity, ft/s Reports

T-Gauge Display
T-Gauge Setup
Calibrate

Il Diagnostics
Signal Setup
Error Limits

Test >
Factory Defaults
Flash Update

0.10 U

0.00

EO: No Errors

|

Figure 105: Service Menu

To scroll to a particular option, press the [ W] or [A] arrow keys until you
reach the option. Then press [ENTER] to open the option window.

When entering parameters in an option, press:

* The [¥] key to step through the available parameters.
* The [A] key to scroll back to a previously entered parameter.

* The [F2] key (Cancel) or the [ESC] key to exit an option at any time and
return to Operate Mode without changing the parameters.
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8.2 Transferring Reports

Reports are found in the PT878 Service\Reports menu. The reports are used
in troubleshooting as well as for data backup, and they may be transferred
from the PT878 to a PC using HyperTerminal. Reports include:

* Drive contents

e Current site data

e Global settings

* User functions

e User tables

e Menu commands

To transfer a report as text from the PT878 to a PC using HyperTerminal,

complete the following steps:

1. Connect the PT878 to the PC, as discussed on page 9.

2. Start HyperTerminal and set up the communication link to match the
Com port and RS232 settings of the PT878 (see Figure 106 below).

3. From the PT878 select the Service\Reports option. Then, select the
Report file you want to send to the PC and select Transfer.
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8.2 Transferring Reports (cont.)

Reports

Reports
Drive Contents
Current Site

Global Settings
User Functions

User Tables

All User Settings
Menu Commands
All Reports

Transfer Exit

Figure 106: Reports Window

4. To save the Report as text, from HyperTerminal proceed as follows:

a. Select the Transfer\Capture Text option.

b. Select the location and filename of the Report file. Then, click Start.

c. Select Transfer Report from the PT878 and then select

Transfer\Capture Text\End from HyperTerminal. The Report
transfer is now complete.
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8.2 Transferring Reports (cont.)

COME Properties =

Post Sattings

Siop bty |1 -

Blow contrel. | None - |

 Fesore Defauts |

[ ok ][ coma |[ 200w

Figure 107: COM Properties

Drive Report
Bytes Free: 7976985
filename gize Date: Time:
Site Files
DEFAULT.SIT 8322 01/09/17 18:18:03
MINILOOP.SIT 7016 01/09/18 17:50: 20
WETTED. SIT 7003 01/08/26  14:02:18
STC_2MHZ.8IT 6973 01/08/20 13:17:18
BIMNEX.SIT 6372 - 01/08/20 16:11:08
BINST.SIT 6364 01/08/20 16:12:01
ZMHZWET. SIT 682 01/08/26 - 16:49:10
BOOKCWET, SIT 6200 01/08/26 16:80:04
SVIEW. SIT 62258 01/09/286 16:49:03
TMHZWET.SIT 6181 01/09/28 16:49:18
AMHZCLMP. 81T 6208 01/08/28 16:48:26
Log Files
LOGD1.LOG 161792 01/09/26 18:12:19
Meter Configuration Files
SYSLOG. MET 5508 - 01/09/28 17:10:28
GLOBAL. MET 1500 01/08/25 18:12:10
J— ‘| —_

Figure 108: Printout of a Typical Drive Report
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8.3 Setting up the Thickness Gauge

For greatest accuracy in flow applications, the PT878 can measure pipe wall
thickness using an optional thickness gauge transducer, instead of relying
on the nominal pipe wall thickness. In Thickness Gauge mode, the PT878
does not measure flow, but it can determine the thickness of most standard
metal and plastic pipe materials over a range from 0.05 to 3 in. (1.3 to 76.2
mm).

The PT878 offers two basic thickness gauge functions: using the gauge to
measure thickness after entering the pipe material, and calibrating the
gauge. For the highest possible accuracy, you can also calibrate the velocity
of the pipe material.

Using the thickness gauge involves three steps:

1. Enter the material and soundspeed (refer to Figure 109 on page 163).
2. Measure the pipe wall thickness (in the Display window on page 165).

3. If the measurement seems unreasonable, examine the acoustic signal to
diagnose the problem (in the Graph window on page 166).

Calibrating the thickness gauge involves up to two additional steps:

4. Calibrate the thickness gauge itself (in the Zero window on page 168).

5. Calibrate the velocity of the pipe material (in the Velocity window on
page 171), if possible and if the pipe material is not the material entered
in the Zero window. This step requires a trustworthy reference, either a
section of pipe (such as a flange or open pipe section) that can be
measured with calipers or another measurement device, or a thickness
calibration block from the same pipe material.
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8.4 Measuring Pipe Wall Thickness
8.4.1 Entering the Material and Soundspeed

Important: The factory recommends calibrating the thickness gauge
periodically (as discussed on page 168) before measuring
thickness.

To enter the Thickness Gauge Display option, scroll to the T-Gauge Display

entry on the Service Menu and press [ENTER]. The screen appears similar
to Figure 109 below.

Thickness Gauge Measure

i Display] Graph TVeIocity { Zero
Material Other
Sound Speed 0 | m/sec
Cancel OK I

Figure 109: Material Window
1. From the Thickness Gauge Display option, press the [P>] arrow key
four times to enter the Material window.

2. The first prompt asks you to select the material for the pipe wall you
wish to measure from a drop-down list.

a. Press [ENTER] to open the list.
b. Usethe [¥] or [A] arrow keys to scroll to the desired material.

c. Press [ENTER] to confirm your selection.
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8.4.1 Entering the Material and Soundspeed (cont.)

If you have selected a preprogrammed material, you have completed
entering data in this window. Pressing the [ W] key returns the program to
the Material tab. But if you selected “Other,” you can also enter a specific
soundspeed.

3. To enter the soundspeed:
a. Press [ENTER] to open the text box.

b. Use the numeric keys to enter the desired soundspeed (from the
brochure Soundspeeds and Pipe Size Data, 914-004).

c. Press [ENTER] to confirm your entry.

To leave the Material window:

* Press the [d] or [P>] arrow key to move to another tab to take
readings or perform a velocity calibration.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
soundspeed value.

* Press [F3] (OK) to confirm the new value. The PT878 returns to Operate
Mode.
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8.4.2 Measuring Thickness in Numeric Format

To measure the actual thickness of a pipe, hold the calibrated transducer
steady, press the [] or [P>] arrow key until you reach the Display tab and
press [ENTER]. The T-Gauge Display option shows the thickness
measurement in numeric format (displayed in Figure 110 below).

Note: Refer to Appendix D, Ultrasonic Thickness Gauge Theory of

Operation, page 251, to learn how to position and align the
transducer.

Thickness Gauge Measure

Velocity Material

Thickness, mm

42.71

Cancel | OK

Figure 110: Thickness Gauge Display Window

Be sure the “Noise” or “Los” (loss of signal) boxes do not appear. Press [F2]
(Cancel) or [F3] (OK) to return to Operate Mode, or press the [P>] arrow key
to move to another window in the option.
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8.4.3 Displaying the Receive Signal in Graphical Format

Used chiefly for diagnostic purposes, the Graph option helps to determine
why the thickness gauge is not working if you suspect a problem. The graph
shows an image of the acoustic signal. If the display does not show a signal
image similar to Figure 111 below, you may have a problem with the
transducer, couplant, or the programmed values. Also, some materials (such

as PTFE or fiberglass) do not support acoustic signals.

To open the Graph window and display the receive signal graphically, press
the [d] or [P>] arrow key until you reach the Graph tab and press [ENTER].
The screen appears similar to Figure 111 below.

Thickness Gauge Measure

Display eIl Velocity | Zero | Material

Cancel OK

Figure 111: Thickness Gauge Graph Window

Press [F2] (Cancel) or [F3] (OK) to return to Operate Mode, or press the [P>]
arrow key to move to another window in the option. However, if you wish
to adjust the graph, press the [ W] key. The screen now appears similar to
Figure 112 on page 167.
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8.4.3 Displaying the Receive Signal in Graphical Format (cont.)

Thickness Gauge Measure

Display | Graph | Velocity Material |
Signal

In Out Display

Figure 112: Graph Window in Zoom Format

e Press [F1] (In) to zoom in to magnify screen details.

* Press [F2] (Out) to zoom out fully.

* Press [F3] to toggle between the left and right cursors.

* Press [] and [>] to move the selected cursor left and right.
e Press [ ¥] to select the graph.

* Press [A] to return to tab navigation.

* Press [ESC] to return to Operate Mode without saving the calibration
changes.
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8.4.4 Calibrating the Thickness Gauge Transducer

To zero the transducer offsets, go to the Zero tab. Press the [d] or [P>]
arrow key until you reach the Zero tab and press [ENTER]. The screen
appears similar to Figure 113 below.

Thickness Gauge Measure

! Display ﬂ Graph Y Velocityw
(@) Single () Dual Calibration
Block 1 Length 0| mm | Calibrate

Transducer Delay, US

Calculated 0 Current 0

Cancel OK
Figure 113: Zero Window

Dual-Point Calibration

Note: The factory recommends dual calibration. Dual-point calibration is
more reliable, but it requires two known thickness levels of the
calibration material. Use single-point calibration only if you know
the velocity of the calibration block material to a high degree of
accuracy. For single-point calibration, complete the following
procedure, but skip steps 6, 7 and 8. See Appendix D for more
information.
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Dual-Point Calibration (cont.)

1.
2.

Press the [ W] arrow key to enter the window.

The first prompt asks you to choose between single and dual-point
calibration. Use the [] and [P>] arrow keys to move to the Dual radio
button and press [ENTER].

The next prompt asks you to enter the length of Block 1. (If you are
using a GE-supplied test block, the length is printed on the block.)

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the length.
c. Press [ENTER] to confirm the entry.

Press [P>] to move to the Calibrate button, and press [ENTER] to
prepare for calibration. Then apply couplant B to the Block 1 surface,
and hold the transducer against the block.

When you have the transducer firmly pressed against the block and the
Ready button appears, press [ENTER] again to perform the calibration.

Note: For single-point calibration, skip to step 9.

6.

444

The next prompt asks you to enter the length of Block 2.
a. Use the arrow keys to move to the Block 2 text box.
b. Press [ENTER] to open the text box.

c. Use the numeric keys to enter the length.

d. Press [ENTER] to confirm the entry.

Press [P>] to move to the Calibrate button, and press [ENTER] to
prepare for calibration. Then apply couplant B to the block surface, and
hold the transducer against the block.

When you have the transducer firmly pressed against the block, press
[ENTER] (Ready button) again to perform the calibration.

Hold the transducer steady until the Set button appears. Press [ENTER]
to store the calibration.

TransPort® PT878 User’s Manual 169



Chapter 8. Servicing the PT878

Dual-Point Calibration (cont.)

Important: Be sure to hold the transducer steady until the GE wait cursor
disappears.

10. Use the [A] key to return to the Zero tab, and then scroll to the Display
tab (page 165) to confirm the block length within £0.002. If the
measurement is not within this limit, recalibrate the transducer offsets.

Once you have completed calibration, the transducer should remain
calibrated until the meter memory is cleared or a dramatic shift in ambient
conditions occurs.

To leave the Zero window:

* Press the [d] or [P>] arrow key to move to another tab to take
readings or perform a velocity calibration.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
soundspeed value.

* Press [F3] (OK) to confirm the new value. The PT878 returns to Operate
Mode.
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8.4.5 Calculating Velocity (Pipe Material Soundspeed)

The nominal soundspeed for your pipe material will give thickness
measurements of reasonable accuracy. However, for greater accuracy,
calibrate pipe material sound velocity.

Important:  This step is necessary only if the actual pipe material
soundspeed differs from the soundspeed of the material used in
the calibration block. It is possible only if you have a sample of
pipe material with thickness known to a high level of precision.

To open the Velocity window, press the [d] or [P>] arrow key until you

reach the Velocity tab and press [ENTER]. The screen appears similar to
Figure 114 below.

Thickness Gauge Measure
Display | Graph Zero | Material

Block Length 0

Determine the Sound Speed

Calculated Current

Cancel OK

Figure 114: Soundspeed Window

1. Scroll to the Velocity tab as shown in Figure 114 above. Press [ENTER].
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8.4.5 Calculating Velocity (Pipe Material Soundspeed) (cont.)

2.

To enter the block length (here, the thickness of the sample as measured
with a caliper or calibrated sample), press the [ W] arrow key and then
press [ENTER] to open the Block Length text box. Use the numeric keys
to enter the desired block length. Press [ENTER] to confirm the entry.

Prepare the sample for calibration by applying couplant B to its surface,
and press [ENTER]. The screen now appears similar to Figure 115
below.

Hold the transducer steady against the sample, and wait for the Set
button to appear.

To calibrate the gauge, press the [ W] arrow key to move to the Set
button.

Press [ENTER] (Set button) to start the calibration sequence.

Thickness Gauge Measure
Display | Graph Zero W(Materiaﬂ

Block Length 1 Set

Press Set to Commit Value
Calculated |22129. Current |74733.

Cancel OK

Figure 115: Velocity Window - Calculated and Current Values
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8.4.5 Calculating Velocity (Pipe Material Soundspeed) (cont.)

7. The “Calculated” box shows the thickness value measured. The PT878
asks for confirmation of the calculated and current values. Press
[ENTER] to commit the calculated value, or to recalculate the value.

Note: If you commit the calculated value, the settings in the Material
window also change from the previous material to ““Other”” with the
new soundspeed.

To leave the Velocity window:

* Press the [] or [P>] arrow key to move to another tab.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
soundspeed value.

* Press [F3] (OK) to confirm the new value and return to Operate
Mode.

8.5 Programming the Thickness Gauge

While the T-Gauge Display option allows you to program the appropriate
material and soundspeed, the Thickness Gauge Setup option enables you to
view or change five parameters:

Low Signal Threshold
e Transducer Delay

e Signal Inversion

* Noise Threshold

* Detection Threshold

Note: The thickness gauge programming settings are entered at the
factory. You should not change them unless instructed by the factory.

The Programming window appears similar to Figure 116 on page 174.
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8.5 Programming the Thickness Gauge (cont.)

Thickness Gauge Setup

Programming
Low Signal Thresh 0] %
Transducer Delay 0| US
Signal Inversion (") on (@ Off
Noise Threshold 0|%
Detection Threshold 0| %
Cancel OK

Figure 116: Thickness Gauge Programming Window

1. Press the [ W] arrow key to enter the window.

2. The first prompt asks for the low signal threshold. If the signal strength
falls below this value, a “Low Signal” message appears on the screen.
To change this value:

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

3. The next value, transducer delay, represents the time the ultrasonic
signal takes to travel from the meter to the pipe material surface. To
change this value:

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.

c. Press [ENTER] to confirm your entry.
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8.5 Programming the Thickness Gauge (cont.)

4. The signal inversion prompt enables you to invert the thickness
transducer signal. Signal inversion may be necessary if your thickness
readings show unusual jitter, or for certain unusual combinations of
pipe and fluid or pipe and lining. Consult the factory before measuring
the thickness of lined pipes.

Note: When measuring the thickness of certain pipe materials, you might
need to drain the pipe before measuring the pipe wall, because
certain pipe/liquid combinations muffle the ultrasonic echo.

Signal inversion should be on, unless you have received other instructions.
To change its status, use the [] and [P>] arrow keys to move to the
appropriate radio button and press [ENTER].

5. To enter the noise threshold:
a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

6. The final value, the detection threshold, represents the percent of peak
the PT878 uses to make measurements. It will consider anything above
the entered percentage as part of the signal. To change this value:

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

You have finished entering values for the Programming window. To leave
this window:

* Press the [d] arrow key to move to the Materials tab.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
changes. The PT878 returns to Operate Mode.

* Press [F3] (OK) to confirm the new data and return to Operate Mode.

450 The PT878 returns to Operate Mode.
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8.6 Displaying Diagnostic Parameters

The Diagnostics option enables you to view current diagnostic parameters
without having to open a display window in Operate Mode. To enter the
option, scroll to the Diagnostics entry on the Service Menu and press
[ENTER]. The screen appears similar to Figure 117 below.

lagnostic Tests
Meter Ervor Ox0000 p Cown
T 430,67 430,67
F# 4373 4373
Sig Quality 5257 4952
Arnplitude 30,4 28.8
EFain -6.5 -0
Zount 919 237
Signal £5,9 55,9
Soundspeed myfs 1503, 9
Fevnolds # SO0
kR 0. 7704
Delta T .69
Y s 0,03
Zancel ]

Figure 117: Diagnostics Window

Press [F2] (Cancel) or [F3] (OK) to close the window and return to Operate
Mode.

Note: For an explanation of diagnostic parameters, refer to Chapter 9,
Diagnostics and Troubleshooting.
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8.7 Calibrating the Analog Output and Inputs

The Calibration option allows you to calibrate the analog output and inputs.
To enter the option, scroll to the Calibrate entry on the Service Menu and
press [ENTER]. The screen appears similar to Figure 118 below.

Calibrate/Test I/O
Analog Output  SAUESISHIIsI W

Setpoint
O 4mA @ 20mA

Actual 4mA Actual 20 mA
4 20
Calibrate Reset
Cancel OK

Figure 118: Outputs Window in the Calibration Option

8.7.1 Calibrating the Analog Output

The calibration procedure consists of calibrating the analog output zero
point (0 or 4 mA) and then calibrating the full scale point (20 mA). You
enter, first the setpoint, and then the actual value derived from an ammeter
or digital voltmeter. The analog outputs have a resolution of £5.0 pA. Press
the [ W] arrow key to enter the Analog Output window.
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8.7.1 Calibrating the Analog Output (cont.)

1.
2.

Connect the digital multimeter to the analog output.

The next prompt asks for the setpoint (4 or 20 mA). Use the [] and
[P ] arrow keys to move to the appropriate radio button and press
[ENTER].

The next prompt asks you to enter the actual value shown on the
multimeter or ammeter.

a. Press [ENTER] to open the text box.

b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

Repeat steps 2 and 3 for the other setpoint.

Press the [ W] arrow key to move to the Calibrate box, and then press
[ENTER] to calibrate the output.

If you are unsatisfied with the calibration, you can reset the inputs to factory
defaults. Press the [P>] arrow key to move to the Reset box, and then press
[ENTER] to undo the calibration.

You have completed calibrating the outputs. To leave the Output window,

Press the [A] key to return to the Output tab, and the [P>] arrow key to
move to the Input tab.

Press [F2] (Cancel) to return to Operate Mode without confirming the
changes.

Press [F3] (OK) to confirm the new data. The PT878 returns to Operate
Mode.
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8.7.2 Calibrating Inputs

To open the Inputs window, press the [P>] arrow key and press [ENTER].
The screen appears similar to Figure 119 below.

Note: Calibrating the analog inputs requires use of a current source.

Calibrate/Test 1/0

( Analog Output Analog Input

Input# | A
Low 4 | mA Read
High 20| mA Read
Calibrate Reset
Cancel OK

Figure 119: Inputs Window in the Calibrate Option

1. Press the [¥] arrow key to enter the window.

2. The first prompt asks you to select the input.

a. Press [ENTER] to open the drop-down list.

b. Use [¥]or [A] arrow key to scroll to the desired output (A or B).

c. Press [ENTER] to confirm your selection.

3. The next prompt asks for the value to which you want to set the low

input (0 or 4 mA).

a. Press [ENTER] to open the text box.

b. Use the numeric keys to enter the desired value.

454 C. Press [ENTER] to confirm your entry.
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8.7.2 Calibrating Inputs (cont.)

4. Press the [P>] arrow key to move to the Read box, and then press
[ENTER] to read the low input.

5.  The next prompt asks for the value to which you want to set the high
input (20 mA).

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

6. Press the [P>] arrow key to move to the Read box, and then press
[ENTER] to read the high input.

7. Press the [ ¥] key to move to the Calibrate box, and press [ENTER] to
calibrate the inputs.

8. At this point, you have two options:

a. Ifyou are unsatisfied with the calibration, you can reset the inputs to
factory defaults. Press the [P>] arrow key to move to the Reset box,
and then press [ENTER] to undo the calibration.

b. If you are satisfied with the calibration, press the [ ¥] key to return
to the Input# prompt, and repeat steps 2 through 8 for the other
input.

You have completed calibrating the inputs. To leave the Inputs window,

* Press the [A] key to return to the Inputs tab, and the [] arrow key
to move to the Outputs tab.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
changes.

* Press [F3] (OK) to confirm the new data. The PT878 returns to Operate
Mode.
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8.8 Setting up Signal Parameters

The Signal Setup option enables you to set parameters that affect the
transducer signal:

* Delta-T Offset

e Transmit Sample Size
e Zero Cutoff

* \elocity Averaging

* Errors Allowed

* Peak Detection Method
* Peak Thresholds

e Transmit Code

To enter the option, scroll to the Signal Setup entry on the Service Menu
and press [ENTER]. The screen appears similar to Figure 120 below.

Signal Para Peak Detect T Pulse/Code W

Delta-T Offset 5 ns
Transmit Sample Size e)
Zero Cutoff 0| m/s

Velocity Averaging| 10

Errors Allowed 8

Cancel OK

Figure 120: Signal Parameter Window
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8.8.1 Setting up Signal Parameters

1. Press the [ W] arrow key to enter the window.

2. The first prompt asks for the Delta-T offset. Delta-T is the difference
between the upstream and downstream transit time of the transducers.
The Delta-T offset should normally be set to zero.

Note: Consult the factory before performing this step.

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

3. The next prompt, the transmitter sample size, is the number of pulses
each transmitter (upstream and downstream) emits. It is set to 8 by
default.

Note: Consult the factory before performing this step.

a. Press [ENTER] to open the drop-down list.
b. Use the [¥] or [A] arrow keys to scroll to the desired number.
c. Press [ENTER] to confirm your selection.

4. The next prompt asks for the zero cutoff. Near “zero” flow, the PT878
may have fluctuating readings due to small offsets (caused by factors
such as thermal drift in the fluid). The zero cutoff causes velocity
measurements less than the cutoff to be reported as zero. To set the
cutoff:

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.

c. Press [ENTER] to confirm your entry.

457

182 TransPort® PT878 User’s Manual



Chapter 8. Servicing the PT878

8.8.1 Setting up Signal Parameters (cont.)

5. The next prompt asks for velocity averaging.
a. Press [ENTER] to open the drop-down list.

b. Use the [¥] or [A] arrow keys to scroll to the desired number of
velocity measurements to average together to smooth out noise in
the system.

c. Press [ENTER] to confirm your selection.

6. The final prompt, errors allowed, specifies the number of errors the
meter can record before displaying an error message.

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.
c. Press [ENTER] to confirm your entry.

You have finished entering data in the Signal Parameter window. To leave
this window,

* Press the [ W] key to return to the Signal Parameter tab, and the []
arrow key to move to the Peak Detection tab.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
changes.

* Press [F3] (OK) to confirm the new data. The PT878 returns to
Operate Mode.
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8.8.2 Setting up Peak Detection

The PT878 can use two different methods to identify the peak of the
received signal. In the “Peak” method, the peak is identified by testing a
derivative of the signal. In the “Threshold” method, the peak is identified as
the point where the signal crosses a threshold that is a percentage of the
maximum signal detected. The peak method is more reliable in identifying
the signal in dynamic conditions, while the threshold method is more
reliable in marginal signal conditions.

Note: Do not change the peak detection method or values unless
recommended by the factory.

From the Signal Parameter tab, press the [P>] arrow key to move to the Peak
Detection tab. The window appears similar to Figure 121 below.

Signal Setup
/Signal Para Pulse/Code )

Peak Detect Method
(O Peak (@Threshold

Min Threshold 25 |%
Max Threshold 75 (%
Percent Peak -40 |%

Cancel | OK

Figure 121: Peak Detection Window - Signal Setup Option
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8.8.2 Setting up Peak Detection (cont.)

1. The first prompt asks for the peak detection method. Use the [] and
[P>] arrow keys to move to the appropriate radio button and press
[ENTER].

If you have selected the peak detection method, you have completed
entering data in this window. But if you have selected the threshold method,
you must also enter the minimum and maximum threshold percentage
(available from 0 to 100) used to measure transit time.

2. To enter the minimum threshold:
a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired percentage.
c. Press [ENTER] to confirm your entry.

3. Repeat step 2 to enter the maximum threshold.
4. The final prompt asks for the percent of peak.

a. Press [ENTER] to open the text box.

b. Use the numeric keys (and the - key for negative numbers) to enter
the desired percentage.

c. Press [ENTER] to confirm your entry.

You have completed entering data for Peak Detection. To leave this

window,

» Press the [A] key to return to the Peak Detection tab, and the [ ] arrow
key to move to the Signal Parameter tab.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
changes.

e Press [F3] (OK) to confirm the new data and return to Operate Mode.
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8.8.3 Selecting the Transmit Code

The Pulse/Code tab allows users to select the transmit code used by the
PT878 to make measurements. The default option, “Auto,” directs the meter
to select the optimal code, based on the pipe size. From the Signal
Parameter tab, press the [P>] arrow key twice to move to the Pulse/Code tab,

as shown in Figure 122 below.

Signal Setup

[ Signal Para | Peak Detect [lSA@:

Transmit Code

Auto

Cancel

OK

Figure 122: Pulse/Code Window - Signal Setup Option

1. Press the [ W] arrow key to reach the Transmit Code prompt, and press

[ENTER] to open the drop-down menu.

2. Usethe [¥]or [A]arrow keys to scroll to the desired number of pulses
(1, 2, 4, 11) or to Auto for automatic code selection.

You have completed entering the Transmit Code. To leave this window,

* Press the [A] key to return to the Pulse/Code tab, and the [ d] arrow key
to move to the Signal Parameter tab.

* Press [F2] (Cancel) to return to Operate Mode without confirming the

changes.

e Press [F3] (OK) to confirm the new data and return to Operate Mode.
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8.9 Setting Error Limits

The Error Limits option enables you to set limits for an incoming signal.
When the signal falls outside the programmed limits, an error indication
appears. To enter this option, scroll to the Error Limits entry on the Service
Menu and press [ENTER]. The screen appears similar to Figure 123 below.

Signal Error Limits

Min Max
Signal 40 85
Velocity -12 12| m/s
Amplitude 10 34

Sound Speed () 20 | %

Acceleration 15| m/s

Cancel OK

Figure 123: Signal Error Limits Option

1. The first prompt asks for the minimum and maximum limits for the
transducer signal received by the PT878. The default values are 40 for
minimum and 85 for maximum. The E1: LOW SIGNAL error message
appears if the signal strength falls below the limit programmed here.

To enter the minimum signal

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired value.

c. Press [ENTER] to confirm your entry.
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8.9 Setting Error Limits (cont.)

2.

d. Press the [P>] arrow key to move to the maximum signal box, and
repeat steps a, b and c.

e. Press the [d] arrow key to return to the minimum signal box, and
the [ W] key to move to the next limit.

The next prompt calls for the low and high velocity limits. The E3:
VELOCITY RANGE error message appears if the velocity falls outside
these limits. Repeat Step 1 on page 187 to enter the desired limits.

The third prompt calls for the low and high limits for the amplitude
discriminator. The discriminator measures the size of the transducer
signal sent from the PT878. If the signal falls outside these limits, the
E5: AMPLITUDE ERROR message appears. Repeat Step 1 on

page 187 to enter the desired limits.

The fourth prompt asks for the acceptable limits for the soundspeed,
based on conditions in your particular system. The E2: SOUNDSPEED
ERROR message appears if the fluid soundspeed exceeds that entered
in the Pipe option of the Program menu by more than this percentage.
The default value is 20% of the nominal soundspeed.

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired percentage.
c. Press [ENTER] to confirm your entry.

The final prompt asks for the acceleration limit for detecting cycle
skipping. The E6: ACCELERATION ERROR message appears if the
velocity changes by more than this limit from one reading to the next.

a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired speed.

c. Press [ENTER] to confirm your entry.
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8.9 Setting Error Limits (cont.)

Note: In the velocity and acceleration boxes, if the PT878 currently
displays metric measurements, the F1 softkey displays the word
“English.” If it displays English measurements, the F1 softkey
displays “Metric.” Press [F1] to display the measurement in the
alternate format.

You have completed entering signal error limits.

* Press [F2] (Cancel) to return to Operate Mode without confirming the
error limits, or

e Press [F3] (OK) to confirm the new limits and return to Operate Mode.
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8.10 The Test Option

Within the Service Menu, the Test option includes seven tests to ensure that
the PT878 is performing properly: Test Screen, Test Keys, Watchdog Test,
Impulse Response, Wave Snapshot, Simulate and Battery Test.To enter this
option, scroll to the Test entry on the Service Menu and press [ENTER]. The
screen appears similar to Figure 124 below.

Site  Program Meter Logging

Velocity, ft/s Reports

Calibrate
Diagnostics
gm Signal Setup
| Error Limits

0.00

Test Screen

Test Keys
Watchdog Test
0.10 Impulse Response
| Wave Snapshot
Simulate

EO: No Errors Battery Test

Delta-T, ns

Figure 124: Test Option in the Service Menu

Scroll to the desired entry in the option menu and press [ENTER].

465
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8.10.1 Testing the Screen

To test the proper functioning of the PT878 screen, scroll to the Test Screen
option in the Test Menu and press [ENTER]. The screen then shows the
message, “Press Any Key To Continue.” Once you press a key, a screen
with a checkerboard pattern appears, as shown in Figure 125 below.

Press Any ey To Continue

Figure 125: Functioning Test Screen

Pressing a key two more times should result in two more checkerboard
patterns, followed by a series of dark and light screens. Pressing the key
through this sequence should return the PT878 to Operate Mode. If the test
does not proceed according to this sequence, please consult the factory.

466
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8.10.2 Testing the Keys

The Test Keys option checks the functioning of the various keys on the
keypad. To start the test, scroll to the Test Keys option on the Test Menu and
press [ENTER]. The screen appears similar to Figure 126 below. Press any
key on the keypad, and a window representing that key should darken.

Figure 126: Test Keys Window

Pressing the [F3] key returns the meter to the Operate Mode. If any key does
not appear on the screen, contact the factory.

Note: The power key does not appear.

467
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8.10.3 Testing the Watchdog Timer Circuit

The PT878 includes a watchdog timer circuit. If a software error causes the
meter to stop responding, this circuit automatically resets the meter. A
properly functioning PT878 restarts if you run the Watchdog Test.

To start the Watchdog Test, scroll to the Watchdog Test option in the Test
Menu and press [ENTER]. The screen appears similar to Figure 127 below.

Site  Program Meter Logging

Watchdog Test
** WARNING **

This test should automatically

restart your meter!
I Press ‘Yes’ to start the test. k
| ]

Press ‘No’ to cancel the test.

| No | Yes

Figure 127: Watchdog Test Screen

Press [F2] (No) to cancel the test and return to the Menu screen, or press [F3]
('Yes) to start the test. The PT878 should go blank for a few seconds, and
then restart. If it does not follow this sequence, consult the factory.
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8.10.4 Setting Impulse Response

The Impulse Response option enables you to force the meter to transmit in
one direction only, without changing the AGC setting. You can then
diagnose problems with transducer, pipe, or fluid configurations. To enter
the option, scroll down to the Impulse Response entry in the Service Menu
and press [ENTER]. The screen appears similar to Figure 128 below.

Impulse Response

Direction | Upstream
Percent Gain 20 | %
Stopped.
Transmit Stop Exit

Figure 128: Impulse Response Option

1. The first prompt asks in which direction you wish the meter to transmit,
upstream or downstream.

a. Press [ENTER] to open the drop-down list.

b. Use the [¥] or [A] arrow keys to scroll to the desired number.

c. Press [ENTER] to confirm your selection.

469
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8.10.4 Setting Impulse Response (cont.)

2. The second prompt asks for the percent of gain.
a. Press [ENTER] to open the text box.
b. Use the numeric keys to enter the desired percentage.
c. Press [ENTER] to confirm your entry.

You have completed entering data for the Impulse Response option.

e Press [F1] to start transmitting in the chosen direction.
* Press [F2] to stop transmitting.

e Press [F3] to leave the option and return to Operate Mode.

8.10.5 Taking Wave Samples for Diagnosis

The Wave Snapshot option allows you to capture receive signals to a file
that you can send to a PC for diagnostic purposes. To use this option, scroll
down to the Wave Snapshot entry in the Service Menu and press [ENTER].
The PT878 then captures three pairs of upstream and downstream raw
signals to a file named WaveO1.met. (If you repeat the captures, the
successive files will be named Wave02.met, Wave03.met, etc.) You can
then transfer the files over the IR port to a PC for analysis by a service
engineer.

Note: Refer to page 104 for information on transferring a file to a PC.
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8.10.6 Transferring a Wave Snapshot

The Wave Snapshot function creates data files in the PT878 that correspond
to raw and correlated data. This data is useful to review meter performance
in certain applications. Wavesnapshot is generated at the PT878 Ul by
pressing the Service\Test\Wavesnapshot option. The file name is typically
WAVEXxx.met, where xx is a sequential number.

To transfer a Wave Snapshot file from the PT878 to a PC using
HyperTerminal, complete the following steps:

1. Connect the PT878 to the PC.

2. Start HyperTerminal and set up the communication link to match the
Com port and RS232 settings of the PT878 (see Figure 129 on the next

page).
3. From the PT878 select the Site\Drive Manager option and then select
the WAVExx.met file you want to send to the PC.

4. To send the Wave Snapshot file, from HyperTerminal proceed as
follows:

a. Select the Transfer\Receive File option.

b. Select the location of the file and select the XModem receiving
protocol.

c. Click Receive and enter the desired filename, using the .met
extension.

5. From the PT878 Site Manager select the File\Transfer option. This will
allow the PT878 to send the file to the PC using the secure XModem
protocol. File transfer is complete when the XModem Receive dialog
box closes.

Note: The file is transferred in GE Panametrics format and it must be
opened using the DOS ConvertWave.exe program provided by GE.

471
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8.10.6 Transferring a Wave Snapshot (cont.)

COMZ Properties B
Post Sattings
EBits per second: | 38400 -
Data bis: |8 -
Party: | None |
Stop bt 1 -
Bew control: | None -
Restone Defauls
T T

Figure 129: COM Properties
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8.10.7 Testing the Battery

The Battery Test option provides additional battery information for service
troubleshooting. To enter the option, scroll down to the Battery Test entry in
the Service Menu and press [ENTER]. The screen appears similar to

Figure 130 below.

Service Battery Form

ﬁ Status: Fast Charge

Run Time 250 Minutes

Batt Voltage 5.78 Volts

Fast Charge 3 Min

Backup Battery: OK Batt temp 27.7 °C

SEURNULCIN 1. 8Ahr NiCd (200-058)

Condition Battery
Cancel OK

Figure 130: Battery Test Option

The screen displays current status (Fast Charge, On Charge, Discharging, or
On Battery), the time remaining for the PT878 to run on the battery, the time
for the Fast Charge, and the current condition of the backup battery.

1. If you wish to open the Part Number window, press [ENTER]. You can
choose from a 1.8 Ahr NiCd battery (part number 200-058) or a 3.0 Ahr
NiMH battery (part number 200-081). Scroll to the battery type you
have installed and press [ENTER].

2. To condition the batteries, press the [ENTER] key. The “Condition
Battery” window should now read “Stop.” The status line should
change to “Discharging.” (Updating the status could take up to 30 sec.)

3. To stop the discharge cycle, press the [ENTER] key and the “Condition
Battery” window reappears. The status now changes to “On Charger.”

4. Press [F3] (OK) to return to Operate Mode. 1
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8.11 Resetting to Factory Default Parameters

For various reasons, you might wish to return the PT878 to its original
settings. The Factory Defaults option enables you to return the meter to its
preprogrammed default settings. To enter the option, scroll down to the
Factory Defaults entry in the Service Menu and press [ENTER]. The screen
will appear similar to Figure 131 below.

Note: All sites and logs will be lost if you use the Factory Defaults option.
Be sure to transfer all sites and logs before resetting!

Factory Defaults

*** WARNING ***
You will LOSE all changes by
pressing OK.

Choose CANCEL to exit or OK to
proceed.

Cancel OK
Figure 131: Factory Defaults Option

1. To restore Factory Default settings:

* Press [F2] (Cancel) to return to Operate Mode without changing the
current settings.

* Press [F3] (OK) to confirm that you wish to restore the factory default
settings.

2. The program asks for confirmation: “Are you SURE?” Repeat the
procedure shown in Step 1 above.

The PT878 replaces the default site file and the global meter settings with
the factory default settings, and returns to Operate Mode.
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8.12 Updating PT878 Firmware

The PT878 firmware update process uses a terminal emulation program. To
update the PT878 firmware using its USB interface, complete the following
steps:

1. Connect the PT878 to the PC (page 9).

2. Start HyperTerminal and set up the communication link to match the
Com port and RS232 settings of the PT878 (see Figure 132 below).

COM3 froperties I_:Ei

Bestone Ceeflouks

oK Cancel Sy

Figure 132: COM Properties

3. Power up the PT878 and press “0”. Then, press Yes to “reload Flash”.

4. In HyperTerminal, select the Transfer\Send File option and select the
XModem protocol. Browse for the firmware file and select Send (see
Figure 133 below).

5. After the firmware upload is complete, the PT878 will automatically
reboot and perform a CRC check.

Xmadem file cand for ptaTE

Sendng.  C\Users\ 208038226\ Desldop ot 878 cod

............... B0SK of 1539K

Elapsed L FRemaning: 00:08:36 Threugheut: 1841 cpa

Cancal gpabpa

Figure 133: PT878 XModem File Send 475
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Chapter 9. Diagnostics and Troubleshooting

The TransPort is a reliable instrument that is easy to maintain. It will
provide accurate flow measurement readings as long as it is operated as
described in this manual. If problems do arise with the electronics,
transducers or the flowcell, the TransPort displays an error message
specifying the possible problem. The TransPort also has a set of diagnostic
parameters to help you find and remedy the problem.

In general, troubleshooting may be necessary if the TransPort displays an
error message, the flow readings are erratic, or you have other reasons to
doubt the accuracy of readings (for example, readings do not agree with
other flow measuring devices connected to the same process).

This section describes error messages, diagnostic parameters, and shows
you how to isolate problems to one of the following areas:

e Electronics, including programmed values
e Flowecell, which includes the pipe and fluid

e Transducers and cables.

476
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9.1 Error Code Messages

Error Code messages appear on the screen while you are displaying
measurements. When logs appear in graph form, errors are indicated by a
vertical gray bar at the point of error. When they appear in a spreadsheet
format, errors are indicated by their number, in place of the measurement.
The Error Code messages are only general descriptions of the possible
problems. Use Table 7 below to isolate and remedy the problem. If you are
unable to remedy the problem, contact the factory.

Note: We suggest that, in order to isolate the indicated problem more
easily, you obtain a test flowcell. Contact the factory for details.

Table 7: Error Messages

ultrasonic signal
strength.

Error Problem Possible Cause Action
EQ | Noerror. Displays briefly after dis- | None required.
play of another error Measurement is valid.
message
E1 |Low Signal-Poor |Broken cable. Check transducer cable. See

Flowcell problem.
Transducer problem.
Electronic failure.

Flowcell Problems on page 206
and Transducer Problems on
page 208. Check programming
and transducer spacing.
Contact the factory if problem
persists.

E2

Soundspeed Error
(Soundspeed is
programmed using
the Program Menu
Pipe option, as
described in
Chapter 5))

Poor flow conditions.
Incorrect programming.
Bad transducer spacing.
Measurement is very
different from the
programmed
soundspeed.

Check soundspeed against
nominal soundspeed.

See Flowcell Problems on
page 206 and Transducer
Problems on page 208.
Check programming and
transducer spacing.

477

202

TransPort® PT878 User’s Manual



Chapter 9. Diagnostics and Troubleshooting

Table 7: Error Messages (cont.)

Error

Problem

Possible Cause

Action

E3

Velocity Range -
Velocity exceeds
programmed limits
(Velocity limit is pro-
grammed using the
Service Menu Error
Limits option as
described in Chap-
ter 8.

Programming error, poor
flow conditions, or bad
transducer spacing.

Make sure flow rate is within
+12m/s (x40 ft/s). Check
programming and transducer
spacing. If programmed value
is outside of limit, change the
limits as described in Chapter 8
on page 187. See Flowcell Prob-
lems on page 206 and Trans-
ducer Problems on page 208.

bubbles present in fluid.
A lot of second phase
present

E4 | Signal Quality If too high - electronic | Check for source of electrical
failure. interference. Check electronics
If too low - flowcell, with a test flowcell. If unit still
electrical problem. fails to operate, contact the
factory
ES | Amplitude Error Excessive particles or See Flowcell Problems on

page 206.

E6

Cycle skip,
Acceleration

Poor flow conditions or
bad transducer spacing.

Check transducer spacing as
programmed and as set on
pipe. See Flowcell Problems on
page 206 and Transducer
Problems on page 208.

E7

Analog Out Error

Under current output.

Check that output load is within
specification <550 ohm.

E8

Temperature Input
Supply

Supply temperature
input out of range.

Check cable and transmitter.

E9

Temperature Input
Return

Return temperature
input out of range.

Check cable and transmitter.
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9.2 Displaying Diagnostic Parameters

As part of its measurement menu, the PT878 offers a list of diagnostic
parameters to aid in troubleshooting in the event of flowcell, transducer, or
electrical problems. You can select any diagnostic parameter for display as a
measurement as discussed in Chapter 5, Displaying and Configuring Data,
on page 95. Table 8 below shows all the available diagnostic parameters

and ranges.
Table 8: Diagnostic Parameters
Diagnostic
Parameter Displays Good Bad
DT Displays Delta T, or the difference between N/A Continuous
the upstream and downstream transit large fluctu-
times. ations of 1
ms or more.
Amplitude | Displays the value for the amplitude dis- 20-28 <20 or >28
Up criminator of the upstream transducer.
Amplitude | Displays the value for the amplitude dis- 20-28 <200r>28
Down criminator of the downstream transducer. | fluctuations | fluctuations
T Up Displays the upstream transit time of the N/A N/A
ultrasonic signal in micro seconds.
T Down Displays the downstream transit time of N/A N/A
the ultrasonic signal in micro seconds.
Gain/Up | Displays upstream gain in dB. N/A N/A
Gain/Dn | Displays downstream gain in dB. N/A N/A
Soundspeed | Displays the measured soundspeed of the | Check the soundspeed of
(m/s or f/s) | fluid. fluid in Soundspeeds and
Pipe Size Data.
P#up Displays signal peaks for the upstream 100-900 <100, >900
transducer.
P#dn Displays signal peaks for the downstream 100-900 <100, >900
transducer.
Reynolds # | Displays the Reynolds Number. N/A N/A
K(RE) Displays the K Factor, based on the N/A N/A
Reynolds Number.
Raw Up | Displays raw upstream signal. N/A N/A
Raw Down | Displays raw downstream signal. N/A N/A 479
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Table 8: Diagnostic Parameters (cont.)

Diagnostic
Parameter Displays Good Bad
Xmit Corr | Displays raw upstream signal correlated N/A N/A
Up with transmit signal.
Xmit Corr | Displays raw downstream signal correlated N/A N/A
Dn with transmit signal.
Cross Corr | Displays transmit upstream signal corre- N/A N/A
lated with transmit downstream signal.
SSup Displays the signal strength for the 50-80 <50
upstream transducer.
SSdo Displays the signal strength for the 50-80 <50
downstream transducer.
PEAK% Displays the Percent of Peak. Set to -40 by N/A N/A
default. To change see page 185.
Qup Displays the signal quality for the upstream +300 or between
transducer. higher +100
Qdown Displays the signal quality for the down- +300 or between
stream transducer. higher +100

NFup Displays the normalization factor for the 085- 1.0 <0.85
upstream transducer.

NFdn Displays the normalization factor for the 0.85-1.0 <0.85
downstream transducer.

TEMPs Displays the temperature for the supply N/A N/A
input (energy measurement).

TEMPr Displays the temperature for the return N/A N/A
input (energy measurement).

Ts-Tr Displays the difference between the tem- N/A N/A

perature for supply input and the tempera-
ture for return input (energy measurement).

DENSs Displays the density for the supply input. N/A N/A
(Energy measurement.)

DENSr Displays the density for the return input. N/A N/A
(Energy measurement.)

DELTh Displays the delta enthalpy, or difference N/A N/A

between the supply and return enthalpy
(enthalpy is a measure of energy contained
in the fluid.) (Energy measurement.)

86

TransPort® PT878 User’s Manual 205



Chapter 9. Diagnostics and Troubleshooting

9.3 Flowcell Problems

Flowcell problems fall into two categories: fluid problems and pipe
problems. Read the following sections carefully to determine if such
problems exist.

9.3.1 Fluid Problems

Most fluid-related problems can be solved by proper design of the
flowmeter installation and the proper choice of transducer frequency.
Contact the factory if you cannot solve a fluid-related problem.

Certain fluid properties may prevent proper flow measurement. Some fluid
properties that cause problems are listed below.

1. THE FLUID MUST BE HOMOGENOUS, SINGLE PHASE,
RELATIVELY CLEAN, and FLOWING STEADILY. Solid particles
and gas bubbles absorb and disperse ultrasound. Although, in some
cases, solids and gases have little effect on the operation of the
TransPort, excessive amounts will prevent ultrasound transmission
through the fluid and interfere with proper flow measurement.
Temperature gradients may also cause a problem.

2. THE FLUID MUST NOT CAVITATE NEAR THE FLOWCELL.
Fluids with a high vapor pressure may cavitate near or in the flowcell.
This causes problems resulting from gas bubbles in the fluid. Cavitation
can usually be controlled through proper installation design.

3. THE FLUID MUST NOT ATTENUATE ULTRASOUND
EXCESSIVELY. Some fluids, particularly those that are very viscous,
absorb ultrasound energy. In these cases an “E1” will display on the
screen to indicate that the ultrasonic signal is not of sufficient strength
for reliable measurements.

4. THE FLUID SOUNDSPEED MUST NOT VARY EXCESSIVELY.
The TransPort will tolerate relatively wide, but slow, changes in fluid
soundspeed due to changes in fluid composition and temperature.
However, if you are measuring a fluid that is considerably different
from the fluid programmed into the TransPort, you may have to adjust
the meter for the new fluid. Refer to Chapter 3, Programming Site Data,
on page 37. 481
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9.3.2 Pipe Problems

Improper pipe conditions and/or flowcell installation can cause problems
with fluid flow measurement. Check the items below if you suspect this
class of problem. Contact the factory for unsolved pipe-related problems.

1. THE INSIDE OF THE PIPE OR FLOWCELL MUST BE
RELATIVELY CLEAN. Excessive build up of scale, rust, or debris will
interfere with flow measurement. Generally, a thin coating or a solid
well-adhered buildup on the pipe wall will not cause problems. Loose
scale and thick coatings (such as tar or oil) will interfere with
ultrasound transmission and may result in incorrect or unreliable
measurements.

2. THE FLOWCELL ORIENTATION MUST NOT ALLOW
SEDIMENT OR GAS ENTRAPMENT AT THE TRANSDUCER
LOCATIONS. Sediment or gas trapped in the transducer ports for
wetted transducers, or at the transducer locations for clamp-on
transducers, will interfere with flow measurement. Realignment of the
flowcell or transducers often cures these problems. In some cases
different transducers may be used that protrude into the flow stream.

3. THE PIPE OR FLOWCELL DIMENSIONS MUST BE ACCURATE.
The accuracy of your flow measurements will be no better than the
accuracy of your programmed pipe or flowcell dimensions. If GE did
not supply your flow cell, the dimensions you program must be
consistent with the required flow accuracy. Check your pipe for wall
thickness, diameter, dents, eccentricity, weld deformity, and
straightness.

4. THE PIPE SURFACES SHOULD BE SMOOTH (FOR CLAMP-ON).
When using clamp-on transducers, both the inside and the outside of the
pipe at the transducer locations must be smooth. If the pipe is extremely
rough, the ultrasonic signal will be scattered by the rough surface, and
will not be received by the flowmeter, preventing flow measurement.

5. THE PIPE MUST ALLOW ULTRASOUND TO PASS THROUGH
(FOR CLAMP-ON). Some pipe materials or linings such as Fiberglass
(or generic fiber reinforced pipe), Teflon, and polyethylene, absorb
ultrasound and may cause problems in clamp-on applications. Pipes
with extremely thick walls or high OD to ID ratios may also present
482 difficulties.
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9.4 Transducer Problems

Ultrasonic transducers are rugged. However, they are subject to physical
damage due to mishandling and chemical attack. Clamp-on transducers are
also subject to installation variables such as physical misalignment and
faulty coupling to the pipe on which they are mounted.

Because transducer problems are largely dependent on the type of
transducer used, wetted or clamp-on, the following list of potential
problems is grouped according to transducer type. Contact the factory if you
cannot solve a transducer-related problem.

9.4.1 Wetted Transducer Problems
1. LEAKS

Leaks may occur around the transducer and in the fittings of the flow cell.
Repair as you would any other leak. Check the transducer and cables for
damage if the leaking fluid is corrosive.

2. CORROSION DAMAGE

Wetted transducers may be damaged by corrosive fluids if the transducer
material does not match the application. Most often, corrosion damage
occurs at the electrical connector. To check for damage, remove the
transducer from the flow cell. If the wetted end of the transducer is rough
and pitted, the transducer may have to be replaced. GE can supply suitable
transducer materials for most fluids. Contact the factory for information on
special transducers.

3. INTERNAL DAMAGE

An ultrasonic transducer consists of a ceramic “crystal” bonded to the
transducer case. The bond between the crystal and the case may be damaged
by extreme mechanical shock and by temperature extremes. The crystal
itself can also be damaged by the same conditions. The internal wiring can
be corroded or shorted if contaminants enter the transducer housing.

483
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9.4.1 Wetted Transducer Problems (cont.)

4. PHYSICAL DAMAGE

Transducers may be physically damaged by dropping them onto a hard
surface or striking them against another object. Usually the connector on the
transducer is the part that is damaged, as it is the most fragile. Minor
damage may be repaired by carefully bending the connector back into
shape. If the connector cannot be repaired, replace the transducers. Note
that transducers must be replaced in pairs. Before replacement, make sure
that the transducer number in the programmed parameters is the one
engraved on the new transducers (see Chapter 3, Programming Site Data).

9.4.2 Clamp-on Transducer Problems

1. POOR COUPLING TO PIPE

Clamp-on transducers must be in intimate contact with the pipe. The pipe
wall must be smooth and generally free of paint. The couplant material must
fill voids between the transducer and the pipe, and must be firmly coupled
or bonded to both the pipe and the transducer. The pipe and transducer must
be clean and dry for permanent couplant, such as grease or epoxy, to adhere
properly. Enough pressure must be applied to the transducer by its clamp to
hold it firmly against the pipe.

2. MISALIGNMENT

The transducer transmits relatively narrow beams of ultrasound, and
therefore transducer alignment is critical to assure that the beam can travel
from one transducer to the other without undue attenuation. Be sure to
exactly follow the instructions that came with your transducers and
clamping fixtures. Also, be sure that the transducer spacing agrees with the
calculated spacing (S).

3. INTERNAL DAMAGE

Ultrasonic transducers consist of a ceramic “crystal” bonded to the
transducer case. The bond between the crystal and the case may be damaged
by extreme shock and by temperature extremes. The crystal itself can also
be damaged by the same conditions. The internal wiring can be corroded or
shiorted if contaminants enter the transducer housing.
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9.4.2 Clamp-on Transducer Problems (cont.)

4. PHYSICAL DAMAGE

Transducers may be physically damaged by being dropped onto a hard
surface or being struck against another object. Usually the transducer
connector is the part that is damaged, as it is the most fragile. Minor damage
may be repaired by carefully bending the connector back into shape. If the
connector cannot be repaired, replace the transducers. Note that transducers
must be replaced in pairs, and that after replacement the flowmeter
parameters should be checked (see Chapter 3, Programming Site Data).

5. CYCLE SKIP CONDITION

A cycle skip is usually caused by a distorted or altered signal due to poor
couplant, bad wall, or unusual fluid disturbances. To resolve a cycle skip,
recouple both transducers with proper couplant. Try standard CPL-1
couplant that is good to 212°F (100°C) or CPL-2 for up to 500°F (260°C).
In addition, make sure the pipe wall is free of paint and rust.

Contact the factory if you cannot solve a transducer-related problem.

9.4.3 Relocating Transducers

If the coupling or pipe wall are not the problem, try relocating the
transducers using the following method. However, before beginning, make
sure the transducers are not located on or near pipe welds or seams:

Move one transducer about 1/2 inch (12.7 mm) closer to the other
transducer. If this resolves the problem, you must modify the “S” dimension
programmed into the PT878 by using the following steps:

1. Press [MENU].

2. Scroll to the Program menu and press [ENTER].

3. Scroll to the Path option and press [ENTER].Then scroll down to the
Spacing box and press [ENTER].

4. Use the numeric keys to enter the transducer spacing. Subtract 0.5 in.
(12.7 mm) from the original “S” and enter the new “S” dimension.

5. Press [F3] (OK).

If this method does not resolve the problem, contact the factory. 485
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Chapter 10.Specifications

This section contains specifications for the following:

e Overall

* Electrical

e Transducer

e Fluid Types

* Pipe Size and Materials

e Available Options

10.1 Overall
10.1.1 Hardware Configuration

Channel Options: Single channel
Mode Options: Transit-time

10.1.2 Size/Weight

Size without boot; 238 x 138 x 38 mm
(9.4 x 5.5 x 1.5 inches)

Weight with boot: 1.36 kg (3 Ib)

10.1.3 Enclosure

Submersible, IP67

10.1.4 Flow Accuracy (Velocity, % of reading):

Clamp-on Transducers: Pipe Diameter > 150 mm (6 in.)
+1% to 2% of reading typical

Pipe Diameter < 150 mm (6 in.)
+2 to 5% of reading typical

486
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Note: Accuracy depends on pipe size and whether measurement is
one-path or two-path. Accuracy to £0.5% of reading may be
achievable with process calibration.

Range: —-12.2 to 12.2 m/s (—40 to 40 ft/s)
Rangeability: 400:1
Repeatability:  +0.1% to 0.3% of reading

Note: Specifications assume a fully developed flow profile (typically 10
diameters upstream and 5 diameters downstream of straight pipe
run) and flow velocity greater than 1 ft/s (0.3 m/s).

Energy AccuracyThe accuracy of the energy measurement is a

(% of reading): combination of the accuracy of the flow and
temperature measurement. Accuracy of 1% is
typical for calibrated systems.

Low Voltage  This unit complies with European Standard

Directive EN61010-1 Installation Category I,

Compliance:  Pollution Degree 2.

EMC This unit complies with EN61326:1998

Directive CL.A Annex C. For continuous unmonitored

Compliance  operation, follow provisions of the 89/336/EMC
Compliance.

10.2 Electrical

Internal Batteries

Type: Rechargeable batteries. (Optional NiCad 6g
nonrechargeable alkaline available.)

Battery Life:  9-11 hours of continuous operation is typical

Battery Charger:
Input: 100-250 VAC, 50/60 Hz, 0.38 A

Memory: 1 MB datalog/site battery-backed RAM

1 MB program FLASH memory 487
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Environmental

Operating
Temperature:  —20 to 55°C (-4 to 131° F)

Storage
Temperature: —40to 70°C (—40 to 158° F)

Note: To ensure maximum battery life storage, do not exceed 35 °C (95° F)
for long periods.

Operating Modes

Flow Measurement: Transit-Time™ mode with clamp-on or wetted

transducers

Energy: To calculate energy flow rate, use the external
loop-powered RTD transmitter (Part # 2CHRT)

Input/Output
Keypad: 25-key rubberized tactile membrane keypad
Display: 240 x 200 pixel LCD graphic display

with EL backlight
Communications: USB port
Analog Output: One 4-20 mA or 0-20 mA current output

Digital Output: One user-selectable pulse (solid-state, 5-V max.) or
frequency (5-V square wave, 100 to 10,000 Hz)

Analog Input: Two 4-20 mA analog inputs with switchable 16 V
supply for loop-powered temperature transmitters

Acoustic: One pair of LEMO® coaxial transducer connectors

Cable and length:Cable length 8 m (25 ft) standard. Up to 305 m

- (1000 ft) optional with extension cables.
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10.3 Operational Specifications

Site Parameter Menu-driven operator interface using a keypad and

Programming:

Data Logging:

“soft” function keys.
On-line help functions including pipe tables.
Storage for saving parameters for up to 64 sites.

Memory capacity to log over 100,000 flow data
points.

Keypad programmable for log units, update times
and start and stop times.

Display Functions:Graphic displays shows flow in numeric or

Totalizers:

graphical format. Also displays logged data.
Supports multiple languages: English, French,
German, Japanese, Spanish, (Castilian and South
American), Italian, Portuguese, Dutch, Russian and
Swedish.

Pulse or frequency totalizer output.

489
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10.4 Transducer

10.4.1 Clamp-On Ultrasonic Flow Transducers

Temperature Range:
Standard: —40° to 150°C (—40° to 300°F)

Optional (overall):-190° to 300°C (—310° to 572°F)

Housing:

Standard: None

Optional: List models or consult factory:
Mounting: SS Chain or strap, welded or magnetic

clamping fixtures

10.4.2 Temperature Transducers

Types: Loop-powered 3-wire platinum RTDs;clamp-on
and wetted (thermowell) types are available.

Accuracy: 0.15°C wetted RTDs (matched pairs)
Range: —20 to 260°C (-4 to 500°F)

10.5 Pipe Size and Material
10.5.1 Clamp-On Transducers:

Materials: All metals, most plastics; consult GE Sensing for
concrete, composite materials and highly corroded
or lined pipes

Pipe Sizes: 12.7 mm to 7.6 m outside (OD)
(0.5to0 300 in.)

Pipe Wall Thickness: Upto 75 mm (3in.)
490
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10.6 Available Options

Thickness Measuring Mode

Standard GE Measurement & Control
Transducer: dual element transducer

Pipe
Thickness Range: 1.3to 76.2 mm (0.05to 3.0 in.)

Pipe Materials: Most standard metal and plastic pipe materials
Accuracy: +1% typical or £0.05 mm (£0.002 in.)
Display Resolution: 0.01 mm (0.001 in.)

Thermal Continuous operation to 37°C (100°F)
Exposure: Intermittent operation to 260° C (500° F)
for 10 seconds followed by air cooling for 2 minutes.

Energy Equipment

Dual RTD transmitter; two 4 to 20-mA transmitters with input for 3-wire
RTD (100 Q Pt) and terminals for 4 to 20-mA output; and 6-ft. cable

PC Option

USB Port enables connection to desktop or laptop PCs

PC Interface Software

PanaView™ [nstrument Interface Software

491
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Appendix A.Menu Maps

Menu

Site Program Meter Logging Service

Figure 137: Main Menu

* Site Menu - Figure 138 on page 221.
* Program Menu -

* Pipe Option - Figure 139 on page 222

e Transducer Option - Figure 143 on page 227

* Lining Option - Figure 144 on page 228

 Fluid Option - Figure 145 on page 229

e Path Option - Figure 146 on page 230

* Energy Option - Figure 147 on page 231

e Analog Input Option - Figure 148 on page 232

e Analog Output Option - Figure 149 on page 233

* Digital Output Option - Figure 150 on page 234

e User Functions Option - Figure 151 on page 235

e Correction Factors Option - Figure 152 on page 236
e Meter Menu -

* Meter Menu - Figure 140 on page 223

e Communications Option - Figure 153 on page 237.
* Logging Menu - Figure 141 on page 224.
292 Service Menu - Figure 142 on page 225
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[no content intended for this page - proceed to next page]
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Menu

[==]

———{ Manager | | Sa‘ve\ [t View | [2 Views| | 3 Views | [ Views| Fkeys
\

| | FFF
Clear| Clear||Clear
File

E

Menu ltem

Transfer

[ T ] | [ ]
‘ New ‘ ‘O en‘ ‘SaveH Save ‘Refresh ‘ ‘RenameHDeIete‘ sort
& Name | File \
Name |File ‘Name [Transfer][ Refresh | [ Delete | | Name || Date |
LT L]
File |
Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.
Figure 138: Site Menu
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Program

‘TransducerH Pipe‘ ‘Lining ‘ ‘ FIuid‘ ‘ Path ‘ ‘ Energy‘ Analog Analog
Input Output

Material

Digital
Output

User
Functions

Correction

Factors

‘Steel‘ ‘AIuminumHBrassH CopperH Glass‘ ‘Gold ‘ ‘Inconel‘ Iron ‘MoneIH Nickel HPIastic‘ ‘Titanium‘ ‘TungstenHZinc ‘ ‘Other‘

(For iron, steel,
PVC, CPVC)

ANSI?
[
Yes

Schedule

5

Nominal
(1/2 to 48)

Measure Wall with T Gauge
(See Figure 143.)

oD
OD X PI

Wall, mm

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Sound
Speed
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Figure 139: Program Menu with Pipe Option
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Note: Press [F2] (Cancel) to cancel
the entries and return to Menu.

W Press [F3] (OK) to confirm the entries
and return to Menu.

‘ Battery‘ ‘Date/Time‘ ‘ Locale

Condition Date
Time

Backlight
Off

EL] See Figure 153 Table
Time Separator [4] [;@
ID
Decimal # Data Points
Max Points
Date Format Edit Tables
[YYYY/MM] [ MM/DD | [DD/MM

Time Format

‘Comrast‘ ‘Backlight‘ [Language Totals ‘UserTabIes‘ ‘Snapshot‘

Figure 140: Meter Menu
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Menu

Note: Press [F2] (Cancel) to cancel :
the entries and return to Menu. Logging

Press [F3] (OK) to confirm the entries
Log Manager New Log
Name

and return to Menu.

~ |Format
‘ DétailsHGraphHSpreadsheet‘ Type
[ I

[Start] Pause][ End][ Pause All [ Start All [ End All] | View All

Start
Name ‘ ‘ ‘ ‘ End

Interval
‘ ‘ ‘ ‘ Measurement
| New HCIone Log ‘ |Rename] ‘DeleteHDeIete AII‘ Transfer
N 1 I I Name
ame ‘ Name
Format

Type

Start
End

Interval
Measurement

Figure 141: Logging Menu
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Note: Press [F2] (Cancel) to cancel entries and return to Menu.
Service Press [F3] (OK) to confirm entries and return to Menu.
e 52327 5 ] ot | Nk
-Gauge| | I-Gauge| | Diagnostics | | Calibrate i imi Factol
Reports ‘ Gioauge| | Lo 9 = Signal Setup Error Limits|=— | Test | | Farion:
| Min Signal
] I - I Max Signal
oot Tt Signal Parameter| | Peak Detection | [ Pulse/Code| Min Velocity -
. Delta-T Offset Method Max Velocity Update
Set Point || o\ Transmit Peak || Threshold Min
Actual High Sample Size Min Amplitude
‘ E] Max Max
= % Peak Amplitude
Zero Cutoff Transmit Sound Speed
Velocity Averaging - Acceleration
(s
Programming
Low Signal Threshold Errors Allowed
Transducer Delay
Signal Inversion
[ \ \
- Test Watchdog || Impulse Wave Simulate | |Battel
Noise ThreShOId Screen Timer 9 HRegponse Snapshot ‘ mate Test v ‘
Detection Threshold
————=| Direction
| | weam ][ Dovrsiean
‘ Display ‘ ‘ Graph‘ ‘\/elocity ’_7 I Percent Gain
Material
Block Length ’:‘:l -
Single Block 1 Lonaih (If Other)
Ele?kﬂ: oc eng Sound Speed
9" IBlock 2 Length
[ [ [ [ [ [
Drive Contents ‘ ‘ Current Site HGIobaI SettingsHUser Functions‘ ‘User Tables HUser Settings‘ ‘Menu Commands‘
Figure 142: Service Menu
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Menu

Program

. Transducer |

l

(PrSrr])irt(;g):;rammed Special
Frequency
Time Del
(Wetted) | C oo
(Clamp-on)
Wedge Angle

Wedge Temperature

Wedge Sound Speed

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 143: Transducer Option
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Me

nu

— {Lining
Material
| | | | | | |
Tar Epoxy| | Glass Asbestos ‘ Mortar ‘ Rubber \Teflon H Other‘
(Pyrex)| | Cement
Sound
| | Speed
Thickness

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 144: Lining Option
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Tracking Windows

\

Meth| Et[Ln2] Freon

Other oil |
|
! \ \ \
260 Se‘a\ Crud][Lube]
|

Sound
Speed

Yes (If Energy
Option Enabled)
Water| \Water| | Oil || Other
100 260 tfgj

Speed

Speed

Glycol %

Figure 145: Fluid Option
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Menu
Program
Path
A LWetted) (Clamp-on) .
Path Length Traverses
Axial Length Spacing

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 146: Path Option
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Menu

Program

Energy Option Inputs

Energy

Disabled|  |Enabled |
‘System

«7‘

Heating Cooling

i

Flow Measurement

Supply Return

‘ Calculation

Standard Custom Cp

LIRS
t

Custom Cp

Edit Table

Density Source

Fixed

Static Density

Table

Supply

Fixed

ot

Temperature

i

Fixed

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Edit Table

Figure 147: Energy Option
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Menu

Analog Input
I

Input A Input B

[Energy Enabled] | [Energy Disabled]

Function

|
General Purpose |

Label
Units

Zero

Span

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 148: Analog Input Option
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Menu

Analog Output

!

Function

|
Off 0-20mA| | 4-20 mA |

Data Source
Zero

Span

On Error

Hold Last Value | | Force Low| |Force High

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 149: Analog Output Option
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Menu

Program

Digital Output ‘

Function

Pulse
Totalizer

Frequency

(Pulse Totalizer)

Test Points Gate Input

Units/Pulse
Pulse Width
Polarity

Low/High

High/Low

Signal Gate Active
— | |
Data Source | Transmit| Receive| Open Closed
(Frequency) \ \
Min
Frequency Mode
[ \
Max Automatic Manual
Frequency \ |
Duty Cycle %

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 150: Digital Output Option
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Menu

Program

User Functions

Function

User1

User2 User3 | | User4 | | User5 |User6 |User7 | |User8

Label
Units Symbol

Decimal Places

| | | |
0 1 2 3 4
\ \ [ \
Equation

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

508

Figure 151: User Functions Option
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Menu

Program

Correction Factors

\
Reynolds Correction

Reynolds Correction

1

On Off
|

K/V Factor

Single Table

KV Data Source
Edit Table

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Calibration Factor

Calibration Factor A
———
On Off
L 7
K Factor

Meter Data Source
K Factor Edit Table

Figure 152: Correction Factors Option
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Menu

o=

[
| Communications |
Node ID
USB Comm Interface

Baud Rate
4 R ‘ fj
300|| 600 | 1200] [2400] 4800 [9600| [19.2K| [ 38.4K! | 57.6K| [115.2K
Parity

| | | |
‘ None‘ ‘Mark ‘ \Space‘ ‘ Even‘ ‘Odd ‘

| | | |
Stop Bits
2

Data Bits

—

Note: Press [F2] (Cancel) to cancel the entries and return to Menu.
Press [F3] (OK) to confirm the entries and return to Menu.

Figure 153: Communications Option

510

TransPort® PT878 User’s Manual 237



[no content intended for this page - proceed to next page]

511

238 TransPort® Model PT878 Portable Liquid Flowmeter User’s Manual



Appendix B. Measuring P and L Dimensions

Appendix B.Measuring P and L Dimensions

If you are using wetted transducers, the PT878 requires you to enter the path
length (P) and the axial dimension (L). P is the transducer face-to-face
distance, and L is the axial projection of P in the flow stream.

To determine L, physically measure the distance between the center of the
transducer ports at the inside wall as shown in Figure 154 below, if possible.
If not, consult the factory.

Figure 154: Top View of 180° Transducer Installation

512
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To determine P, you need the following:
* the pipe inside diameter (ID)
* the wall thickness (WT)
* the installed pipe coupling length (CL)
* the transducers face depth (FD)
e the mounting angle (MA)
Use Figure 155 below to properly measure the coupling length. Typically,

the transducer face is positioned just outside the inside diameter (ID) of the
pipe, or slightly retracted inside the coupling.

Figure 155: Determining the Pipe Coupling Length 513
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Use the following formula to determine the P dimension:
[ID + 2(WT)]/(cos MA) = 2 (CL- FD) = P dimension
For example, given the following:

* inside diameter (ID) = 48”

» wall thickness (WT) = 3/8”

* installed coupling length (CL) = 2.0”

 atransducer face depth (FD) = 1.75”

mounting angle (MA) = 45°
The P dimension would be;

[48 + 2(3/8)]/(0.7071) + 2(2.0-1.75) = 69.4”

514
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Appendix C.Temperature Transmitter Installation

The PT878 requires a supply and return temperature input to measure
energy rate and consumption. You must connect the temperature sensors to
a 4 to 20 mA transmitter (powered by the PT878 or externally) and then
from the transmitter to the PT878 (a special GE cable is required to make
transmitter-to-PT878 connections).

The factory can supply the Resistive Temperature Device (RTD) and a Dual
Transmitter (DTR) or you may supply your own. If you supply your own
equipment, you will need to order a special GE cable with a LEMO
connector to make connections from the transmitter to the PT878.

To install the RTDs, you need to do the following:

e find a suitable installation site
* mount RTDs on the pipe
e make electrical connections

Use the instructions that follow to install the RTDs.

C.1 Guidelines for RTD Installation

You should have discussed possible installation sites with an applications
engineer or field sales person by the time you receive the RTDs. However,
you should follow these guidelines to ensure accurate temperature
measurement:

* Do not install the RTD on a pipe seam.

* Clean the pipe at the installation location.

* Do not install the RTD on the top or the bottom of the pipe.

* Apply thermal couplant to the RTD before mounting it to the pipe.
* Insulate the pipe and RTD after installation.

If you have a GE RTD, use the instructions in the next section to properly
pount the RTD on the pipe.
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C.2 Mounting RTDs on the Pipe

The factory supplies a clamping fixture to mount the RTDs to the pipe;
however, you must assemble the clamping fixture before you can mount the
RTDs to the pipe. Use the following instructions below to mount the RTDs.

C.2.1 Assembling the Clamping Fixture

The clamping fixture consists of the following parts:

* one strap (length depends on the pipe size)
e ascrew buckle
* afeeder buckle

To assemble the clamping fixture:

1. Cut the strap equal to the circumference of the pipe.
2. Fold 1/2 inch of one end of the strap into a hook shape.

3. Secure the screw buckle to one end of the strap by placing the strap
through the buckle and folding the strap.

4. Crimp the strap closed to secure the screw buckle in place.

5. Each RTD has a securing post (located on the rounded portion of the
RTD) that secures the RTD in place when it is mounted on the pipe.
Place the RTD on the strap by sliding the strap under the securing post.

Important: Make sure you place the RTD on the strap so when the strap
Is wrapped around the pipe, the flat surface of the RTD sits
against the pipe.

6. Secure the feeder buckle to the other end of the strap by placing the
strap through the buckle and folding the strap (the folded section should
be approximately 1/2 inch).

7. Crimp the strap closed to secure the feeder buckle in place.

Repeat steps 1 through 7 for the remaining RTD and clamping fixture.
When you have completed assembly, proceed to the next section to fasten
the RTD to the pipe. 517
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C.2.2 Mounting the RTD to the Pipe
Use the steps below to fasten the RTD to the pipe:

1. Prepare the pipe where you intend to place the RTD. The area should be
clean and free of loose material.

2. Apply couplant (GE part number 401-001) to the copper face of the
RTD. Use enough couplant to cover the face of the RTD, but not so
much that the couplant oozes out from underneath.

3. Position the RTD on the pipe and wrap the clamping fixture around the
pipe.
4. To secure the RTD, you place the feeder buckle into the screw buckle

and use a screwdriver to tighten. Turn the screw clockwise until the
strap is set securely against the RTD.

Proceed to the following section to make electrical connections.

C.3 Making Electrical Connections

The PT878 will not accept a signal directly from the RTD; therefore, you
must have some type of 4 to 20-mA transmitter. The factory supplies a dual
transmitter (DTR) with a special LEMO connector that attaches to the
PT878. The PT878 supplies power to the DTR using an internal 16 V
supply. If you decide to supply your own transmitter, you can use the 16 V
supply to power your transmitter; however, you will need to order the
special LEMO connector cable to connect your transmitter to the PT878.

To make electrical connections, you must connect the RTD sensor to the 4
to 20-mA transmitter, and then connect the DTR to the PT878. Use the
following sections to make electrical connections.

518
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C.3.1 Connecting the RTD to the 4 to 20-mA Transmitter

RTDs should have two common leads and one signal lead. If you are using a
GE RTD, the wire colors may vary; however, two of the RTD wires will be
the same color. The wires that are the same color are the common leads and
the remaining wire is the signal lead.

If you are using your own transmitter, make the necessary connections. If
you are using the GE DTR, connect the RTD wires to the terminal block
labeled RTD Inputs. Connect the common and signal wires to the
appropriate pins as designated on the terminal block label.

Important: The supply and return RTD cables must be the same length in
order to make accurate temperature measurements.

When you have completed supply and return connections, proceed to the
next section.
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C.3.2 Connecting the Transmitter to the PT878

If you are using the GE DTR, simply plug the LEMO connector into the 1/0
connector as shown in Figure 156 below.

Transducer
Upstream Downstream

\
©@@@ -

USB Port Input/Output

Power

Figure 156: Connection Locations

Note: For input/output cable connections see Table 1 on page 8.

If you are using your own transmitter, you must connect the special GE
cable to your transmitter as shown in Table 9 below.

Table 9: Cable Connections from GE Cable to Customer-Supplied Transmitter

Pin Number Wire Color
GE Cable GE Cable Description
2 Red 16 V (unpowered transmitters only)
3 White Supply Temperature
4 Yellow Return Temperature
5 Green Ground (for both supply and return)

Once you complete making the above connection, plug the LEMO
connector into the I/0O connector as shown in Figure 156 above. You have
completed RTD installation.

520
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Appendix D.Ultrasonic Thickness Gauge Theory of
Operation

All ultrasonic thickness gauging involves timing the round trip of a sound
pulse in a test material. Because solid metal has an acoustic impedance that
differs from that of gasses, liquids, or corrosion products such as scale or
rust, the sound pulse will reflect from the far surface of the remaining metal.
The test instrument is programmed with the velocity of sound in the test
material, and computes the wall thickness from the simple formula

Distance = Velocity x Time

Single element transducers use one element as both transmitter and receiver.
Dual element transducers incorporate separate transmitting and receiving
elements. These elements are mounted on delay lines that are usually cut at
an angle to the horizontal plane (the roof angle), so that the transmitting and
receiving beam paths cross beneath the surface of the test piece. This
crossed-beam design of duals provides a pseudo-focussing effect that
optimizes measurement of minimum wall thickness in corrosion
applications. Duals will be more sensitive than single element transducers
to echoes from the base of pits that represent minimum remaining wall
thickness. Also, duals may often be used more effectively on rough outside
surfaces. Couplant trapped in pockets on rough sound entry surfaces can
produce long, ringing interface echoes that interfere with the near surface
resolution of single element transducers. With a dual, the receiver element
is unlikely to pick up this false echo. Finally, duals may be designed for
high temperature measurements that would damage single element contact
transducers.

522
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D.1 Factors Affecting Performance and Accuracy

A. Surface Condition - Loose or flaking scale, rust, corrosion or dirt on the
outside surface of a test piece will interfere with the coupling of sound
energy from the transducer into the test material. Thus, any loose debris of
this sort should be cleaned from the specimen with a wire brush or file
before measurements are attempted. Generally it is possible to make
corrosion measurements through thin layers of rust, as long as the rust is
smooth and well bonded to the metal below. Some very rough cast or
corroded surfaces may have to be filed or sanded smooth in order to insure
proper sound coupling. It may also be necessary to remove paint if it has
been applied in thick coats, or if it is flaking off the metal. While it is often
possible to make corrosion measurements through thin coats of paint (on the
order of a few thousandths of an inch or 0.1 - 0.2 mm), thick paint will
attenuate signals or possibly create false echoes, causing inaccurate
measurements.

Severe pitting on the outside surface of a pipe or tank can be a problem. On
some rough surfaces, the use of a gel or grease rather than a liquid couplant
will help transmit sound energy into the test piece. In extreme cases it will
be necessary to file or grind the surface sufficiently flat to permit contact
with the face of the transducer. In applications where deep pitting occurs on
the outside of a pipe or tank it is usually necessary to measure remaining
metal thickness from the base of the pits to the inside wall. There are
sophisticated ultrasonic techniques utilizing focussed immersion
transducers that can measure directly from the base of the pit to the inside
wall, but this is generally not practical for field work. The conventional
technique is to measure unpitted metal thickness ultrasonically, measure pit
depth mechanically, and subtract the pit depth from the measured wall
thickness. Alternately, one can file or grind the surface down to the base of
the pits and measure normally.

As with any difficult application, experimentation with actual product

samples is the best way to determine the limits of a particular
gauge/transducer combination on a given surface.
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D.1.1 Transducer Positioning/Alignment

For proper sound coupling the transducer must be pressed firmly against the
test surface. On small diameter cylindrical surfaces such as pipes, hold the
transducer so that the sound barrier material visible on the probe face is
aligned perpendicular to the center axis of the pipe. See Figure 157 below.

é> D j

Transducer

Figure 157: Proper Alignment of Transducers for Cylindrical Surfaces

While firm hand pressure on the transducer is necessary for good readings,
the probe should never be scraped along or twisted against a rough metal
surface. This will scratch the face of the transducer and eventually degrade
performance. The safest technique for moving a transducer along a rough
surface is to pick it up (not slide it) and reposition it for each measurement.

Remember that an ultrasonic test measures thickness at only one point
within the beam of the transducer. In corrosion situations, wall thicknesses
often vary considerably. Test procedures usually call for making a number
of measurements within a defined area and establishing a minimum and/or
average thickness. Ideally, data should be taken at increments no greater
than half the diameter of the transducer, to insure that no pits or other local
variations in wall thickness are missed. It is up to the user to define a pattern
of data collection appropriate to the needs of a given application.

It is possible that on some severely corroded or pitted materials there will be
spots where readings cannot be obtained. This can happen when the inside
surface of the material is so irregular that the sound energy is scattered
rather than being reflected back to the transducer. The lack of a reading may
also indicate a thickness outside the range of the transducer and instrument
being used. Generally, an inability to obtain a valid thickness reading at a
particular point on a test specimen could be a sign of a seriously degraded
¥Wall which may warrant investigation by other means.
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D.1.2 Calibration

The accuracy of measurements are only as good as the accuracy and care
with which the gauge has been calibrated. It is essential that the thickness
gauge be calibrated (as shown on page 162) whenever the transducer is
changed or you have a reason to doubt the accuracy of the readings.
Periodic checks with samples of known thicknesses are recommended to
verify that the gauge is operating properly.

D.1.3 Taper or Eccentricity

If the contact surface and the back surface are tapered or eccentric with
respect to each other, the return echo again becomes distorted and the
accuracy of measurement is diminished.

D.1.4 Acoustic Properties of the Material

There are several conditions found in engineering materials that can
severely limit the accuracy and thickness range that can be measured.

D.1.4a Sound Scattering

In some materials, notably certain types of cast stainless steel, cast irons,
and composites, the sound energy is scattered from individual crystallites in
the casting or from dissimilar materials within the composite. This effect
reduces the ability to discriminate a valid return echo from the back side of
the material and limits the ability to gauge the material ultrasonically.

D.1.4b Velocity Variations

A number of materials exhibit significant variations in sound velocity from
point-to-point within the material. Certain types of cast stainless steels and
brass exhibit this effect due to a relatively large grain size and the
anisotropy of sound velocity with respect to grain orientation. Other
materials show a rapid change in sound velocity with temperature. This is
characteristic of plastic materials where temperature must be controlled in
order to obtain maximum precision in the measurement.
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Appendix D. Ultrasonic Thickness Gauge Theory of Operation

D.1.4c Sound Attenuation or Absorption

In many organic materials, such as low density plastics and rubber, sound is
attenuated very rapidly at the frequencies used in normal ultrasonic
thickness gaging. Therefore, the maximum thickness that can be measured
in these materials is often limited by sound attenuation.
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[no content intended for this page - proceed to next page]
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Appendix E.Material Safety Data Sheet for Couplant

(To comply with 29 CFR 1910.1200) Effective Date 4/1/98
Note: N/A = not applicable or not available

E.1 Product Identification

Product Name: SOUNDSAFE®

Generic Name: Ultrasonic Couplant

Manufacturer: Sonotech, Inc.
774 Marine Dr., Bellingham, WA 98225
360-671-9121
FAX: 360-671-9024
E-mail: sonotech@nas.com
http://www.sonotech-inc.com

NFPA Hazardous Materials Identification System (est)

Health ., 0
Flammability.................... 0
Reactivity........cccoccvevveinnnnn, 0

E.2 Hazardous Ingredients

This material does not contain any ingredients having known health hazards
in concentrations greater than 1%.

This material does not contain any known or suspected carcinogens.
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E.3 Physical Data (hominal)

Boiling Point: >220°F
Freezing Point: <20°F

Vapor Pressure: N/A
Evaporation Rate: N/A
Solubility in Water: complete

Appearance and Odor: water white, opaque gel; bland odor

pH: 7.35-7.9

Acoustic Imp.: 1.726 X 10°
Vapor Density: N/A
Specific Gravity: 1.05

E.4 Fire and Explosion Hazard Data

Flash Point: none

Upper Exposure Limit: none

Lower Exposure Limit: none

Special Fire Fighting Procedures: N/A
Extinguishing media: N/A

Unusual Fire and Explosion Hazards: none

E.5 Reactivity Data

Stability: stable

Conditions to Avoid: none

Incompatibility (Materials to Avoid): none known
Hazardous Polymerization: will not occur

Hazardous decomposition or Byproducts: none known
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E.6 Health Hazard and First Aid Data

Routes of Entry: 1
Skin: not likely

Eyes: not normally
Ingestion: not normally
Inhalation: no

1SOUNDSAFE® contains only food grade and cosmetic grade ingredients.

Effects of Overexposure:
Acute: May cause temporary eye irritation.
Chronic: None expected.

First Aid Procedures:

Skin: Remove with water if desired.

Eyes: Flush with water for 15 minutes.

Ingestion: For large quantities, induce vomiting and call a physician,
Inhalation: N/A

E.7 Storage and Handling Information

Precaution to be taken in handling and storage:
Store between 20°F and 120°F. Spills are slippery and should be cleaned up
immediately.

Steps to be taken in case material is released or spilled: Pick up excess for
disposal. Clean with water.

Waste disposal method: Dispose of in accordance with federal, state, and
local regulations.
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E.8 Control Measures

Respiratory Protection: not required

Ventilation: not required

Protective Gloves: on individuals demonstrating sensitivity to
SOUNDSAFE®

Eye Protection: as required by working conditions

Other Protective Equipment: not required
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Appendix F. Glossary

AGC — Automatic gain control, which sets the receive amplifier based on
measured signal strength. This electronic circuit automatically adjusts the
gain of the receive amplifier to maintain the correct receive signal
amplitude.

Calibration Factor — Correction factor used as a reference for the
flowmeter electronics to ensure accurate readings, and available either as a
single number or as a table.

Delta-T Offset — A programmed value of which half is added to the
upstream transit time and half is subtracted from the downstream transit
time. It can be used to offset the flow velocity reading, and is normally set
to zero.

Detection Threshold — Percent of peak the PT878 thickness gauge uses to
make measurements

Energy Option — Option that enables flow measurement in a heating or
cooling system. The option calculates the energy of a system based on the
temperature at a supply point, the temperature at a return point, and the flow
of fluid through the system.

Errors Allowed — Parameter that specifies the number of errors the meter
can record before displaying an error message. The number of errors is N
out of 16 where N equals the number of errors allowed.

Flowcell — The part of the flowmeter system, consisting of the flowcell
pipe and the transducers, that uses ultrasonic pulses to interrogate the flow.

Flowcell Pipe — A section of piping that acts as part of the flowcell; it is
either a section of existing piping with the transducers or inserted as a
substitute pipe section (spoolpiece).

Form — Software window that opens when a user enters a given menu.
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Impulse Response — Option in the Service Menu that enables you to force
the meter to transmit in one direction only, without changing the amplifier
gain setting.

Locale — Format for displaying the time and date.

Peak Detection — A method for identifying the ultrasonic signature in the
received signal. In the “Peak” method, the peak is identified by testing a
derivative of the signal. In the “Threshold” method, the peak is identified as
the point where the signal crosses a threshold that is a percentage of the
maximum signal detected.

Receive Window — A window of time during which the PT878 tries to
detect the ultrasonic signal. It is determined by using the fluid soundspeed
and the signal path length to estimate when the signal will arrive at the
receiving transducer.

Reynolds Correction — Correction factor based on the Kinematic
Viscosity and flow rate of the fluid.

Signal Inversion — Option that enables a thickness gauge user to invert the
transducer signal.

Signal Path — Path the ultrasonic signal travels from one transducer to the
other.

Simulate — Option in the Service Menu that allows users to simulate
measurements based on a waveform stored in the PT878.

Site — A location on a pipe where measurements are made. The site
includes the transducers, pipe, fluid type, pipe material and other
parameters.

Site File — Instrument program that combines all the necessary parameters
(transducer, pipe, fluid, etc.) for a particular measurement location.

Snapshot — Option in the Meter Menu to take screen captures in bitmap
format of a given screen display. 533
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Soundspeed — Speed at which a sound wave travels through a given
material.

Thickness Gauge — Option that allows the PT878, with an optional
thickness gauge transducer, to determine the thickness of most standard
metal and plastic pipe materials over a range from 0.05 to 3 in. (1.3 to 76.2
mm).

Tw (time in wedge) — Time the transducer signal spends travelling
through the transducer and cable. This time has to be subtracted from the
transit time to determine how much time the signal spent in the fluid.

Tracking Windows — A feature which allows the receive window to move
automatically if the ultrasonic signal is lost. The PT878 will set up the
window in various positions based on a minimum and maximum
soundspeed range. In seek mode, the meter will test every position until it
detects a receive signal that passes the error tests. The first window (highest
soundspeed setting) that passes the tests is the detected window. The meter
will then track the receive signal.

Transducer Delay — Time the ultrasonic signal takes to travel from the
meter to the pipe material surface. It is a similar measurement to Tw, except
that the delay is subtracted from the transit time to find out how much time
Is spent in the wall.

Transducers — Devices that convert electrical energy into ultrasonic
pulses when in a transmit cycle, and convert the ultrasonic pulses back to
electrical energy when in a receive cycle. They can be fixed to the outside
of the flowcell pipe (clamp-on) or inserted into the pipe to directly measure
the fluid (wetted).

Transmitter Sample Size —Number of pulses the transmitter emits in one

direction (upstream or downstream) before transmitting in the other
direction. It is set to 8 by default.
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Transit-Time — Flow measurement technique based on the principle that
when ultrasonic pulses are transmitted through a moving liquid, the pulses
that travel in the same direction as the fluid flow (downstream) travel
slightly faster than the pulses that travel against the flow (upstream). When
the liquid in the pipe is not flowing, the transit-time downstream equals the
transit-time upstream. When the liquid is flowing, the transit-time
downstream is less than the transit-time upstream. The difference between
the downstream and upstream transit-times is proportional to the velocity of
the flowing liquid, and its sign indicates the direction of flow.

Traverses — Number of times the ultrasonic signal crosses the pipe.

User Functions — User-defined mathematical equations for use with any
measurement.

User Tables — User-defined tables of data for use with user functions.

Velocity Averaging — Parameter that averages a desired number of
velocity measurements to smooth out or dampen noise in the system.

Watchdog Test — Option in the Service Menu that tests the watchdog
timer circuit. If a software error causes the meter to stop responding, this
circuit automatically resets the meter

Wave Snapshot — Option in the Service Menu that enables users to
capture waveforms for downloading to a PC for analysis, or for simulating a
flow measurement.

Wedge Angle — Angle of the transducer’s ultrasonic transmission in the
transducer wedge.

Zero Cutoff — Parameter that causes velocity measurements less than the

absolute value of the cutoff (either positive or negative values) to be
reported as zero.
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Warranty

Each instrument manufactured by GE Sensing is warranted to be free from
defects in material and workmanship. Liability under this warranty is
limited to restoring the instrument to normal operation or replacing the
instrument, at the sole discretion of GE Sensing. Fuses and batteries are
specifically excluded from any liability. This warranty is effective from the
date of delivery to the original purchaser. If GE Sensing determines that the
equipment was defective, the warranty period is:

® one year from delivery for electronic or mechanical failures

® one year from delivery for sensor shelf life

If GE Sensing determines that the equipment was damaged by misuse,
improper installation, the use of unauthorized replacement parts, or
operating conditions outside the guidelines specified by GE Sensing, the
repairs are not covered under this warranty.

The warranties set forth herein are exclusive and are in lieu of
all other warranties whether statutory, express or implied
(including warranties or merchantability and fitness for a
particular purpose, and warranties arising from course of

dealing or usage or trade).
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Return Policy

If a GE Sensing instrument malfunctions within the warranty period, the
following procedure must be completed:

1. Notify GE Sensing, giving full details of the problem, and provide the
model number and serial number of the instrument. If the nature of the
problem indicates the need for factory service, GE Sensing will issue a
RETURN AUTHORIZATION NUMBER (RAN), and shipping
instructions for the return of the instrument to a service center will be
provided.

2. If GE Sensing instructs you to send your instrument to a service center,
it must be shipped prepaid to the authorized repair station indicated in
the shipping instructions.

3. Upon receipt, GE Sensing will evaluate the instrument to determine the cause
of the malfunction.

Then, one of the following courses of action will then be taken:

* |If the damage is covered under the terms of the warranty, the instrument
will be repaired at no cost to the owner and returned.

® |If GE Sensing determines that the damage is not covered under the terms of the

warranty, or if the warranty has expired, an estimate for the cost of the repairs at
standard rates will be provided. Upon receipt of the owner’s approval to
proceed, the instrument will be repaired and returned.
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EC DECLARATION

Sensing OF

CONFORMITY
DOC-0011, Rev. A

We, GE Sensing
1100 Technology Park Drive
Billerica, MA 01821
USA

declare under our sole responsibility that the

TransPort® PT878 Portable Ultrasonic Flowmeter
TransPort® PT878GC Clamp-On Portable Ultrasonic Flowmeter

to which this declaration relates, arein conformity with the following standard:
e EN61326-1:2006, Class A, Table A.1, Portable Equipment
following the provisions of the 2004/108/EC EMC Directive.
The units listed above and any ancillary equipment supplied with them do not bear CE
marking for the Pressure Equipment Directive, as they are supplied in accordance with

Article 3, Section 3 (sound engineering practices and codes of good workmanship) of the
Pressure Equipment Directive 97/23/EC for DN<25.

Billerica - August 23, 2010 /&éﬂ *

Issued Mr. Gary Kozinski
Certification & Standards, Lead Engineer
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Customer Support Centers

US.A.

The Boston Center

1100 Technology Park Drive

Billerica, MA 01821

U.S.A.

Tel: 800 833 9438 (toll-free)
978 437 1000

E-mail: sensing@ge.com

Ireland

Sensing House

Shannon Free Zone East

Shannon, County Clare

Ireland

Tel: +35 361 470200

E-mail: gesensingsnnservices@ge.com

An |ISO 9001:2008 Certified Company

www.ge-mcs.com/en/about-us/quality.html

www.ge-mcs.com
©2015 General Electric Company. All rights reserved.
Technical content subject to change without notice.

910-219G
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Coitificats

This is to certificate that Mr(s) Daniel Felipe Tobon Espinosa attended the II LATIN AMERICAN HYDRO
POWER & SYSTEMS MEETING, held on April 28 -29, 2015 in La Plata, Argentina.

La Plata, April 29th, 2015

e

o oscar Liscia
Chairman of II Latin American Hydro Power and Systems Meeting

ORGANIZED BY SPONSORS SUPPORTING MEMBERS
‘ @ .................. ALSTOM AN""E,'I& (earoELA
YACYRETA

Universidad
Nacional
4% de La Plata

@ \“:“ Q> HIDROMEC Secretarfa de Politicas
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latin

HYDRO POWER AND SYSTEMS

Itajuba-MG, Brasil 12 de Mayo del 2015

UNIVERSIDAD EAFIT
Escuela de Ingenieria
Carrera 49, n? 7 Sur

Medellin

COLOMBIA

Estimados Sefores,

Después de participar del evento mundial de la “International Association for Hydro-
Environment Enginneering and Research-IAHR” un grupo de investigadores y empresas latino-
americanas decidieron unir esfuerzos para aumentar la interaccidon en el area de maquinas
hidrdulicas y sistemas en América Latina para el desarrollo regional de la investigacién y
ampliar la difusidn de esas investigaciones a nivel internacional.

De esta forma, en 2010, después de la conferencia de la IAHR realizada en Rumania, fue
lanzado el “Latin American Working Group - IAHR Hydraulic Machines & Systems
Committee”, que inicid sus actividades en 2012 bajo la coordinacién del Prof. Frangois Avellan
(EPFL-Suica) y desde 2013, esta bajo la coordinacién del Prof. Eduard Egusquiza (UPC-
Espanha).

El objetivo del Grupo de Trabalho Latino Americano es reforzar la presencia de América Latina
em la produccién cientifica internacional, actualmente a través de dos iniciativas: un evento
bianual y una publicacion técnico-cientifica.

Asi, nos gustaria invitarlo a participar de este grupo, todas las atividades del LAWG-IAHR
pueden ser acompanhadas en el sitio web www.latiniahr.org . Serd un honor recibir trabajos

de su institucion para la publicacion “American Journal of Hydropower, Environment and
Systems”.

A la espera de su respuesta, enviamos nuestros cordiales saludos.

Atentamente,

N D%

Prof. Dr. Geraldo Lucio Tiago Filho

Presidente 557
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