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PROLOGO

El presente trabajo se refiere al desarrollo del mantenimiento de uno de los 3
grupos generadores de la Central Hidroeléctrica Charcani V con turbina peltén
con una potencia de 57 MVA, perteneciente a la Empresa de Generacidon
Eléctrica de Arequipa S.A. — EGASA; el cual tenia en promedio 14 anos de

servicio, para dicho estudio se ha considerado |o siguiente;

Inicialmente se ha preparado una breve resefa histérica de EGASA, con la
finalidad de poder ubicar geograficamente dicha central y la infraestructura con
la que cuenta la empresa, y en concordancia con nuestro Sistema de Gestidn
de la Calidad, dar a conocer el alcance, politica y objetivos propios de la
empresa, buscando con ello su mejoramiento continuo y el de la sociedad.

Se detalla a continuacién el ambito y dominio que abarca el desarrollo de los
mantenimientos en todas las centrales hidraulicas, definiendo y desarrollando
los tipos de planes de mantenimiento y la frecuencia con que se realiza estos,
en forma anual.

Una vez y teniendo una mejor visidn de la empresa en su conjunto y de la
central en estudio, se detalla que criterios se tuvieron en consideracién para la
evaluacion del estado en que se encontraba el grupo generador para
determinar la forma y método de la intervencién, para ello nos basamos en un
estudio mas exhaustivo de los analisis predictivos, los cuales nos permiten
determinar el grado de desgaste de los componente y partes del grupo; se
realizo asi un Anadlisis de Fallas, el cual involucra los Anadlisis de Aceite,
Vibracional, de Termografia y de Aguas; a su vez también se realizo un Analisis
Técnico e inspeccién en sitio del grupo en funcionamiento y fuera del mismo,
conjuntamente con el Fabricante Alstom Francia; esto involucra el estator y
rotor, partes soldadas, fijaciones, sistema de extractor de vapores, polos del
rotor, residuos y deposiciones de aceite en el estator, etc..

Con ello se logro tener una idea mas clara del estado en que se encontraba la



maquina, pudiendo asi tomar la decisién de la realizacién de un Mantenimiento
Total del Grupo Generador N° 2, que consiste en el mantenimiento de todos los
Equipos Electromecanicos e Hidraulicos en su conjunto, asi como efectuar el

Reapriete del Nucleo Estatorico y Mantenimiento del Generador.

A continuacién se planifico, describid y programo la realizacién de dicho
mantenimiento, diferenciando lo siguiente:

Trabajo en el Mantenimiento y Reapriete del Nucleo Estatorico, y
Mantenimiento General de Equipos Electromecanicos e Hidraulicos, esto

involucra un mantenimiento eléctrico y mecanico.

Se realizo la descripcidon de los Cronogramas de Trabajo, y finalmente las
pruebas a realizarse, evaluandose los costos que involucra dicho

mantenimiento.
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. INTRODUCCION

Hoy en dia el mantenimiento, es una herramienta clave en todo proceso de
produccién, el cual con un adecuado y eficiente programa preventivo y
predictivo, se puede asegurar una produccion ininterrumpida del producto;
como consecuencia de ello, la disminucion de los costos de mantenimiento y

los costos que conllevan esta parada.

Las labores de mantenimiento dentro de una planta son l|abores muy
importantes, porque de ellas depende en gran parte la productividad para
procesar un producto que garantice: la competencia en el mercado, el pago de
los trabajadores, la utilidad a los propietarios y en general la supervivencia de
la empresa.

Tanto el mantenimiento preventivo como predictivo, estan basados en realizar
tareas de mantenimiento a medida que se hagan necesarias, con el
consiguiente mejora de la relacion entre el costo de mantenimiento y el nivel de
atencidn a los equipos, estos son herramientas que colaboran con |la obtencion
de productos con los niveles de calidad exigidos en el mercado globalizado.



Es asi que el Analisis de Vibraciones es una herramienta que permite detectar
componentes mecanicos en malas condiciones, rodamientos poco confiables y

bobinados eléctricos dafiados, entre otras aplicaciones.

En Termografia las imagenes infrarrojas al detectar el calor irradiado por un
objeto permite ubicar fallas incipientes en equipos eléctricos, desbalanceo
térmico en motores de combustidn interna, valvulas de compresores con

pérdidas y mal funcionamiento de trampas de vapor, etc.

El analisis de Aceite (lubricantes, refrigerantes y aislantes) permiten detectar
con tiempo desgastes mecanicos, deterioro de aislaciones o nucleos de

transformadores, etc.

Para este estudio se ha tomado como referencia el Grupo Generador N° 2; que
es uno de los 03 grupos de generacion eléctrica de la Central Hidroeléctrica
Charcani V de la Empresa de Generacion Eléctrica de Arequipa EGASA, el

cual sera motivo del presente Informe Suficiencia de Ingenieria.

Finalmente es mi deseo y el de muchos jévenes aportar experiencias y
conocimientos a nuestro alma mater desde esta especializacidn como es el
mantenimiento de equipos y maquinas de la industria en general, con el fin de
superar los grandes retos que tenemos en la actualidad en nuestro pais, ellos
son las inmensas dificultades que viene arrastrando en materia econémica,
politica, y social durante muchos decenios, para asi poder encaminarse hacia
un desarrollo sostenido basandose en la unidon y esfuerzo de todos los
peruanos.



ALCANCE

El presente trabajo enmarca todas las areas operativas de uno de los 3 grupos
generadores de la Central Charcani V, de la Empresa de Generacién Eléctrica
de Arequipa S.A., desarrollandose los sucesos desde la toma de decisién en la

realizacion de este mantenimiento hasta su culminacion.

OBJETIVOS

1. Evidenciar la importancia y necesidad de contar en este tipo de centrales
con un sistema de monitoreo continuo con una alta confiabilidad, informe en
tiempo real sobre la situacion y estado de los equipos y sistemas que

componen un grupo generador.

2. Exponer al lector en forma detallada, una herramienta de autoayuda para
circunstancias en la que se encuentre involucrado en este tipo de
mantenimiento, dandole una mejor vision de los procesos y etapas del

mismo.



1.

Il. BREVE RESENA HISTORICA DE EGASA

UBICACION E HISTORIA DE EGASA

EGASA, Empresa de Generacion Eléctrica de Arequipa S.A., esta ubicada
en el departamento de Arequipa, al sur del Peru; estando la Central
Hidroeléctrica Charcani V a una altitud de 2963 m.s.n.m., el acceso a esta
central es a través de dos vias una carretera afirmada que llega bordeando
el rio Chili y la otra carretera asfaltada construida durante la realizacién del

proyecto. El clima durante el dia llega a los 22°C y en las noches a los 4°C.

EGASA, Empresa de Generacidn Eléctrica de Arequipa S.A., se constituye
el 15 de Marzo de 1994, y es parte integrante del Sistema Interconectado
Nacional y tiene como objetivo la generacidon de Electricidad, la cual es
producida a través de sus Centrales Hidraulicas y Témicas, suministrando
electricidad al Sistema Interconectado Nacional, asi como a sus clientes
libres.

Durante su primer afo de operacion, la administracion realizé las gestiones

necesarias para lograr el saneamiento y organizacién integral de la
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empresa. En dicho afno las condiciones hidroldgicas se presentaron muy
favorables, situacidn que permitid cubrir integramente la demanda del
Sistema Interconectado Sur Oeste con generacién hidraulicas, quedando la

Central Térmica de Chilina en estado de reserva fria.

En 1995, la empresa decidié ampliar su oferta térmica, para lo cual sé
prevee la construccion de una nueva central térmica ubicada en la ciudad
de Mollendo, procediéndose a la elaboracion del expediente técnico para la
convocatoria a Licitacion Publica correspondiente, para la adquisicidon en
una primera etapa de una central termoeléctrica de 30 MW. De otra parte,
inicia la construccién del primer embalse de regulacion horaria denominado

Campanario sobre el rio Chili, con capacidad para 90,000 m*,

En 1996, se dio inicio a la construccion de la Central Térmica de Mollendo,
asi mismo entra en servicio el embalse de regulacidon horaria Campanario y
se da inicio a las obras civiles del segundo embalse de regulacién horaria —
Puente Cincel. Las inversiones realizadas se destinaron principalmente al
desarrollo de la capacidad de generacion de la empresa. En el ejercicio
1997, EGASA impulsa un agresivo programa de inversiones, debiendo
destacarse entre ellas la Central Térmica de Mollendo, el afianzamiento del
sistema de comunicaciones, un programa de mantenimiento de todas las
centrales de generacién asi como inversiones para la preservacion del
medio ambiente.

EGASA en 1998, se consolido una vez mas como empresa lider en el
Sistema Interconectado Sur. En el mes de abril ingresa en. operacién
comercial la Central Térmica de Mollendo | Etapa, permitiendo incrementar
la capacidad instalada de la empresa en 31,6 MW, a la vez que incorpora
adelantos tecnoldgicos que posibilitan una operacion mas eficiente y segura
del sistema con la consecuente disminucidn de los costos marginales.
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En febrero de ese mismo afo, como consecuencia de la inundaciéon que
sufriera la Central Hidroeléctrica de Machupicchu, EGASA asume la
responsabilidad de cubrir la oferta de energia dejada de generar por
EGEMSA. Para consolidar la oferta de energia en el Sistema
Interconectado Sur, el gobierno aprobd la Ley 26976 —Ley de Emergencia
en los Sistemas Eléctricos del Sur, por lo que EGASA decidid llevar a cabo
la implementacion de la Central Térmica de Mollendo il Etapa, la cual
consta de 02 grupos de Turbina Generador con una potencia instalada del
orden de 74,8 MW. En el ejercicio 1999, se culmina la obra de ampliacion
de la Central Térmica de Mollendo IlI- Etapa, ingresando en operacion en el
mes de julio. Cabe destacar que la potencia total de estas centrales | y |
Etapa es de 106,5 MW, y que beneficia a mas de dos y medio millones de
pobladores de los departamentos de Arequipa, Moquegua, Cuzco, Puno,

Tacna y Apurimac, asi como al sector industrial y minero de la zona.

En el afio 2000, EGASA inicia la construccién de la linea Charcani V —
Chilina en 138 kV con 17.5 km de longitud, para garantizar la seguridad y
confiabilidad del suministro a la zona Sur. También se inicia la
implementacién del modemo Centro de Control de Chilina, para el manejo

automatico de las Centrales de Generacion.

. ALCANCE DE EGASA

Actualmente EGASA  establece, documenta, implementa, mantiene vy
mejora continuamente la efectividad de su Sistema de Gestion de la Calidad
de acuerdo con los requisitos de la Norma ISO 9001:2000; el cual involucra
al proceso de Generacion de Electricidad de las Centrales Hidraulicas
Charcani, las Centrales Térmicas de Chilina y Mollendo como proceso
critico, y a los procesos de Gestion de la Calidad, Mantenimiento,
Comercializacion, Compras, Recursos Humanos y de Medicién y Analisis
como procesos de soporte

Asimismo, se asegura la disponibilidad de recursos e informacion
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necesarios para apoyar la operacion, medicion, analisis € implantacién de
las acciones necesarias para alcanzar los resultados planeados y el

mejoramiento continuo del proceso y actividades relacionadas.

. POLITICA DE CALIDAD DE EGASA

Generamos electricidad, satisfaciendo a nuestros clientes y contribuyendo
al desarrollo de la sociedad, mejorando continuamente nuestros procesos a
través de la aplicacion de un Sistema de Gestidon de la Calidad de acuerdo

con los requisitos de la Norma SO 9001:2000

. OBJETIVOS DE LA CALIDAD DE EGASA

= Consolidar a EGASA como uno de los principales actores en el Sistema
Interconectado Nacional, en la operacién de centrales eléctricas y
comercializacion de electricidad, optimizando la rentabilidad.

= |mplantary trabajar con un Sistema de Gestion de la Calidad

. INFRAESTRUCTURA DE SUS UNIDADES HIDRAULICAS Y TERMICAS

EGASA para cumplir con su politica de calidad, se basa dentro de muchos
aspectos en la infraestructura, capacidad y confiabilidad de sus plantas,
contando para ello con centrales hidraulicas y térmicas.

La potencia instalada total de la empresa para el ejercicio 2000 ha sido de
342, 77 MW, siendo este superior en 2,75 % con relacién a 1999; y una
potencia efectiva de 324,18 MW, siendo este superior en el orden de 0,99%
con relacién a 1999.

La produccion total de electricidad obtenida en el afio 2000 fue de 1 041
542,40 MW, del cual el 89,12% ha correspondido a generacién hidraulica y
el 10,88% a generacion térmica.



Unidades Hidraulicas

El parque generador hidraulico consta de 06 Centrales Hidraulicas
(Charcani I, Il, I, IV, V y VI), situadas al margen de la cuenca
hidrolégica del rio Chili desde la cota de 3666 a 2650 msnm; con una
potencia instalada de 184,63 MW.

En las centrales hidraulicas la secuencia de generacion de electricidad
desde la captacidn de agua hasta la generacion misma es como sigue:
Represa de Pafe
Represa del Fraile
— Represa de Aguada Blanca
Central Hidroeléctrica Charcani V
Dique de Regulacion Cincel
Central Hidroeléctrica Charcani IV
Central Hidroeléctrica Charcani VI
Dique de Regulacion Campanario
Central Hidroeléctrica Charcani l|
Central Hidroeléctrica Charcani |
Central Hidroeléctrica Charcani
EGASA toma el recurso hidrico de la represa de Aguada Blanca y es
dirigida hacia la Central Hidroeléctrica Charcani V.
A continuacién se describira la conformacién de la Central Hidroeléctrica

Charcani V, para ello se agrupara en 5 areas, a saber:

1. Edificio de Servicios (E.S.)
Se tiene el Centro de control conformado por:
» Calculadores PCP, PCS y armario de reparticion de Cables.
* Armario de Médem enlace con CM., AB, de AA, Al, y AM.
* Monitores y PCs, de archivo de eventos.
* Equipos de BLU AB, Tele Proteccidn y Tele regulacion.
» Sistemas electrénicos auxiliares como el sistema de reloj, contra

incendio, onduladores y circuito cerrado de TV de casa de



maquinas.

» Auxiliares eléctricos: Tableros MT-LGA, BT-LKA; Fuentes de CC,
Bancos de baterias, rectificadores, de 125V y 48V.

» Sistema de climatizacion del edificio de servicios:  Grupo
frigorifico, ventilacion, regulacidon humificador, ductos y red de
agua.

= Sistemas de lluminacién normal, emergencia del E.S.. Equipos
del taller

* Grupo Diesel: Motor Cummins, Generador, Tableros de sistema
de permutacion de fuentes.

= PL: Acoplamiento de BB-138 kV, Equipos de AT. Estructuras, Red
de tierra, Cerco

= PT:. Celda de reparacion, grua, sistema agua contra Incendio,

lluminacion, Red de tierra

. Grupo Generador 1, idem para el Grupo Generador 2 y 3:

Equipo electronico del circuito: RAPID77, Regulacidn de excitacion,
H-20, Médem de los sistemas de medicion convertidores.

Tableros de medicidon y mando, Auxiliares propios, Sistemas de
proteccion, Auxiliares del grupo, Bombas, Ventiladores.

Celdas de MT: Neutro, Excitacidon, Trafo.auxiliares propios, Disyuntor
LKA, Trafo 2MVA, Celda LGA. Cable MT.

Trafo 57 MVA, Disyuntor Equipos de Alta Tension.

Generador: Cojinete, Sistema de Freno, Refrigeracion, Calefaccion,
contra incendio, aislamiento.

Sistema de Regulacion de inyectores: Tanque de Aceite,
acumulador, By-Pass.

Lubricacion del grupo : Inyectores, Bombas, Valvula esférica,
Coijinetes pivot, Generador, Turbina, Regulacion.

Turbina, Inyectores, Valvula esférica, Anillos, Estanqueidad.
Auxiliares de Turbina: Rittmeyer, Seguridades, Sistema Hidroford,
Desconexion automatica.
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3. Servicios Auxiliares de Casa de Maquinas (SA - CM)
Generador auxiliar hidroeléctrico RCS76, Regulador de excitacion,
Tableros de Control Proteccidn, Permutacion de fuentes.
Turbina Auxiliares Hidroeléctrico de Regulacién de inyector, Caja de
aceite, valvulas, cojinetes, lubricacion, y refrigeraciéon
Servicios auxiliares electréonicos, sistemas de relo), Incendio,
Intercomunicadores, Teléfono.
Tableros Auxiliares: LKA, LKB, LMA, fuentes de CC, Banco de
baterias, rectificadores, 125V y 48V.
Sistemas de refrigeracion Agua tratada, Cruda, drenaje, captacion,
estacion reductora red de agua de servicios de CM.
Sistema de Climatizacion Casa de Maquinas, Ventilacion, Grupos
frigorificos, Agua helada, Ductos, Regulacion.
Sistemas de aire comprimido: compresores de regulacion, Servicio y
Talleres.
lluminacién Normal, Emergencia, Senalizacion, Tableros, red de
tierra.

Gruas de 60 TN, Ascensor, Polipastos, equipos de taller.

4. Camara de Valvulas y Teleférico (CV - TELEFRICO)
Auxiliares Electrénicos: H-20, Mediciones Hidraulicas, Transmisor de
datos.
Suministro MT. Disyuntor Transformador, Tableros de distribucion
BT. Sistemas de proteccion
Fuente CC. 48 V, Banco de baterias, Distribucion CC, lluminacion y
Sefializacion
Parte Mecanica: Valvula mariposa, Central hidraulica de mando, By-
pass, Drenaje, Seguridades.
Puente Grua, winche para inspeccion del conducto forzado, junta
dilatacion del conducto forzado, chimenea de equilibrio.
Teleférico: Sistema electronico de control y mando, sistema de
proteccion.
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Teleférico: Sistema motar, Sistema de Frenado, Seguridades, Grupo
auxiliares rescate y electréogeno

Teleférico: Suministro Media Tensidon, Transformador, Tableros
distribucién, Control, lluminacién, Puesta a tierra

Teleférico. Cabinas, Cables, Bailarinas (poleas guias), contrapesos vy

contrapesos.

5. Bocatoma de Aguada Blanca (A.B.)

Auxiliares electronicos: H-20, Médem, BLU, Medidas de nivel de
presa, sobre velocidad y sistemas de incendio
Suministro de M.T. disyuntor, Transformador, Tableros de
distribucion de BT., Proteccion, Control y sefalizacién, y sistema de
puesta a tierra
Fuente de CC: Banco de baterias, rectificadores, distribucion en CC.,
Sistemas de iluminacion
Sistema Compuertas: Central Hidroeléctrico de mando, control, y
mecanica de las Compuertas, sistema Neumaticos de medicidn
Hidroeléctrico, Compresores de mediciones y aireacion de ductos.
Puente Grua, ataguias y otros de uso de control de represa
Lineas de 13.8 kV: conductor, estructuras, sistema de pararrayos y
ferreterias.
Otros Servicios: lluminacién y servicios de almacenes.
Lineas de 13.8 kV de servicios a Toma IV, Charcani V.
Unidades Térmicas
El parque generador térmico consta de 02 centrales, una ubicada en la
ciudad de Arequipa (Central térmica de Chilina con una potencia
instalada de 50,85 MW vy la otra central ubicada en la ciudad de
Mollendo (Central Térmica de Mollendo) con una potencia instalada total
de 107,29 MW.
La antigiedad y el tipo de equipo de cada una de las centrales
hidraulicas, se muestra a continuacién en los siguientes cuadros sobre
Caracteristicas Generales de Centrales Hidraulicas y Térmicas de
EGASA, (Ver Anexo ).
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Ill. MANTENIMIENTO DE LAS CENTRALES
HIDRAULICAS

El programa considera el mantenimiento de las 6 Centrales Hidraulicas,
Servicios Auxiliares, Lineas de Transmision y equipos relacionados tales como
Teleférico, Diques de Regulacién Horaria y otros.

Se considera el area de dominio de cada Central a todos los equipos que
permitan el funcionamiento de los grupos generadores tales como: Toma de
Agua, desarenadores, ductos de conduccidn, camaras de carga o Tazas,
Conducto forzado, Turbina, Generador ductos de descarga, sistemas eléctricos
de potencia, auxiliares altemos y de corriente continua, iluminacién y todos los
equipos de maniobra y seguridades dentro de la central.

El programa de Mantenimiento Preventivo se ha disenado para dos grandes

grupos de acuerdo a la capacidad e importancia de los mismos:

— EI programa de Mantenimiento de las Centrales Menores que agrupa a las
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Centrales Hidraulicas: |, 1I, Ill, IV, VI y los dos diques de Regulacién horaria

Cincel y Campanario; este programa considera la ejecucién de 04 planes de

mantenimiento.

El programa de Mantenimiento de la Central Hidraulica Charcani V, este

programa también considera la ejecucion de 04 planes de mantenimiento.

1. SOBRE LOS ALCANCES DE LOS PLANES DE MANTENIMIENTO

PLAN 1

Evaluar las condiciones de funcionamiento integral, controlando,
temperatura, sonidos o vibraciones, presiones, mediciones, desgaste
y observaciones que permitan evaluar las condiciones de trabajo y

estado de conservacion.

Controlar el funcionamiento de cada uno de los elementos de control,
proteccidn y medicion tales como, termmostatos, termocuplas,
presostatos, flujos tatos, relees, elementos de mando, medicion,
senalizacién, etc.

Limpieza y proteccidn que requiera para su conservacion.

Realizar engrase general, control de los niveles de lubricacién y
evaluar el estado de los cojinetes y rodamientos.

En este plan se evalua los posibles cambios y/o reparaciones a
realizar en un plan mayor o préxima intervencion.

PLAN 2

Ademas de realizar los trabajos previstos en el Plan 1, se realizan un
muestreo de funcionamiento de censores, instrumentos de medicién,
se realizan reparaciones menores tales como reparaciones con
soldadura de partes o elementos menores, medicion de desgaste, y
desmontajes gque permitan evaluar estado de partes internas de
maquinas o0 equipos.

Se mide y evalua aislamiento de generadores y equipo electrico,
sistemas de puestas a tierra, entre otros.
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iii. PLAN 3

Ademas de los trabajos contemplados en el plan 2, se realizan
cambios de partes a punto de falla o por limite de vida.

Se realiza muestreo de funcionamiento de relees de proteccion,
Senalizacion, proteccion de cojinetes, error de sistemas de medicion,
entre otros.

Este plan es integral, aqui se revisa todo el conjunto del equipo, las

partes mecanicas, eléctricas, electronicas y equipos auxiliares.

iv. PLAN 4:

Este es el llamado Over Holl, se realizan cambios importantes del
conjunto, como son: cojinetes, turbina, valvulas, etc...

En este plan se realizan las repotenciaciones y pruebas que permitan-
evaluar el estado de aislamientos, rendimientos y otros que indique el
fabricante.

Las intervenciones se han considerado hacerlo cada 7 semanas en el

caso de centrales menores y cada 06 semanas en el caso de la Central

Charcani V; es decir cada 1200 y 1000 horas de servicio

respectivamente para cada grupo de generacion.

Durante el ano se ha previsto realizar 08 intervenciones para las

centrales menores, estas son:

06 intervenciones de tipo Plan 1, 03 en cada semestre;

01 intervencioén de tipo Plan 2, en el primer semestre y;

01 intervencién de tipo Plan 3 en el segundo semestre.

Asimismo, se ha previsto realizar 09 intervenciones para la Central

Charcani V, estas son:

07 intervenciones de tipo Plan 1, 04 en el primer semestre y 03 en el

segundo semestre;
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01 intervencion de tipo Plan 2, en el primer semestre v;

01 intervencion de tipo Plan 3 en el segundo semestre.

La intervencidn de un Over Holl se realiza de acuerdo a un estudio
especial de analisis de las horas trabajadas, desgaste de los equipos,
historial de las maquinas y de las instrucciones y recomendaciones

dadas por el fabricante.

Dentro de los planes de mantenimiento se considera como base el
recurso humano, es decir la participaciéon de personal capacitado en el
mantenimiento de dichos equipos que hace confiable el trabajo sobre

éstos.
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IV. EVALUACION PARA LA DETERMINACION
DEL MANTENIMIENTO

Se tomo como referencia para el estudio al Grupo Generador N° 2

1. ANALISIS DE FALLAS — MANTENIMIENTO PREDICTIVO

Analisis de Aceite
Tipo de Maquina
Equipo

Unidad

Producto

Periodo de Servicio

Charcani V

Cojinete de Empuje, Cojinete Altermador,
Cojinete Turbina, Tanque de regulacion.
Grupo Generador N° 2

Mobil DTE Heavy Medium — ISO 68
Aceite Hidraulico ISO 68.

: 23000 Horas
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ANALISIS DE ACEITE (PPM) GRUPO [l - (Horom: 72940)CHARCANI V

[ Vis40°C
DESCRIPCION Na |[K |u |v |Mg |ca [Pb [zn |si |cr INi |cu |Al [Fe |Mn | cST
COJINETE EMPUJE 0.16/ 0.03 0.02| 0.02| 0.52{ 0.64| 0| 121]0.17[0.02| 0|53.8/0.02| 0.29{ 0.04| 612
COJINETE ALTERNADOR | 0.17{0.07[0.02{ 0.04{ 1.03[ 1.29[ 0.07[ 99.1] 0.5 of of1.31|0.11{0.06{0.07[ 61.9
COJINETE TURBINA 0.09] 0.01 0.05| 0.1]0.31/0.21]0.21] 125/ 0.26/0.07| 0| 89.2| 0.08| 2.08] 0.14| 608
TANQUE REGULACION 0.28(0.01{ 0.03[ 0.02{ 0.24{ 0.71{ 0.02 61.7[ 0.18} 0.07 0.01| 7.02| 0.37| 0.8[ 0.07[ 615
Analisis:

Se realizd un sistema de monitoreo de aceite hidraulico, el cual
determina el contenido y caracteristicas de los contaminantes del aceite;
ya que en los componentes de los sistemas hidraulicas se tienen
tolerancias internas muchos mas pequefas, explicadas por los niveles
de presidn mas altos que se alcanzan, que al ser recorridas por un
aceite con particulas por encima de su limite recomendado, ocasionaran
un desgaste excesivo y por consiguiente menor vida util. Por esto cada
fabricante recomienda un nivel maximo de contaminacién para cada
componente definido basicamente por el principio de operacion y la

aplicacion donde normalmente sera utilizada.

En sistemas hidraulicos la contaminacién del aceite explica el 90% de
las fallas de los componentes; sin embargo normalmente no se le daba
su real importancia debido principalmente a la dificultad de realizar las
pruebas respectivas. Ahora es posible realizar el monitoreo permanente
del aceite con equipos sofisticados y aun costo optimo, comparando con
sus caracteristicas de operacién y las ventajas que otorga: aumento de

la vida de los componentes, confiabilidad y por consiguiente disminucién
de costos de mantenimiento y produccion.

En general, los sistemas hidraulicas como los instalados en nuestros
equipos son disefiados, al igual que la mayoria de los sistemas de las
centrales hidraulicas, para una gran confiabilidad, elevada eficiencia y el
menor mantenimiento posible, en este caso, los sistemas hidraulicas se

disefian para trabajar con baja presidn, tanques de fluido mas grandes,
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volumenes de aceite altos, componentes mas robustos, disefo simple,
etc. Todas estas razones conllevan a que sea permitido un nivel de

contaminacién mas alto, comparado con otros sistemas.

Existen varias maneras de tomar muestras de aceite hidraulico, en esta
oportunidad se muestred siguiendo la recomendacién del fabricante, que
es hacerlo desde las lineas de presion y con aceite circulando en el ciclo
normal, por medio de censores 0 componentes especificamente
colocados, Sin embargo, lo mas importante para realizar un buen
monitoreo es la repetibilidad de las caracteristicas de la toma de
muestras, como presion, caudal, punto de la toma, aseguramiento de la
limpieza de las botellas, etc., para de esta manera poder hacer una
comparacion real y confiable.

Asi las muestras sacadas nos indica la presencia de una alta
concentraciéon de particulas (tamafo de 2 a 25 um), esto denota un
elevado trabajo de los filtros (normalmente con mallas de 25 um) y por
ende, un alto numero de horas de servicio, lo cual se refleja en el
horometro (72940 horas de servicio); también se presenta un alto
incremento de cobre causado probablemente por falta de presiéon de
aceite, desgaste y/o fugas en el cojinete, y finalmente existe presencia

de oxidacion debido a un posible recalentamiento.

En sistemas con volumenes de aceite pequenos la recomendacién seria
cambiar el aceite; sin embargo en nuestro sistema, como lo indica el
fabricante, esta permitido el centrifugado del aceite para la disminucién
de los contaminantes, asi como del agua que pudiera haber ingresado al
sistema. Como quiera que el aceite se degrada, no puede trabajar y
centrifugarse indefinidamente por lo que también es importante la
inspeccion visual de las muestras y del tanque para notar disociacion o
sedimentos, que indicarian un reemplazo inmediato.

Los resultados arrojados indican la necesidad de un cambio de aceite,
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debido tanto a los valores arrojados en ia prueba, como por las
recomendaciones del fabricante y del servicio técnico brindado por el

que nos suministra el aceite.

A continuacion en el Anexo |l se presenta el cuadro de una parte de la
informacion técnica de la Norma |SO 4406, que trata sobre la
nomenclatura de la contaminacion del aceite hidraulico, asi como

graficos y tablas con algunos sistemas y sus niveles tipicos de
contaminacién aceptables.
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NIVELES DE CONTAMINACION SUGERIDAS PARA VARIOS SISTEMAS HIDRAULICO

CONTAMINACION | MAXIMO NIVEL DE
DE ACUERDO A PARTICULAS
ISO 4406 SUGERIDO SENSIBILIDAD TIPO DE SISTEMA (T:ﬁ),:"(';%OSNENTES
5um 1;“ 5um 15um
Sistemas de control con muy alta Servo vélvulas de alta
13 9 4000 250 Super critica confiabilidad: Laboratorios, eficiencia
aeroespacio.
Sistemas servo de alta eficiencia,
15 11 16000 1000 Critica cée altq presion 'y V'(.ja .Utll. Servo vélvulas industriales
jemplo: aviones, maquinas,
herramientas, etc. )
Sistemas confiables de alta 5{;31322 dl% orz;zt:;:'
16 13 32000 4000 Muy importante |calidad.  Requerimientos  de controles P ge ﬂu'c;
' maquinaria en general. compensados J
Magquinaria en general y equipos
18 14 130000 8000 Importante moviles. Mediana presion y VBQTLBZE de g:rredep:zletas'
capacidad media. '
Sistemas industriales de baja Bombas de engranajes
: presion y trabajo pesado, | . !
19 15 250000 16000 Promedio aplicaciones donde |a larga vida ;/2:;Jlltis(:im%r;gzsales y de
no es critica. '
. . |Sistemas de baja presién con B
21 17 1000000 64000 Proteccién propia arandes tolerancias, ombas de carnero.

A continuacién se presenta las Tablas de |Interpretacion y

Contaminacion de aceites segun la Norma ISO 4406.
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Analisis Vibracional

Dentro de las partes a tener en cuenta para el diagnostico del problema,
se puso especial énfasis en el Andlisis Vibracional, aqui se presenta un
reporte de las mediciones Globales y Analisis Espectrales de los Grupos
Generadores de la Central Hidraulica Charcani V, la presentacion es la
siguiente:

Principios tedricos y metodologia

2. Valores Globales de Velocidad de Vibracién en mm/seg. (RMS); el
Desplazamiento de la Vibracion en um P-P

3. Espectros de Frecuencia vs. Amplitud de Desplazamiento de

vibracién que muestran las fallas significativas

4. Interpretacién y diagndstico de los espectros

5. Graficos de Tendencia por Cojinete

6. Recomendaciones Generales

1. PRINCIPIOS TEORICOS Y METODOLOGIA
Con este reporte, se trata de dar una visidn clara del estado general
del Grupo Generador de la Central Charcani V, con solo revisar los
graficos de tendencia se puede tener una idea de en que punto del
diagrama de la bafera se pueden encontrar, si se encuentran en
perfecto estado, si tienen desgaste, soltura, si fueron intervenidos en

mantenimiento apropiadamente o inapropiadamente, etc.

Asimismo se presentan como defectos 0 problemas aquellos puntos
(cojinetes) que presenten altos niveles de vibracion, estén cerca de
sus niveles de alarma o tengan un patron definido en el espectro,
onda en el tiempo u orbita.

Los valores globales se toman en velocidad de vibracion mm/seg.
RMS y en desplazamiento de la vibracion um P-P para determinar el
estado general del cojinete medido, tomando como término medio los

siguientes limites de advertencia y alarma (Norma ISO 10816-5 —
2000):
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GRUPO DE MAQUINAS DE EJE VERTICAL, COJINETES
SOPORTADOS EN LA CIMENTACION, CASO DE LA CENTRAL
CHARCANI V.

Velocidad de vibraciéon en mm/seg.: En RMS

= Bueno (vibracidn de maquina nueva) < 1.6 mm/seg.

= Regular (Aceptable para operacidn irrestricta en periodos largos)
> 1.6 y<de 25 mm/seq.

= En observacion (NO ACEPTABLE para operacidon irrestricta en
periodos largos) > 2.5 y < 4 mm/seg.

= Malo (Suficiente severidad para causar dafo a la maquina) > 4

mm/seg. a mas.

Desplazamiento de la vibracion: En um P-P

* Bueno (vibracién de maquina nueva) < 30. um

» Regular (Aceptable para operacidn irrestricta en periodos largos)
> 30y <580. um

= En observacion (NO ACEPTABLE para operacion irrestricta en
periodos largos) > 50y < 80 um.

* Malo (Suficiente severidad para causar dano a la maquina) > 80
um. a mas.

El nivel maximo permisible que recomienda el fabricante de la Central

Charcani V es de 60 um P-P y se expone por ALSTOM en los

protocolos de puesta en servicio donde se refieren a las normas

NEMA MGS5. 1.

Los otros valores se han tomado de acuerdo a las normas ISO
10816-4 primera edicion INTERNATIONAL STANDARD ISO 10816-
4. MECHANICAL VIBRATION - EVALUATION OF MACHINE
VIBRATION BY MEASUREMENTS ON NON ROTATING PARTS -
Part 5 MACHINE SETS IN HYDRAULIC POWER GENERATING
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AND PUMPING PLANT (NORMA INTERNACIONAL ISO 10816-4
VIBRACIONES MECANICAS - EVALUACION DE MAQUINAS CON
MEDICIONES EN PARTES NO ROTATIVAS - Parte 5 MAQUINAS
EN CENTRALES DE GENERACION HIDROELECTRICA Y
PLANTAS DE BOMBEQO).

También se pueden considerar las normas NEMA MG 1 Part 7.
Machines up to 75 MW Table 7-1 Unfiltered Vibration Limits, turning
speed 600 RPM 0.08 IN/SEC=2.0 mm/sec 0-P (aprox 1.4 mm/sec
RMS).

En caso de disponer de niveles de vibracidon permisibles por maquina
proporcionados por el fabricante se utilizaran estas como referencia
de comparacién y no las normas genéricas que se utilizan en el caso

de no disponer recomendaciones del fabricante.

Respecto al analisis espectral se buscan los sintomas de falla en la
concordancia de la frecuencia que se presenta en el espectro
medido, en comparacion de las frecuencias que debe dar el grupo,
de acuerdo a sus RPM, armoénicos (multiplos de las RPM) o

frecuencias de falla.

EQUIPOS UTILIZADOS

Analizador espectral VIBROSPECT FFT — SYSTEM 2 LITE marca
Pruftechnik — Alemania.

Analizador y colector de datos 2117 marca CSI|. Ambos de propiedad
de EGASA.

METODOLOGIA:
Se expone las tendencias de las vibraciones en los graficos, con la
finalidad de hacer la comparacién o analisis de como es el

comportamiento de los grupos diagnosticados, se presentan los
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niveles medidos en Agosto 1999, Mayo 2002, Agosto 2002, Octubre
2002 y Enero 2003 fechas en que se realizaron mediciones con los
mismos parametros de medicidn asi mismo son indicativos claros de
desgaste, envejecimiento, anormalidades, etc. las mismas que son la
esencia de la realizacién del presente reporte. En las préximas
mediciones trimestrales se continuaran completando estas
tendencias brindando una informacién importante que permitira hacer

un programa eficiente de acciones correctivas inmediatas.

Los valores que exceden los valores de observacion o alarma estan
escritos en color rojo, y de los puntos que superen estos valores se

han presentado los diagndsticos y recomendaciones.

En las tablas de valores medidos se presentan las ultimas
mediciones y las pentltimas con la finalidad de poder hacer una

rapida evaluacion de su comportamiento y estado.

. VALORES GLOBALES EN DESPLAZAMIENTO (um P-P) Y EN
VELOCIDAD (mmi/seg.) RMS

El desplazamiento es la medida dominante a bajas frecuencias
(inferiores a 600 CPM) y esta relacionado a los esfuerzos de flexion
de sus elementos. Relacionando esta sensibilidad a las RPM de las
maquinas diagnosticadas (en su mayoria 600 RPM) las mediciones
en desplazamiento RESALTARAN los problemas a bajas frecuencias
presentes en el espectro de vibraciones, sub-armdnicas y- armonicas
de baja frecuencia 1x, 2x, 3x. Estas vibraciones estan relacionadas a
los problemas que se presentan cercanos a estos rangos de
frecuencia, por ejemplo, desalineamiento, desbalance, soltura, etc.

La velocidad es la rapidez del cambio del desplazamiento y esta
relacionado a la fatiga del material, la velocidad se utiliza para
evaluar la severidad de la vibraciones en las maquinas en el rango
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de frecuencias desde 600 CPM hasta 60000 CPM. En este rango se
observan Jos problemas que se presenten en mayores frecuencias
como, problemas de turbina (13x, 20x, etc), solturas, turbulencia,

resonancia, oil whirl etc.

De esto se puede concluir que en algunos casos no se presente
concordancia entre el aumento de severidad en desplazamiento que
deba aumentar necesariamente la severidad de velocidad en la
misma proporcién, el motivo de estas variaciones es el tipo de falla
presente en la maquina, cada una de las cuales esta en un rango
determinado de frecuencia o que determina su influencia en el valor
global medido y relacionado al tipo de medicidon (desplazamiento y
velocidad).

En otras palabras y a manera de ejemplo: En caso de presentarse un
problema de oil whirl en un cojinete, este se presentaria a una
frecuencia de 0.42x-0.48x de las RPM (600), por lo tanto podria
haber un aumento significativo en el valor global medido en
desplazamiento mas no asi no necesariamente se presentaria un
aumento significativo en el medicidn global de velocidad. El mismo
fendmeno podria presentarse en un caso de problema de turbina, el
cual se presentaria a 20 x 20 veces 600 RPM = 12000 CPM, donde
se podria observar un aumento significativo en el valor global medido
en velocidad influenciado por la frecuencia a 12000 CPM que por el
rango de frecuencia a la cual se presenta no influya directamente a

las mediciones de baja frecuencia como el desplazamiento.
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DATOS GENERALES

CENTRAL

GRUPO

POTENCIA DE MEDICION

HORAS MAQUINA

NUMERO DE ALABES DE TURBINA
TURBINA y/o GENERADOR

OTROS DATOS

CHARCANI 5
2

43 Mw
88922.7

20

Pelton, Alsthom

RPM = 600

ALTERNADOR

TURBINA

ESQUEMA DE DISTRIBUCION DE COJINETES Y DENOMINACION
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CE mm/seg. mm/seg. pm P-P pm P-P
03/NOV/02 28/ENE/03 03/NOV/02 28/ENE/03
HE1 1.4 1.9 66.44 57.14
HE2-a 90° 1.3 1.7 68.67 50.99
AE 0.8 1.1 8.57 8.17.
o Mm/seg. mm/seg. um P-P um P-P
03/NOV/02 28/ENE/03 03/NOV/02 28/ENE/03
HA 0.8 1.1 29.27 25.79
HA2-a 90° 0.8 1.1 31.43 25.00
AA 0.4 0.7 14.02 12.30
cT Mm/seq. mm/seg. um P-P um P-P
03/NOV/02 28/ENE/03 03/NOV/02 28/ENE/03
HT 1.0 2.2 4.10 3.32
HT2-a 90° 0.9 1.0 3.54 4.17
AT 0.6 1.0 2.4 412
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3. ESPECTROS DE FRECUENCIA VS. AMPLITUD DE
DESPLAZAMIENTO DE VIBRACION

CH5-GR2
G2 -P1D CEHID
g 60 T T | ROUTE SPECTRUM
S 50 o1x 1 28-JAN03 19:37:58
s 40]) s>> | OVRALL= 57.14 D-AN
o 304 1 PP=5429
o ﬁg 1 LOAD=1000
T |ii ; 1+ RPM= 601.
o @ n m—L Rps= 1002
0 1 2 3 4 5 6 7T
Frequency in Order
L T T T T ROUTE WAVEFORM
c X 28-JAN-03 19:37:58
: 0 P-P=54.34
s PK{+) =29.66
20 PK(}=30.78
40 lT.l | | | | 1 | o CRESTF=1.60
Ordr: 995
0 100 200 300 400 500 600 700 SO0 Freq:  9.969

Time in mSecs Spec: 52.75
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CHS5-GR2
76 G2 -P1D CEH1D
[ ' ' ; ;| Trend Display
74 -~ of
72 | OVERALL VALUE
70 4
68 | | —Baseline -
Value: 65.83
66 | Date: 28-MAY-02
&—_ -
62 -
eon T Tendencia a
T T Mejorar
w-ﬂ- C—f—
56 | 4,
54 ; ; . J .
Date: 28-JAN-03
0 60 120 180 24!5 300 Time: 19:38:02
Days: 28-MAY-02 To 28-JAN-03 Ampl: 57.14
CHS§-GR2
G2 -PTV CTH2V
’ lo3s
|0.30
| 025
20x 1020
Problema en Turbina |0.18
disminuido
il fo-10
|1 0.05
‘!- ,l Tl I' ﬂ Iﬁl II : | 0
; ! 28-JAN-03
28-0CT02
18:20:28
RP¥=600.0
b Ordr: 20.01
0 10 3 40 S0 60 Freq: 200.10

Frequency in Order Sp1: 362
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4. INTERPRETACION Y DIAGNOSTICO DE LOS ESPECTROS

¢ Debido a los resultados obtenidos, segun la ultima evaluacion
realizada, se continian detectando en el espectro y la onda en el
tiempo del cojinete de empuje CE armdnicos de la frecuencia de
giro del alternador en el sentido radial con niveles globales de
hasta 57.14 ym P-P (nivel maximo permisible 60 um P-P). Este
defecto se debe a desalineamiento o inadecuado montaje de

cojinetes, soltura o desgaste del cojinete de empuije.

¢ El nivel de vibraciones se encuentra sobre el nivel permisible
maximo, anormal para ser un grupo recién reparado. De acuerdo
a las normas ISO se encuentra en el rango En observaciéon (NO
ACEPTABLE para operacién irrestricta en periodos largos) > 50 y
<80 um.

¢+ Debido a estos resultados se realizo un exhaustivo seguimiento,
llegando a determinar que el cojinete turbina, presentaba holguras
mayores a las determinadas segun plano por o que se esta

programando su cambio respectivo.

¢ Se observa una mejora en los niveles globales desde la ultima
inspeccion de- Noviembre del 2002, se puede observar la
disminucidén de los picos relacionados a los problemas de
flujo/turbulencia en la turbina provocados por defectos en los
inyectores (agujas) y/o turbina.
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5. GRAFICOS DE TENDENCIA POR COJINETE

CHARCANIV GRUPO GENERADOR N° 2

CE ( En Velocidad de vibracion mm/seg RMS)

CE 11-ago-01 | 21-may-02 | 12-ago-02 | 28-oct-02 | 28-ene-03
HE 0,8 1,2 1,4 1,4 1,9
HE2 0,9 1,3 1,1 1,3 1,7
AE 0,6 0,7 0,6 0,8 1,1
C1 v(mm/seg)
2 A
1.8
1,6 X
S 12 D= —— HE
e N i — - | -
Y - ——ne
04
0,2
0
1 2 3 4 5
Fecha
CE(En Deéplazamiento um P-P)
CE 11-ago-01 21-may-02 | 12-ago-02 | 28-oct-02 | 28-ene-03
HE 36,66 62,26 74,03 66,44 57,14
HE2 36,07 55,56 65,66 68,67 50,99
AE 6,22 8,09 10,01 8,57 8,17
C1 s(um)
80,00
70,00
60,00 : x/?ﬁ(w:
40,00 ﬁ/ \—0—&-&1
30,00 —&—AF |
20,00 '
0,00 : — . .
1 2 3 4 5
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CA ( En Velocidad de vibracion mm/seg RMS)

CA 11-ago-01 | 21-may-02 | 12-ago-02 | 28-oct-02 | 28-ene-03
HA 0,8 1,0 0,8 0,8 1.1
HA2 0,0 1,8 0,6 0,8 1,1
AA 0,0 1,3 0,8 0,4 0,7

C2 v(mmi/seg)

2

1,5 —% ———
——HA
1 ‘—t’—é’h W = —e—HA2
1 [ 3

05 }) . - = ;

’ {4 =

0+—d—, . .

1 2 4 5

CA ( En Desplazamiento pm P-P+A89)

CA 11-ago-01 | 21-may-02 | 12-ago-02 | 28-oct-02 | 28-ene-03
HA 8,29 23,71 32,45 29,27 25,79
HA2 26,45 32,76 31,43 25,00
AA 3,90 4,21 14,02 12,30
C2 s(pm)
35,00 ; .
30 00 _——a_ —HA
20,00 1 —ar— AA i
1500 / / /‘\:
s:oo —
0,00 :
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CT ( En Velocidad de vibracién mm/seg RMS)

CT 11-ago-01 | 21-may-02 | 12-ago-02 | 28-oct-02 | 28-ene-03
HT 0,6 06 04 1,0 22
HT2 0,5 0,8 0,5 0,9 1,0
AT 0,7 0,5 0.6 1,0
C3 v(mm/seg) |
25 . —
—_—
2 /) —a—HTR2
@ -
5 1,5 |— —AT
= g&/ B
E g
0.5 {— =%
o . : . .
1 2 3 4 5
Fecha
CT ( En Desplazamiento ym P-PY)
CT | 11-ago-01 | 21-may02 | 12-ago02 | 28-oct-02 28-ene-03
HT 2,32 1,73 574 4,10 3,32
HT2 2,80 2,29 5,43 3,54 417
AT 2,57 3,11 2,40 4,12
C3 s(Mm)
7.00 ==
6,00 —x=—7HT
5.00 ——HR2
g 400 G S /‘Z' [——AT |
2 300 x\fé’/"_+\g/ .
1,00 .
0.00
1 2 3 4 5
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6. RECOMENDACION

¢ Inspeccionar el adecuado montaje de los cojinetes de empuje y
alternador, asi como el alineamiento del eje entre los cojinetes de
empuje y generador.

¢ Reposicionar los cojinetes de ser necesario.

¢ Asi mismo inspeccionar el estado de desgaste o deterioro de los
cojinetes, reemplazar de ser necesario.

¢ Inspeccionar el adecuado montaje entre los ejes de alternador y

turbina.

iii. Analisis de Termografia

EGASA, cuenta en sus instalaciones con Lineas de Transmision,
Unidades de Generacidon con excitacion rotativa, Transformadores,
Equipos de maniobra, tableros de control y fuerza. Estos equipos estan
expuestos a generar en sus conexiones, elementos rotativos o por
operacion incrementos de temperatura mas conocidos como puntos
calientes.

Los puntos calientes se generan debido a problemas de conexion,
friccidn o incorrecta operacion de los equipos. Estos puntos calientes al

ser deétectados es posible analizarlos y eliminarios.

Mediante este procedimiento se reducen los tiempos de indisponibilidad
de los equipos por falla o mantenimiento contribuyendo a reducir el
indice de indisponibilidad de los equipos. La disminucion de este indice
es una de las metas trazadas por EGASA .

Por estas razones se ha decido contar con el servicio de analisis
termografico el cual forma parte del mantenimiento predictivo de
EGASA.
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Durante las inspecciones de termografia, la deteccion de puntos
calientes se realizo mediante el método de medicidon por

comparacion.

La inspeccidén en cada equipo o celda se realizo mediante un barrido
sistematico (con la camara infrarroja) a todo el equipo (Sus
terminales de entrada y salida asi como a los componentes del
equipo).

En los paneles y o celdas cubiertas mediante tapas, se destaparan
las cubiertas solo cuando esto no represento un riesgo a la operacion
normal de la instalacién, realizandose la inspeccidn bajo la
supervision de EGASA.

Con la finalidad de descartar falsos puntos calientes, todo punto
caliente encontrado se analizo considerando el tipo de material,
parametros del medio ambiente y enfoques desde diferentes angulos
con el fin de eliminar factores distorcionantes (reflexiones de cuerpos
calientes adyacentes, reflexion solar, variaciones de emisividad, etc.).
De esta manera se realizo la inspeccion de termografia de las
principales instalaciones y equipos de la Central Hidroeléctrica
Charcani V, este es un aspecto fundamental de caracter evaluativo
del programa de mantenimiento preventivo de EGASA.

La evaluacion termografica permite mediante una camara infrarroja
determinar la temperatura de los cuerpos, registrada en una imagen
termografica donde los colores y sus variaciones cuantifican la

temperatura del dispositivo al que corresponde la imagen.

Es importante senalar que, el grado de exactitud del valor leido para
temperatura, depende también de la fidelidad de los parametros

considerados, que son: temperatura del ambiente, distancia al objeto
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y emisividad. En el caso.de esta ultima es algo complejo determinar
el valor preciso que corresponda a cada material. Como se puede
observar en los reportes que se presentan luego, estos parametros
han sido considerados estandares (los mas proximos a la realidad),
para todos los equipos, con la finalidad de que quien corresponda
pueda compararlos para sus trabajos de mantenimiento preventivo

futuros con los resultados obtenidos en esta evaluacion.

Esta condicién debe dejar claro, que este tipo de evaluaciones tiene
como objetivo principal determinar si existen puntos dentro de un
mismo material o dispositivo cuya temperatura esté por encima del
promedio del conjunto, rompiendo la continuidad del color en la
imagen.

En los reportes realizados se eligidé un area critica (la de mayor nivel
de temperatura), es en esta area donde se ha hallado la temperatura
del “componente principal” (qQue no necesariamente presenta
averias), también se ha trazado un segmento sobre la zona cuyos
niveles de temperatura son mas importantes, y es de este segmento
del que se desprende el diagrama “profile”, que marca temperaturas
para todos los puntos del mismo, y donde se puede contrastar a que
nivel del promedio del equipo se hallan los puntos seleccionados. En
algunos casos se han seleccionado un area o recuadro para
determinar en él, porcentaje de cada escalén de temperatura; se
entiende que si los resultados obtenidos en los “componentes
principales” se hallan dentro o por debajo de los porcentajes mayores
de niveles de temperatura, el dispositivo se halla en condiciones
normales de operacion.

Las condiciones de sobre temperatura para componentes eléctricos
hasta 50% de su carga maxima son;
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AT < 5°C Inspeccidén normal.

6°C <AT < 15°C Mantener en observacion

16°C <AT < 35°C Reparacion.

36°C <AT Reparacion inmediata.

Donde:

AT Sobre temperatura ( °C )

Tpc Temperatura del punto caliente ( °C )
Top Temperatura de operacion ( °C )

La cuarta condicion se refiere a que no existe garantia de que el
componente con una sobre temperatura superior a 35°C, pueda
resistir un dia, un ano, una transferencia, o una sobrecarga
inesperada del sistema.

El calentamiento que experimenta el area defectuosa aumenta en
proporcidn al cuadrado de la carga (Ley de Joule), es decir si la

carga se duplica la temperatura del punto caliente se cuadriplica.

En el Anexo Ill se presenta el cuadro del resumen de los puntos

calientes encontrados en la Central Hidroeléctrica Charcani V.
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RESUMEN DE PUNTOS CALIENTES ENCONTRADOS

CENTRAL HIDRAULICA CHARCANI V

ITEM Eauipo / Lugar de medicién Qbservaciones
SISTEMA DE REFRIGERACION |Sobretemperatura en bomba N°2.
1 AGUA TRATADA Verificar resultados en mismos tiempos
BOMBA N° 02 de funcionamiento
SISUELISRISINAAUCIS 10 Sobretemperaturas considerables
2 TABLERO DE MANDO Lk '
. Atender inmediatamente
(Parte posterior)
3 GRUPO 3 - TABLERO RAPID 77 |Verificar tarjetas Sy 6
GRUPO 2 - CABLES DE
4 ENERGIA Aparente sobretemperatura fase R
(Inicio de Ia qaleria)
GRUPO 3 - CABLES DE
5 ENERGIA Isoterma maxima en fase R
(Inicio de la galeria)
GRUPO 3 - TRANSFORMADOR
6 . o1 POT.ENCIA Verificar conexionados enfases Sy T
(Caja de proteccion bomes lado
primario)
GRUPO 3 - SALIDA DE
7 TRANSFORMADOR Nomal, Observar fase R

(Cadena se suspension)

En el Anexo |ll se presenta el Reporte de la Inspeccion Termografica de la
Central Hidraulica Charcani V.
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iv. Analisis de Agua
A continuacion se presenta el analisis realizada al agua utilizada en el

Sistema de Refrigeracidén de los Grupos 1, 2 y 3 de la Central Hidraulica
Charcani V:

ANALISIS DE AGUA (PPM) DE MUESTRAS TOMADAS EN CHARCANI V

MUESTRAS DUREZA |[ALCALINIDAD| TDS ASPECTO | CONDUCT. PH Silice
P|M|[OH .
DUCTO FORZADO 45 0{44| O 138 | CRISTALINO 280 6.97 1.5
MOTOR DIESEL 0 2040 ROSADO 3700 Q.06
AGUA TRATADA 40 0|721 0 109 | CRISTALINO 206 6.65 15
Analisis:

Mas adelante se detallara el analisis en el item correspondiente a la

Limpieza Quimica de los Equipos de Refrigeraciéon del Grupo Generador
N° 2.

2. ANALISIS TECNICO REALIZADO CON EL FABRICANTE ALSTOM
FRANCIA EN SITIO.

El objetivo de esto, es realizar un andlisis y evaluacién del estado general
del circuito magnético, observando el area de las uniones, a fin de detectar
aflojamiento de las chapas magnéticas y un eventual inicio de
desplazamiento o rotura, dicha evaluacidon lo realizaron conjuntamente el
fabricante del generador ALSTOM FRANCIA y EGASA.

Se tomo en cuenta el numero de horas de funcionamiento a la fecha de la
inspeccion: 77010h.
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Analisis:

En esta maquina se constata un desapriete, se presenta también una
contaminaciéon importante por aceite que necesita una limpieza completa y
la instalacion de un equipo de aspiracion de los vapores de aceite asi como

la supresion de las fugas.

El estado general de la unidad 2, no presenta una degradacién del paquete
magnético; sin embargo, para evitar la aparicion de estos danos
irreversibles, aconsejamos una intervencion rapida de mantenimiento para
limpiar, reapretar el paquete magnético y suprimir las fugas de aceite, causa

mayor de la contaminacién de las unidades.

i. Condiciones adoptadas en el grupo generador 2 para este control
Para reducir al maximo el impacto de la parada sobre la capacidad de
produccién de la central, el control fue realizado maquina caliente: sin
rotacién en marcha mecanica durante 30 minutos para enfriamiento.
Partes y componentes desmontados para permitir el control:

a. Se desmontaron los dos enfriadores ubicados en el eje de cada
unién (margen derecha e izquierda).

b. Desmontaje de dos tapas del guiado de aire inferior (piezas de
poliéster) ubicadas también en los ejes de las uniones del circuito
magnético.

c. Dos placas de cierre de la parte superior de la virola de la carcaza del
estator.

ii. Observaciones en las areas controladas
a) Diametro Exterior del Circuito Magnético Uniéon Margen Derecha:
Se nota un deslocamiento axial de las dos partes del Circuito
Magnético a la retirada de! enfriador encontrandose una cantidad
importante de aceite localizada a la vuelta de Ja placa de unién de
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d)

41

carcasa, principalmente arriba de los discos inferiores.
Senales de vibraciones estan visibles y materializadas por la huella

negra en la region inferior de la unidn.

Diametro Exterior del Circuito Magnético Unién Margen
lzquierda:

Mismas observaciones que el item anterior, por lo que se trata de la
polucidn y el deslocamiento axial, aqui no hay sefal visible de

vibracion.

Diametro Interior del Circuito Magnético Unién Margen Derecha:
Senales de vibraciones por aflojamiento de las chapas magnéticas, y
en funcidon a la experiencia de otros grupos, se observa los mismos
sintomas de aflojamiento: movimiento de laminas, almacenamiento
de masa negra en las extremidades (chapas sin cola de milano);
todo esto constata la necesidad del reapriete del circuito magnético.

El nomex de aislacion de la unidon quedd en la posicidon de origen.

Diametro Interior del Circuito Magnético Union Margen lzquierda
Mismas observaciones que para Jla otra unidn, pero se sigue
observando el grande nivel de polucidén perjudicial para el
comportamiento del equipamiento.

Diametro Exterior Circuito Magnético parte superior virola
carcasa: Margen Derecha e Izquierda

No hay senal visible de desplazamiento de los componentes del
sistema de apriete; se observo en particular las areas de contacto de
los pernos de nivelamiento y de contra apoyo (¢ M30).

Se nota también el gran nivel de polucién y una presencia de aceite
condensado.
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Se observa en el lado margen derecho y en las barras proximas de
Jas salidas de fase, presencia de Efecto Corona, que es el polvo
blanco siendo mezclado con polucidén y aceite, se aprecia el area

visiblemente afectada.

ili. Medidas recomendadas a tomar en cuenta de modo inmediato

Realizar un seguimiento de la evolucién de los indices de defectos
detectados, aprovechando Ja oportunidad de las paradas por

mantenimiento.

Los puntos a vigilar deberan estar concentrados al principio en la parte
inferior del circuito magnético de cada unidn, basta desmontar las tapas
adecuadas del guiado de aire inferior, para efectuar la observacion
necesaria.

El tiempo requerido para este control no deberia exceder de unas dos
horas.

iv. Tipo de Intervencion requerido a la brevedad

a. Limpieza del grupo:

Después del desmontaje 2 a 2 de los polos, debera procederse a la
limpieza del estator y del rotor utilizando un procedimiento de
limpieza en seco industrial: Disolvente dieléctrico ecoldgico con aire
presurizado. Este producto de limpieza es el ideal para solucionar el
problema de la polucién sin dafiar el bamiz y componentes aislantes,
es necesario entonces la adquisicion del equipo para poder utilizar
este procedimiento, sin olvidar también un aspirador industrial
potente.
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Reapriete del Circuito Magnetico

A continuacién de la limpieza, proceder al reapriete del circuito
magnético, utilizando un sistema hidraulico adecuado, equipado
como minimo de 2 gatos huecos, haciéndose necesario la

adquisicidn de este equipo.

Nota:

El sistema de trabamiento de los pernos de apriete, pueden causar
demora en el proceso de desmontaje, por los danos que se causaria
si no se toman las precauciones necesarias. Es necesario por ello
utilizar los equipos y herramientas adecuadas para retirar los puntos
de soldadura y asi evitar danos irreversibles de los mismos,
reaprovechando asi los pernos y tuercas.

Todos estos tiempos, asi como la falta de precauciones a tener en
cuenta en la proteccion del bobinado para evitar perforaciones
durante el esmerilamiento, pueden alargar el tiempo total de la
intervencién, y deberan ser considerados en el cronograma de los

trabajos, asi como en el suministro de los materiales.

Aspiracion de Vapores de Aceite - Fugas

Aprovechar la intervencidon para solucionar los problemas de fugas
de aceite y realizar las modificaciones requeridas en los laberintos de
los cojinetes y los equipos de recuperacion de vapores de aceite.

Es posible realizar un estudio para verificar la posibilidad de
implantacion de nuevos sistemas, y realizar las maodificaciones
adecuadas en las piezas existentes.
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3. CONCLUSION FINAL

EGASA evaluando los informes de los mantenimientos predictivos
respectivos, asi como el analisis técnico realizado conjuntamente con el
fabricante; y teniendo en cuenta que durante los 13 afos de operacion de
las unidades generadoras, no se habia realizado un Mantenimiento de Tipo
Plan 4 Total (Over Holl), ni Reapriete del Circuito Magnético, acumulando
este grupo a la fecha 77010 horas de trabajo, vio por conveniente priorizar y
efectuar el Reapriete del Nucleo Estatérico y Mantenimiento del Generador,
asi como el Mantenimiento de todos los Equipos Electromecanicos e
hidraulicos del Grupo Generador N° 02 de la Central Hidraulica Charcani V,

a fin de evitar danos irreversibles posteriores.

De esta forma EGASA contrata a ALSTOM BRASIL para el Servicio de
Reapriete del Nucleo Estatorico y Mantenimiento del Generador N° 2, asi
como el suministro de los repuestos necesarios para la operacion del
Grupo, esto comprende el servicio de montaje e instalacion de los repuestos
referidos, asi como su puesta en operacidon, pruebas y Ooptimo
funcionamiento del grupo, ademas los materiales a suministrar deben ser
originales del fabricante, y cuando sean de terceros seran garantizados por
el fabricante y seran entregados a EGASA en la Central Hidroeléctrica
Charcani V, Arequipa, Peru.

Dandose inicio con la evaluacidon de todos los equipos electromecanicos e

hidraulicos, para la elaboracién de la lista de repuestos y adquisicidén de los
mismos.
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V. DESCRIPCION DEL MANTENIMIENTO DEL GRUPO
GENERADOR N° 2 — CENTRAL HIDRAULICA
CHARCANI V

1. MANTENIMIENTO Y REAPRIETE DEL NUCLEO ESTATOR HICO

i. Cronograma de Trabajo del Mantenimiento y Reapriete del Nucleo
Estatorico.
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ii. Descripcidon del Mantenimiento y Reapriete del Nticleo Estatérico.

El proceso de mantenimiento se inicio de la siguiente manera:

a. TRABAJOS EN EL GENERADOR

a.1 Ensayos de Recibimiento -~ Controles
Se inicia con la preparacion de los Equipos de Ensayos para las

Pruebas de Recibimiento de la Unidad Generadora N° 2, siendo
estas las siguientes:

Operaciones del Grupo en Vacio
1. A 25% de Carga

2. A 50% de Carga

3. A75% de Carga

4. A 100% de Carga

Monitoreo de Temperaturas
Cojinetes

Aceite

Agua en los Refrigeradores
Bobinado del Estator
Bobinado del Rotor

Nucleo del Estator

Aire Caliente

©® N O o6 & enN 2

Aire Frio

Monitoreo de Vibraciones
1. Cojinete Guia Turbina
2. Cojinete Superior del Generador (Cojinete Pivot)

3. Cojinete Guia Inferior del Generador (Cojinete Altermador)

Monitoreo de Operacidn del Grupo
1. Potencia del Generador
2. Cos phi
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Tension del Generador
Corriente del Generador
Tension del Excitacion

Corriente de Excitacion

Pruebas Eléctricas

a &> N

Resistencia Ohmica del Bobinado del Estator.
Resistencia Ohmica del Bobinado del Rotor.
Resistencia de Aislamiento del Bobinado del Estator.
Resistencia de Aislamiento del Bobinado del Rotor
Controles de los RTD'’s.

Desmontaje de las tapas, tuberias, equipos e instrumentacién
Mecanicos.

El desmontaje se inicio con el retiro de la tapa circular del piso
Nivel 63.

Desmontaje de la tapa del Sistema de Sobre velocidad — Nivel
63.

Desmontaje de las tapas de acceso a los Gatos de Frenado
Nivel 58.

Desmontaje de las tuberias del sistema de refrigeracion de
agua del generador, alimentaciéon de los 06 aerorefrigerantes.
Desmontaje de tapas guia de aire superior (fibra de vidrio)
para verificar la distancia de entrehierro.

Desmontaje de las tapas laterales del estator.

Se adecud 04 estufas para calentar el gje - anillo del colector
hasta 65 °C y poder desmontarlo posteriormente.

Eléctricos

Desmontaje de [a instrumentacion, se realizo el retiro de los
censores de temperatura como son los RTD’s, PT100 y

termostatos del Cojinete Pivot: Empuje-Guia, Cojinete



48

Alternador y Cojinete Turbina.

Desmontaje de las lineas de fase y del neutro.

Se procede a desmontar el anillo de porta carbones (20 porta
carbones), y la carcasa del anillo colector.

Desconexién de los cables eléctricos del anillo colector con el
rotor

Desmontaje de las protecciones del anillo colector, casquete
porta anillos, pista de carbdn a tierra.

Se desmonta los cables eléctricos de las canaletas puestas

sobre la cruceta.

Se realiza las pruebas respectivas de los parametros de trabajo
de los termostatos, estos son:
Termostatos Locales de la Turbina, grado 1: Cojinete Guia de
la turbina.
Termostatos Locales de la Turbina, grado 2: Cojinete Guia de
la turbina.
Termostatos Locales de la Turbina: Tele termdmetro Sopac
TLC, parte activa.

Se realiza las pruebas éhmicas de los PT100, como son:

1. PT 100 (3) : Cojinete Inferior Alternador — Parte Active -
Aceite
RTD 100 (9) : Enrollamiento de Estator

3. PT 100 (2) : Entrada y salida de agua (Sonda
Termométrica de resistencia)
PT 100 (2) : Parte metalica y Patin del Cojinete Pivot

5. Termdmetro Local del Generador: Cojinete Alternador
Inferior - Metal

6. Antifriccion
PT 100 (6): Aire Frio, salida de aerorefrigerantes

8. PT 100 (6): Aire Caliente, entrada de aerorefrigerantes
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9. Termdmetro de Cojinete del Generador

10. Termdmetro de Temperatura de aire caliente del generador

Dichas pruebas fueron realizadas utilizando:

— 01 Multimetro Marca: Kyoritsu, Modelo: 2002 PA

Se inspecciona los tubos aisladores de los termostatos (bulbos),
los revestimientos de proteccion metalica, y las gomas de sellado
para el montaje de los mismos (ver el Control de los Registros

Mecanicos del Grupo).

Desmontaje del Cojinete Pivot, Cojinete Alternador y Cruceta
Superior - Controles.

Se coordina sobre los Controles y Desmontaje de la Cruceta
Superior y de Jos Cojinetes Pivot y Rotor Alternador
correspondiente al Grupo Generador 2 de la Central Charcani V, y

lo que se procedera conforme el siguiente procedimiento

a.3.1 Control de RUN - OUT

e Inyeccion operacional.

e Fabricacion de los 04 soportes para el posicionamiento
de los Relojes Comparadores en zona de acople, para
eso se requerira tener el punto de centrado en la parte
superior de eje, con topografia.

e Después del RUN — OUT se colocara toda la maquina

con marca R-R Posicidon Montante.

Procedimiento para la Prueba del Run - Out

El procedimiento a seguir se da con la ubicacion de los 21
relojes comparadores para realizar las mediciones, estos

seran ubicados sobre 05 zonas a saber:
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e 04 relojes comparadores sobre la base de la superficie
vertical del cojinete pivot

e 04 relojes comparadores sobre la base de la superficie
vertical del cojinete alternador

e 04 relojes comparadores sobre la base de la superficie
vertical de la brida de acople del eje del rotor

e 04 relojes comparadores sobre la base de la superficie
vertical de |la brida de acople del eje de la turbina

e 04 relojes comparadores sobre la base de la superficie
vertical del cojinete turbina

e Para ello se colocara uno para la posicion Amont , Aval,
Derecha e Izquierda en forma horizontal

e Un reloj comparador sobre la base de la superficie
horizontal del cojinete pivot para medir la altura de
elevaciéon del eje debido a la inyeccidn de aceite por los
patines del cojinete pivot

Se gira 720 grados al eje de la turbina, para verificar se
inyecte aceite en los patines de inyeccidn de aceite,
generando una lamina de aceite de 0.007 mm, registrada
en el comparador; el giro sera antihorario segun giro de

rotaciéon de la maquina en forma manual.

Luego de verificar el correcto giro del eje, se toma como
referencia las siguientes posiciones:

Amont: Aguas Arriba como posicion a 0 y 360 grados.

Lado Derecho respecto de Amont como posicion a 90 y 450
grados

Aval: Aguas Abajo como posicidn a 180 grados.

Lado lzquierdo respecto de Amont como posicion a 270
grados
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Se gira el eje, tomando las medidas registradas en los
relojes comparadores para cada posicién.

Este proceso se repite 03 veces para mayor seguridad.

Se realizan las mediciones colocando todos los relojes a
5.00 mm.

Se entrega el protocolo de prueba del RUN — OUT.

De los resultados obtenidos se concluye que existe un
ligero desalineamiento del eje, sin embargo, segun la
Norma NEMA DE STANDARDS PUBLICATION PUB. N°
MG 5.2-1972 referente a INSTALLATION OF VERTICAL
HYDRAULIC — TURBINE — DRIVEN GENERATORS AND
REVERSIBLE GENERATOR/MOTORS FOR PUMPED
STORAGE INSTALLATIONS (INSTALACION DE
TURBINAS HIDRAULICA VERTICALES, GENERADORES
Y REVERSIBLES GENERADOR/MOTOR PARA
INSTALACIONES BOMBEADAS DE ALMACENAJE), se

tiene lo siguiente:

1. En el numeral MG 5.2 — 8.11, Pag. 22 : SHAFT -
PLUMB AND STRAIGHTNESS CHECK se hace
Referencia al Chequeo de I|a Linealidad vy
Verticalidad del eje, aqui se estipula textualmente que
este es un chequeo de la linealidad y verticalidad de los
ejes combinados de generador y turbina. El uso de 4
lineas plomadas espaciadas 90 grados girando
alrededor del eje es recomendada. Las lecturas deben
ser tomadas de los mismos puntos de cada eje que
fueron usados durante el chequeo inicial de fabrica.

El eje ensamblado para ser considerado lineal no debe

tener ningun punto desviado (referido a las variaciones
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del diametro) mas de 0.003 pulgadas (0.0762 mm) de
una linea recta que une los puntos superiores con los
inferiores. Para que el eje ensamblado sea considerado
como vertical los puntos superiores e inferiores no
deben desviarse de la plomada mas de ¥ mil por pie (

de la longitud del eje).

Informacion de planos de ingenieria:
1 mil = 0.0254 mm

Ya mil = 0.00635mm

0.00635mm para 0.3048 m

X mm para 1m

x =0.0208 mm/ m

Para nuestro caso:

Longitud del eje = L eje generador + L eje turbina
L total =6.725 + 2.700

L total =9.426 m

Para esta longitud se tiene lo siguiente:
X =0.19604 mm

El valor que dio como resultado fue inferior a este,

estando dicho valor dentro de los margenes tolerables.

2. Asi también en el numeral MG 5.2 — 13.01, Pag. 30:
VERTICAL HYDRAULIC — TURBINE GENERATOR
SHAFT RUNOUT TOLERANCES - INSTALLATION
CHECK (A. ROTATIONAL CHECK, METHOD 1) donde
se hace Referencia a Tolerancias en la Prueba de
RUNOUT de Turbina Generadores, se estipula una

formula para hallar la tolerancia maxima, esta es:
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T = 0.002xL/D inches; donde:

L = The distance in inches from thrust surface to
point of measurement (Distancia de Niveles entre
el anillo movil y el punto intermedio de contacto
del cojinete turbina)

D = The thrust bearing outside diameter in inches
(Diametro Extremo del anillo movil)

Luego en milimetros tenemos:

T - 0.05xL/D mm; donde:

L = 7325mm
D = 1225 mm
T = 0.298979 mm

El valor que dio como resultado fue inferior a este,

estando dicho valor dentro de los margenes tolerables.

Se presenta el esquema de posicidn de los relojes
comparadores.
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a.3.2 Control de la Verticalidad y Centrado de la Maquina

Preparar el dispositivo independiente de la maquina para
la colocacidén y centrado del eje utilizando una plomada,
en la parte superior.

Retirar la tapa de seguridad ubicada en la rueda pelton
para tener acceso al centrado del gje.

Preparacién del dispositivo de alojamiento de la plomada
(depdsito con aceite y un contrapeso con 04 aletas).

Se realizo asi la Prueba de Verticalidad del eje del
generador.

a.3.3 Control de las luces de los 03 cojinetes, empujando
con gata hidroeléctrica y con inyeccion en operacion.

Se realiza el control de los juegos diametrales del Cojinete

Pivot y Cojinete Turbina, arrojando en ambos el siguiente

resultado:

Juego Diametral = 0.65 mm

Juego Radial = 0.325 mm

a.3.4 Preparacidn para el desmontaje de la Cruceta Superior

Medidas del juego en las terminaciones (guias) de la
junta cruceta

Accionar los gatos de frenado para apoyar y levantar el
rotor, colocando los calzos de baquelita.

Colocar el anillo de fijacion del eje de la turbina.
Desmontaje del anillo de seguridad y accesorios de
proteccidon del Cojinete Pivot.

Controlar la planicidad de la membrana de los gatos y la
altitud con topografia, ademas se toma los niveles de los
apoyos de la cruceta y de los 09 patines para tener
como referencia posteriormente en el montaje.



56

e Se procede al desmontaje de la cruceta superior.

e Medicidn del entrehierro en la posicidbn superior e
inferior, arrojando valores entre 18.4 y 18.6 mm.

e Medicion del centrado de la cruceta entre soporte y gje.

e Preparar base de suspensiéon del eje — turbina.

Desacoplar el gje turbina.

Se inicia Desacoplando los esparragos de la brida de acople
del generador - turbina, realizando el control respectivo de
las elongaciones de los esparragos del acople, mientras

tanto no se mueve el cojinete altermador.

e Desmontar del Cojinete Altemador:
Se prepara el cojinete para el vaciado de aceite de la
cuba interna.
Se realizé el levantamiento del eje para medicidon de
luces en el cojinete altemador intermedio.
Juego Diametral = 0.6 mm
Juego Radial = 0.3 mm

Se realiza el desmontaje de las tapas, deflectores y
la cuba, si como sus partes.

Desmontaje del intercambiador de calor aceite —
agua.

Se realizé el pre — montaje del cojinete alternador
para realizar los controles respectivos diametrales del
cojinete en 08 puntos en forma circular y 04 puntos
en forma vertical (32 mediciones), para verificar la
ovalidad del cojinete.

e Colocar el gje — turbina a su centro, esto abarca:

— Centrado
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Nivelado
Verticalidad
Planicidad

a.3.5 Desmontaje del Cojinete Pivot

1. Desmontaje del Cojinete de Empuje
e Manguito
e Vaina
e Laberinto
e Suncho
o Sistema de Mangueras de Inyeccidon de Aceite
e Patines de Inyeccién de Aceite
e Cambio de la goma de amortiguamiento del cojinete

empuje de caucho sintético, controles y tolerancias

2. Desmontaje del Cojinete Guia
Se realiza el desmontaje de las tapas, deflectores y la
cuba.
Nota:
e Se realiza la limpieza e inspeccidén de los
componentes de los cojinetes, con sus respectivos
controles.

e Se realizd la limpieza e inspeccidn de la cruceta.

(Ver control de los Registros Mecanicos del Grupo)

a.4 Desmontaje del Rotor — Controles
Preparacion de dispositivo para el desmontaje del rotor.

¢ Instalacién del collarin en el eje del rotor.
e Se acopla las gruas y se prepara el puente para acoplarlo al
eje del rotor
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¢ Retiro del rotor

A continuacion se realiza el desmontaje de los aero-refrigerantes
del estator, asi como el desmontaje de los gatos de frenado.

Se realiza un control de los gatos de frenado, cambiando los fines
de carrera, asi como las mangueras de presidon de aire, y se

realiza la prueba de presion de los gatos de frenado a una presion
de 140 bar.

Se realiza la Limpieza Quimica de los 06 aero-refrigerantes del
generador, asi como los intercambiadores de calor Aceite — Agua
de los Cojinetes Pivot, Alternador y Turbina. (Este informe se

expone en el punto a.9).

Pruebas Eléctricas Controles.

Se inician los siguientes ensayos:

e Prueba de Resistencia Ohmica del Devanado del Estator

e Prueba de Resistencia Ohmica del Rotor

e Prueba de Aislamiento del Estator por fase

e Prueba de Aislamiento del Rotor

e Prueba de Tension Aplicada con corriente continua (R, S, T), a
una Tensidén de 1.3 Un, midiendo la tensidon y corriente de
fuga.

e Prueba de Induccidon Magnética (Magnetizacion) del Nucleo,

esto para determinar los posibles puntos calientes.

Reapriete del Nucleo y Cambio de Cunas - Controles

Se coordina los trabajos a realizarse en el Reapriete del Nucleo,

la secuencia de trabajo es el siguiente:

e Realizar el Control Dimensional del Estator para verificar la
Circularidad y Verticalidad del mismo, para ello sé& haran los

controles radiales en 16 puntos y en tres niveles, en cada
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punto se hara el.control antes y después del Reapriete del
Nucleo Estatorico

Realizar el Control Dimensional de la Altura del Nucleo
Estatorico antes y después del Reapriete del Nducleo
Estatorico.

Controlar el nivel de cada una de las chapas de apriete tanto
en forma radial como tangencialmente, o mismo que la luz
entre cada chapa y el tope limitador de desplazamiento, o
distanciamiento.

Retiro de todo el sistema de cuhas y muelles de apriete de
todas las ranuras, dejando 2 provisionales en cada barra para
la limpieza; para ello se procede con el corte de los amarres
de la cunas en la parte superior e inferior del nucleo
magnético; al termino de ello se da inicio al proceso de cambio
de cunas de apriete de las bobinas inferiores del nucleo
magnético.

Realizar la limpieza de todas las barras estatoricas y del
nucleo, eliminando toda presencia de aceite y suciedad.
Realizar un control de aflojamiento de laminas en toda la
superficie del nucleo, pasar una capa de barniz conductor en
la superficie de barra que apretara las cunas, Se realizo una
prueba de acunamiento entre las barras 88 y 90, parte inferior,
se empleo un bamiz (resina epoxi) de compactacion, se
coloco fibra de vidrio de 0.2 mm de espesor (lamina de
estratificado de vidrio) entre las chapas en 05 puntos, esto es
para la aislamiento entre laminas del area reparada, dicha
resina tiene un poder de capilaridad estimado a 5 mm hacia el
interior de la superficie entre laminas.

Realizar el Control Dimensional de la Altura de los Pernos
Pivot instaladas en las placas de apriete de las chapas del
Nucleo Magnético.

Realizar el aflojamiento de cada uno de los pemos de apriete
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del nucleo, y todos los trabajos previstos de reapriete,

dejando cada uno con el ajuste correspondiente.

Se realiza asi el corte de los seguros de los pernos de las placas
de apriete de las chapas y el esmerilado de la soldadura del
esparrago y la tuerca de las placas de apriete de las chapas del
nucleo magnético, al final se realiza el corte de soldadura con
fresas para darle el acabado adecuado y no danar asi los hilos del

esparrago.

Se realiza el desmontaje de los soportes de aislamiento de los
bobinados que no permitian el adecuado posicionamiento de los
gatos hidraulicos para el proceso de reapriete de los esparragos
en las placas de apriete de las chapas del nucleo magnético.

Se inicia el proceso de reapriete de los esparragos de las placas

de apriete de las chapas del nucleo estatorico

Finalmente nuevamente se realizo el montaje de los seguros de
los pemos de las placas de apriete del nucleo estatorico y los
soportes de aislamiento del bobinado

Observacion:

Se realizo cada dia una limpieza del circuito magnético (chapas y
bobinas) con aspiradora, para evitar la acumulacién. de virutas,
realizando la limpieza de las chapas con aire comprimido y
Dieléctrico: solvente no clorado SS-25.

Se protegié el bobinado con plastico en la realizacion de los
trabajos y luego de cada limpieza, asi mismo se protegid las
ranuras entre tapas con cinta adhesiva de papel, y se coloco

planchas de asbesto como proteccibn en el momento del
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esmerilado.

Se debe tener presente que las chispas del esmeril podrian
ocasionar agujeros en el aislamiento de las bobinas, asi también
el alojamiento de virutas metalicas sobre las bobinas, estos
originarian posteriormente una induccidén, generando huecos

localizados, presentando asi cargas residuales parciales.

=  Colocar todo el sistema de cunas y muelles nuevos, realizando
el control de ajuste en cada una de las barras.
Se inicio asi el proceso de seleccidn de las cufias de apriete
de las barras estatéricas, a emplearse en el nucleo

magnetico.

Como control de apriete, se considerara, que cuando no tenga
apriete el alto maximo sera 9.8 mm y el minimo 7.9 mm,;
asimismo durante el montaje debera tenerse presente que las
ranuras (ventanas) de las cufas coincidan con los canales de
ventilacion del nucleo estatérico para facilitar el paso del aire
de enfnamiento.

Luego de terminado el proceso de acufiamiento de las barras
inferiores, se realizo la limpieza del nucleo estatdrico para
realizar el control de presidon de las cunas de las barras

inferiores del nucleo estatérico, a través del sistema de mola.

= Aplicar el barniz en los extremos de los paquetes del nucleo
para evitar
aflojamiento y vibraciones de las laminas en estas zonas,
luego se realiza la limpieza de la zona inferior y superior del
nucleo estatdrico para el bamizado de compactacion y amarre
de las cufas en la parte inferior y superior, utilizando bamiz

como la mezcla de una resina y el endurecedor, en la
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proporciéon de 2 a 1, posteriormente se realiza el reajuste de

los amarres superior e inferior de las cunas.

Terminado con todas las operaciones de reapriete y trabajos
en el estator, se aplica la pintura de base y acabado a toda la
superficie del nucleo, dando por concluida esta parte, para
ello se realizo la limpieza general en el estator aplicando
Dielectrico: Solvente SS-25, procediéndose a realizar el
pintado del mismo. (Ver el Control de los Registros Mecanicos

del Grupo)

Procedimiento para el reapriete de los pernos de las placas
de apriete de las chapas del nucleo estatérico

El sistema de apriete de las chapas del nucleo estatérico consta

de 20 placas, cada una de estas consta de 2 esparragos con

tuerca de ajuste M33 y de 2 pemos pivot, a excepcion de 2

placas de apriete que consta de 3 esparragos, sumando asi en

total el sistema 42 esparragos de ajuste.

A continuacion se dara el procedimiento a seguir para el ajuste de

pemo de solo una placa de apriete:

Cada placa esta sujetada sobre los soportes del estator, por lo
que se tiene que sacar los 2 pernos de sujecion M16.

Se procede a realizar la marca de las posiciones iniciales de
los esparragos de apriete y de los pernos pivot.

Se realiza una primera medicidn radial y tangencial de la placa
de apriete.

Se limpia la base circular alrededor de la tuerca del esparrago
y se coloca la arandela para luego posicionar el gato hueco
hidraulico sobre esta; los datos técnicos son:

F = 22000N
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P = 2500 - 2800 PSI

Se procede a colocar la base metalica sobre la cual ira
posicionandose el reloj comparador, para las mediciones de
elongacion inicial y final, dicho palpador se posesionara sobre
la parte superior del perno; inicialmente se colocara la aguja a
5.0 mm.
Se procedera a acoplar la bomba hidroeléctrica.
Se comenzara a dar presion sobre sistema hasta una presion
que variara desde 2500 a 2800 PSI, dependiendo del ajuste y
la elongacion inicial del esparrago.
A llegar a dicha presidon se procede a aflojar la tuerca,
avanzando en promedio 2 agujeros en sentido antihorario
visto de planta, sumando asi alrededor de 45 mm (espacio
entre agujero y agujero aproximadamente es de 22 mm), se
toma nota de la elongacidon del pemo registrada en el reloj
comparador, Medida1
Se procede a quitar la presion al sistema , luego de ello estan
del sistema a cero PSI, se toma nuevamente la medida de
elongacién del esparrago registrado en el reloj comparador,
Medida 2
Para hallar la elongacion inicial se restara las 2 medidas
anteriores:

Elongacion Inicial = Medida 1 — Medida 2

Se procede a desmontar el gato hidraulico con el fin de
verificar las marcas iniciales de posicion de} esparrago tuerca
y base; cabe indicar que se espera que el pemo respecto de la
base no se halla desplazado, de ser asi esto indicaria que el
esparrago esta flojo y no esta sujeto a la carcaza

Se coloca nuevamente el gato hidraulico sobre el esparrago,
se posesiona la aguja del reloj comparador a 5mm, se

conecta la bomba hidroeléctrica y se comienza a dar presion



64

sobre el sistema hasta obtener una presion que varia entre
2500 y 2900 PSI, y una elongacion de 5.40 mm.

Se registra la elongacién del esparrago y se procede a ajustar
la tuerca, avanzando en promedio 2 agujeros en sentido
horario vista de planta.

Se procede a quitar la presidon del sistema, luego de ello;
estando el sistema a 0 PSI, se toma nuevamente la medida de
la elongacion del esparrago registrada en el reloj comparador
que es la Elongacion Final del esparrago.

El aumento de la elongacion del esparrago o el
desplazamiento vertical de la tuerca de ajuste se obtiene

restando dichas elongaciones:

Variacién de Elongacién = Elongacién Final - Elongacién Inicial

Se procede a desmontar la bomba y el gato hidraulico y se
sigue los mismos pasos para el otro esparrago.

Concluida esta parte se realiza una segunda medicion radial y
tangencial de la placa de apriete

Se verifica el torque de los pernos pivot de la placa de apriete
Se da por concluido el reapriete del esparrago de la placa de

apriete de las chapas del nucleo estatdrico.

Pruebas Eléctricas - Controles

Se inician los siguientes ensayos:

Prueba de Resistencia Ohmica del Devanado del Estator
Prueba de Resistencia Ohmica del Rotor

Prueba de Aislamiento del Estator por fase

Prueba de Aislamiento del Rotor

Prueba de Tension Aplicada con corriente continua (R, S, T), a
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una Tensidn de 1.3 Un, midiendo la tensién y corriente de
fuga.

e Prueba de Induccidn Magnética (Magnetizacion) del Nucleo,
esto para verificar que no halla puntos calientes, lo cual se
verifico con el apoyo de una camara de analisis termografico,
el criterio de aceptacion de los puntos calientes con aumento
de temperatura mayor que 10°C requieren reparaciones y los
puntos con aumento de temperatura entre 5°C y 10°C deberan
ser estandarizados.

Referencia:

IEEE 56, Normal Working Flux Density 60’

De acuerdo a las pruebas realizadas y segun los protocolos
entregados, el nucleo no tiene puntos calientes, y el punto
caliente encontrado entre las ranuras 90-91 en la prueba

anterior ha sido efiminado.

Montaje del Rotor — Controles

Se sigue los mismos lineamientos que en el desmontaje, pero en

forma inversa.

Montaje de la Cruceta Superior, Cojinete Pivot y Cojinete
Alternador - Controles.

Se sigue los mismos lineamientos que en el desmontaje, pero en
forma inversa, ademas se realizan nuevamente todos los
controles para verificarlos con los valores iniciales, y mantenerlos
o maodificarios segun el analisis realizado

Entre otros puntos tenemos:

Trabajos de limpieza y pulido de la brida del eje turbina.
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Se realizé la modificacion de la pieza U8 Vaina (componente del
cojinete pivot), para realizar el redisedio y cambio de los
deflectores de teflon cuya funcion es la de actuar como sello y
aislante para no permitir el paso de los vapores de aceite;
colocando en su defecto platinas de aluminio en forma inclinada
para evitar de esta manera fuga de aceite por esta zona y ayudar
a retener dichos vapores, este se instala sobre el cojinete de

empuje.
Se realiza el montaje del sistema de refrigeracion siguiente:

6 aerorefrigerantes aire — agua del sistema de refrigeracion del
generador con sus respectivas tuberias de alimentacién al

serpentin de refrigeracion

1 intercambiador de Calor Aceite — Agua del Cojinete Pivot

1 intercambiador de Calor Aceite — Agua del Cojinete Alternador
1 intercambiador de Aceite — Agua del Cojinete Turbina

A continuacion se hace referencia al siguiente reporte.
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Infforme de la Limpieza Quimica de los Equipos de

Refrigeracion del Generador N° 2

DATOS TECNICOS DE LOS AEROREFRIGERANTES

Caracteristicas de los equipos

Aire Agua
Potencia a disipar Kg/ hr 172000
Temperatura de aire de entrada 75°C
Temperatura de salida de aire 40°C
Caudal de aire 5m3/s
Pérdida de carga de aire m/m CE 15
Temperatura de entrada 25°C
Temperatura de salida 32°C
Caudal 246 m3/h
Pérdida de carga 25 MCE
Presién de disefio del circuito 6 bar
Presion de prueba del circuito 10 bar

Los equipos cuyas caracteristicas se sefalan corresponden a los

siguientes nameros de placa.

Aerorefrigerante N°1 321/31754/83/01
Aerorefrigerante N°2 321/31754/83/02
Aerorefrigerante N°3 321/31754/83/03
Aerorefrigerante N°4 321/31754/83/04
Aerorefrigerante N°5 321/31754/83/05
Aerorefrigerante N°6 321/31754/83/06
Aerorefrigerante N°7 321/31754/83/07
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TRABAJO REALIZADO EN AEROREFRIGERANTES

1.

LIMPIEZA QUIMICA DE LOS AEROREFRIGERANTES

En los 06 aerorefrigerantes se procedid de la siguiente manera:

1. Se inicié con el traslado de los equipos de la sala de maquinas al
patio de transformadores.

2. Se cargd con solucién caliente de REYMATEK AW a los seis
aerorefrigerantes y disponiéndolos en la tina de trabajo, ubicados
en el patio de transformadores para su tratamiento posterior, luego
de varios dias.

3. Se inicid en la apertura del primer aerorefrigerante y tomado como
referencia para el inicio de los trabajos sucesivos.

4. Se realizd el arenado y limpieza del aerorefrigerante por el lado del
agua. Desaceitado del lado del aire con solucién caliente de
descarbonizante y desengrasante hidrosoluble. Verificacion de la
limpieza total, enjuague de todos los tubos, y secado de las placas
y tapas.-

5. Secado de la pintura, colocacién de empaquetaduras de teflon y
ajuste de las tapas disposicidon del mismo en la pared para pruebas
finales y pintura de acabado.

6. Se continia con el alineamiento de las placas galvanizadas
deformadas por choques u otros al desmontarse el rotor y otros
equipos como las tuberias de refrigeracion.

En general los espesores de los tubos variaron entre 1.2 a 1.3 mm.

La pintura epdxica ZincClad es aplicada a las tapas de todos los

aerorefrigerantes.

En la operacidén de arenado humedo se tuvo sumo cuidado que la
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arena no altere las laminas de conducciéon de transferencia de calor
colocandose una lamina de madera y otra de plastico por las dos
caras. En los acabados se ha secado los aerorefrigerantes con aire a
presion y secado todas las pequefas particulas de arena que
pudiesen haber quedado.

Se procedid a llenar los equipos con agua desionizada y tratada con
PREVENOX para ejecutar la prueba hidrostatica a 12 BAR y ajuste de
tapas para eliminar toda fuga y estanqueidad del sistema a presién
constante por 1 2 hora y en el caso de los seis aerorefrigerantes no
han presentado fugas.

Se procedié al alineado de las lainas de conduccion.

Se coloco los tapones de jebe, pintado con epdxica de igual tono que
su estado original ya que el que tenia al inicio del trabajo era

ligeramente mas intenso por el carbédn depositado.

Se han llevado los seis aerorefrigerantes y dispuesto en la sala de
maquinas en el lugar de origen y sobre una manta de polietileno y
cargados con agua tratada de baja dosificacidn y de naturaleza acorde
con el medio ambiente, estos estan con tapones de jebe.

No se han observado problemas de picaduras profundas en las tinas o
tapas y se observa una mejora notable en la proteccion del sistema
con el uso de esta pintura, sin embargo, consideramos es posible

mejocar el tratamiento de agua del sistema.

. SERPENTIN DEL INTERCAMBIADOR DE ACEITE- AGUA DEL
COJINETE SUPERIOR

Antes de la limpieza quimica se procedi®é a proteger el equipo con
doble capa de polietileno evitando el deterioro por efectos ambientales

tanto del polvo como del agua en el lado del aceite y del agua para
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evitar cualquier dano del equipo

Luego se procedid a la carga de cada mitad del serpentin con solucion
caliente de REYMATEK AW vy recirculando hasta una temperatura de
70 °C y manteniendo la misma por 4 horas, se procedid a la descarga,
neutralizacién con soda caustica y enjuague hasta un pH de 6.5, luego

se realizd el enjuague y la limpieza final a alta presién tubo por tubo.

El serpentin limpiado tiene en total nueve tubos en cada mitad.
Ejecutado la limpieza del equipo se procedié a llevarlo a sala de

baterias con doble proteccion plastica y hermética.

Se cargd con conservante PREVENOX, que trabaja bien en estado

estacionario o en operacion.

El equipo quedd con tapones para evitar la evaporacidon del agua

tratada con que se encuentran.

El espesor-de los tubos de cobre es de 1.5 mm el equipo, este se

encuentra en buen estado de conservacion.
OBSERVACIONES

1. En el lado del aceite y en los puntos de conexién con el colector se
observa 6xido cliprico, éste es el causante de tener alto contenido
de cobre en el aceite. Igualmente se ha observado acumulacién de
polvo y la eliminacion del zinc en los extremos de los tubos que van

hacia los colectores.

2. Se observa que en general el estado del equipo es bueno salvo lo
indicado anteriormente que es una zona de 10 cm? de desgaste de
la capa de zinc y en donde se observa la capa de 6xido de cobre |l.
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3. Las dos mitades se dispusieron con tapones de jebe en la sala de
baterias no habiendo la posibilidad de deterioro alguno o
contaminacién con agentes externos.

4. Las lainas de intercambiador se observa pequefia cantidad de
polvo inusual en estos casos la misma que ha sido eliminada con

aire.

3. LIMPIEZA QUIMICA DE INTERCAMBIADOR DE ACEITE AGUA DEL
COJINETE GUIA

CARACTERISTICAS

ANO 1983

INT. TUBES LAU

PRESION 3 BARS

N° DE FABRICACION 4/82 1231 AO1APAREIL OX 5 2400
EXTERIOR TUBES HUILE

PRESION DE SERVICIO 5 BARS

PRESION DE PRUEBA 7.5 BARS

Se ha ejecutado una recirculacion con agua previa a la limpieza
quimica por cuanto existia gran acumulacién de fangos de color
celeste.

Luego se procedid a la descarga y carga con REYMATEK AW vy
recirculacion en caliente a 60 °C por cuatro horas y se ha mantenido el

equipo por 48 horas. Se ha observado abundante enfangamiento.

Se procedidé a la descarga neutralizacion y enjuague para proceder a
sacar las tapas.

La tapa anterior se la a protegido para evitar contaminacion con polvo
y agua o arena con doble forro plastico y jebes en tres puntos
hermetizando el sistema por el lado del aceite.
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Se procedié a la limpieza tubo a tubo limpieza de las placas y pintadlo
de las mismas con pintura epéxica con proteccion anddica. Las placas
son de acero inoxidable y no se observa problema de desgaste en los

tubos y en las placas

Las tapas de fierro fundido se las ha arenado y pintado con pintura
bituminosa se procedié al cambio de empaquetaduras cerrar y pintado

de acabado segun color del equipo con pintura esmalte rojo ocre.

El espesor minimo de los tubos de cobre es de 1.2 mm El equipo se

encuentra en buen estado de conservacion.

Observaciones

1. El equipo se ha encontrado en el lado de agua con elevada
concentracion de fangos e incrustaciones ademas de sales de
cobre soluble en forma de carbonates de cobre o carbonato basico
de cobre.

2. Se procedidé a ser una recarga de solucidon de soda caustica y
posterior inhibicidon y prevencion con PREVENOX y descarga y
secado para su conservacion y disminuir la descarga en el

ensamblaje del generador.

Se procedié a ingresar el equipo a sala de maquinas con plasticos de
proteccidn.

La pintura de los casquetes se ha dejado enfriar y previsto que no
existan burbujas en la misma. Se ha determinado que no existan
puntos sin pintar con tintas adecuadas en la evaluacién de pinturas.

Se ha utilizado empaquetaduras de teflén indicadas para el caso y
puesto las tapas.
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4. LIMPIEZA QUIMICA DEL INTERCAMBIADOR ACEITE AGUA DEL
COJINETE DE TURBINA.

CARACTERISTICAS DEL EQUIPO

N° DE FABRICACION 4/83 00898 / A03
APPAREIL WX 4 2200

ANO 1983

PRESION DE SERVICIO 5 BARS
PRESION DE PRUEBA 7.5 BARS

Se procedid a un enjuague con agua por presentar acumulacion de
fangos.

Se cargd y recirculado el equipo con REYMATEK AW en caliente por
cuatro horas y dejado en reposo por 48 horas.

Se procedi®¢ a la descarga, enjuague y neutralizacion con soda
caustica, enjuague a pH 7.5.

Se procedié a destapar y enjuagar tubo por tubo.

El equipo a quedado totalmente limpio.

Se procedié a la pintura del lado anterior con pintura epodxica con
inclusién de zinc y el lado opuesto se ha sellado el espacio intertubular
con masilla epdxica con inclusion metalica y tapando los bordes de
cobre, sellando de esta manera la posibilidad de continuar la corrosion
galvanica y reconstituyendo la placa del intercambiador totalmente.

Se procedidé a la carga con PREVENOX hecho la prueba hidrostatica a
7.5 Bars, después de hora y media se procedid a la descarga , secado
y tapado con protectores plasticos para su conservacion en seco para
facilitar las labores posteriores de montaje en el generador.

El espesor de los tubos de cobre es de 1.3 mm
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Observaciones

1.

Este es el equipo que se observa con mayor corrosidon en la zona
de unidn placa - tubo y en las salida de agua.

Para eliminar incidencia de corrosidon en la zona senalada se ha
dispuesto resina epdxica para sellar toda la placa y los terminales
de los tubos de cobre.

Al tener un sistema con condiciones de trabajo de bajas
temperaturas no se ha tener problemas de corrosidon sin embargo
recomendamos en este caso sea inspeccionado en un ano para
determinar su estado de conservacion.

La acumulacién de fangos es negativa en sistemas en donde la
corrosion galvanica es constante o mas cuando se manifiesta por

tener porosidad en las superficies comprometidas.

5. Se ha dejado el sistema en buenas condiciones.

6. Se prevee colocar valvulas tipo bola en el fondo con el objeto de

purgas los intercambiadores de turbina y guia para evitar se
conviertan en puntos de corrosidon importante por enfangamiento ya
que este incrementa la cantidad de oxigeno disuelto. Las purgas
han de realizarse cuando menos una vez cada mes y en tiempo de
lluvias se dispondran a realizar cada semana.

Consideramos que el manejo del sistema puede conducir al
tratamiento del agua con productos no contaminantes del medio
ambiente y eliminar los problemas de incrustacidon y corrosion.

Se ejecuto las pruebas hidrostatica en los intercambiadores a
presion de 7.5 BAR.

LIMPIEZA DE LAS TUBERIAS DE ALIMENTACION DE AGUA AL
SERPENTIN DE INTERCAMBIO

1.

Estas se han limpiado con DESCARLEX CP, se procedid a su
enjuague Neutralizacidon con soda caustica y pasivacion descarga y
secado.

Conduccidn a la sala de maquinas.
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OBSERVACIONES Y CONCLUSIONES FINALES

1.

Las tuberias se han encontrado con depdsitos de cobre elemental
y compuestos oxidados de cobre. Este efecto es el mecanismo de
oxidacion en sistemas de cobre, hierro en donde se hace
necesario pasivar el cobre e impedir que este oxide al hierro y asi
ciclicamente se incremente el proceso al aumentar la superficie de
cobre comprometido en el efecto corrosivo de naturaleza
galvanica y normal y éxido reduccidon del cobre soluble sobre el
hierro.

En el sistema se tiene "la ventaja" de tener una agua de
naturaleza incrustante la que limita el depdsito de cobre y limita el
proceso rédox en las tuberias de conduccidén de agua pero
disminuye la capacidad de intercambio de calor en los equipos por

formacion de incrustaciones calcareas.

Los puntos del sistema que son vulnerables son el intercambiador
de turbina y del altermador donde se tiene las placa de hierro y
tubos de cobre con espacios intertubulares reducidos y con
picaduras importantes .Una inadecuada proteccion hace que se
incremente Ja diferencia de potencial cobre - hiero y se
desencadene el proceso corrosivo que de por si existe en el
sistema de intercambio de calor en donde se incrementa por la

diferencial de temperatura en el agua de entrada y de salida.

Los aero-refrigerantes no se ha observado incremento en la
corrosion de la unidon placa tubo mas si en los bordes superiores
de las tinas. Todos los aerorefrigerantes se han encontrado con
inusual cantidad de carbdn en el lado del altemador y restos de

fibras de algoddn productos de Ja limpieza.
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4. En los intercambiadores aceite agua del sistema es donde se ha
encontrado mayor acumulacién de fangos y en algunos casos se
ha encontrado tubos totalmente taponados de inertes (silicatos)
con carbonato de calcio y derivados oxigenados de cobre los que
han disminuido la capacidad de intercambio. Los
intercambiadores de calor se ha observado un incremento en las
picaduras en la unién de la placa con los tubos, de incidencia
importante en el intercambiador aceite - agua de turbina, y en
donde se ha ejecutado un sellado de la placa con masilla epdxica
para eliminar el riesgo de paso de aceite al agua o
reciprocamente y con el fin de lograr detener la corrosion del
hierro. Estos equipos ya presentaron este problema desde el afio
1 992 y se ha detenido mediante la aplicacién de pintura epdxicas
en superficies calentadas para un acabado adecuado de la pintura
y prevencion del sistema, que es la misma que se ha de aplicar en
esta oportunidad y con las exigencias que requiere la
conservacion del equipo. Es necesario prever un sistema de
purga de los equipos indicados con el objeto de eliminar el
enfangamiento y corrosién del cobre por acumulacién de oxigeno
en el fango y oxidacion diferencial la cual es la otra razén de
haber encontrado mayores depdsitos de compuestos de cobre

soluble en los intercambiadores.

5. El agua del sistema debe de tratarse teniendo como primer
objetivo eliminar o reducir drasticamente la corrosién cobre- hierro
y segundo eliminar la formacidn de incrustaciones al lograr un

valor de estabilidad en las caracteristicas quimicas del agua.

6. Los intercambiadores de aceite - agua de turbina y del alternador
debe darse una proteccidn total con masilla epdxica y ser
exigentes en el revelado de no quedar porosidad por cuanto esta

puede conducir a mantener el sistema con corrosion galvanica.
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Preferentemente debe de tomarse ese cuidado con las dos

placas.

Mantener las labores de mantenimiento de limpieza periddica en
los aerorefrigerantes sacando el equipo y poniendo el de repuesto
para ejecutar la limpieza por el lado del alternador y evitar se
produzca acumulacién de fibra de algodén asi como se
incremente el carbén depositado en las Jainas el cual si bien es
cierto es buen conductor del calor pero tiene el inconveniente de
acumular aceite evaporado en el sistema y formar masas dificiles

de remover y convertirse en aislantes.

Siempre purgar el fondo de los aerorefrigerantes ya que se ha
encontrado cuatro de ellos taponados por magnetita y uno como
consecuencia del fango deteriorado por corrosién por oxigeno

disuelto.

En las labores de mantenimiento proteger el lado del aceite pues
resulta totalmente extrafio encontrar depdsitos de insolubles
(polvo)en este. Los abrasivos son los que destruyen el zinc y
posteriormente el cobre de alli que en los analisis de aceites

puedan tener valores incrementados de zinc y cobre.

Al instalar los equipos cuidar en purgar las lineas antes de su
colocacién para evitar desprendimientos que se producen por
efecto de 1 corrosién incrementada por la estanqueidad del agua
estos son causa de taponamientos en la puesta en operacion del

sistema.
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a.10 Montaje de las tapas, tuberias, equipos e instrumentacion

Se sigue los mismos lineamientos que en el desmontaje, pero en
forma Inversa.

a.11 Ensayos de Entrega (Puesta en Marcha) - Controles

Se sigue los mismos lineamientos que en el desmontaje, pero en
forma inversa. Se inicia con la preparacion de los Equipos de
Ensayos para las Pruebas de Entrega de la Unidad Generadora N°
2, siendo estas las siguientes:

Operaciones del Grupo en Vacié:

1. A 25% de Carga
2. A 50% de Carga
3. A 75% de Carga
4. A 100% de Carga

Monitoreo de Temperaturas

Cojinetes

Aceite

Agua en los Aerorefrigeradores
Bobinado del Estator

Bobinado del Rotor

Nucleo del Estator

Aire Caliente

® N O O k> b=

Aire Frio

Monitoreo de Vibraciones

1. Cojinete Guia Turbina

2. Cojinete Superior del Generador (Cojinete Pivot)

3. Cojinete Guia Inferior del Generador (Cojinete Altemador)
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Monitoreo de Operacién del Grupo

Potencia del Generador
Cos phi

Tension del Generador
Corriente del Generador

Tension del Excitacion

o 0 H N2

Corriente de Excitacion

Pruebas Eléctricas

1. Resistencia Ohmica del Bobinado del Estator.
Resistencia Ohmica del Bobinado del Rotor.
Resistencia de Aislamiento del Bobinado del Estator.

Resistencia de Aislamiento del Bobinado del Rotor

o kb 0N

Controles de los RTD'’s.

Tener en cuenta |o siguiente:

1. Giro mecanico
1.1 Giro mecanico sin excitacion para:
Comprobacién de la temperatura de los cojinetes:

Oscilacién del eje y/o vibracidon de los cojinetes

1.2Balanceamiento dinamico y verificacion de la Oscilaciéon del
eje o vibracién de los cojinetes

1.3 Sistema de freno
Aplicacién de los frenos en rotacion;
Tiempo de frenado
Temperatura del anillo de frenado
Descarga y ruidos anormales de las zapatas.
Retomo de los frenos a la posicidn desactivada.
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1.4 Prueba de Sobre velocidad e medicion de la oscilacion del

eje y vibraciéon y temperatura de los cojinetes.

2. Pruebas operacionales - Unidad sin carga

2.1 Comprobacioén de la secuencia de fase
Referencia: IEEE 115
2.2 Comprobacion del equilibrio de la tensidn
2.3Comprobacion de la operacion de sincronismo
2.4 (manual y automatico)
2.5Medicion de tension del eje (comprobacion del aislamiento

de los cojinetes Referencia: IEEE115

b. Trabajos en el Rotor

b.1 Medicién de Aislamiento — Controles antes y después del
desmontaje

Se realizd las siguientes Pruebas Eléctricas de Aislamiento en 1
minuto y a 1000 V.

Prueba de Aislamiento del eje rotor a tierra resultando 800
Megaohms

Prueba de Aislamiento en el cojinete pivot (cruceta superior),
entre el patin y la carcasa (tierra) resultando 800 Megaohms.

Se realizo las siguientes pruebas de aislamiento en 1 minuto y a
1000 V-

Prueba de Aislamiento en el anillo colector: Parte Inferior a
tierra, resultando 8000 Megaohms

Prueba de Aislamiento en el anillo colector. Parte Superior a
tierra, resultando 8000 Megaohms

Prueba de Aislamiento en el anillo colector: Parte Superior e
Inferior, resultando infinito.

Prueba de Aislamiento en el porta carbones resultando infinito.
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b.2 Limpieza del Rotor

Se realiza la limpieza del rotor con Dieléctrico: solvente no
clorado SS-25.

b.3 Pintado de los polos

Se realizd el pintado del rotor, utilizando
1.1 Pintura (Componente A):
Catalizador (Componente B):Diluyente

Trabajos en el Sistema Extractor de Vapores de Aceite

Se inicia los trabajos de instalacion del extractor de vapores de aceite
con referencias técnicas de la Central Hidroeléctrica de San Gaban.
Se ubica la posicion del montaje de las tuberias de PVC para la

extraccidon de vapores de aceite en la cuba de la cruceta superior.

iii. Control de los Registros Mecanicos y Eléctricos del Grupo
Generador N° 2 - Central Hidraulica Charcani V.

En el Anexo |V se muestran los registros correspondientes.
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2. MANTENIMIENTO GENERAL DE EQUIPOS ELECTROMECANICOS E
HIDRAULICOS

I.  Cronograma de Mantenimiento Eléctrico.

ii. Cronograma de Mantenimiento Mecanico.
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3. OTROS TRABAJOS REALIZADOS

Dentro de los trabajos de mantenimiento, se aprovecho para realizar una
serie de trabajos de importancia, teniendo como objetivo la renovaciéon de
equipos propios y complementarios de los grupos hidraulicos, en base a
estudios por tiempo de vida y programados en el afno 2001, asegurando de
esta manera que los grupos presten las garantias de seguridad tanto para el
personal que labora en las instalaciones, como para garantizar la

confiabilidad de los mismos.

Dentro de estos trabajos cabe destacar los siguientes:

MANTENIMIENTO E INSPECCION DEL TUNEL DE ADUCCION Y
CAMBIO DE LA VALVULA MARIPOSA

La Central Hidraulica Charcani V, con 139 MW de potencia efectiva, se
termind de construir en Enero del ano 1988, esta se abastece de agua
desde la Represa de Aguada Blanca a través de un tunel de aduccion a
presion con una.longitud total de 10 078 metros. El tunel posee un diametro
‘intemo de 3.1 metros y fue revestido en su totalidad en concreto armado
con 30 cm de espesor como minimo, llegando en algunas zonas hasta 60
cm. Adicionalmente al concreto armado, se uso blindaje metalico en una
longitud de 4 035 metros con acero de 12 mm de espesor. Al final de dicho
tunel se encuentra una valvula mariposa de 2.2 m de diametro que esta
conectada a la tuberia forzada de la central. La funcidon de la valvula
marposa es cerrar el flujo de agua para dar mantenimiento a la tuberia
forzada y valvulas esféricas de los grupos de la central, o para casos de

emergencia.

En las pruebas de llenado del tunel (Enero de 1988) se presentaron fisuras
en las paredes internas que normalmente se producen por contraccion del

concreto, las cuales fueron correctamente tratadas con revestimiento
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epoxico, entrando el tunel en total operacidén en el mes de Noviembre de
1988, fecha en la que se iniciaron las pruebas de puesta en servicio de la

Central Charcani V.

En el ano 1997 el fabricante de la valvula mariposa, ASLTOM FRANCIA
recomendd se cambie esta valvula, por presentar problemas de
estanqueidad que podrian incrementarse en lo posterior.

A consecuencia de este informe y recomendacion, EGASA procedié a la
adquisicién de una nueva valvula mariposa mediante concurso, y programo
la inspeccién del tunel de aduccion y cambio de la valvula para los primeros
meses del afio 2002. Cabe mencionar que para el cambio de la valvula se
requiere necesariamente del vaciado del tunel; para ello EGASA contratd un
seguro especial para cubrir posibles riesgos en el vaciado del tunel y

cambio de la valvula mariposa.

VACIADO DEL TUNEL.:

Para proceder al vaciado del tunel el consultor seleccionado por concurso
S&Z prepard el Protocolo de Vaciado, Inspeccién y Llenado del Tunel de la

C.H. Charcani V, el mismo que contemplé vaciarlo en dos etapas.

El 23 de Enero del 2002, se inicié el vaciado de la primera etapa, purgando
la mayor parte de agua de la chimenea de equilibrio por las valvulas By-
Pass de la ventana N° 1 del tunel a un régimen de 1.5 m por hora de altura

y por un periodo de 16 horas.

La segunda etapa se inicio al dia siguiente, comenzando a vaciar el tunel a
través del turbinado del agua con un caudal regulado de un m3/seg con un
descenso de 1.5 m /hora de altura, por un periodo de 28 horas. El volumen
de agua evacuado del tunel fue del orden de 90 000 m3, lograndose vaciar
por completo en 44 horas; luego se ventilo por 24 horas mas para proceder
a su inspeccioén.
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INSPECCION DEL TUNEL

El dia 26 y 27 de Enero se inspecciono la longitud total del tinel, desde la
camara de compuertas (Aguada Blanca ) hasta la Camara de Valvulas, en
la cual participaron personal de EGASA, empresa SyZ, y el inspector de la
compania de seguros contratada. También participaron en la inspecciéon del
tunel la alta direccion de EGASA, compuesta por el Directorio y la Gerencia

General.

También se realizo la inspeccién de parte del conducto forzado y de su

junta de dilatacion.

Durante el recorrido se pudo observa r que el tramo de concreto esta en
buen estado de conservacion, incluso se realizaron pruebas de resistencia
del concreto con un esclerometro dando resultados de 360 y 320 kg/cm2
de resistencia a la compresion (resistencia de disefio f'c=245 kg/cm2). El
tratamiento de las fisuras con la resina epoxica empleada, no ha sufrido
deterioro alguno, conservandose hasta la actualidad en muy buenas
condiciones. Cabe mencionar que no se encontraron huellas de retornos ni

salidas de agua.

El tramo blindado se encontré en buen estado de conservacion, no
observandose deformaciones de blindaje ni menos desprendimientos de los
tapones tratados con resina epoxica, la pintura en general esta en buen

estado, acorde con los trece anos de utilizacion continua del tunel.

También se inspecciond la tuberia forzada, la chimenea de equilibrio, y el
tramo de distribucidn hacia las valvulas esféncas, encontrandose también

estos en similar estado.

Durante los dias 25 al 31 de Enero se procedid al reemplazé de la valvula
mariposa, el cual se realizo dentro del cronograma previsto y sin mayores

inconvenientes.
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LLENADO DEL TUNEL.:

E] proceso de llenado se inicio el dia 01 de Febrero del 2002, con un caudal
promedio de 1,25 m3/s y una apertura de 25 mm de la compuerta de
Aguada Blanca.

El llenado concluyo el dia 2 de Febrero, procediéndose a realizar las
pruebas de la valvula mariposa con carga estabilizada y pruebas de

funcionamiento de los equipos en casa de maquinas.

El dia 3 de Febrero se procedidé al cierre de compuertas del tunel en Aguada
Blanca para medir perdidas, después de haber tenido el tunel lleno y sin
movimiento por 12 horas; la medicidon se realizo durante una hora cada 5
minutos. El resultado de la prueba de estanqueidad fueron satisfactorios al
no registrarse perdidas.

Se procedid luego a poner en servicio la Central Hidraulica Charcani V, el
mismo dia 3 de Febrero , totalizando la parada de central solo doce dias
para llevar a cabo todo el proceso anterior.

Se concluyo luego de la inspeccidn que el tunel se encuentra en excelente
estado de conservacidon, acorde con los disefios definitivos y los
procedimientos adecuados empleados en su proceso constructivo.

Con la experiencia adquirida durante esta inspeccidon se establecera un
cronograma para futuras inspecciones, que permita que personal de
EGASA realice el mismo trabaijo.

Aprovechando |la parada de la Central, también se realizo la inspeccion vy
reparacion de las valvulas esféricas de los Grupos 2 y 3 de la Central
Charcani V.
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VI. COSTOS DE MANTENIMIENTO

El monto total del Reapriete del ndcleo estatorico y mantenimiento del
generador asciende a la suma de US. $ 714 869.96 (Setecientos Catorce Mil
Ochocientos Sesenta y nueve y 96/100 Ddélares Americanos).

En lo que respecta al Reapriete del Nucleo del Estator del Grupos N° 02, el
monto a pagar por el presento contrato, a suma alzada, asciende al Us. $ 281
081.91 (Doscientos Ochenta y un Mil Ochenta y uno y 91/100 Ddlares

Americanos) incluido impuestos de la legislacion tributaria peruana.

Respecto a los Suministros y a los servicios de Mantenimiento del Grupo N° 02
el monto a pagar, a suma alzada, asciende a la cantidad de US $. 65 407.40

(Sesenta y cinco Mil Cuatrocientos Siete y 40/100 Ddlares Americanos) incluido
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impuestos de la legislacidn tributaria peruana.

Respecto al Mantenimiento y Calibracion de 03 Reguladores de (os Grupos, el
monto a pagar asciende a la suma de US $ 14 811.36 (Catorce Mil
Ochocientos once y 36 Ddlares Americanos) incluido impuestos de la

legislacién tributaria peruana.

Respecto al Seguro de Desmontaje de los 02 Generadores (Grupos N° 02 y 03)
el monto a pagar es de US $ 7 080.00 (Siete Mil Ochenta y 00/100 Ddlares

Americanos) incluido impuestos de la legislacion tributaria peruana.

Se considera dentro de estos rubros los derechos de ad valorem, Impuesto
General a Jas Ventas, gastos de agente de aduana y cualquier otro que se
relacione directamente con la exportacidon temporal, internamiento y
nacionalizacién de dichos bines en lo que respecta al valor agregado del
Reapriete del Nucleo y mantenimiento.

Los materiales y repuestos a comprar para el mantenimiento se muestran en

los anexos siguientes:
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RELACION DE REPUESTOS PARA REPARACIONES Y MANTENIMIENTO DE
GRUPOS GENERADORES DE FABRICACION FRANCESA DE CHARCANI V

1. RELACION DE LOS REPUESTOS DE LAS VALVULAS ESFERICAS CENTRAL HIDRAULICA CHARCANI V
FABRICANTE Y PROYECTISTA DE LOS EQUIPOS NEYRPIC (ALSTHOM) PLANOS DE REFERENCIA N°:
GHF NT-CM[Q 428; ... Q 441

N°:Plano
item | Cant. | Unid. Descripcion RefJPlano :.:. g;:’réo NEY:RPI
C
1.1 1 | Pieza | Anillo de Estanqueidad Fijo ug 428
1.2 1 | Pieza | Anillo de Estanqueidad Movil u10 428
13 1 Jgos iJ/gcé. de'Juntas' para Anillos de 'Estapqueidad de
. Esferica segin cada Jgo Contiene::

1.3.1 - Juntas para anillo movil tipo "D*" F17 428
1.3.2 - Juntas para anillo movil tipo "D" F18 428
133 - Juntas para anillo mavil ipo "D" F19 428
1.34 - Junta toroidal (O-Ring) F20 428
4 20 | Ms. CD)Z;(:::ntg;ae Nitrilo de @ 16 para Manguito de 6 441
5 1 |psa. Z:ii\ét:a de cierre abertura anillo estang. aguas | 428
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2. RELACION DE LOS REPUESTOS DEL SISTEMA DE REGULACION DE TURBINA CENTRAL HIDRAULICA
CHARCANI1V
FABRICANTE Y PROYECTISTA DE LOS EQUIPOS NEYRPIC (ALSTHOM) PLANOS DE REFERENCIA N°:
GHF TN-CM/M-200
N°:
. _— Plano: | N°:Plano:
ltem | Cant. | Unid. Descripcion RefJPlano NT- NEYRPIC
CcmQ...
21 5 | Pieza | Distribuidor compieto de aceite, mando de inyector 160 200
. Electrovaivula 140V=, Mc. REXROTH;
23 1 | Pieza AWESD51/AG... BG,BF,... 200
. Electrovalvula 140V=, 0.2A; REXROTH; M-
24 1 | Pieza 3SE10C20/..21 W. BA, BE 200
. Electrovalvula de 3 Mias, para are; Mc:
25 | 1 |Pleza| SOCOMECO.V: 140v=, 22 W. Tipo SNRI BJ 200
27 2 | Pieza | Tomas de presion 0-70Bar 200
2.8 4 | Pieza | Manometros 0-100 Bar, Esfera 90, conector 1/2°@ 139;156;157 200
Repuestos para Bomba Regulacion S.IMO ALA
2.1 1 Jgs. [324L Conformado por: (Ref: pgs 4 y 5; Folleto 200
N° ALA 003 NEYRPIC), Cada Jgo contiene:
2111 -Un Sealing Washer (Rep: Item 139)
2.11.2 -Un O-ring (Rep. Item: 140)
2.11.3 -Un Sealining bush (Rep. item: 509A)
2114 - Un O-ring (Rep. Iitem: 5098B)
2.11.5 - Dos Sping (Rep. ltem: 509C)
2116 - Un Washer (Rep. Item: 509D)
214 3 | Pieza graersostato Regulauto tipo: ZPN-207-Sl EF; 0-10Q CC, CG, L8 200
2,15 1 | Pieza | Valvula de aislamiente del acumulador 132 200
2,18 1 | Pieza | Valvula Rele mando de valvula esferica 116 200
220 5 Jgs. Orrienes para Distribuidqr de Acente, mando de
Inyectores, cada Jgo contiene:
2.201 O-Ring de @e 37 x 3.5 mm Esp.
2.20.2 O-Ring de Je 28 x 3.5 mm Esp.
2.20.3 O-Ring de Pe 29 x 3.5 mm Esp.
2.20.4 O-Ringde Je 17 x 3.5 mm Esp.
2.20.5 O-Ring de Je 40 x 3.5 mm Esp.
2.20.6 O-Ring de @e 53 x 3.5 mm Esp.
2.20.7 O-Ring de De 55 x 3.5 mm Esp.
2.20.8 O-Ring de @e 40 x 3.5 Esp.
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3. RELACION DE REPUESTOS DE COJINETE CONVINADO GUIA - EMPUJE Y TURBINA CENTRAL
HIDRAULICA CHARCANI! V FABRICANTE Y PROYECTISTA DE LOS EQUIPOS NEYRPIC (ALSTHOM)
PLANOS DE REFERENCIA N°: GHF TN-CM/Q903

Ne:
. L Plano: | N°:Plano:
Item Cant. | Unid. Descripcion Ref/Plano NT- NEYRPIC
cMAQ...
Conjunto SELLO MECANICO, para Bomba de Circul.
3.2 2 |Jgos.|de aceite SCAM  IMO Tipo:ACF-90-3N3F,
Conformado por:
3.21 - Rotating washer (Rep Item. 509A)
3.2.2 - Rubber ring (Rep item. 509C)
3.23 - Disc (Rep item. 509D)
3.24 - Spring (Rep item. 509E)
3.25 - Gland (Rep ltem. 511)
3.26 - O-ring for gland (Rep item. 511A)
35 2 P72 Sondas Termometricas Mc: Schulumberger, Platino | CS,CT, 903
’ 100 Ohm=0° (termostatos para Coj. Empuje) Cy, ...
36 3 Pza Controlador de nivel aceite del Coj. Empuje, Boya| CQ, LR, 903
) Acero Inox, con Guia, contacto acionado Magnetico. LS
Arandela tipo estrella de seguridad (Lock-Washer),
Al 30' |Pza Cadmiada de @i 12.0 x 1 mm de Esp. FUSRE IULE
Arandela tipo estrella de seguridad (Lock-Washer),
3411 S0k Paa Cadmiada de i 10.5 x 1t mm de Esp. F27 Ik
Arandela plana (-Washer), de @i 27 x 1.5 mm de Esp.
3.12 20 |Pza De Cu, Sello parasondas
313 50 |Pza |Pemos M12x 300 mm, paso 1.75; Acero Grado 6.6 F6 511803
Cordon de nitrilo de 2.7 mm Esp. para juntas de
3.14 30 [Mtrs Manguito U1-EP10 F41 580839
Cordon de nitrilo de 6.4 mm Esp. para juntas Casqullo | F17, F20, 511802,
3151100 {Ms |7 epqg F29 y 511803
Manguera de @ 6mm, alta presin con alma de acero
para 300 Bar, con sus conectores y terminaciones en )
3.16 10 |Pza un extemo M30, paso 1.5mm:. y el otro extrem AR S
| Terminacion para ajuste y codoM16 Paso 1.5mm.
317 21 Pza rifé;mento de PVC para Vaina U8 de @i 869 y Be 903 U9 511803
3.18 20 | Pza | Juntas O-Ring de nitrilo de @i 37.5 x 5.3 Esp. F13 /Q909 580085
3.19 20 |Pza |Juntas O-Ring de nitrilo de @i 50 x 2.0 Esp. EP2 U3 /Q909 580085
3.20 12 (Pza | Juntas O-Ring de nitrilo de @i 126 x 7.0 Esp. 5 i;g . 580870
.21 30 {Pza | Juntas O-Ring de nitrilo de &i 75.6 x 5.3 Esp. F21 1Q910 581095
3.22 20 |Pza | Juntas O-Ring de nitrilo de @i 19.8 x 3.6 Esp. F5 580875
3.23 20 |Pza | Juntas O-Ring de nitrilo de @i 85 x 5.3 Esp. F6 580875
3.24 20 |Pza | Juntas O-Ring de nitrilo de @i 35.6 x 3.6 Esp. F7 /Q906 511798
3.25 20 |Pza | Juntas O-Ring de nitrilo de @i 74.7 x 5.3 Esp.
3.26 20 |Pza |Juntas O-Ring de nitrilo de i 68 x 4.0 Esp.
| 3.27 20| Pza | Juntas O-Ring de nitrilo de @i 84.0 x 3.2 Esp.
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M NO-
. — Pfano: | N°:Plano:
tem | Cant. | Unid. Descripcion Ref /Plano NT- NEYRPIC
i cMmAQ...
3.28 20 [ Mtrs | Condorn de nitrilo para O-Ring de @7 mm Esp. | F9 - 511798
3.29 12| Pza | Casquillo Aislante de Patin U29 Q-903
3.30 1| Jgos é\;ndelas y Placas aislante conformado cada Jgo. _ 580852
3.30.1 - 15 Pzas de U28 |
3.30.2 - 15 Pzas de U29 |
3.30.3 - Una Pza de U30
3.30.4 - Una Pza de U31
3.30.5 - 8 Pzas de U32
3.30.6 - 8 Pzas de U33
3.30.7 - 24 Pzas. De U34
3.30.8 - 24 Pzas. De U35
Remache de Cobre, con Seguro para Rivet @6 x 20
331 20P2a mmLarg, Incluye Seguro de & 2 mm. 580832
Arandela plana (-Washer), de @i 13 x 1.5 mm de Esp.
3.32 4 |Pza De Cu, Sello para sondas /Q903
u3e, 37,
Conjunto de coneccion Equipotencia de patin Eje |38 F50,
3.33 1 |Pza (Fourreau) 51. 52, 53 1Q903 580865
y 54
Base de Goma apoyo de patines ( COURONNE D'
3.34 | 1 |Pza APPUI) F22 511811
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4. RELACION DE JUNTAS Y SELLOS USADOS EN DIVERSOS EQUIPOS DE LOS GRUPOS CENTRAL
HIDRAULICA CHARCAN! V FABRICANTE Y PROYECTISTA DE LOS EQUIPOS NEYRPIC (ALSTHOM)
PLANOS OE REFERENCIA N°: GHF TN-CM/Q903

NOTA: TODAS LAS JUNTAS CHEVRON Y SOLOSELE DEBEN SER DE FABRICACION JAMES WALKER
(ENGLAND)

1 T o.
ttem | CaNt | Unid Descripcion RefJPlan | N°: Plano: N :Plano
. . 0 NT-CMQ... NEYRPIC

41 2 |Pza | Junta térica (O-ring) de 3.6 x 26.2, Nitrilo F8 431

42 2 (Pza | Junta torica (O-ring) de 3.6 x 37.3, Nitrilo F8 431

43 3 |Pza | Junta térica (O-ring) de 5.3 x 40.6, Nitrilo F26 475

44 12 |Pza | Junta térica (O-ring) de 7 x 320, Nitrilo F1 439

45 6 |[Pza |Junta torica(O-ring) de 10 x 252, Nitrilo F 439

4.6 6 |Pza |Junta torica (O-ring) de 10 x 230, Nitrilo F25 439

47 80 | Mtrs. | Empaque redondo (Cordon de Nifrilo) de & 7 mm

48 20 | Mtrs. | Empaque redondo (Cordon de Nitrilo) de @ 5.3 mm 472,

49 5 | Mtrs. | Empaque redondo (Cordon de Nitrilo) de @ 2.7 mm 477

410 | 100 | Mtrs. | Empaqueredondo (Cordon de Nitrilo) de @ 8 mm

411 | 50 |Mtrs. | Empaque redondo (Cordon de Nitrilo) de & 6 mm

412 | 50 |Mtrs. | Empaque redondo (Cordon de Nitrilo) de @ 10 mm 417, 441

413 1 Pza | Junta Chevron 185 x 215 - 50.5, de Lona-Nitrilo F9 431
414 | 8 |Pza |JuntaChevron 190 x 220 - 45, de Lona-Nitrilo FS 439
415 8 |Pza | JuntaChevron 285 x 315 - 45, de Lona-Nitrilo F8 439
416 | 4 |Pza | JuntaChevron 120 x 145 - 42, de Lona-Nitrilo | F6 439

4.17 3 | Pza | JuntaChevron 70 x 90 - 30, de Lona-Nitrilo F19 442
418 | 3 |Pza | JuntaChevron 63 x 83 - 30, de Lona-Nitrilo (F11 442
419 1 | Pza | Sello SOLOSELE 100 x 120, de Lona-Nitrilo F19 431
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5. RELACION DE REPUESTOS PARA LOS GENERADORES CENTRAL HIDRAULICA CHARCANI V
FABRICANTE Y PROYECTISTA DE LOS EQUIPOS ALSTHOM ATLANTIQUE.

PLANOS DE REFERENCIA N°: GHF AA-CM/....

N°: Plano: AA-

item | Cant | Unid. Descripcion RefJ/Plano cM

Sonda termostato con 6 m de cabie, dos unbrales
5.4 3 |Pzs |ajustables Esfera 960mm, Escala 0-120°C, Para coj. | 28-10-081 | C-004
Generador

Motor ventilador de cajas Thiritores, tipo: TZA-01- 335-

5.5 1 |Pza |41, 220/380 V, 7.5 KW, 60 HZ con termocontacto de | 0012V S-004
bobinado Fab: Wichelh gebhardt

5.6 2 |Pza Caja de thiristores completo, Constituye de 3 Thiristores
) " | y su sistema de Proteccion

O-Roing de Nitrilo de @i 333 mm x 7mm Esp; para

Junta De garos de Freno ; Ref. Anillo R N° 60

Junta de Nitrilo son Lona Para @i 133, x Alto 20 mm;
,para Gato de Freno : Ref: Junta SE R N° 705

00..RD S-004

57 60 |Pzas N°: 9y 10 |H-004

5.8 20 | Pzas N° 11 H-004
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COSTOS REFERENCIALES DE REPUESTOS

ITEM | CANT. P.U. P.TOTAL DESCRIPCION
1 Sistema de Regulacion de Turbina (Plano
NEYRPIC N° 484703E)
11 5 6934.87 | 34 674.34 Distribuidor completo de aceite, mando de inyector
C Ref. 160
1.2 5 42.11 210.57 Tomas de presion O - 70 Bar
1.3 4 189.52 758.06 Mandémetro 0-100 Bar Ref. 139, 156, 157
14 1 484.32 484 32 gcgaLiiensor nivel de aceite JOLA tipo SSP 4WP4
Bomba completa de regulacion SCAM IMO typo
1.5 1 5608,26 5608.26 | ALA 32-4L N5SES con motor 12,6 kW/3500 rpm Ref.
AE-AF
1.6 1 884,41 884,41 | Juego de Juntas de sello del servomotor Ref. 159
17 1 7461 3 7461.3 gch:ianjdor TR 10 con 2 inyectores gira 160 bar
1.8 1 2274,19 2274,19 | Variémetro tipo C20 (034.600.2086) Ref FB
1.9 1 6359,3 6359,3 Valvula de aisfamiento de acumulador C Ref. 132
1.10 1 842,29 842,29 1Elsesmento filtro 70 u del tanque de regulacion C Ref
111 Juego de repuestos para bomba regulacion SCAM
’ IMO ALA 324L conformado por:
3 Orring Rep. Item 520A
3 Sealing Bush Rep. Item 509A
3 Orring Rep. Item 5098
3 Spring Rep. Item 509C
3 Washer Rep. iteat 5090
954,6 954,6
2 Valvula Esferica (Plano NEYRPIC N° 507963C -
507938A
2.1 2| 7812,25 15624,51 | Anillo fijo Ref U9
2.2 2| 12641,39 | 25282,79 |Anillo movil Ref U10
3 Cojinete Guia de Empuje (Plano NEYRPIC N°
580988 - 584007
Bomba completa de aceite de circulacién SCAM
IMO ACF090-N4-IRBO en
<5 L U eeil B2 ergon sustituciéon de bomba
ACF 90 3N2F que no se fabrica mas Ref. Al AJ
32 2 849,31 1698,62 |Elementos de filtro doble de aceite de circulaciéon
del cojinete de empuje 40 um
3.3 2 1333,63 2667,26 | Elementos de filtro doble de aceite de inyeccion del
cojinete de empuje 70 um
3.4 3 1839 5517 Controfador de nivel de aceite del cojinete empuje

con guia acero y rueda Ref. CQ LR LS
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ITEM | CANT. | P.U. P.TOTAL | DESCRIPCION

| Juego repuestos para bomba SCAM IMO ACFSO
3N27 Conformado por:
' Rotating washer Rep. Item 509A (Cant. 1)
Rubber ring Rep. ltem 509 C (Cant. 1)

3.5 1 4344,82 SERSA | Disc Rep. Item 509D (Cant. 1)
Sping Rep. Item 509€E (Cant. 1)
Gland Rep. Item 511 (Cant. 1)
Oring for Gland Rep. Item 511A (Cant. 20)
Juego de repuestos para bomba de regulacion
SCAM IMO ALA 324L, conformado por:
Oring Rep. Item 520A (Cant. 3)

3.6 1 954 .6 954,6 Sealing Bush Rep. Item 509A (Cant. 3)
Oring Rep. Item 5098(Cant. 3)
Sping Rep. Item 509C (Cant. 3)
Washer Rep. ltem 509D(Cant. 3)

4 Altemmador

4.1 y 20832,68 | 20832,68 éucj)i?o de 6 zapatas de freno Ref. 7,8 (AA-CM/H-
Teletermometro con 6 m de cable dos brales
ajustables, tem, metal coj Generador esfera 960,0-

4.2 3 4000,89 12002,66 |120C Ref. 28-
10-081 Obs. AA/CM/C-004. Material equivalente al
de origen y totalmente compatible con los equipos
existentes.
Motor ventilador de caja de thiristores TZA 335-415

4.3 1 23064,75 | 23064,75 |tp 10, 220/380 60Hz con termo contacto de
bobinado. Material equivalente al de origen vy
totalmente compatible con los equipos existentes.

5 Diversos

Termostato tipo ZT - 403 - SAM margen de ajuste

51 2 884,41 1768,81 40- 120 °C, 2 micro inter, 6m cable sensor

Total = 148341,6
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Vil. CONCLUSIONES

Dentro de las conclusiones principales tenemos:

Se evidencid la necesidad de implantar y definir un mantenimiento
predictivo para garantizar el servicio del grupo generador de tal forma que
se eviten las paradas imprevistas.

Realizar las correcciones y renovaciones de los objetivos planteados en los
mantenimientos preventivos de tal manera que eviten el deterioro y
acortamiento de vida de servicio de los equipos que conforman el grupo

generador.

Capacitar al personal técnico en todos los niveles en forma continua.
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Vill. ANEXOS
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1. ANEXO||

Caracteristicas Técnicas de las Centrales Hidraulicas y Térmicas de
EGASA
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CARACTERISTICAS TECNICAS
MINICENTRAL HIDRAULICA CHARCANI |

CENTRAL unidad

Eumem de unidades 2

otencia instalada KW 1760
IGrupo N° 1 N° 2
[Diametro de tuberia forzada mm 1490
Puesta en servicio 3 de julio de 1998 18 de junio de 1998

Francis doble Francis doble
horizontal horizontal
hp 1,350 1350

| ma3/s 4.85 4.85
[Saito m 26 26
NVelocidad r.p.m 450 450

umero de Serie
Fabricante Electro Mecanica Suiza S.A. Electro Mecanica Suiza S.A.
Procendencia Brasil Brasil
Tipo WH 1.100 H 16 PB 6 WH 1.100H 16 PB 6
Numero de Serie 1,871 s/n
Potencia Aparente kVA 1,100 1100
Potencia nominal KW 880 880
Tension nominal Vv 4160 4160
JAmperios A 153 153
Factor de potencia 0.8 0.8
Velocidad r.p.m 450 450
Frecuencia hz 60 60

arca Electro Mecanica Suiza S.A.  Electro Mecanica Suiza S.A.
[Tipo
N° de serie
Fotencia kW 10 10

ension \Y 125 125

mpernios A

arca

° de Serie
otencia Nominal
recuencia
ension nominal

KVA
hz

rupo de conexion

Elecsur Industrial S.R. Ltda.

436
1100
60
5200/4160

Elecsur Industrial S.R.
Ltda.
444
1100
60
5200/4160
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CARACTERISTICAS TECNICAS

CENTRAL HIDRAULICA CHARCANI |
CENTRAL unidad
Numero de unidades 2
otencia instalada KW 1472
7 po N° A1 Ne 2
uesta en servicio 1929 1907
J.M. VOITH J.M. VOITH
FRANCIS FRANCIS
horizontal horizontal
hp 1,500 700
m3/s 5.02 2.57
m 27.2 27.2
iametro de tuberia forzada mm 1450 1200
elocidad r.p.m. 500 500
umero de Serie 10202 2828
Siemens Schuckert Werke Siemens Schuckert Werke
“Ipo VFW 500/ 9-12 WJD 525
umero de Serie 20055600 195775N
otencia Aparente kVA 1,250 590
otencia nominal KW 1,000 472
Vv 5250 - Y 5700
A 138 59.8
0.8 08
rp.m 500 500
hz 50 50
Siemens Schuckert Werke Siemens Schuckert Werke
GV -240 V-1
18913998 176447 - N
kW 14.2 6.8
Vv 110 45
A 129 155
J.M. VOITH J.M. VOITH
210556 157473 & 157869
B.B.C.
L10642
KVA 11,500
recuencia hz 60
ension nominal 32820/10500-5250
~rupo de conexion Yd 11
ension de corto circuito 5,116,1%
egulacion +2x2.5
osicion tap actual 3
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CARACTERISTICAS TECNICAS
CENTRAL HIDRAULICA CHARCAN! Il

unid
CENTRAL ad

Numero de
unidades
Potencia instalada KW
Grupo N° 2 N° 3
Diametro  tuberia
forzada mm 1000

i 1912 1912 1921
Faoricanme J.M.VOITH J.M. VOITH J.M. VOITH
Numero de Serie 4552 4553 7097
Tipo FRANCIS FRANCIS FRANCIS
Eje horizontal horizontal horizontal
Potencia hp 390 390 390
Caudal m3/s 2 2 2
Salto m 18.7 18.7 18.7
Velocidad rp.m 600 600 600
Modelo J.M.VOITH J.M. VOITH J.M. VOITH
Numero de Serie 2182 2183 3657

Siemens Schuckert Siemens Schuckert Siemens Schuckert

Fabricante Werke Werke Werke
Tipo WJD 330/500 WJD 330/500 WJD 330/500
Numero de Serie 476365 - N 476366 - N 1182822 - N
Potencia aparente kVA 330 330 330
Potencia nominal KW 264 264 264
Tension nominal \"} §700/5000 §700/5000 §700/5000
Amperios A 33,5/38,2 33,5/38,2 33,5/38,2
Factor de potencia 0.8 0.8 0.8
Velocidad r.p.m 600 800 800
Frecuencia nz 60 60 60
Marca SSW SSwW SSwW
Tipo GV -190 GV -190 GV - 190
N° de serie 395579 - N 395580 - N 1099527 - N
Potencia kW 6.6 6.6 6.6
Tension Vv 110 110 110
Amperios A 60 60 60
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CARACTERISTICAS TECNICAS

CENTRAL HIDRAULICA CHARCANI Iil

CENTRAL unidad
Numero de unidades 2
Potencia instalada KW 4560
Grupo N° 1 N° 2
Puesta en servicio 1933 1942
Fabricante J.M.VOITH ESCHER WYSS
Numero de Serie 12697 9679
Tipo FRANCIS DOBLE FRANCIS DOBLE
Eje horizontal horizontal
Potencia Hp 3120 3260
Caudal M3is 5 5
Salto m 57.5 57.5
Didmetro de tuberia forzada mm 1490 1490
Velocidad r.p.m, 720 600
J.MVOITH ESCHER WYSS
—aan 745
Siermens Schuckert
Fabrcante Werke ABB
Tipo VFW500/22-10 PGCC 710 LD 12 B3
-Numero de Serie 12697 349365
Afio de fabricacion 1938 1994
Potencia aparente kVA 2800 2864
Potencia nominal KW 2240 2320
Tension nominal Vv 5250 5250
Amperios A 308 315
Factor de potencia 0.8 0.81
Velocidad rp.m 720 600
Fracuancia hz 0 80
Marca Siemerts Schuckert Verke
Tipo GV - 190
N° de serie 395579 -N
Potencia kW 6.6
Tension " 110
Amperios A 60
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CARACTERISTICAS TECNICAS

CENTRAL HIDRAULICA CHARCANI iV

Tension nominal

Grupo de conexion
Tension de corto circuito
Regulacion

Posicion tap actual

37000-36300-
35600-34900-
34200/ 5250

Yd 11

6.30%

+2x2.0
4

37000-36300-
35600-34900-
34200/ 5250
Yd 11
6.21%
2 x2.0
4

unidad
Numero de unidades 3
Potencia instalada Kw 14400
upo Ne° 1 N° 2 N° 3
[Fuesta en servicio 1559 1563 1870
CHARMILLES CHARMILLES CHARMILLES
INumero de Serie 219 227
[Tipo FRANCIS FRANCIS FRANCIS
Eje horizontal horizontal horizontal
Potencia n.p. 6910 6910 6910
audal m3/s (5} (5} 5
ISalto m 117.35 117.35 117.35
[Diametro tuberia forzada mm 1200 1200 1200
Velocidad r.p.m 720 720 720
1
abricante B8C B8C BB8C
ipo WAS 140/100/10 WAS 140/100/10 WAS 140/100/10
Numero de Serie
fo de Fabricacion 1993 1993 1993
Potencia aparente KVA 6000 6000 6000
|Potencia nominal KW 4800 4800 4800
ension nominal Vv 5250+£5% 5250+5% 5250+5%
mperios A 660 660 660
‘Factor de potencia 0.8 0.8 0.8
elocidad r.p.m 720 720 720
Frecuencia hz 60 60 60
Marca BBC BBC BBC
ipo GF -166b GF-166b GF -166b
N° de serie A.402116 A.603376 B.69734
Potencia kw 30 30 30
[Tension v 78 78 78
mperios A 385 385 385
rca B.B.C. B.B.C. B.B.C.
N° de serie L10463
Potencia Nominal kVA 6000 6000 6000
Frecuencia hz 50 50 50

37000-36300-
35600-34900-
34200/ 5250
Yd 11
6.30%
+2x2.0
4
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CARACTERISTICAS TECNICAS

CENTRAL HIDRAULICA CHARCANI V

CENTRAL Unidad
Numero de unidades 3
Potencia instalada KwW 135000
Grupo N° 1 Ne° 2 N° 3
Puesta en servicio 1988 1989 1989
Maarhinna: - oo
Eahricanta NEYRPIC NEYRPIC NEYRPIC
Tipo PELTON PELTON PELTON
Puesta en servicio 11/11/88 12/07/88 19/12/88
Numero de modelo 67042 67042 67042
Eje vertical vertical vertical
Potencia kw 51290 51290 51290
Caudal m3/s 8.3 83 8.3
Salto m 706.4 706.4 706.4
Diametro tub c/grupo mm 900 900 900
Diametro tuberia forzada mm 3 tramos sup/med/inferi
[Velocidad r.p.m. 600 600 600
. Alsthom . Alsthom
Fabricante Atlantic Alsthom Atlantic Atlantic
Tipo RYV 366.153 RYV 366.153 RYV 366.153
Numero de serie 411514 411515 411516
Potencia nominal kKVA 57000 57000 57000
Tension nominal \Y/ 13800 13800 13800
Amperios A 2385 2385 2385
Factor de potencia 0.85 0.85 0.85
Velocidad r.p.m 600 600 600
Frecuencia hz 60 60 60
. Alsthom . Alsthom
Fabricante Atlantic Alsthom Atlantic Atlantic
TipO c/%ysn'-;u:r(;s Estatico c/tyristores c Eyrs:? :roes
ITension \} 121 121 121
Amperics A 1024 1024 1024
Alsthom . Alsthom
Marca Atlantic Alsthom Atlantic Atlantic
N° de serie 224605-01 224605-02 224605-03
Potencia Nominal kVA 57000 57000 57000
Frecuencia hz 60 60 60
Tension nominal 149100 - 149100 - 145550 149100 -
142000 - 142000 - 138450 142000 -
134900 / 134900 /13800 134900 /
IGrupo de conexion YNd11 YNd 11 YNd 11
ension de corto circuito % 13.20 13.38 13.22
[Fr!egulacion
Posicion tap actual 2 2 2
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CARACTERISTICAS TECNICAS
CENTRAL HIDRAULICA CHARCANI VI

CENTRAL unidad
Numero de unidades 1
Potencia instalada KwW 8960
Frecuencia de trabajo Hz 50 60
Grupo
Puesta en servicio 1976 1976
. ICHARMILLES CHARMILLES
e HORIZONTAL HORIZONTAL
Tipo FRANCIS HORIZONTAL  FRANCIS HORIZONTAL
Eje
Potencia h.p. 12050 12450
Caudal m3/s 15 15
Satto m 69 69
Diametro tuberia mm 1800
Velocidad r.p.m. 428.6 514.3
Fabncante: BBC
Numero de Serie HM - 20003
Potencia aparente kVA 10800 11200
Potencia nominal KW 8960
Tension nominal \") 5250 Y 5250Y
lAmperios A 1188 1233
Factor de potencia 0.8 0.8
Velocidad r.p.m 428.6 514.03
Frecuerncia hz 50 60
Tino waSs 185/125 14
Marca BBC
Tipo GF - 21670 piloto CFc 134 a
N° de serie HM 270017 HM 270018
Potencia kW (90/60) /146 piloto 3
Tension \" (165/135)/ 210 piloto 85
AmDenios A (545 / 445) / 695 piloto 35
Marca B.B.C.
IN® de serie L11381
Potencia Nominal kKVA 11200
Frecuencia hz 60
Tension nominal Vv 37000-36300-
35600-34900-
34200/525G
Grupo de conexion Yd 11
Tension de corto circuito 6.20%
Regulacion +2x 2.0
Posicion tap actual S
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CARACTERISTICAS TECNICAS
CENTRAL TERMICA DE CHILINA

CENTRAL Unidad Cermtrai Termica de Chilina
N° 1 N° 2 N° 3
Aio 1955 1968 1979
Franco Tosi Franco Tosi Standard Kessel
Acuotubular Acuotubular Acuotubular
A tn/h 20 42 54
kg / cm2 32 33 32
°C 410 410 410
Industrial R500 Industrial RS00 Industrial R500
tipo mecanico mec. c/fluidoawx. copa rotativa
numero tres dos dos
6958 7678
BBC - BADEN BBC - BADEN BBC-M
B. 22008 B. 44828 25-1036 -76
DFg-28 D Fg-34BK DK-1180-D
otencia max. en bornes kW 4000 7000 10000
Presion atm 27 28 28
udal de vapor m/h 20 42 54
°C 400 400 410
i 3000 3000 7600
BBC - BADEN BBC - BADEN BBC - CEM
WT 532 a WT321g MSBHD 900ML4
B - 59991 B - 67857 FN-31223
kVA 5330 8750 12500
\) 5250 5250 10500
A 586 550 687
0.75 0.8 0.8
hz =) 50 a0
r.p.m 3000 3000 1800
BBC - BADEN 88C - BADEN ENCO
G.F.T.36¢c G.F.T.36¢c AL32-135M2
B - 60459 B - 68298 750591 - 1
kW 23.5 42 86
\/ 90 - 102 150 264
A 260 - 300 280 325
hz 50 50 60
Cenerador DC Caneader OC Alawnador
BRBRC.
L30174
KVA 12500
hz 60
Vv 33480/ 10500
rupo de conexion Ynd 11
8.8
2 x2.5
2
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CARACTERISTICAS TECNICAS
CENTRAL TERMICA DE CHILINA

CENTRAL unidad
RUPOS DIESEL N° 1 N° 2
CCM - SULZER CCM - SULZER
101161 - 101172 101178 - 104484
122V - 40 - 48 122V - 40 - 48
1985 1985
no de puesta en servicio 1987 1987
Potencia nominal kW 5230 5230
elocidad r.p.m 514 514
Petroleo Res. N°6/Dies.
Petroleo Res. N°6/Dies. N°2 N°2
C.E.M. C.E.M.
MWPD 27043/ 14 MWPD 270-43/ 14
kVA 6540 6540
Vv 10500 10500
A 363 363
0.8 0.8
hz 60 60
514 514
ENCO ENCO
A200 /270 LM2A A200 /270 LM2A
840300/ 1 840300/2
kW
Vv 220 220
A 8.6 86
hz 60 60
r.p.m. 514.3 514.3
0.425 0.425
Generador de iman
Generador de iman permanente permanente
DELCROSA DELCROSA
12455972 12455971
KVA 7700 7700
hz 60 60
Vv 34900/ 10400 34900/ 10400
rupo de conexion Ynd11 Ynd11
“ension de corto circuito 8.47% 8.47%
Regulacion +4x2.5 +4x25
Posicion tap actual 7 7
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CARACTERISTICAS TECNICAS

Posicon tap actual

CENTRAL TERMICA DE CHILINA
unidad Central Termica de Chilina
CICLO COMBINADO |
g |
Fabricante ' AEG
Numero de fabrica G.E. 245247
Tipo Ms - 5001 P
Ao de fabricacion 1975
Ao de puesta en servicio 1981
Potencia nominal base kW 16350
Potencia nominal pico kW 17650
Altitud m.s.n.m. 2360
Velocidad de rotacion r.p.m. 5100
N° de elzpas turbina dos
N° de etapas i diegsiete
== T I IERhEs Eil = ==swms =3
Fabricante AEG - Telefunken
Tpo SU 1090 L4 /2ED
N° de fabrica 2771267
Potencia nominal kVA 32000
Tension nominal \" 13800
Ampenos A 1339
Factor de potencia 0.8
Frecuenca hz 60
Veioadad rp.m 3600
W00 UM W — SR
Fabricante AEG
Tipo SY 5638 / 8F +Six1 - 2s
N° de Serie 2771272
Potencia kW 125
Tension v 190
. Tension excitacon \Y 660
Veloodad rp.m. 3600
Tipo de aislamiento F
Proteccion R 44
Ao de fabricacion 1981
Afio de puesta en servico 1982
Tipa Acuotubular
Caudal nominal tn/h 3NS5
Caudal real tn/h 30
Presion de vapor kg/ am2 27.89
Temperatira de vapor °C 410
Marca VOLTA - WERKE
N° de serie 60628-001
Potencia Nomvel KVA 28000
Frecuencia hz 60
Tension nominal \" 33000 / 13800
Grupa de conexion d¥n
Tension de corto circuito 11.80%
Regulacion +2x25
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Posicion tap actual

CARACTERISTICAS TECNICAS CENTRAL
TERMICA DE CHILINA
CENTRAL unidad
CONVERTIDOR DE FRECUENCIA Maquinas de 50 Hz Maquina de 60 Hz
Frecuencia de operacion Hz 50 60
Fabricante Brown Boven Cia. Brown Boveri Cia.
Numero de serie H M 250001 H M 250002
Tipo WA 167/100/10 WA 167/100/12
Afio de fabricacion 1978 1978
Afo de puesta en servicio 1979 1979
Potencia kW 8590 8590
Tension v 5250 5250
Amperaje A 1210 1210
Factor de potenca 08 08
Freaienca hz 50 60
Veloodad rp.m 600 600
Potenda nominal kVA 10480 10480
Tension nominal- ' 5250 5250
Amperaje A 1155 1155
Factor de potencia 08 08
Tension de exatacion \" 138 129
Corriente de excitacon A 440 486
Frecuenca hz 50 60
Velocdad rp.m. 600 600
Peso del Estator ton 15 15
Peso del Rotor Completo ton 16.2 17.2
Peso Total ton 31.2 322
GD2 Kgm?2 22500 21500
Tension v 141 131
Amperae A 449 496
1]
WSyn 2210 Wo SP
HM 1001165
v 5000
A 74
kW 485
v 708
A 484
hz 50
r.p.m. 584
BBC
11387
Potencia Nominal KVA 11500
Frecuenca hz 50/60
Tension nominal v 32820 / 10500 - 5250
Grupo de conexion Ydii
Tension de corto Gircuito % 847
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CARACTERISTICAS TERMICAS
CENTRAL TERMICA DE MOLLENDO

CENTRAL unidad
N°1 N° 2 N° 3
MIRLEES BLACKSTONE = MIRLEES BLACKSTONE  MIRLEES BLACKSTONE
7156-01 7156-02 715603
963801 964402 965002
16MB 430 16MB 430 16MB 430
1996 1996 1997
7 de abril de 1998 7 de abril de 1998 7 de abril de 1998
kW 10961 10961 10961
rp.m 514 514 514
Industrial RS00 bwdustrial RS00 Indusstral RS00
BRUSH BRUSH BRUSH
BSM140,168/14 BSM140,168/14 BSM140,168/14
62355A-1P 62355A-2P 62355A-3P
kVA 13208 13208 13208
Kw 10566 10566 10566
' 13800 13800 13800
A 553 553 553
0.8 0.8 0.8
hz 60 60 60
rp.m. 514 514 514
BRUSH BRUSH BRUSH
XL92,28/24 XL92,28/24 XL92,28/24
62355A-1E 62355A-2E 62355A-3E
v 282 282 282
A 22 22 22
hz 1029 102.9 1029
rp.m. 514 514 514
ABB
TD 2AF
L-30498
MVA 32/40
ONAN/ONAF
hz 60
v 138000/13800
YndS
9,712.1%
+2%x25%
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CARACTERiSTICAS TECNICAS
CENTRAL TERMICA DE MOLLENDO

CENTRAL unidad
TURRINAS A GAS All STOM TGAM | TGM2
Aletnm Tighine< 3 (37 Alstnm Tichines a (a7
hl_umero de fabrica 140670 140680
ipo 6 000 A 6 000 A
|Afio de fabricacion 1999 1999
|Afio de puesta en servicio 1999 1999
Potencia nominal base 37.4 MW 37.4 MW
otencia nominal pico
itud 100 m.s.n.m. 100 m.s.n.m.
Kslocidad de rotacion 5100 r.p.m. 5100 r.p.m.
de etapas turbina 3 3
IN° de etapas wresor I 17 17
Fnhrinnn(n Aldrvm Alstnm
[Tipo: Cilindrico T190-240 Cilindrico T190-240
rl" de fabrica Estator 500383 Rotor 153751 | Estator 500385 Rotor 153645
Potencia nominal 52 941 kVA 45 000 kW 52 941 kVA 45 000 kW
Tension nominal 13800 V 13800 V
perios 2215A 2215A
Factor de potencia 0.85 0.85
recuencia 60 Hz 60 Hz
iNeiOCidad 3600r.p.m. 3600 r.p.m.
[ I T I
[
Eahriranta. Al<trem Alstom
Tipo Diodo Giratorio TKJ 70-10 Diodo Giratorio TKJ 70-10
N° de Serie 500302 500370
Potencia 149 kW 149 kW
Tension 289V 289V
Tension excitacion 516 A 516 A
Velocidad 3600 r.p.m. 3600 r.p.m.
Tipo de aislamiento F e
Proteccion 59/81 59/81

Ema Knnear Tinn 1 TRP 50 00N - 145] Kanear Tinn 1 TRP 80 0NN -
IN° de serie 308014 308013

otencia Nominal 50 MVA (ONAN) 50 MVA (ONAN)
recuencia 60 Hz 60 Hz

ension nominal 13 800/138 000 +- 2x2.5 % V |13 800/138 000 +- 2x2.5 % V
ﬁrupo de conexion Ynd5 Ynd5

ension de corto circuito 11.78% 11.78%
Regulacion
Losicion tap actual 1 (13 800/ 144 900 V) 1 (13 800/ 144 900 V)
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2. ANEXO Il

Cuadro parcial de la Informacién Técnica de la Norma ISO 4406 -
Nomenclatura de la Contaminacién de Aceite Hidraulico — Graficos y

tablas de sistemas y niveles tipicos de contaminacién aceptables



P ‘.~ " 'DATA INTERPRETATION ¥

, '1 R
olid contaminants i1 fluid power systems vary in size, shape, form c;nd quarm v, Th'
ost-harmiul contaminants are normally between 5 micron and 15 macron lho ISO

Joe is the preterred melhod ot repormg quantity ot contamm n

1e (SO code numb'er
yresponds to

ntamination levels T 1.6 T35

2rtaining to three sizes. - 10" 3Rk .—.x»—_._‘._
. | . 4 \ |

1eiirst scale nuimber . !

presents the number 2 K

oarticles larger than 108 ===t

tm per 100 mulliitre of 5 =

Id, the second ,
imber for particles . -
rgerthan Sum per |

JO millilitre of fiuid and -

2 third nuimier for narticies
-ger than 1sum per

1O milititra of fluid.

1)

sults gbtained, of
ntaminalion wilin
/graulic Pump

U

Number of paricies per 100 miliilitce

Pariicie SazeH\o cf Particles
' ner 100mi o ol
~ ' ~ 4
2u | 7950100
i
Su ; 280500
]
10U ; 13500
| -
15U 1500
| —d
ISO code: 23/7S71 1

1z3 at'o~ iz not permizzliz”

R
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50 CONT.

IATION NUMBERS

DATA INTERPRETATION

Numier of particles per 100 mL Range
More than Up to and including number .
8 x iC° 16 x 10° 04
8 x 10° ° .23
2 x 1¢° 4 x 10° 22
2 x 10° 21
S00 » 1G° 1 x 10° 20
250 x iC’ 500 x 10° 19
130 % 1C 250 x 107 18
64 x 10° 130 x 10° 17
32 x 10° 64 x 10° 16 "
16 % iG 32 x 10° 5 4
16 x 10° 14 é
4 % 1C 8 x 10° 13
2 5 107 4 x 10° 12
2 x 10° ]
560 { x 10° 10
250 | 500 9
130 | 250 3
6é 130 7
23 54 5
15 | 32 5
8 ; 16 a
|
a i 8 3
2 | & 2
1 ! 2 1
| . |

Far ex2mola code 20/13/13 indicates that there are betwesan 500000
and 1,00C.00GC ganiclss larger inan 2 microns and between 130,00¢ and
S micraons and netween 4000 zad 8000

~
Y~ o~

250,0G0 gzrucies iarger e
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DATA INTERPRETATION:

ARTICLE DISTRIBUTION CHART TO 1S0O4406

1cluding various 1SO level contamination grades

Number ol parlicles per 100ml grealer than indical

<« 1

107, SO No. |
i 23 R R R
2 22 i B
; 21 |
-0 : 20 [ - ]
.;: 19 | ! | :
N 18 _
1% R i i
"fr‘ ! N\]& | [ ! ;i
S A\}\\ﬂ\!\\!\ } )
10"'3‘L—£\Xﬁ\_!\\ = ] :
e~ N S Isoens
S IS NN S S - ET TS
00 e \\.'\I\\I\J\ 1SC 16/13 l
! | i

al :
6| —————! 1SS 1512 ——|
L i | : -

~ l ” 9 | U scyn | -
, : | 5 ‘[\\ 11 '

| | : | ™ 'sc 1310 |

8 ; LT : - . '
Gl — ¢ , — i i I

- o —— e

- | R i . -
e LS ,

NN . BT O O
P S— | 3 ———— ——
iz | NN I S B
- i BERE ] |

— | : : - -

: 5 i0 15 20 25 30 &0 S0

Pacticie sizz um

-

103

— 10+

— 103

—1102

— 10°

of parlicles per ml greater than indicated size



iy sontrnbation limits, parlicles oo 100 ml)

Sl Claznon (Dacedb o s
RANGE  [-— (~ i , ) - :
11m oo | O 1 2 3 4 5 6 7 8 9 10 11 12
5-15 1251 250 | 500 |1000| 2000 | 4000 | B000|16,000{32,000| 64,000(128,000 | 256,000] 512,000|1,024.000
15-25 22 | 44 | B9 | 178 | 356 | 712 |1425| 2,850 | 5,700 | 11,400[ 22,800 | 45,600| 91,000 | 182,400
25-50 4 8 16 | 32 | 63 [ 126 | 253 | 506 | 1,012 | 2,025| 4,050 |-8,100 | 16.200 32,400
50-100 1 2 |3 | 6 | 1| 22| 45| 90 | 180 | 360 | 720 1.440 | 280 | 5760
over100 | o | o | 1 1 2 4 8 | 16 | 32 64 | 128 256 512 | 1024

P
I
]

pu—
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G)

=
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NOILVY13ddd3IN] v1vd




J/NAS/SAE COMPARISON CHART

DATA INTERPRETATION

J

BS 5540/4

e Def- Std 05/42 NACSIJEE?’S | Sé{{g e

CODE | Table A Table B 53 =53

11/8 - - 2 -

12/9 3 0

13/10 - 4 1
14/9 - 400F - -

14/11 : 5 2

15/9 400 : : :

{5710 300F - ~ —

15/12 - : 5 3

16/10 800 - -

16/11 i i 1 300F - -

16/13 : 7 =
17711 1300 2 000F - -
17/1a | 8 S

18/12 ' 2000 - |

18/13 . 4 400F - -

18/15 | - S g

XoTake 4 400 5 300& -

19/16 : - : e ‘

20/13 5300

20/17 ; 1

21/14 l 15 000

21/18 | - 12 )

22/15 ! 21 000

o 237 | 100000 | : :

The zbove comparisons relate to panicle count data only. To conform to any
Dariicuiar standard, raierance snculd be made (o the recommended
sxpsrimentzal orocegurs. '
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- These lypical applications and |SO code numbers are laken
[rom the UIKK Contaminalion Conlrol Research Programme (1980-1984) |
Ref. AHEM Guide lo Contaminalion Conlrolin Flydraulic Power Syslems - 1985
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3. ANEXO Il

Reporte de la Inspeccién Termografica de la Central Hidraulica Charcani V



REPORTE TERMOGRAFICO CH. CHARCANI| V

Equipo: G2 - CELDA DE FASES (Fases Sy Resulcados:

T, visia froncal):
Temoperacura Punto | : >75.9 °C
) Temoperatura Punco 2 : . >75.9°C
Fecha: 06/09/2001

‘Hoca: . 02:42:34 p.m. fsoterma mdxima: 76.0 °C
‘Temp. ambiente: 5.0 °C -
.Distancia al objeco: 3.0 m

Emisividad: 0.90 Qbservaciones:
‘Transmision: 0.97
Normal
i Prafile




REPORTE TERMOGRAFICO CH. CHARCANI V

iquipo: G2 - CELDA DE FASES (vista laceral) Resultados:
_ Temperaturd Puncto | @ 359.2 °C
facha: - .06/0972001 Temperacura Punco 2 : 38.1 °C
4ora: 02:43:59 p.m.
[Temp. smbience: 15.0 °C
Jdistancia af objeco: 3.0m Qbservaciones:
:misividad: 0.90
Transmuision: 0.97 Normal
"G
70
60
30
40
Proiile
70
85 \/ e S
/‘\
S19)
33
S R
43 = N




REPORTE TERMOGRAEICO CH. CHARCANI V

quipo: G2 - CELDA NEUTRO 2esulcados:

* Temperacura Punco’f :  33.8 °C
echa: 06/09/200t Temperacura Punco 2 : J&.9 °C
{ora: " 02:48:43 p.m. Temperacura Punco 3 : " 31.8°C

‘emp. ambience: 15.0 °C
listancia sl objeco: 3.0 m

‘misividad: 0.90 Qbservaciones:
‘ransmisica: 0.97
Normal.
Photo - 34.8MP IR -10001800.037

G2 - Calda neutro




REPORTE TERMOGRAFICO CH. CHARCANI V

ipo: G2 - CELDA NEUTRO Resultados:

=t Temperacura Punco | : >44.7°C
:cha: 06/09/2001 Temperacura Punco 2 : 42.3 °C
ora: 02:50:34 p.m. Temperacura Punco 3 : 40.9 °C

amp. ambience: 15.0 °C
iscancia af objeto: 3.0 m

nisividad: 0.90 Qbsenvaciones:
-aasmisidn: 0.97
Nomual.
Photo - 85.8MP ] | IR - 10001600.038

o
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G2 - Celda n=utra
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REPORTE TERMOGRAFICO CH. CHARCANI V

ypo: G2 - TRANSFORMADOR DE MEDIDA Resultados:

Temperacura Punto | ¢5.8 °C
‘ha: 06/09/2001 Temperacura Punco 2 : 43.7 °C.
r: 02:52:13 p.m. Temperstura Puaco 3 : 48.0 °C
Tip. ambience: 5.0 °C Temperacura Punco ¢ : 45.8 °C
r3ncia al objeco: 3.0 m
asividad: 0.90
‘asmision: 0.97 Observaciones:

Photo - 86.8MP fR -10001600.039




REPORTE TERMOGRAFICO CH. CHARCANIV

‘quipo: G2 - TRANSFORMADOR (00 KVA Resulcados:

Temperacura Punco | - 37.5°C
“echa: 06/09/2001 Temperacura Punco 2 : 356.8 °C
dora: 02:53:24 p.nu. Temperacura Punco 3 37.9 °C
iemp. ambience: (5.0 °C Temperacura Punto ¢4 : 28.1 °C
Jistancia al objeco: I.0m Temperacura Punco S 28.3 °C
smisividad: 0.90 Temperacura Punto 6 23.6 °C
fransmision: 0.97

Okservaciones:

Normal.

Photo - 37.8MP

%

30

639 °C

i

i
e 80

s

A i
2t -
2= 30

=L

Y g‘g!-
. -541? 49

[t

.:

1

_

[3S Rhads
P~
w




REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: G2 - INICIO GALERIA DE CABLES Resulcados:

Temperatura Punco | (R) :  29.2 °C
Fecha: 06/09/2001 Temperacura Punco 2 (S) 27.9 °C
Hora: [1:01:50 a.m. Temperacura Punco 3 (T): 2&6.7 °C
Temp. ambience: (5.0 °C
Distancia af objeto: 1.0 m
Emisividad: 0.98 Qbsarvaciones:
Traasmision: 0.99

Normual. Aparsnce sobrecemperacurs fase R

IR -100018Q00.05S



REPORTE TERMOGRAFICO CH

Zquipo: TRAMO INTZRIMEDIO GALRIA DE

CABLES

Fecha:

Hora:

Temp. ambience:
Distancia al objeco:
Emisividad:
Transmision:

06/09/2001

[ 1:21:23 3.m1.
15.0 °C
1.0m

0.98

0.99

Resultados:

Qbservaciones:
Nomual

. CHARCANI'V

-10001600.064 _
| 159 °C
35




Eadino:
CABLES

Fecha:
Hora:

REPORTE TERMOGRAFICO CH. CHARCANIV

ULTIMOS 50 m CGALERIA DE Resulcados:

Observaciones: - - -
Normmal

06/09/20Q1
11:26:16 a.m.

Temp. ambiente: 18.0 °C
Distancia al objeco: 1.0 m

Smisividad: |
Transmision:

0.98
0.99

IR -10001600.065

3s.0C

|

°C
35

25

20

Uttimos 50 m gzleria de cadles

Srciile

"~
n

N
.J.\

)
o~

)
(@]




REPORTE TERMOGRAFICO CH. CHARCANI V

‘Equipo: TRAMO FINAL GALERIA DE Resuitados:
CABLES
Observaciones:
Nomnal
‘Focha: 06/09/2001t
‘Hora: [ 1:35:37 a.m.
‘Temo. ambience: 18.0 °C
-Discancia af objeco: 1.0 m
‘Emisividad: 0.98
‘Transmision: 0.99
IR -10001500.063
Prafile

) (9]
+ [9))




REPORTE TERMOGRAFICO CH. CHARCANI YV

Ecuigo: SALIDA TRANSFORMADQR G2

Resulcados:

Temperacura Punco | (R):  27.2 °C
‘Fecha: 05/09/2001 Temperacura Punto 2 (S): 25.9 °C
‘Hors: 1 1:46:49 a.m. Temperatura Punto 3 (T): 24.5 °C
‘Temp. ambience: 18.0 °C
.Distancia al objeto: 1.0 m
Emisividad: 0.98 Observaciones:
‘Transmision: 0.99

IR - 10001700.002
e |

529 °C
50

4Q




Equipo: G2 - CELDA PARARAYOS

REPORTE TERMOGRAFICO CH. CHARCANI V

Fecha: 06/09/2001
Hora: 02:46:37 p.m.
Temp. ambience: 5.0 °C
Distancia sl objeco: 3.0 m
Emisividad: 0.90
Transmuision: 0.97

Resultados:

Temperactura Punco | 42.9 °C
Temperatura Punco 2 : 43.6 °C
Temoeratura Punco 3J : 45.1 °C

Qbservaciones:

Normal, medidas en transiormador de medida.
Natese los conexionadas 4 ienor tamperacurs,
sin proolemas..

Photo - 83.8MP

IR -10001600.038

~N
(&S]

35

30

28




uipo: PARAYOS Y SALIDA G2

cha:
ra:

REPORTE TERMOGRAFICO CH. CHARCANIV

~08/09/2001
{1:53:24 a.m.

'mp. ambience:  20.0 °C
stancia 3l objeto: 2.0 m

isividad:
‘ansnision:

0.98
0.92

Photo - 102.8MP

Resuicados:

Temperacura Punco 1 (R) o

Temperacura Punco 2 (S):

Temperacwra Punco 3 (T):

Observaciones:

Nomal.

20.1°C
21.4 °C
(9.6 °C

Pzrarayos y salida G2

ViEw
a1t L ! gt} .
r]f_ll"l[f![Tllll

PRI

]

14.8

25

20

i5




REPORTE TERMOGRAFICO CH. CHARCANI V

tquipo: PARAYOS Y TRANSF. DE TENSION

3-2

<ora:

0670972001
{2:36:47 g.m.

{emp. ambience: (5.0 °C
Jistancia al oojeto: 2.0 m

smisividad:
iransmision:

0.93
0.92

FPhoto - 110.BMP

Resulcados:

Temperacura Punco (R) : 19.9 °C
Temperacura Punco 2 (S): 19.8 °C
Temperacura Punco 3 (T): 18.0 °C

Observaciones:

Normal.

R -10001700.008

Fararayos y trensi. d= tension

T T"l"'l—l"l'—l'

[

o
~

°C

20

10



REPORTE TERMOGRAFICO CH. CHARCANI V

Equipo: TRANSFORMADOR DE CORRIENTE Resultados:
G-2 Temperacura Punco | (R
Temperacura Punco 2 (R):
Temperacura Punco 3 (S
Fecha: 08/09/2001 Temperacura Punco 4 (S
dora: 12:39:01 p.m. Temiperatura Punco S (
(

Temp. ambience: 5.0 °C
Oistancia al objeto: 9.0 m
Emisividad: 0.98
Transnuision: 0.92

Temoperacura Punco

Observsciones:
.Nomal.

Cholo - 112.8MP

)
)
):
)

T):
T):

9.0 °C
20.2°C
18.2°C
(9.6 °C
17.9 °C
19.7 °C

IR -100017C0.010

= e -
A s

"~ A=

Trani. d2 Carrienia G-2

22.4 °C

20

15

10

mistogram

[ )

Q — 0y N O

oo ®m w o

0.0/
0.0
0.0
0.0/
0.01
0.0!
0.0




REPORTE TERMOGRAFICO CH. CHARCANIV

‘Equipo: SECCIONADOR G-2

‘Fecha:
‘Hora:

06/09/200 1
12:38:00 p.m.

‘Temp. amobience: [5.0 °C
‘Distancia al objeto: 2.0 m

‘Emisividad:
Traasmision:

0.98
0.92

Resulcados:

Temperacura Punco | (R) : 9.6 °C
Temperatura Punco 2 (R): (9.0 °C

Temperacura Punco 3 (S): (8.5 °C
Temperacurs Punco ¢4 (3): (8.5 °C
Temperacura Punio S (T): 19.9 °C
Temperacura Punco & (T): 18.8 °C
Observaciones:

Nomal.

Phaoto - 111.8MP

R -10001700.008
°C
20
15
- 10
|Seccionador G-2

Proiiie




REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: INTERRUPTOR G-2 Resulcados:

Temperacura.Punco  (R) 18.1 °C

Temoeratura Punco 2 (R): {9.8 °C
fecha: 06/09/2C01 Temperacura Punco 3 (S): 16.8 °C
Hora: 12:39:59 p.m. Temperacura Punco ¢ (S) 20.4 °C
Temo. zmbience: 15.0 °C Temperacura Punco 5 (T): 18.6 °C
Distancia al objeto: 2.0 m Temperacura Punco & (T): 19.4 °C
Emisividadg: 0.98
Traasmision: 0.92 Observaciones:

Normal.

Photo - 113.8MP |
226 °C

20

15

10

: 7.5
| wiy. | |
INTERRUPTOR G-2

STRICPRET T LW VR TN LRI SN I BRSSO D IOt VAU
o r— = —o-]
IR T 1l

10.3

2.0

7.5

o

O 0o oW o

o o i\) O ~1 o

© oo
oo o

o o
a Qo




REPORTE TERMOGRAFICO CH. CHARCANIV

EGuipo: SECCIONADOR DE BARRA G-2

Fecha: 06/09/200{
Hora: 12:47:01 o.m.
Temp. ambience: (5.0 °C
Discancia af objeco: 2.0 m
Emisividad: 0.98
Transmision: 0.92

Resuftados:

Temoperacura Punco 4 (S):
Temperacura Punco S (5):
Temperacura Punco & (5):
Temeeracura Punco 7 (T):
Temperacura Punco 3 (T):
Temoperacura Punco 9 (T):

Observaciones:
Nomal.

15.4 °C
16.3 °C
(7.7 °C
17.6 °C

L 17.2°C

(7.5°C

Phato - 114.2MP

IR -10001700.014

Seccicnador de narra G-2

18




Ror

Cquico:

Fecha:

Hora:

Temo. ambienca:
Oistancia al objeco:
Emisividad:
Trinsmisidn:

DD
—

ScCCIONADOR Dz BARRA

ACOPLAMIENTO

06/09/2001
(2:57:31 p.m.
1S.0 °C

2.0 m

0.98

0.92

Reasuicados:

mperacura Punco |

Te (

Temoeracura Punco 2 (R):
Tempegcura Punco J (S):
Temperscura Punco ¢ (S):
T (M-
T (M

2
amperacura Punco 3
emperacura Punco ¢

Observaciones:
Nommal.

Q):

(7.7 °C

(7.0°C
(6.9 °C
17.2°C
16.9 °C
17.2°C

ORTE TERMOGRAFICO CH. CHARCANI'V

Shoto - 120.8M°

IR -10001700.020

N

Uy

[N

[85)




REPORTE TERMOGRAFICO CH. CHARCANIV

Ecitipo: G3 - CELDA DE FASES 13.8 KV Resultados:
(Visaa froncaf)

Temperacura Punco | 38.2 °C
fecha: 06/09/2001 Temoperacura Punco 2 : J39.1 °C
Hora: 02:24:03 o.m. Temperacura Punco 3 39.5 °C

Temp. ambiente: 5.0 °C
Distancia al objeco: 3.0 m

Emisividad: 0.90 Observaciones:
Transmision: 0.97
Normal

Photo - 75.8MP

2 |

It

- Ry
& 0
J 3
¢l

m O

O O

NS




REPORTE TERMQGRAFICO CH. CHARCANI V

tgeino: G3 - CCLDA DE FASES 13.8 KV Resulcados:
(Vista froncal)

Temperatura Punco | = >74.3°C
Fecha: ‘06/09/2001 Temoperacura Punco 2 : >74.5°C
Hora: 02:27:33 p.m.
Temp. ambience: 15.0 °C [socerma mdxima: 75.0 °C
Distancia al objeco: 3.0 m
Emisividad: 0.90
Transmision: 0.97 Observaciones:

Normul

w
o




.—"‘”/
REPORTE TERMOGRAFICO CH. CHARCANI!V

Equipo: G3 - CELDA DE NEUTRO Resuitzdos:
TRANSFORMADOR
Temperacura Punco | 35.4°C
fFecha: 06/09/2001 Temperatura Punco 2 : 34,1 °C
Hora: 02:36:57 p.m. Temoperacura Punco 3 J4.3°C
Temp. ambience: (5.0 °C
Distancia al objeco: 3.0 m
Emisividad: 0.90 Observaciones:
Transmisidn: 0.97
Nomal
Phaoto - 79.8MP IR - 10601600.031.
40.0 °C
T <0
I
S 3S
=
&
g 30
g
&
B o

~)
(91}
o




REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: TRANSFORMADOR DE POTeNCIA
AUXILIAR 13.8/0.4 XY G35

(lado de baja izquierda)
Fecha: 06/09/2C01
‘Hora: 10:37:19 a.m.

Temp. ambience: 15.0 °C
Distancia il cojeto: 2.0 m
cmisividad: 0.90
‘Transmision: 0.98

Resulcados:

o

NN —
0
AN N

Temoperatura Punto
Temoeracura Punco
Temperactura Punco

el —
NN Uy
~ 0O —

Quservaciones:

Nomual

Photo - $7.8MP

R -10001600.053

Transi. de oat. auxiliar 13.8/0.4 KV




REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: G3 - CELDA DE TRANSFORMADOR Resulcados:
100 KVA

Tamperawura Punco |
Fecha: 06/09/2001 Temperatura Punco 2
Hora: 02:38:14 p.m. Temperatura Punco J
Temp. ambiente: 15.0 °C
Distancia af objeto: 3.0 m
Enisividad: 0.90 Qbservaciones:
Transmision: 0.97

Nomal

Photo - 80.8BMP

G3 - Caldzs de transicrmador 100 KVA

446.9 °C
42.0°C
46.7 °C

40

30

Proiile

oz
>3




REPORTE TERMOGRAFICO CH. CHARCANIV

‘Equipo: G3J - INICIO GALERIA DE CABLES Resultados:

- Temperacura Punco [ (R) : ..>31.4 °C
Fecha: 046/09/2001 Temgeratura Punco 2 (S): 29.8 °C
Hora: [1:13:00 3.m. Temperacura Punco 3 (T):  28.7.°C
Temp. ambience: 15.0 °C
Distancia af objeto: 1.0 m Isoterma maxima: " 32.3°C
Emisividad: 0.93
Transmision: 0.99

Qbservaciones:
lsocerma mdxima en fase R

IR -10001600.0860

G3 - Inicio galeria de czoles




Equipo: TRANSFORMADOR G3J (caja de

Fecha:
Hora:

REPORTE TERMOGRAFICO CH. CHARCANI V

conexion)

06/09/2001
11:40:09 a.a1.

Temp. ambience:  18.0 °C
Distancia af objeco: 1.0 m

Emisividad:
Transmision:

0.98
0.99

Photo - 165.3MP

Resufcados:

Temperacura Punco | >44.4°C~
Temperacurd Punca 2 37.2°C
Temperacura Punco 3 : <25.7 °C
Qbservaciones:

Verificar conexionados en fasas Sy T

Transiormador G3 (czja de conexidn)

46.4

°C

40

35

30




Equipo: TRANSEORMADOR G3J (cajs de

REPORTE TERMOGRAFICO CH. CHARCANI V

conexion)
Fecha: 06/09/2001
‘Hora: 11:37:21 3.
‘Temp. ambieate: 18.0 °C
Discancia al objeta: 1.0 m
Emisividad: 0.78
Transmision: 0.99

Bhoto - 104.5MP

Rasultados:

Temperatwra Punco - - 40.9 °C
Temperacura Punco 2 : 53.4°C
Temperatura Punto J : 52.3°C

Qbservaciones:

Verificar conexionados en fases Sy T

Cazja de conaxion llzgada Transi. G3

n
(@]

4Q




Eadivo: PARAYOS Y SALIDA G3

Fecha:
Hora:

REPORTE TERMOGRAFICO CH. CHARCANI V

06/09/200(
[1:51:28 a.m.

Temp. ambience: 20.0 °C
Distancia al objeco: 9.0 m

Emisividad:
Transmiision:

0.93
0.92

Photo - 108.8MP

Resultados:

Temoeracura Puncto | (R) :
Temperacura Punco 2 (S):
Temperacura Punco 3 (T):

Observaciones:

Normal. Observar fase R

Pararavos v selida G3

22.0 °C
16.7 °C
(8.3 °C
345 °C
r
L 30
. :E
LIS
I
L
~ — 10
)
— 0

[

o




REPORTE TERMOGRAFICO CH. CHARCANI'V

Equipo: G3J - CELDA PARARAYOS Resultados:
TRANSFE. DE MEDIDA
Temperatura Punco | : 35.5 °C
Fecha: 06/09/2001 Temperacura Punco 2 >37.4°C
Hoca: 02:32:39 p.m.
Temp. ambiente: 5.0 °C {soterma méxima: 37.3 °C
Distancia al objeto: 3.0 m
Fmisividad: 0.90
Transmision: 0.97 Observaciones:
Nomal

Phato - 78.8MP



REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: TRANSFORMADOR DE CORRIENTE Resulcados:
G-3
Temperatura Punco | (R) 19.8 °C
Temperacucs Punco 2 (R): 19.2°C
Fecha: '06/09/2001 Temperacura Punco 3 (S): (8.9 °C
Hora: 12:50:32 p.m. Temperacura Punco 4 (S) 19.3 °C
Temp. ambience: 5.0 °C Temperacura Punco 3 (T): 18.9 °C
Oistancia al objeto: 2.0 m Temperacura Punco 4 (T): [9.3 °C
Entisividad: 0.98
Transmision: 0.92 Qbservaciones:
Noamal.
Photo - 117.3MP |
225 °C
)
20
18
i8
12
Lo Il - 10
Transiormador de Corriente G-3
Histegram '
0.0
3.1
389.3:
2.1
| 0.0
1?-1 O-O’
137 0.0
14.3 0.C
13.9 0.0
11.8 0.0
i0.3 2.0
Q
8.9 _ 0.0




REPORTE TERMOGRAFICO CH. CHARCANI'V

cauipo:  PARARYOS ¥ TRANSFORMADOR Resulcados:
TENSION G-3
. Temperacura Punco | (R) 19.2°C
Temperacura Punco 2 (S): 19.6 °C
Fecha: 06/09/200 Temperatura Punco 3 (T): 17.1 °C
‘Hora: 12:48:40 p.m. Temperacura Punco 4 (S): 19.4 °C
‘Temp. ambiente: [5.0 °C
Discancia al objeco: 2.0 m
- Emisividad: 0.98 QObservaciones:
‘Transmisicn: 0.92 Normal.

Photo - 115.8MP



REPORTE TERMOGRAFICO CH. CHARCANI V

Sgquipo: SECCIONADOR G-3
fecha: 06/09/200 |
‘Hora: [2:49:51 p.m.
‘Temp. ambience: 15.0 °C
.Distancia al objeto: 9.0 m1
‘Emisividad: 0.98
Transmision: 0.92

Resulcados:

Temperacura Puaco | (R): 19.3 °C
Temperacura Punco 2 (R): 19.2 °C
Temperacura Punco 3 (S): 18.3 °C
Temperacura Punco ¢ (S): 18.8 °C
Temperacura Punco 3.(T) 18.3 °C
Temperacura Punco 4 (T): 18.8 °C

Observaciones:
Nomual.

Photo - 116.8MP

*TIRELT . . L

| IR - 10001700.0156

226 °C|

22
20
18
16
14
12
iQ

Seccionzdor G-3

Prafile




REPORTE TERMOGRAFICO CH. CHARCANIV

uipo: INTERRUPTOR G-3 Resuftados:
Temperafura Punco | (R)r " 18.6 °C
Temperacura Punco 2 (R): 19.3 °C
«cha: 06/09/2001 Temperacura Punco J (S): 18.3 °C
ara: 12:51:15 p.m. Temperatura Punco ¢4 (S): 19.2°C
>mp. ambiente:  15.0 °C Temperacura Punco 5 (T): 18.3 °C
stancia al objeto: 2.0 m Temperacura Punco 6 (T): 19.4°C
aisividad: 0.93 Observaciones:
znsmision: 0.92 Nommal.
Photo - 118.8MP IR -10001700.018

interruotor G-3

mistogram

247
23.1
21,4l
1g g i
18 2 [E55
18.6{&
15.0
13.4
#1.84
102
36




Equipo: SECCIONADOR DE BARRA G-3

REPORTE TERMOGRAFICO CH. CHARCANI V

Fecha: 06/09/200
Hora: 12:53:(3 p.m.
Temp. amoience: (5.0 °C
Distancia al objeto: 2.0 m
Emisividad: 0.98
Transatsion: 0.92

Resulcados:

Temperacura Punco  (
Temperatura Punco 2 (
Temperatura Punco 3 (
Temperatura Panco < (
Temperacura Punco 3 (
Temperatura Punco ¢ (

Observaciones:
Normal.

R)
R):
S):
9)

T):
T):

15.6 °C
15.4°C
17.5°C
16.7°C
17.5°C

“16.7 °C

Photo - 119.8MP

IR -10001700.019

SECCIONADOR DE BARRA G-3

-t

(8)]

16
14

i2
10




REPORTE TERMOGRAFICO CH. CHARCANI V

auipo: BANCO DE CORRIENTE CONTINUA Quservaciones:

Nomal.
06/09/2001
03:04:00 p.m.
femo. amoience: 15.0 °C
[.0m
0.90
Fransmision: 0.99

IR -10001600.042
43.0 °C

40

8znco de corriente cantinua




REPORTE TERMOGRAFICO CH. CHARCANI V"

Equipo: BANCO DE BATERIAS

Fecha: 06/09/2001
Hora: 03:15:29 p.m.
Temp. ambience: 15.0 °C
Oistancia af objeco: 2.0 m
Emisividad: 0.90
Traasmision: 0.93

Observaciones:

Normal.’
Se ha requerdo "manos” como punta de

referencia, al dificuicarse fa visualizacion de los

concaccos.

Photo - 35.8MP

5anco de baterias

32.9

C '
32
30
28
25
24




REPORTE TERMOGRAFICO CH. CHARCANIV

fquipo: BOMBAS De ACUA TRATADA Resuftados:
Temperacura Punco | 45.3 °C
Fechna: 06/09/2001 Temperacura Punco 2 57.3°C
Hors: 03:22:54 p.m.
Temp. ambience:  15.0 °C
Distancia al objeto: 2.0 m Qbservaciones:
Emisividad: 0.90
Transmision: 0.98 Sobretemperacturas en bomba N° 2.
Verficar resuicados 2n mismos tiempos de
funcionamienco.
Shoto - 20.3MP B ~ |R-10001600.046
) 58.0 °C
Sa
40
30
8ombas de agua trataca
Hisicgram f
T i
0.0!
7.5
16.4 !
2¢.3¢
10.2 ]
¢ 2!
52§
5.9
5.0i
S.2i
g5
0.0}




REPORTE TERMOGRAFICO CH. CHARCANIV

Equeipo: TABLEZRO LKA Resuitados:
[EARE

Temperacura Punco | : 36.0°C
Fecha: 06/09/2001 Temperacura Punco 2 : 37.5 °C
Hora: (1:01:01 a.m. Temperacura Punco 3 57.9 °C.
Temp. amoience:: 5.0 °C Temperatura Punco 4 : 33.5 °C
Distancia si oojeto: [.Om Temperacura Punto S "d42.3°C
Znuisividad: 0.98 Temperatura Punco 4 40.9 °C
Transnrision: 0.99 Temoeracurad Punco 7 : 37.4 °C

Observaciones:

Verificar carjecas S vy 6.

Phcto - 98.5MP
48.7 °C

Tablero LKA




REPORTE TERMOGRAFICO CH. CHARCANI[ V

Equipo: TABLERO DE ACUA Dt

REFRIGERACION

fecha:

Hora:

Temp. ambience:
Distancia al objeto:
Emisividad:
Transmision:

06/09/2CQ1

03:25:10 p.n.

15.0 °C
20m
0.90
0.93

Qbsarvaciones:

Nomal

{R -10001800.047

Teblero de agua de reirigerscion

30
28

24
22
20

Hisiogrem



REPORTE TERMOGRAFICO CH. CHARCANI V

Equipo: TABLERO DE AGUA DE Resultados:

RAEFRICERACION PARTE

POSTERIOR Temoperacura Punco | >95.3°C
Temoperatura Punco 2 : 95.0 °C
Temoperatura Punco 3 76.6 °C

Fecha: 06/09/2001

Hora: 03:29:06 p.m.

Temo. ambience: 15.0°C Cbservaciones:

Distzncia af objeto: 2.0 m

Zmisividad: 0.90 Soorecemperacurss consiGerables. Atender

Transmision: 0.98 inmediacamente.

Ver temiograma siguience (10001400.049)

Photo - 92.8MP | [ IR-10001600.0¢3

LI

™

<0

~
- 1
|3 ,!I 4 Jaolero de agua de reirigeracion (parie cost.
N i




REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: TABLERO DE AGUA DE

REFRIGERACION PARTE
POSTERIOR

Fecha: 06/09/200 |
Hora: 03:30:39 p.m.
Temp. amoieace: 5.0 °C
Distancia al objeto: 2.0 m
Emisividad: 0.90
Transmision: 0.98

Phaoto - 93.8MP°

Resulcados:

Temperacura Punto | = 47.3°C
Temperacura Punco 2 : 50.3 °C
Temperacura Punco 3 : 52.0°C
Temperacura Punco 4 81.4°C

Observaciones:

Sobretemperacuras considerzoles. Atender
inmediatamence.

0. de agua de refrigeracion oarne post.

°C

80

40




REPORTE TERMOGRAFICO CH. CHARCANIV

Equipo: TABLERO DE DRENAJE DE ACUA Resulcadas:
CRUDA
Temperaeura Punco | 28.4 °C
Temperacura Punco 2 28.3 °C
Fecha: -06/09/2001 Temperacura Punco 3 : 28.4 °C
Hora: 03:37:01 p.m. Temperacura Punco 4 29.5°C
Temp. ambiente:  15.0°C Temperacur3 Punco S : 29.2 °C
Distancia il objeto: Z.0m Temperatura Punco 6 30.1 °C
Emisividad: 0.90
Transmisicn: 0.938

Observaciones:

Naommal

Photo - 3¢4.BMP




REPORTE. TERMOGRAFICO CH. CHARCANI[V

€quipd: TRANSFORMADOR DE POTENCIA

(lado de alca)

Fecha:

Hora:

Temo. ambience:
Distancia 2f objeco:
Emisividad:
Transmision:

AUXILIAR 13.83/0.¢ «v G35

06/09/2001
(0:31:46 a.m.
15.0°C
2.0m

0.90

0.98

Resulcados:

. Temperacura Punta | = . -, .

Temperacura Punco 2 :
Temperacura Punco 3 :
Temperacura Punco ¢ :
Temperatura Punco S :
Temperatura Punco 6

Observaciones:

Nomal

.30.0°C

30.3°C
29.3 °C
29.6 °C
29.9 °C

30.8 °C

Transf. de pot. suxiiiar 13.3/0.4

(93]

N
(§))
n

[{o]
wn




REPORTE TERMOGRAFICO CH. CHARCANI V

tquipo: TRANSFORMADOR DEPOTENCIA Resulcados:
AUXILIAR 13.3/0.¢ KY G3

(lado de baja - deracha) Temperacura Punco | : 28.5 °C
Temperacura Punco 2 : 28.9 °C
Temperacura Punco 3 : 29.4 °C

Fecha: 06/09/2001

‘Hors: [0:33:0(7 anL.

Temp. ambience:  15.0 °C Qbservaciones:

.Discancia af objeco: 2.0 m

causeidad: 0.90 Nomuial

Transmision: 0.93

Choto - 36.83MP IR -10001600.052

y——

Transi. de pot. suxiiiar
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4. ANEXO IV

Cuadros de los Registros Mecanicos y Eléctricos del Mantenimiento y
Control del Grupo Generador N° 2 - Central Hidraulica Charcani V



GEC ALSTHOM CONTROL : FICHA N° :
NEYRPIC GEOMETRICO
viédicion de las Luces de las Guias de |la Cruceta Superio . MEDIDAS REALIZADAS
(extremos) '
ANTES DEL DESMONTAJE
CLENTE : . PROYECTO : 5 . DEL GRUPO -
EGASA _ CHARCANI V - GRUPO 2
l/ ’
- Y . -_—It \\\. / -
\L v A !/ /' F t\\\\\ 2 /
X ,_)\ - ‘W ///Lj/ﬁ—“—‘—} cuna
Sagorte
Brazo l X Y Z
1
2
3
a
S
S}
.3ORADQ-. POR: APROVADQ POR: CLIENTZ FECHA:

PAGINA:




GEC ALSTHOM

NEYRPIC

CONTROL ;

GEOMETRICO

FICHA N°:

Verticalidad del Eje de la Turbina

"NTE :
EGASA

PROYECTO :

CHARCANLIV - GRUPO 2

MEDIDAS REALIZADAS
ANTES DEL DESMONTAJE
DEL GRUPO

= —

T 1yl

1
|==

——
el e
[ —————

AMONT

R2

Rl Tedrico :

0.02 mm/m

R1

R2

PUNTOS| MEDIDA | DIFERENCIA

R4.

l

|

R3 |
|

RIlI Tearico :

0.02mm/m

PUNTOS MEDIDA

DIFERENCIA

R1

R3

l
I
R2 |
|
|

R4

30RADQ POR:

APROVADO POR:

CUENTEL

FECHA:
enfeef —

PAGINA:




J——

GeC ALSTHOM CONTRCL : FICHA N°:

NEYRPIC GzOMETRICO

Medida Diametral del Cojinete Alternador

PROYECTO:
CHARCANIV - GRUPO 2

AMONT

w

w

| Punto | L.Superior | Intermedio | Inferior | L. Inferior
1 | | I |
2 l I | I
3 i | I
| 4 | l f |
]
7
8
Distancia del micrometro : 1 m.
APROBADO POR: CLIENTZ. FECHA:

PAGINA:



5EC ALSTHOM

NEYRPCIC

CONTROL ;

GEOMETRICO

FICHA N°

Juego del Cojinete del Eje de la Turbina

PROYECTO :

ITE _
EGASA CHARCANI V - GRUPO 2
i AMONT
m
|‘ J |
0 ] )
i 11 |
‘ = |
1
]
1
|
' |
J tearico ;
Tolerancia : (] 0.07
| Medida Diferencia
]
2
i 3 |
[ = 4 |
JORADQ POR: APROBADQ POR: CUENTE: FECHA

PAGINA:




CONTROL :

SEC ALSTHOM FICHA N° -
NEYRPIC GEOMETRICO
‘—_; i . N—
Juego entre el Cojinete y el Laberinto - Turbina
SLIf T2 PROYECTO : i
EGASA CHARCANI V - GRUPO 2
e ———
] ‘! »I/ J
! i/ AM
i [
] i_@_\ l
| | [
S
- - - — RG
l 7
| /
AV
J Tadrico : D
Tolerancia : (J 0.5 N
Puntos | Medidas Dir’erencx‘%‘““—
|
e ———
2 30RADO POR: APROBADO FOR: CLIENTE, =T
PAGINA:
\ —




GEC ALSTHOM CONTROL : FICHA N° -
NEYRPIC GEOMETRICO
Acoplamiento Eje Turbina - Alternador MEDIDAS REALIZADAS
ANTES DEL DESMONTAJE
CLNTE: PROYECTO :
: ) OEL GRUPO
EGASA CHARCANIV - GRUPO 2
[ |
i
|
|
I
|
Jy [~
— £
I N N3
/ |
i .
|
Concentricidad ' Parzfelismo
Tolerancia : 0.02 Tolerancia : 0.02
Puntos | Medida | Diferencia Puntos | Medidas | Diferencia

1 | 1 ! |

2 2 |

3 | 3 I

4 4 |

5 l 5 |

8 | 8 |

7 | i 7 I

8 | l 8 |

\BORADO POR: | APROVADO POR: CLIENTE: FSCHA:

PAGINA:




+

GEC ALSTHOM CONTROL :
NEYROIC GEOMETRICO

FICHA N° .

ALTITUD DEL EJE TURBINA

VEDIDAS REALIZADAS
DESPUES DEL MONTAJE

NTE: PROYECTO: , DEL EJE DEL ROTOR DEL
EGASA CHARCANI V - GRUPO 2
GRUPO
2S5 mm
Altitud t2drica de 2coalamienta v L
....... - \V
T N AMONT
T 1 i a
= = |
Wiy =« | L ;
M
I'|
r:n
—— .:: I —
= et L—E
[
"
et
KX |

[Altitud Tedrica :
1 mm

PUNTOS | MEDIDA | DIFERENCIA
1 | |
2 | l
3 | |
4 |
S l
S

7 | | |
g | r |

ORADQ FPOR: APROBADO POR: CLIENTE: FECHA:

PAGINA:




5EC ALSTHOM

NEYRPIC

CONTROL :

GEOMETRICO

FICHA N° :

Nivelamiento del Eje de la Turbina

MEDIDAS REALIZADAS
DESPUES DEL DESMONTAJE

L —
\TE PROYECTO : DEL GRUPO
EGASA CHARCANIV - GRUPQ 2
: I
v
[ _ 1
| o L
— [} F
[
(]
X
=7 :—-_:.—_—_-===,
¥
[}
- [ 3
0.02 mm/m
PUNTQOS MEDIDA | DIFERENCIA
| 1
[ 2 |
3 | }
4 | l
5 |
3 |
7| | -
[ 8 | |
30RADQ POR: APROBAQDQ POR: CUENTE: FECHA:

PAGINA:




GEC ALSTHOM

CONTROL :

NEYRPIC

GEOMETRICO

FICHA N°:

~Acoplamiento Eje Turbiné - Generador

Elongamiento de los Esparragos

MEDIDAS REALIZADAS
'ANTES DEL DESMONTAJE "

8 PROYECTO : DEL GRUPO
EGASA « CHARCANI V - GRUPO 2
i\u - =
Amant
/
/ /\i
—\4 € 10—\
\
/
[
Elongamiento tedrico 0.3,
Tolerancia : (] 0.1
Paosicion | Medida (AL) Diferencia
1
2
3 | I
4 I
5 l
5 l
7 ___
8
' 9
10
11
12
3ORADQ POR: APROVADO POR: CLIENTE: F=CUA-

PA(EI_NA:




GEC ALSTHOM

NEYRPIC

CONTROL :

GEOMETRICO

FICHA N9 :

Altura del Nucleo Estatdrico
MEDIDAS REALIZADAS
CLINTE - PROYECTO - DESPUES DEL DESMONTAJE
EGASA CHARCANIV - GRUPO 2 DEL GRUPO
AMONT
Hint
AN \{"\:—_-"-3/—”/ ==
ALTURA TEORICA : 1530 mm
ALTURA ALTURA
INTERIOR | "DIFERENCIA | EXTERIOR | DIFERENCIA
(Hint) (Hext)

1 | |

2 | | |

3 | l .

4 | |

5 | | |

6 I

7 | |

8

3 | B

10 | [

11| l |

12| | |

13| i |

14 | | |

15 | j I

16 | | |

30RADO POR: APROVADQ POR: CUENTE: |F=cHA: -

PAGINA:




e e

e ==

GEC ALSTHOM

NEYRPIC

CONTROL:

GEOMETRICO

FICHA N°:

Circularidad y Verticalidad del Nucleo Estatdrico

JE—
CLRNTE :
EGASA

PROYECTO :
CHARCANIV - GRUPQ 2

=

~_ Punto

N

olo|~|a|a| sl =

-
L

ELd ORADO POR:

|aPrROVADO POR: CUENTE. -

FECHA: -

PAGINA:




REPORTEDE CONTROL . FECHA

OElf‘ MINADQ

—1

- CONTROL DE CUNAS DISENADQ

CLETE EGASA

PROYECTO: CHARCANI V-GRUPO 2

N° de Ranuras

126

N° de Cunas/Ranura 2 14

N° de lainas /Cufa
Tipo de Cunna

6
Mola -

ad Cuna6 | Cuna9 | Cuna11

I

Cuna 13 .

Cuna 2 Cu
|
|

f
I ! | I |
|
|
I

|
|
|
|
|
I

-

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

—| — bl |y |

26

27

28

29

30

31

32

|
|
|
|
J
|
|

JRADC

| aPrROBADO ' APROBADO PICLENTE




-~ REPORTEDE CONTROL ' FECHA

DEMMINADO  CONTROL DE CUNAS OISENADO

CLIETE EGASA PROYECTO: CHARCANI V-GRUPO 2

- N°de Ranuras : 126
- N°de Cunas/Ranura : 14

- N°delainas/ Cuna, ; 5

- Tipo de Cuna 5 Mola

33 | | | | I

34

Ranura Curna2 | Cumrad | Cunab Cuna 9 Cuna 11 | Cuna 13
|
I
l

|
35

37

|
36 { I - | |
|

38

39-

40

41

42

43 |

44

45 ~ ' 1

46

47 |

43 2 |

49 |

50

51

52| |

53 | |

54

55

56

57

58 |

59 | |

51

62

63

I
I
||
|
I
:
|
|
|
|
I
I
i

|
I
|
|
60 | |
I
I
|
|

I

I

| I
~ |

I

64 |

I ORADQ APROBADO APROBADQ P/CUENTE




—1

REPORTE DE CONTROL

EN% INADO

—1
JEN

CONTROL DE CUNAS

EGASA

N° de Ranuras

N° de Cunas/Ranura
N° de lainas / Cuna

Tipo de Cuna

PROYECTO: CHARCANI V-GRUPO 2

FECHA

DISENADO

126
14

6
Mola

| §inura |

Cuna 2

Cuna4 | Cunat6 |

Cuna 13

65

i

66

67

‘63

69

.70

T

72

73

74

75

76

77

78

79

80

4

81

82
83
84
85
86
87

88
89

30
91

—_— —+|———]— ——]— —

92

23 .

4
95

96

L8400

_— e ] |

—_———— - ) | — — 94— —]—]—]— —

_—— - ] —— =+ —

l
l
I
| ]
l |
l |
| |

APROBADO

APRQBALCQ P/CLIENTEZ




REPORTE DE CONTR (.

__“__—-_‘-\‘F——

. FECHA
——“-—__-_“‘-—-_

DEN VIINADO

CONTROL DE CUNAg

DISENADO

cug i EGASA

—_—

-

_—

N° ds Ranuras

PROYECTO: CHARCANI V-GRUPO 2
o ——

- N°de Cufas/Ranura 126
- N°de lainas / Cuna 14
- Tipo de Cuda ?/] |
ola
Ranura | Cuna?2 Cung 4—F——

97 | | i]_ Cuna 6 Cuna9 | CuAa11 | Cunai3

8 [ | | | : : 1

99 | l | T | |

100 ‘I\ l | | |

101 |

102 | l ]

103 | | | —__'"T':; |' l|

104 | | L

105 | — T :

106 | : |

07 | | : : : } : |

108 [ |

109 | ‘t ' | I I l

110 | _ If | | |

111 T | | i :

112 —

i :i I' _ ll ; | lI

114 | |

115 | ' | l | ; | |

116 — ! I | | , |

117 T | | | | | , |

118 T 1 | |

119 | = | ;

120 ——— | | I
| 122 R I ; | |
| 123 | I VS s e | | ]

e e e e e e e

125 | s |

Tl el L ] ]
R APRNBADO APROBADO P/CLIENTE




Coplol 4& (4 Placas de Prasion del Estalor

N°® Placa* |Nive| |nicial

Nivel Final

Elongacién

Torque
(N.m)

Tangencial

Radial

Tangencial

Radial

A

Al

Bl

| = N o] o B L | =)

-
o

JEE QEEEY RPN
| | -

—t | e | e [ — -

-—
(<o)

La numeracion es en senltido horario

Observaciones

Fecha:




GEC ALSTHOM CONTROL : FICHA N°:

NEYRPIC GEOMETRICO

—

Control de las Holguras de las Trabas de Posicionamiento

; MEDIDAS REALIZADAS
N Ve

DESPUES DEL DESMONTAJE

: PROYECTO : DEL GRUPO
EGASA CHARCANI V - GRUPO 2

L—
C INTE

NUNMERO DE
PLANCHA NUMERQO DE PERNO

X (en mm) | Y (en mm) Z (en mm)
| |
| | - I

O (AU |4 |LI [ |—

— ==
W[~ O

—

—
4~

—
\

— = = =
Yol [¢ -} EN Vo, (V]

[}V ]
o

APROBADO POR: CLIENTE: FECHA:

PAGINA:




GEC ALSTHOM

NEYRPIC

CONTROL :

GEOMETRICO

FICH:a N°:

Nivel de las Placas de| Estator

MEDIDAS REALIZADAS
ODESPUES DEL DESMONTAJG

| PROYECTO :

— DEL GRUPO
CHARCANI!V - GRUPO 2
Aval ’
Radial
B
TangencialL ' } | PFE
J N
§ o s
P.F. :Punto Fijo
-
Amont
POSICION l RADIAL | TANGENCIAL POSICION RADIAL ‘ TANGENCIAL
1 | | | | |
2 | - l | | | _
3 (a) ‘
3 (b)
4 | | |
5 | | | | |
6 | | | i l
7 | |
8 !
R _ |
10 ] | _ . ] | |
BORADQ POR: APROVADO POR: CLIENTE:. FECHA:

PAGINA:




Prueba :

sontral:
Mecanico Posicion de las placas del nucleo magnético
Placa ‘ A ‘ ‘ C } Placa , A B C
No. No.
1 | | IR |
2 | | I | 12 | l
3| | | 13| | |
4 | | | | 14 | | l
5 | | | | 15 | I |
6 | | | | 16 | | |
7| | | | 17| l l
8 | | | | 18 | I 1
9 | | | 19 I I
10 | | | 20 I |
Ava
N\
i ©
A
4 \\} )
A
1
servaciones : Fecha:

09/04/02




HORA INICIO : 1S :

PRUESA AL 25% DE CARGA

(o]
HORA FINAL : {5 : 25
HORA 13:00_ ] 13: 130 14:90 14: 30 15:00 | 13 : 30 { 16 : 00
Lecn Harowero 83537.5 83598.1 83598.8 83599.2 33599.9 83600.1 383601.0
a0 L0 Ocu. | rmpD | woa | ramew | WCA | T | Wta | remom ) o | s | oA | raoe | oA
TurmeTE paTH IDR0E 74 | 88 | 76 | 88 | 75 | &8 | 78 | 68 | 76 | 88 | 78 | &8 | 77 | 59
DaeTEcUn D 69 | — | 70| — |70 —|689| —[70] —]63| —] 6] —
omeTe ceneruma 74 | 75 | 7s | 75 | 74 | 7s | 72 | 78| 74 | 76 | 70 | 70 | 88 | 70
Lamere U — | 59| —| 59| —}s9| —] 39| —]3s9] —]359] =] 39
TLEED | oA lam OO | LocM. | ‘DO | WOca ]nm.mo' woca, | rammed | oca fra o | toca. | raow | oca
o cams Bt T3 | — | st | — st —] o] —|s2| —] 47| —] 4] =
ENC. ACETE QD CERERACOR _— | —_— — — —_— — — _— —_l — _ —_— —_— l —
St ACETE oL Gl (2 60 | — | & | —| 60| — |57 ) —| 35| —|355] —| 35| —
A———— 55| —|so| —|s ] —|s0o] —|45] —]s0] —]s0] =
Sx acaTE e L TuRa. 0| —]s0| —|s0| —]s0| —]s0o|] —| 350 —]3s50] —
reupo | oca | remowo | wea | rauown Ib woa | rewoa | wca | rasmo| wce | remgo | wox | remow| wea
TRaca o€ scus 24 | 25 | 24| 25| 24| 25| 24 | 25| 2@ | 25 | 25 | 25 | 24 | 25
1 s D — | =] =30 ]3| ]3| —] 0] -]
. |sat careraca —_ 28 — | 28 — 28 - 28 - 28 — 23 — | 28
AL CLnETE CENERacTsr: - 29 —_ I 29 — 29 —_ 28 —_ 28 —_ 23 —_ 28
LA DovETR TSRS I — 29 — | 29 — 29 — I 29 — 28 — 29 —_ 29
I rmi oen | oo cocas r—pl. e '-.mlb [E N vm' A r-u:o’ oca, r-qmli e,
~TFPICIDaaTY 3 46 l 43 46 I 43 43 42 47 ! 42 48. -8 7 ' £V 48 l 24
AR LR a—TE 2 46 — 47 — 48 i — 48 —_ 48 — 43 — S0 | —
ACROISFPERASTE T e — — e — — — == — _— _— — = ’ S
womwwmams - 46 | — | 8| — | 7| — [ 48| — | 7] — | 47| — |60 —
AZROGEFACERASTE § 46 = 47 ' _— 48 — 48! [ - 43 - 48 — 30 ‘ —
AR TRC TR TE § 48 I — 47 — 49 —_ 50 #— —_ = — 51 — _ ' _
<mOERCERaae: 28 | 28 | 26 | 28 | 28 | 28 | 32 | 29| 29 | 32 | 25| 34| 28 | 34
e 9| — || =] =] ]| —=[3] -]1n] -
i
AFROTEVET LR aSTE 1 — ’ — — — — — — ' — — — — — — l —_—
s ¢ 5| —| 28| =] =28 —| 2| —[2s] —| 28] —
B bl 7| —| 8| —|29| =28 -] 0] —|28] —[28]—
semererc e s 8| —| 28] =] -8 -0 —-|28]_—]228]-
raaro.| SCa ' ramo | Wea | rasw| woa ey | OCA | ramp0 i toca | reagw| oca rmn wca.
s 45 | — | 6| —| 6| —| 6| —] 5| —]3501 —]352;—
ASTIOR LAaENTO 2 45 | — 6 | — 47 ’ — 47 — a7 | — S0 — 33 l —
AR LAENTO 3 45 i . 6 | — 46 I — 48- - <45 | — 20 — 33 I —
YR — | 46 — | 46 — | <6 — | 46 — | 46 — | 47 — | 47
wasoz — | — | 46 — | 46 — i 47 — } 47 — | 47 — | 47
mcsas — 1 46| —] 46| — 1 6| —1 6| — | 6| — | 46| — |
MONITOREQ OE OPSRACDIN
Tamim) | OCa. | TARIED | \SCA. | FmDO | oca | rMmPO 1 Ta | (OO WOSA | MO OCA | rasra | ooa
FOTICT.COC ey =2 12.5 1 | 12 i | 13 12.5 i 25 23
0T TEACT. GEN. (avaRd -1 1 -0.3 | |+t | 1 | 2 | *2 |
TO0n GBX (W 14 i 14 | 14 !} 1 13.9 1 i3.9 | 13.9 | 13.91
REENTE COERATTR (XA 0.56 i 0.5 | 0.49 | 0.5 ! 0.5 ! | 0.0 |
FACTOR CE FOTENCA- 0.99 ! 0.99 | 0.99 | 0.28 | 0.98 | | 0.98 | 1098}
o= EXTTAC~ (1 5 53 ! 6 | 38 1 331 | 54 v | 83 i
CHRFENTE OTTAC~ (%A 0.6 ! 0.6 : 0.59 i 0.6 i 0.6 ! | 0.65 i [ 0.651
CALOAL (IS 22 | 2.2 | 2.2 | | 2.3 | 2.2 | 43 ) [ 41 0.
AT, ACTIVA CIUST (). 4 | 4. i 43 | 45 | 45 | 22 | Y
POT. ACTIVA GRS by 45 | 45 4 47 8 | 4 [
20TECA. rOTAL pev 101 102.5i 99 ! 105 ¢ 105.51 111 | 109 |
Py oTRas 0.72 | 0.72 1 0.72 | 0.72 | i 0.72 1 - 0.72 ] 1 0.72
: - : TR DR DI 0541 S 054 ; O_MJ[

QBSERVACNES




=

O A ava
————

PRUEZA AL 50% DE CARGA

113 @0 .
ey n0RA 15139 16:00 | 16:40 | 17:00 | 17-30 | 18 : 0C 18 : 30
- - Locira Aovowr=e 33600.1 33601.0 | 32601.4 | 325013 | 338023 | 336029
saesvo | Loca TasERO | oca [rut—'mﬂ wem. | TAsiLt0 | wea | Tamrao| oca | rassrc) oca | raeliao | Lo
) [Rrmeny sannmrmin 76 | 68 77 | 69 | 75 | 68 | 77 | &7 | 75 | 63 | 78 | 77 | 78 | 33
RIFCCRSS bl i ) 69 | — | 89| —| 55| —)60 | —|e| —|ss| — |85 | —
[SO#~CTX cemeracon | 70 | 70 |68 | 70 | 75| 7| 72| 7| s | 77| 70| 76 | 70| 76
e BTt TURSIAS sl =l s —[se| =]s9] —1sa| —[s9] —]3s9] —] 59
| reewomo | \ocu | raauna| woa | Tasuimo| wocac | Taeismo| ocu | raatwo| tocau | Taeitto| e | rasumo| woca
ENT, ACUTE COL ENPWE | 47 — 49 — l 30 | — 35 l — 45 | —_ ‘ 49 , — 49 —
INT. AcHTE COL GENERADOR _— P —_ i R — e I — | — —— ' — ' — — —
~—— i:_"«‘cmcm.ruau _— J —_ — ' _ _ — — l — _ _ l _ | _ _ _
244 aceTe cou gona ewe) 55 | — ss| —| e | —|6e | — |60 | —] 82| —| 82 _
SAL ACHTE €2 €L Cox GEX 50 | — S0 ’ — I 60 - 36 | — 40 | — 45 | — 45 —
!.u-. ACHTE EX €L COL TURS. ! 50 s, 50 | s 20 — 50 ) - 52 l = | 50 I = 50 -
| T48e%0 | Oca. | Tientao| oca | raaczro| wes | Taamo| weul | ramvo| o | rauma| Lo | o | wea
TNT™=A0A o€ Acua 25 | 25 | 24 | 25 | 20| 25} 22 | 25 | 22| 25 | 25 | 25 | 23 | 25
4G conmerE exruie — ] 0| =] -] ]3] ~-]3| ]3] -]
ML saneracon — | 8| —| 8] -] 28| —| 28 28| — | 28| — | 28
[LAC Soumere cenensoar — | | —| 8| =] 3| -] 8| —| 28| —| 28| -] 28
P 3AUCA CONNETE ruRsine — || —) 2w —| | —]29]| ]2 —]2]|=]2
— raautmo | oL | Tamero| oM Iruunol e rmt e |rmi V= IrA«_-.-o' OCa. | TaBmO | oCaL
| senceeymcznane 47 | a4 | 48 | e | 49| 53| s0] 43| s0| 43| 50| 43 50| 3
AemoasrocenanTe : 8| —|so| — sof] —|s0o| —|so| —|st] — st —
(e auenmy ABROREF DCLRANTE 3 | ' — i I — — —5 —_ l .
AeroResmatranTe 4 a7 — 60 . —|s2| — |60 | —|s+| —|38a| — s8] —
Atrasermcenae 3 8| —]s0| — so| —|s2| —]s2|—|s0|— 50| —
AEROREFRGERANTE § 51 — = 32 = 47 - 49 4 p— za = 36 —
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Prueba :

Control:
Eléctrico Tension Aplicada
ca VIKv] | t[min] | FaseR | FaseS Fase T
10 | 05 | 004 | 004 0,04
0,75 0,03 0,03 0,03
1 0,025 0,025 ~| 002
1.5 0,025 0,02 0,02
2 0,02 0,02 0,02
3 0,02 0,02 0,02
4 | 0,02 0,02 0,02
5 | 002 0,02 0,02
5 | 002 | 002 0,02
7 | 0.02 0,02 0,02
8 | 0,02 0,02 0,02
9 0,02 0,02 0,02
10 0,02 0,02 0,02
12 13,14 0,025 0.02 0,02
14 15,56 0,03 0,025 0,025
16 18,17 0,04 | 0,03 0,025
18 20,24 0,04 0,035 0,03
20 22,19 0,04 0,04 . 0,03s
22 24 04 0,04 0,04 0,035
24 25,42 0,045 | 0,04 0,04
26 | 2712 0,045 | 0,045 0,04 -
28 28,37 0,08 0,045 0,04 [
30 29,57 0,05 0,05 | .0,045 [
[
|
Corrirnte de fuga oor tension aolicada.
3 0055
2 . e ]
§ Ovoj’i | / :/"_l)" [ g—fF&seR
5 0035 7 {—e—Fase S
% 0,025 ?-/:// ;—O—FESC T
Z 0013
- 0 15 20 25 30 35
Tension [Ky|

bservaciones :

Fecha :
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5. ANEXOV

Plan Estratégico de implementacion de un Mantenimiento Predictivo a
escala



121

Teniendo en consideracion los puntos tratados anteriormente, EGASA vio por
conveniente iniciar un Plan Estratégico de Implementacion de un
Mantenimiento Predictivo a Escala, a continuacion se mencionan algunos de

las implementaciones realizadas asi como proyectos a realizar.

1. IMPLEMENTACION DE UN SISTEMA DE MEDICION DE DESCARGAS
PARCIALES EN LOS TRES GRUPOS GENERADORES

EGASA tiene unidades generadoras en la C.H. Charcani V en 13800
voltios; nivel de tension a la cual se pueden producir descargas parciales
en estas maquinas, que puedan afectar la vida util del aislamiento de los
generadores, ocasionando posibles fallas irreversibles y cuya reposicion
demanden altas perdidas econémicas a la empresa.

Las unidades de generacién de la C.H. Charcani V tienen en promedio
una antigledad de catorce anos en operacion y en algunas inspecciones
al generador se han registrado algunos sintomas del efecto corona en
puntos cercanos a los bornes del generador. Por tanto se hace necesario
medir y controlar el nivel de las descargas parciales que pudieran estar

ocurriendo en los generadores.

Luego de realizados los estudios respectivos y enmarcado dentro de su
politica de mantenimiento de sus centrales de generacién EGASA vio por
conveniente trazarse el objetivo de la implementacion gradual de un
mantenimiento predictivo; el cual permitira un monitoreo continuo y un
diagnostico anticipado del estado de nuestras unidades, pudiéndose
tomar de esta manera decisiones oportunas para la correccion de posibles
fallas, antes que estas ocurran o se agraven; retribuyéndose asi en un
beneficio econémico para la empresa debido a la proteccion de Ja vida util
de las maquinas asi como la disminucién del indice de indisponibilidad de

nuestras unidades generadoras.
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DATOS TECNICOS DE LAS UNIDADES DE GENERACION

Esta central cuenta con tres unidades similares cuyas caracteristicas

técnicas son las siguientes:

DATOS GENERALES

Fabricante ALSTHOM ATLANTIQUE (Francia)
Ano Fabricacion 1984

Potencia Nominal 57 MVA
Tension Nominal 13,8 kV +- 10%
Factor de Potencia 0,85
Intensidad Nominal 2385 A
Velocidad sincrona 600 RPM
Frecuencia 60 Hz

Tension de excitacion 121V
Corriente de excitacion 1024 A
ESTATOR

(Grupo 2 y 3 fabricado en dos partes y ensamblado en obra, Grupo 1

recientemente ensamblado en planta)

Diametro Intemo estator 2850 mm

Diametro Exterior estator: 3660 mm

Longitud 1530 mm

Numero de ranuras 126

Numero de salidas de

ventilaciéon 56 (ancho 4 mm)

Chapas magneticas

(Laminas) 0,5 mm de espesor, 1,1 W/kg para 1,5 Tesla,
a 50Hz

Aislamiento de las

chapas Barnizadas en caliente a dos
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caras
Numero de paquetes 57
a. DEVANADO
Tipo Imbricado con dos barras
por ranura
Transposicion Roebel
Aislamiento ISOTENAX N

Conformacién de la barra: 2x24 conductores (5,6 x 2,24 mm
desnudos 5,85 x 2,49 aislados)

Conexion 3 fases en estrella
Paso del devanado 1a9

b. ROTOR
Diametro 2811 mm
Entrehierro 19,5 mm
N° Bobinas 12
N° Espiras por bobina 34,5

Por ello, en el mes de diciembre del ano 2002 se adquirid e implemento
un Sistema de Medicion de Descargas Parciales instalados en los tres
Grupos Generadores de Charcani V.

El fendbmeno de descargas parciales en generadores se presenta debido
a posibles fallas en el aislamiento del bobinado, el continuo proceso de
descargas eléctricas y el aumento en magnitud deterioran el aislamiento
debilitando sus propiedades dieléctricas. Como consecuencia, pueden
ocurrir cortocircuitos en los devanados llegando incluso a colapsar el
bobinado del estator.

El sistema de medicion adquirido es un equipo canadiense marca
ADWELL modelo PDA Premium capaz de detectar y medir la actividad de
estas descargas parciales estando el generador en servicio. El

seguimiento y control estadistico de este fendmeno nos permitiran
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diagnosticar el estado de nuestras unidades y tomar decisiones oportunas
de intervenciones programadas si es necesario.

El equipo adquirido para cada unidad, consta de tres acopladores
capacitivos de 80 pF que se encuentran instalados en los bornes de
salida de cada fase del generador y permiten captar las senales emitidas
por las descargas parciales, una caja terminal para la conexidn del equipo
de medicion instalada en los tableros de mando (sala eléctrica Nivel 63) y
el equipo portati de medicion PDA Premium. La visualizacion de los
resultados se realizan a través de una computadora portatil (que no forma
parte del suministro) instalado con el software de analisis proporcionado
por ADWELL., el cual incluye lectura, graficas y reporte con la
interpretacion respectiva de los resultados, siendo capaz de almacenar
los valores de medicion (base histérica por unidad de generacion) y
realizar reportes estadisticos que nos permitan realizar el analisis y
evolucién de los niveles de descargas parciales.

Dicho software de aplicacién (medicidén y diagndsticos de los resultados),
es capaz de filtrar los posibles ruidos que pudieran distorsionar la
medicion de los niveles de las senales de Descargas Parciales, asi mismo

es flexible para la integracién a sistemas de comunicacion SCADA.

A continuacion se muestra el esquema de conexion del acoplador:
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CAJA TERMINAL
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COUPLER SCHEMATIC DIAGRAM
DIAGRAMA ESQUEMATICO DEL ACOPLADOR

2. ADQUISICION E IMPLEMENTACION DE UN SISTEMA DE
MONITOREO Y DIAGNOSTICO DEL ESTADO DE LOS GRUPOS
GENERADORES POR ANALISIS DE LAS VIBRACIONES

Dentro de los planes de Adquisicion de EGASA , se encuentra la
implementacién de un Sistema de Monitoreo y Diagnostico del Estado de

los Grupos Generadores por Analisis de las Vibraciones.

La monitorizacidén y el diagndstico de danos de fallas de las maquinas
hidraulicas mediante la medicidn y analisis de las vibraciones ha sido
fundamental para la implementacion de sistemas de mantenimiento
predictivo, eso para optimizar la disponibilidad de las maquinas a un coste
minimo. Sin embargo, el andlisis del comportamiento vibratorio de las
maquinas hidraulicas puede ser una tarea muy compleja debido a los
diferentes tipos de excitaciones que dan lugar en estos sistemas y en sus
circuitos hidraulicos. Tales excitaciones son inducidas por dafnos de
origen hidraulico, mecanico y eléctrico. Asimismo, las maquinas tienen
diferentes comportamientos dependiendo de su tipo, instalacién vy
condiciones de operacion.

Los grupos hidraulicos durante su funcionamiento soportan esfuerzos

dinamicos de origen hidraulico, mecanico y eléctrico que inducen
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vibraciones y establecen un estado de tensiones variables que provocan
el envejecimiento y el desgaste de sus componentes. El nivel de deterioro
de una maquina rotativa se refleja en las amplitudes de las vibraciones.
Los niveles de Vvibraciones excesivos son peligrosos para el
funcionamiento de las maquinas y estan limitados por algunas normas
vigentes. La monitorizacion del comportamiento vibratorio de los grupos
hidraulicos tiene un creciente interés debido a diversos factores, algunos

de los cuales son los siguientes:

¢ Actualmente se esta procediendo a la gradual automatizacion de las
centrales y esto implica el adoptar técnicas de control y monitorizaciéon
suficientes para garantizar el buen funcionamiento y la seguridad
estructural de los grupos.

¢ Se va requiriendo el incremento de la fiabilidad y seguridad en todos
los sistemas de produccidn de energia.

¢ Se prevee la aparicion de normativas mas estrictas que las actuales
para control de las maquinas.

¢ Los avances tecnoldgicos producidos en hidraulica en los ultimos
anos, asi como las mejoras en las técnicas de fabricacién y materiales,
han propiciado una mayor concentracién de potencia en las maquinas
de nuevos disenos y hace que sean mas propensas a tener problemas

de vibraciones.

El objetivo final es obtener la representacion del espectro de las
vibraciones de una maquina para su posterior analisis, para ello es

necesario una serie de eslabones a saber:

¢ En la maquina, elegir un punto adecuado para la medida, asi como la
recopilacion de los datos necesarios para el analisis de la maquina,
como son el tipo de cojinetes, numero de alabes, etc...

¢ Eleccion del tipo de sensor mas adecuado, asi como su sensibilidad y
ancho de banda, y su fijacion al punto de medida.
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¢ Acondicionador: Sélo si el sensor lo requiere.
¢ Etapa de calculo y medida: Un analizador que realice la transformada
rapida de Fourier.

¢ Presentacion de resultados y analisis: Un ordenador.

El método a seguir es el siguiente:

Mediante un transductor conseguimos transformar las vibraciones
mecanicas en sefal eléctrica, ya sea tension, intensidad, frecuencia, etc;
esta senal eléctrica necesita de un acondicionador para hacerla utilizable
para el sistema, asi mediante un multiplexor logramos acoplar una salida

para varias entradas, abaratando asi la instalacion.

Con el convertidor analdgico-digital se transforma la sefal para ser
utilizada por un sistema informatico. Toda esta informacién debe ser

almacenada en algun dispositivo de memoria: Disco, cinta, etc..

Mediante una computadora se procesa la senal, permitiendo la realizacion

de los analisis correspondientes y la posterior obtencion de los resultados.

Existen dos niveles diferenciados:

Medidor de vibraciones: Da un valor global del desplazamiento o
velocidad de la vibracion. Cuando la vibracion sobrepasa el valor
preestablecido la maquina debe revisarse.

Analizador de vibraciones: La vibracidn se descompone segun su
frecuencia. Analizando el nivel de vibracion en cada una de las

frecuencias se puede determinar la causa de la anomalia.
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PROYECTO REPRESA PILLONES

En lo referente al Proyecto de la Represa de Pillones de 800 millones de
m® de capacidad, obra que asegurara un crecimiento en la potencia firme
y capacidad de generacion de EGASA, asi como también proporcionara el
agua necesaria para la ampliacién prevista del desarrollo minero de Cerro
Verde, dando a su vez un incremento del caudal de agua regulada en el
rio Chili, durante los meses de estiaje, beneficiando asi a toda la ciudad y
el sector agropecuario de la provincia de Arequipa.
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6. ANEXO VI

Norma Internacional Standard ISO 18816-5. Mechanical Vibration -
Evaluation of Machine Vibration by Measurements on Non-rotating Parts
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Foreword

ISO (the Intemational Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through (SO
technical committees. Each member body interested in @ subject for which
a technical committee has been established has the right to be represented
on that committee. International organizalions. governmental and non-
governmental, in liagison with ISO, also lake part in the work. ISO
collaborates closely wilth the Internalional Electrotechnical Commission
(IEC) on all matters of clectrotechnical standardization.

Oraft Inlernational Standards adopted by the technical committees are
circulated to lhe member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the meniber bodies casting
a vote.

International Standard ISO 10816-4 was grepared by Technical Commiltee
ISO/TC 108 Mechanical vibration and shock. Subcommittce SC 2
Measurement and evaluation of mechanical vibration and shock as applied
(o machines. vehicles and structures.

ISO 10816 consists of the following parts. under the general llde
Mechanical vibration — Evaluation of machine vibration by measurements
on non-rotaling pans:

Part 1: General guidelincs

Part 2: Large lard-bascd stcam turbine generator scts in cxcess of
50 Mw

Part 3: Industrial machines with nominal power above 15%W and
nominal speeds between 120 r/min and 15 000 r/min when measurcd
in silu

Part 4: Gas turbine driven se(s excluding aircraft derivatives

Part 5: Machine sets in hydraulic power gencrating and pumping
plants

Part 6: Reciprocaling rmachines with power ratings above 100 kW

Annex A forms an integral part of this part of ISO 10816. Annexes 8 and C
are for informatian only.

m
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Introduction

ISO 10816-1 is the basic document which describes the general
requirements (or evaluating the vibration of various machine lypes when
the vibration measurements are made on non-rotating parts. This part of
ISO 108315 provides specific guidance for assessing the severily cf
vibration measured on the bearing housings or pedestals of gas lurbine
driven scls. Measurements at lthesce locations characlerize recasonably weil
lhe state of vibration.

Two critcria are provided for asscssing the machine vibration. One criterion
considers the magnitude of the observed vibration; the second considers
changes in the magnitude. it must be recognized, however, lhat lhese
criteria do not (orm the only basis for judging the severity of vibration. For
gas lurbine sets, it is. also common lo judge lhe vibration based on
measurements taken on the rotating shafls. Shaft vibration measurement
requirements and criteria (or gas lurbine sels are addressed in separate
documents. ISO 7919-1 and ISO 79194.
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Mechanical vibration — Evaluation of machine vibration by
measurements cn non-rotating parts —

Part 4:
Gas turbine driven sets excluding aircraft derivatives

1 Scope

~ This part of 1ISO 10816 gives sa2cific guidance for assessing the seventy of vibration measured on the bearing
housungs or pedestals of gas turdine diiven sels.

_The vibratiortcriteria provided in (his part of ISO 10816 a'pply ta heavy-duty gas turbine sels. Aircraft derivative gas

turbines. (including gas turbines with dynamic properties similar to-those-of aircraft derivatives) are excluded from
this. part of-ISO 10816. Large diffcrences exist between these two lurbine types. in, for cxample. casing flexibility,
beanng decsign, rotor o statcr wveighl ratio and mounting structure. Il is therefore necessary to cstablish separale

criteria for these wo lurbine typcs.

This part of ISO 10816. is applicable- only to heavy-duly gas lurbines. used in electrical and mechanical drive
applications. covering: the power range above 3 MW’ and a sgeed range under load between 3 000 r/min and
20 000 r/min. This includes gas lurbines directly coupled lo other prime movers such as steam lurbines, but the
evaluation of the steam turbine vibration is not dealt with in this part of ISO. 10816 (see thc following exclusion list).
It alsoincludes any driven equipment nat included in the exclusion list below.

The following are excluded from this part of ISO 10816:

— gas lurbines wilh power outputs less than or cqual 3 MW (sce ISO 10816-3):

— gas lurbine driven pumps (see ISO 10816-3);

— coupled stearm turbines and generators with outputs less than or cqual 50 MW (see ISO 10816-3):
— coupled steam turbines and generators with outputs greater than S0 MW (sce ISO 10816-2);

— céupled compressors (see .\:O 10816-3);

— gearbox vibration (seec below).

The criteria of this part of ISO 10816 arc applicable to the vibratton measured .on the bearing housings or pedestals
of gas lurbines and driven equ:pmant using fluid-filny bearings. They assume that the measurements are in-silu
broad-band values laken under nerrnal steady-state operating conditions. This part of ISO 10816 encompasses
machines which may have gears or rolling element bearings but does not address the evaluation of the condition of

those gears or bearngs.

NOTE Gear vibration may be included in a (ulure edition of this part of ISO 10816. Vibration of gears is presenlly addressed in
ISO 8579-2.
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2 Normative references

The lollowing standards contain provisions which, through reference in this lext. constilute provisions of this part of
ISO 10816. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of ISO 10816 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO mainltain registers of currently valid
International Slandards.

ISO 7919-4:1996, Mechanical vibration of non-reciprocaling machines — Measurements on rotaling shafts and
evaluation criteria — Part 4: Gas lurbine sels

ISO 10816-1:1995, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating pars
— Part 1: General guidelines

3 Measurement procedures

The measurement procedures and instrumentation shall comply with the general requirements of ISO 10816-1 and
are as follows.

For gas lurbines, lhe measurement system used shall be capable of measuring broad-band vibration over a
frequency range from 10 Hz to at least six times lhe highest shaft rotaticnal frequency. If. however; the
instrumentation is also to be used for diagnoslic purposes,. 3 wider frequency range and/or a spectral: analysis may
be necessary. If measurements from different machines are to be compared, care shall be taken to ensure that the
same frequency range has been used.

" The locations of vibration measurements shall be such that they provide  adequate sensitivily to the dynamic forces
of the: machine but are not unduly influenced by- extemal. sources. (such: as: combustion vibration, gear mesh
_ vibration, etc.). Typically, this will require measuring in two  orthogonal: radial- directions o each bearing: cap ‘or
- pedestal.. as shown in figure 1. Although the' transducers may be: placed at:any angular location: on the bearing
" housings or pedestals, verticat and horizontal directions are usually preferred.

A singte-transducer may be used on a bearing cap or pedestal in: place of lise. more: typical pair of orthogonal
transducers. if it is known lo provide adequate information on he magnitude: cf: the machine vibration. In- general,
however; caution should be'observed in evaluating vibration from a single: transducer-at a measurement plane: since
it may not be oriented.to:provide a reasonable approximation of the maximum vaiue at -at plane.

. The characteristics of the: rﬁeasuring system should be. known wilh regard. to-the cffects of the cnvironment
incfuding::

lemperature variations
magnetc:fields

sound fields

power source variations
ransducer cable length
lransducer orientation.

Particular attention should be given to ensuring that the vibration-sensing transduccers are correctly mounted and. do
not degrade the accuracy of the measurement.
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NOTE The cvaluation criteria in this part-of 1SO 10816 apply 1o radial vibeation on all Leanags and axiat vieration an heust
bearings.

Figure 1 — Measurement points on main bearings

4 Evaluation

1ISO 10816-1 provides a general description of the two evaluation criteria used to assess vibration seventy on
various classes of machines. One criterion considers the magnitude of observed broad-band vibration; the s2cond
considers changes in magnitude, irrespective of whether they are increases or decrcases.

4.1 Criterion !I: Vibration magnitude

This criterion is concerned with defining limits for absolute vibration magnitude consistent with acceptable dynamic
loads on the bearings and acceptable vibration transmission into the environment through the support structure and
foundation. The maximum vibration magnitude obscrved st cach bearing or pedestal is assessed against four
evaluation: zones established (rom international expericnce. The maximum magnitude of vibration measured is

defined as the vibration severity.
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4.1.1 Evaluation zones

The following evaluation zones are defined to permit a qualitalive assessment of the vibration of a given machine
and lo provide guidelines on possible actions.

Zone A: The vibration of newly commissioned machines would normally fall within this zone.

Zone B: Machines with vibration within this zone are- normally considered acceptable for unrestricted long-term
operation.

Zone C: Machines with vibration within this zone are normally considered unsalisfactory for long-term continuous
uperation. Generally, the machine may be operated for a limited period in this condition until 3 suitable opportunity
grises for remedial action.

Zone D: Vibration values within this zone are normally considered lo be of sufficient severity to cause damage to
the machine.

Numerical values assigned to the zone boundaries are not intended to serve-as acceptance specifications. which
should be subject lo agreement. between the machine manufacturer and customer. However, these values provide
guidelines for ensuring that gross deficiencies or unrealislic requirements are avoided. In certain cases. there may
be specific features associated wilth a particular machine which would require different zone boundary values
(higher or lower) to be used. In such cases, it is normally necessary for the manufacturer to exglain the reasons for
this and, in particular, to confirm that the machine will not be endangered by operating with higher vibration values.

4.1.2 Evaluation zone limits

Values for the: zone boundaries are given in table A.1. The zone boundary vibralion values were established (rom
representative: data provided by manufacturers. and users. Since.the. data showed significarit spread. lhe zone
boundary values should be considered only as guidelines. The values in lable A.1 apply lo vibration measurements
laken under steady-state- operating condilions at rated. speed. or speeds. It should be noted. however, that the
vibratioa of a gas turbine can be influenced by its mounting system and coupling arrangement to driven machines.

This part of ISO 10816 docs not provide different evaluation zonc values (or gas turbine. driven scts mounted on
rigid and flexible faundations..This is consistent with ISO 79194 which deals. wilh shaft vibration f(or the same class
of machines. However, 1SO 7919-4 as well as this part of ISO 10816 may be revised in the future to give different
criteria for gas turbine driven sets mounted on massive concrete foundations and:those mounted on lighter, tuned’
steel foundations, if additional analysis of survey data on such machines shows it to be warrantced.

The common measurement parameter for assessing machine vibration scverity is velocity. Table A.1 presents the
evalualion zone:boundaries based on r.m.s. (root-mean-square) velocity measurements. In many cases. however. it
was customary to measure vibration with instruments scaled lo read peak rather than r.m.s. vibration velocity
values. If the vibration consists mainly of one [requency component. a simple relationship exists between the peak
and r.m.s. values and the zone boundaries of lable A.1 may be readily expressed in zero-lo-peak values by
multiplying by v2 .

For gas lurbine- driven sets, it is common for the vibration lo be predominantly, at the running (requency of the
machine. For such cases and when peak rather than rm.s. values of vibration arc being mecasurcd, a lable
equivalent to table A.1 can be constlructed. The zone boundaries of lable A.1: are multiplied by a factor of J2 10
produce. sucft an equivalent table for assessing peak.vibration severily. Aiternalively. the measured peak vibration:
values may be divided by +/2 and judged against the r.m.s. criteria of lable A. 1.

4.1.3 Axial measurements

It is not common praclice to measure axial vibration on the radial load carrying bearings of gas turbines during
continuous operational monitoring. Such axial measurements are primarily used for periodic vibration surveys or for
diagnostic. purposes. When axial vibration is measured on an axial thrust bearing. lhe severity may be judged using
lhe same criteria as for. radial vibration.
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4.2 Criterion ll: Change in vibration magnitude

This criterion provides an assessment of a change in vibration magnitude from a previously eslablished reference
value. A significanl increase or d2<-ease in broad-band vibralion magnilude may occur which requires some action
even lhough zone C of Cr.teriori i has not been reached. Such changes can be instantaneous or progressive with
time and may indicate incipicl: gamage or some other irregulanty. Criterion il is specified on the basis of the
change in broad-band vibratian magnitude occurring under steady-state operating conditions. Such conditions allow
for small changes in variables surh as generator power oulpul al the normal operating speed.

When Criterion It is applied, lhe vibration measurements being compared shall be taken at the same transducer
location and orientation, and urncler approximalely the same steady-state operating concitions of speed. load, and
thermal condition. Significant charges from the normal vibration magnitudes should be investigated so that a
dangerous situation may be avo’ded. When an increase or decrease in vibration magnitude exceeds 25 % of the
upper value of zone B, such cnanges should be considered significant. Oiagnostic investigations should then be
iniiated to ascertain the reason for the change and to determine what further actions are appropriate.

NOTE The 25 % value is provided as a guideline for a significant change in vibration magnituda. but other values may be
used based on experience with a sgecific machine.

4.3 Operational limits

For long-lerm operalion, il is common. praclice to eslablished operational vibration limits. These limits take the form
of ALARMS and TRIPS.

ALARMS: To provide a warning that a defined value of vibration has been reached or a significant change has
occurred: .at which remedial actien may. be necessary. In  generaf; if an ALARM: siluation occurs. operalion can
continue: for a period whilsZinvestligations are carried out ta identify the reason for the change in vibration and define
any remedial action.

TRIPS: To specify the-magnitude of vibration beyond which furlher operation of the machinc may cause camage. If
the TRIP valuc. is exceeded, immediaie action should be taken lo reduce the vibration or the machine should be
shutdown..

In order tg perform an invesligatcn on the unit running at steady-state conditions but gradually procecding o the
vibration TRIP value. actions may be taken, such as reduction in load and spced. to stabilize the wibration to a

constant or a lower valuc.

4.3.1 Setting of ALARMS

The ALARM values may vary coasicerably, up or down, for dilferent machines. The valucs chosen will normally be
set relative to a baseline valuc determined from expericnce (or the measurement postion or dircction for that
particular machine.

Itis recommended that the ALARM valuz should be set higher than the baselinc by an amount cqual to 25 % of the
upper limit of zone B. If the baselire is low, the ALARM may be betow zone C.

Where there is no established baseline (for example wilh a new machine) the initiat ALARN! setting should be based
eilher on experience willy other similar machines or relative to agreed accegtance values. Aiter a period of time. the
steady-state basefine value will be established and the ALARM setting should be adjusted aecordingly.

Where the bascline signal is nca-steady and non-repetitive, some method of time averaging of the signal is
requircd. This could be achicved with the aid of a computer.

Itis recommendcd that lhe ALARM value should not normalty exceed 1.25 times the upper it of zone 8.

If the steady-state baseline changes (for example after a machine overhaul). the ALARM setting should be revised
accordingly. Qifferent operational ALARM settings may then exist for different beanngs on the machine. reflecting
differences in dynamic loading and beanng support stiifnesses.

An example of establishing ALARM values is given in annex 8.
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4.3.2 Setting of TRIPS

The TRIP values will gencrally relate lo the mechanical inlegrily of the machine. The values uscd will, therefore,
generailly be the same for all machines of similar design and would not nomally be related lo the steady-state
baseline value used for setting ALARMS.

There may, however, be differences for machines of dilferent design and it is not possible lo give clear guidelines
for absolule TRIP values. In.gencral, lhe TRIP value will be within zone C or C. bul it is recommended that the TRIP
value should not exceed 1.25 limes the upper limit of zone C. However, experience with a specific machine may
prescribe a different value.

4.4 Supplementary procedures/criteria

The measurement and evaluation of vibration given in this part of ISO 10816 may be supplemented or replaced by
shaft vibration measurements in accordance with ISO 79194. It is important lo recognize (hat there is no simple
way to relate bearing housing vibration to shaft vibration, or vice versa. The difference between the shalt absolute
and shaft relative measurements is related to the bearing housing vibration but may not be numerically equal to it
because of phase angle differences. Thus. when the criterig of this part of ISO 70816 and those of ISO 7919-4 are
both appliedin the assessment of machine vibration, indepcndent shaft and bearing housing (or pedestal) vibration
measurements should be made. !l application of he different criteria leads o different assessments of vibration
severity, the more restrictive zone classiflication generally applies unless there is significant expcricnce to the
contrary.

4.5 Evaluation based on vibration vector information

__The evaluation: considered in this part of ISO 10816 is limited to broad-band vibration without reference:to.frequency
“components. or phase. This will; in most cases. be-adequate for acceptance.testing and. for operational monitoring

' purposes.. However, for. long-term condition monitoring- purposes and for diagnostics. the use of vibratiorr vector
information: is parlicularly useful for delecting and defining changes in the dynamic state of the machine. In some
cases, these changes would go undclected when using only broad-band vibration mecasurcments (see. for cxamplc.
1ISO 10816-1)..

Phase- and frequency-related vibration information is being used increasingly for monitoring and diagnostic. -
purposes. The'speciflicalion of criteria for this, however, is beyond the present scope of this part of ISO 10876.
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Annex A
(normative)

Evaluation zone boundaries

Table A.1 — Evaluation zone boundaries based on bearing housing/pedestal vibration velocity, valid for
snaft rotational speed 3 000 r/min to 20 000 r/min

Zo+r Boundary Vibration velocity

mm/s (r.m.s.)

AR 45
3/C 9.3
C/O 14,7

NOTE These values, which are lhe upper fimils of zonesA, B and C
respeclively, should apply lo radial vibration measurements on all bearing
housings or oedeslals and lo axial vibration measurements on housings
containing an axial thrust bearing, under sleady-state operaling conditions at
rated speed. Yigure 1 shows lypical measurement pasitions.
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Annex B
(informative)

Example of setting ALARM and TRIP values

Consider the case of a 3 000 r/min gas turbine. The operational ALARM settings for 3 new machine for which there
is no prior knowliedge of bearing vibration is normaily set within zone C. The specific value is often set by mutual
agreement between the customer and the machine manufacturer. For this examople, assume it has been set initiaily
at the lower limit of zone C for each bearing, which corresponds to 9.3 mmi/s (r.m.s.).

After a period of machine operation. the customer may consider the option ¢f changing the ALARM settings to
reflect lthe typical steady baseline values of vibration at each bearing. Using the procedure described in 4.3.1 as the
basis, the ALARM may be.set for each bearing to equal the sum of the lypical steady-state value obtained from
experience with the specific machine, and 25 % of the upper limit of zone 8.

The TRIP setting would remain at 14,7 mm/s (r.m.s.) in accordance with Critericn |. The basis for this is that the
TRIP value is a fixed value corresponding to the maximum vibration 1o which the-machine should be subjected.
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Annex C
(informative)
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7. ANEXO VII

Norma Internacional Standard ISO 18816-5. Mechanical Vibration -
Evaluation of Machine Vibration by Measurements on Non-rotating Parts
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IRPE GUIDE FOR INSTALLATION OF VERTICAL GENBRATORS AND

With ths genarutor nuning at rated speed
and with excitation appliad, the magnitude,
(requancy, and phasa angle ol tha geasrated
voltags can be matehad to thnt of the bus, and
the generator breaksr can he closed. Load
should then be applied in asmall inercmeants,
aad tho tamperature raii should ke observed.
Whan full loed has been raachad, it shauld be
maintained for sevaral hours snd a caceful
chack made of the tamparatura rise of
windingz and bearings, balancs, cnllector
ring and oxcitac beush operutian, ail and watar
flow, ventilatioa, ete. Same adjustmeants may
now ba nacssiary to. ensure continued
Fucceas(ul oparation.

143 Load RefectSan Testx, Load rsjectioa tasts
for governor and excitation systam setlings
should bs parformed in the sequencs of
increasing loads up to full or maximum load..
The unit apeed and voltage rises shounld be
carefully monitored with high rasponse
recording f{nstrumsats, The maximum
trans{ent gpacd and volingu limits establishad
by the goneratar manufecturar must be
observed and mauintained and ths govermor
and axcitatien systam adjustad

144 Operation Check af Shu> Runout. An
oparatian check of the anafll ~waut should be
made aftar load rejection ynd while the
generatar {3 operating uals: full load (see
18.1).

18 Fiedd To's

181 Vexticat Bydranlia-Turbina Generator
Shaf® Runout Talcranaess, Installaton Checle
Tho Tunoué: of tha combdined tucbine: and
generator shafts after installation should be
chackad by ooa of the followngr mathods..
1511 Rotatianal Chack

16.1,10 Method 1. After aligning and
ptumbing the coupled. genarator and turbice
shafs,. the acguracy of ths generator shaft
thrust aurfaes should ba checkad by tha
praocadure outlined below. This mathod thould
be uscd for chacking shafts equipped with
adjustable-shoo-typa thrust bearingr. It may be
used for cheeking shafts cquipped with scif-
equalixing-tyge bearings if recommended by
the grunarator manufscturer.

Machanically rotate the unit, with the
tarbine guide bearing removed, and aay
gonerator bearingas other than the one
{mmediately adjacent to the thrust bearing
backed off 50 as not ta restruin the pogition of
the shaft

The remaining generalor guide bearing

. provants axcessive side slip during rotaton;

however, unleas this beaning is at approx-
mately the same elevation ag the thrust
bearag, it also should be backed off or
romoved before the readings are taken.

Measure runout by plumb line or dial
indicator reading= at 90 degree intarvals at
both the thrust-bearing level and the turbine-
guida-bearing lavel.

Aftor making carrections for such alds slip
a3 has occurred in the thrust bearng, the shatt
sidevays deflection on tha plumb lines or dial
indicatars should nat be groater than 0.002 x
L/D in, where

L = the distance in inches from thrust
surface to point of measurement

D = the thrust bearing cutside diamater ia
inches

16.1.1 2 Mcthad 2. After initial opera-~
tion: of the combined unit, the eccuracy of the
geaerator sheft thrust surface should: be.
checked by the procedure outlined below. This
method should be used for checking shaltx
equipped with spring-type: thrust baaringx It
may alsa be used far checking shafts equipped
with- self-equalizing-type bearings if recom-
mended by the geaerator manufacturer.

" Dial indicators should be placed on two of the
thrust-bearing segments in such a manner as
to- indicala the. vertical movement of these
segmants. The unit should then be run and
readinga of the dial {ndicators rccorded at
approximately cas—quartar of normal. speed
when the unit {1 decalerating. Thesa readings
will give an indication of tha runout of the face
of the thrust-bearing runner plats with respect
to the shaft axiz. This runout should be not
greatar than 0.002 ia.

. 16.1.2 Oparation Check. If tha runout
obtained by mcthods 1 and 2 (16.1.1) axceeds
the allowabls values, the runout at the guide
bearings of the comhined shaf should be
checked with the unit running at narmal speed
and ratad lead with indicators mounted ca the-
beariag supports. The runout of the unit:
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (I1SO
member bodies). The work of preparing International Standards is normally carried out through I1SO technical
commiltees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental. in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Oirectives, Part 3.

Oraft International Standards adopted by the technical committees are circulated to the member-bodies far voting:
Publication as an International Standard requires approvai by at least 75 % of the member bodies casting a vote.

Altention is drawn to the possibility that some of the elements of this part of ISO 10816 may be-the subject of
patent rights. ISO shall not be held responsible for identifying any or all such natent rights.

International Standard ISO 10816-S was prepared by Technical Commiitee {SO/TC.108: Mechanical-vibrationr and
shock,. Subcommiltee SC-2. Measurement and evaluation of mechanical- vibration and shock. as applied lo
machines. vehicles and struclures. )

L s e eioie =

ISO 10816 consists: of the-following parts. under the general. title: Mechanical vibration — Evﬁlualibb' of machine:
vibration by measurements o non-rotating parts:

Part 1: General guidelines
Part 2: Large land-based steam turbine generator sels in excess of SO MW

Part 3:" Industrial machines with nominal power above: 15 kW and nominal speeds. between: 120 r/min and:
15 000 r/min when measured in situ

Part 4: Gas turbine drivea sets excluding aircraft derivatives
Part 5: Machine sets in hydraulic poiver generating and pumping plants-
Part 6: Reciprocaling machines wilh power ratings above 100 kW

Annex A forms a normative part of this part of ISO 10816. Annexes 8 and C are for information only.



1SO 10816-5:2000(E)

Introduction

ISO 10816-1 is the basic document which describes the general requirements for evaluating vibration of various
machine types when the vibration measurements are made on non-rotating parts. This part of 1SO 10816 provides
specific guidance for assessing the severity of vibration measured &t the bearings. bearing pedestals or bearing
housings of machine sets in hydraulic power generating and pumoing pfants when measurements are made i situ.

Two criteria are provided for assessing the machine vibration. One criterion considers the magnitude of observed
vibration; the second considers changes in the magnitudes. It must be recognized. however, that these two criteria do
not form the only basis for judging the severity of vibration. For most machine types it is also common to judge the
vibration based on measurement!s iaken on the rotating shaft. Shaft vibration measurement requirements and criteria
are addressed in separate documznts, (SO 7919-1 and ISO 7919-5.

© ISO 2000 - All nghts reserved
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Mechanical vibration — Evaluation of machine vibration by
measurements on non-rotating parts —

Part 5:
Machine sets in hydraulic power generating and pumping plants

1 Scope
This part of ISO 10816 gives guidelines for applying bearing housing vibration evaluation criteria measured under
normal operating conditions at the bearings, bearing pedestals or bearing housings of the main machine sets in
hydraulic power generating and pumping plants. These guidelines are presented in terms of both steady-state running
vibration and any amplitude changes which may occur in these steady values. The numerical values specified are not
intended to serve as the only basis for vibration evaluation, since, in general, the vibratory condition of a machine is
assessed by consideration of both the bearing housing vibration and the associated shaft vibration (see introduction of
ISO 10816-1 and ISO 7919-1).
This part of ISO 10816 is applicable to machine sets in hydraulic power generating- and pumping plants where the
hydraulic machines have speeds from 60 r/min lo 1800 r/min, shell or shoe type sleeve bearings.and a main engine
power of 1 MW and more. The: position of the shaft line-may be vertical. horizontal or at an arbitrary angle between
these two directions.
Machine sats covered by this part of iSO 10816 may be combined front

hydraulic turbines and generators,

pumps and electrical machines operating as motors, or

pump-turbines and motor-generators.

Auxiliary equipment (e.g. starting turbines or exciters. lying in the shaft line) is included. Evaluation criteria are at
presentonly given for the main bearings of the machine set.

This part of ISQ 10816 is applicable also to single lurbines or pumps connected to generators or electrical motors
aver gears or/and radially flexible couplings. However, electrical machines of this type should in principal be evaluated
according to the criteria specified in ISO 10816-3.
This part of ISO 10816 is not applicable to the foliowing:

pumps in thermal power plants or industrial installalions (for these machines. see ISO 10816-3);

hydraulic machines or machine sets having roiling element bearings.

Consistent with clause 1 of ISO 10816-1:199S, bearing housing vibration of mac¢hine sets in hydraulic power
generating and pumping plants may be determined with regard to following tasks:

task A: monitoring changes in vibrational behaviour:

lask B: prevention of excessive kinetic load.

@ ISO 2000 - Al rights reserved
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The criteria are applicable mainly fer the vibration produced by the machine set itself. Special considerations should
be made when necessary for vibraiion transmitted to the machine set from external sources.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 10816. For dated references. subsequent amendments to, or revisions of, any of these publications
" do not apply. However, parties to agreements based on this part of ISO 10816 are encouraged to investigate the
possibility of applying the most reci:nt edilions of the normative documents indicated below. For undated
references, the latest edition of the r.crmnalive document referred to applies. Members of ISO and IEC maintain
registers of currently valid Internationat Standards.

ISO 10816-1:1995, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating
parts — Part 1: General guidelines.

IEC 60994, Guide for field measurement. of vibrations and pulsations in hydrautic machines (turbines. storage
pumps and pump-turbines).

3 Machine arrangements

Significant differences in design and arrangement of hydraulic machine sets require a separation into four principal
groups with regard to the radial bea.ing stiffness. as follows.

Group 1: Horizontal machine sets with pedestal or end-shield bearings. mounted on a rigid foundation, usually with
operational speeds of above 300 r/min

Group 2: Horizontal machine sets with hearing housings which .are‘only braced against the casing of the hydraulic
machine, usually with operational spead: of less than 300 r/min.

Group 3: Vertical machine sets with S2zving. housings which are all braced against the foundation. usually with
operational speeds of between 60 rimin ar.d. 1 800 ¢/min.

Group 4: Vertical machine sets with lower bearing housings. braced against the foundation and upper bearing
housings braced against the generator stator only, usually with operational speeds of between 60 r/min and
1 000 r/min.

NOTE Umbrella-type machines belarg (o Group 4.

Figures 1 to 4 show examples for each group.

2 D ISO 2000 - All ngnts reserved
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T

NOTE The nuinbers indicale measurement locations. ;

Figure 1 — Measurement locations for Group 1 machine sets with horicontal shaft and pedestal or
end-shield bearings mounted on rigid. foundation, usually with operational speeds of above 300 r/min

D SO 2000 ~ All rights reserved
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NOTE The nunbers indicale measuretneril localions.

Figure 2 — Measurement locations fora Group 2 machine set with horizontal shaftand bearing housings
which are only braced against the casing of the hydraulic machine, usually with operational speeds of
’ less than 300 r/min

4 LSO 20UV - All nghts reserved
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NOTE The numbers indicale measurement locations.

Figure 3 — Measurement locations.for a Group 3 machine set with vertical shaft and bearing housings
which are all bracéd.against the foundation, usually with operational speeds of between 60 r/min and
1 800 r/min

@ (SO 2000 - Al rights reserved 5
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NOTE 1 The numbers indicale measurement locations

NOTE 2 Umbrelta-lype machines belong lo lhis group.

Figure 4 — Measurement locations for a Group 4 machine sat with vertical shaft, lower bearing housings
braced against the foundation and upper bearing housing braced against the generator stator only, usually
with operational speeds of between 60 rfmin and 1 000 r/imin

w3 (SO 2000 - All ngiits reserved
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NOTE. It is recommended that the location for horizontal measurements shouid.be on the bearing pedestal and not on the
bearing cap, whenever possible. i

~

Figure 5 — Measurement locations and directions at pedestai.or .end-shield bearings:

4 Measurement procedures and conditions

4.1 General

Follow the general procedures given in ISO 10816-1 and IEC 560994. subject lo the recommendations given in 4.2
to 4.5.

'6 (SO .ZOO‘CI"; All ﬁgm: reserved- 7
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4.2 Measurement type

Absolute bearing housing vibraticn imeasurements are commonly made on hydraulic machine sets using seismic
transducers measuring the vibration velocity v .o in millimetres per second or, after electronic integration, the vibration
displacement s in micrometres. he vibration displacement y,_, can also be measured direclly as a relative
quantity using displacement transduc:-irs in the case where a rigid non-vibrating support can be found.

Because of the special nature of the vi2ratory behaviour of hydraulic machines and their different speed ranges, these
quantities have favoured ranges of application as follows:

a) Forlow-speed machines (below 200 r/min), the preferred measurement quantity is the vibration displacement
Sp—o- If the spectrum is expected to contain high-frequency components, the evaluation should normally be
based on broad-band measurements of both displacement and velocily.

b) For medium- and high-speed machines (300 r/min to 1 800 ¢/n-in). the preferred measurement quantity is the
vibration velocity v .. If the spectrum is expected lo contain low-frequency components, the evaluation should
normally be based on broad-band measurements of both velocity and displacement.

4.3 Measurement locations and directions

Measurement tasks A and B (sea clause 1) require measurements to be taken on exposed parts of the machine that
are normally accessible and are rep/esentative: locations for the so-called force flow in the supparting structure; for
example on all main bearings of the machine set. Typical examples of measurement locations for hydraulic machines
are shown in Figures 1to S.

Care shall be taken in this context tu 2as ire that measurements reasonably represent the vibration of the bearing
housings: and do- not include aw locz! resonance: or amplification. The locations and directions' for vibration
measurements shall be such that th »- provide adequate’ sensitivity to the dynamic forces of the machine under
various operating conditions. Typically, :7us will often require two orthogonal radial measurement directions on each
bearing cap, pedestal or housing. For ‘ow-speed machines with a horizontal shaft axis, such as bulb-turbines as
shown in Figure 2. the measurement locations and directions shall be determined with great care.

CAUTION: The vibration measured at the lower guide bearings of vertical’ machines may sometimes be
misinterpreted: the vibration level measured at such bearings and their surrounding supports which are rigidly
embedded in the buildings is sometimes produced by hydraulic forces. directly transmilted from the: hydraulic
machine via the foundation. Such vibrations do not necassarily give a correct image of the vibration of the rotating
shaft system.

For horizontal machines when using nortable measuring instrumentation, take measurements in the vertical and
horizontal directions 90° apart (perpendicular to the shaft axis) and, if possible, in the axial direction (parallel to the
shaft axis) as showr in Figure 5.

A single transducer may be used cit 3 bearing cap or pedestal in ptace of the more typicatl pair of orthogonal
transducers i it is known to provide adequate information about the. magnitude of the machine vibration. However,
caution should be-observed in evaluating vibration-from a single transducer at a measurement lacation. because it
may not be oriented to provide a reasonable approximation to the maximum value at that location.

In the case of vertical or inclined machine sets, the locations and directions that give maximum vibration readings
shall be used. for example the stiff and the elastic axis (this is important for cases with spider arm support
constructions), and the specific location and direction shall be recorded with the measurement. If possible. the setting
of the transducers at different bearings should be in line: For vertical machines. the preferred measurement directions

are upstream and 90° to that.

For monitoring purposes (task A) only, in some cases measurement chations may be reduced to the most important

ones, mainly at. machine sets with four of:more bearings. The s_ele':tton should be based on vibration performance

analyses, simulating all lypes of faults or disturbing effects. Prexefred measuring locations should be those where
' possible disturbing events produce sigrificant bearing housing amplitudes (veloctty or displacement).

8 S0 2000 ~ All augiits reservesd.
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4.2 Measurement type

Absolute bearing housing vibration measurements are commonly made on hydraulic machine -sets using seismic
transducers measuring the vibration velocily v, in millimetres per second or, afler electronic integration; the vibration
displacement s in micrometres. The- vibration displacement ¥p—p CaN also be measured directly as a. relative
quantity using cﬁ;glacement transducers in the case where a rigid non-vibrating support can be found.

Because of the special nature of the vibratory behaviour of hydraulic machines and their different speed ranges, these
quantities have favoured ranges of application as follows:

a) For low-speed machines (below 300 r/min), the preferred measurement quantily is the vibration displacement
. If the spectrum is expected lo contain high-frequency components, the evaluation should normally be
based on broad-band measurements of both displacement and velocity.

b) For medium- and high-speed machines (300 r/min to 1 800 r/min). the preferred measurement quantily is the
vibration velocity v.. If the spectrum is expected to conlain low-frequency components. the evalualion should
normally be based on broad-band measurements of both velocily and displacement.

4.3 Measurement locations and directions

Measurement tasks A and B (see clause 1) require measurements lo be taken on exposed parts of the machine that
are normally: accessible-and are representalive: locations for the. so-called. force flow in the  supporting - structure: for
example on:all. main: bearings of the:machine: set-Typucal examples of: measurement locations foc hydrauhc machines
are showrn in.Figures.1 to S. SRl I - L N R L. ¥

Care shall be taken in this context to ensure-that: measurements reasonably represent the: vibration of the- bearing:
housings and do: not include any local- resonance:. or- amplification. The: locations: and. directions. for vibration
measurements shall-be- such that they provide adequate- sensilivity- to: the- dynamic. forces. of. the: machine undec:
various. operating. conditions. Typically, this. will.often.require: twa.orthogonat radial measurement. directions. on each-
bearing cap, pedestal or housing. For low-speed. machines wiltt: 3. horizontal shaft. axis;. such as. bulb-turbines: as
shown in Figure 2, the measurement locations and direclions shall.be delermined with great.care:

CAUTION: The: vibratior. measured at the- lower gquide- bearings of vertical. miachines may somelimes be
misinterpreted; the.vibration level measured. at- such: bearings. and. their. surrounding- supports. which- are rigidly:
embedded in. lthe: buildings. is sometimes produced. by  hydraulic. forces. dicectly transmitted from- the. hydraulic. . .
machine via the foundation. Such vibrations do not necessarily give.a. correct image of. the:vibration of:the rotating,
shaft system.

For horizontal machines when using poriable measuring instrumentation. take measurements in the vertical and

horizontal directions 90° apart (perpendicular lo the shaft axis) and..if possible; in‘the- axial direction (parallel to the .
shaft axis) as shown in Figure S.

A single ransducer may be used on a bearing cap or pedestal in place of the more typical pair of orthogonal
transducers if it is.known to provide adequate:information about the- magnitude cf the machine vibration. However,
caulion should be observed i evaluating vibration from" a single: transducer at a measurement location, because: it
may not be oriented to provide  a reasonabie approximation to the- maximum value at that location..

In the case of vertical or inclined machine: sets. the locations and directions that give: maximumr vibration readings
shall be- used, for example the stiff and the- elastic axis. (this:.is important for cases: with" spider arm support
constructions), and: the specific location and direction-shall be recorded with the measurement..If:passible: the: selting
of lhe transducers at different bearings should be in-line. For verlical machines. the pre{erred measurement directions-
are upstream and 20° to that.

For monitoring purposes (task A) only, in some cases measurement locations may be reduced to the most important
ones, mainly at machine sets with four or more bearings. The- seleclion should. be based. on vibration performance:
analyses, simulating all. types of. faults or disturbing- effects. Preferred measuring locations should. be' those -where:
passible disturbing events produce significant bearing housing amplitudes (velocily or. displacement).
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The installation of one single transducer at the bearing pedestal or housing in horizontal or slightly inclined position is
commonly considered adesquate for continuous monitoring of Group 1 or 2 machine sets. For monitoring axial
vibration of the machine, one transclucer mounled on the thrust bearing is often suificient.

4.4 Measurement equipment

The measurement equipment snall be capable of broad-band measurement of vibration with flat response within the
following frequency ranges:

from at least a quarter of ths Jominal rotational frequency up to the product of three times the rotational
frequency times the number cf buckels or biades. if the measurement quantity is the vibration displacament

Sp-p-

from 2 Hz-to 1 000 Hz if the measurement quantity is the vibration velocity v ¢

NOTE If lhe measuremment equipment is aiso lo be used lor diagnostic purposes, an upper {requency limit higher than that
specified may be necessary (e.g. higher than 1000 L1z in the case ol vibration velocily incasurcinesits).

Vibration displacement can be me2sured as an absolute quantity with special seismic transducers or accelerometers.
If standard equipment is applied. particular attention should be taken to ensure that the measuring instrumentation is
fitted with specific electronic campensaticn to obtain a flat response over the specified frequency range.

For machines with nominal spee-!s iower than or equal to 300 /min; vibration dispitacement is often measured as
relative- quantity (reiative to tre foundation) using contact or ron-contact displacement transducers. These
transducers shall be installed on r:gid bars or frames fixed to rigid parts of the foundation. It is necessary to ensure
that the natural frequencies of thuse: elements are at least higher than ten times the nominal rotational frequency and
also they should not be a muiltiple-of this frequency.

Vibration velocity shall be- measured as an absolute quantity with seismic transducers or accelerometers. If seismic
transducers are used, attention shotld be laken to ensure that the measuring instrumentation is fitted with specific
electronic compensation to obtain a flat response over the total frequency range from 2 Hz to 1 000 Hz.

Transducers far absolute vibration measurements shall be mounted on rigid parts of the bearing housing or adjacent
surrounding’ structures which can be classified to give a representative vibration response of the machine. Particular
attention shall be given to ensure that transducer mounting complies with specffications from the transducer
manufacturer. If additiona{ elements for mounting such lransducers are necessary, it shall be ensured that the natural
frequencies of those elements are at least higher than ten times the nominal rotational frequency, and also they
should not be a multiple of this frequency.

The-characteristics of the measuring system shall be known with regard to the effects of the environment. including
the following:

temperature variations;

magnelic fields:

sound fields;

power source variation;

transducer cable length;

transducer orientation.

Particular attention shall be given lo ensuring that the vibration sensing transducers sre correctly mounted and do not
affect the vibration response characteristics of the machine.
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4.5 Operational conditions

Measurements shall be carried out when the rotor and the main bearings have reached their normal steady-slale
operaling temperatures and with the machine running under steady-state conditions.

5 Evaluation

5.1 General

ISO 10816-1 provides a general description of the two evaluation criteria used lo assess vibration severity on various
classes of machines. One criterion considers the. magnitude of vibration observed by broad-band measurement; the
second considers changes in magnitude, irrespective of whether they are increases or decreases.

5.2 Criterion I: Vibration magnitude.

The reliable and safe running of a machine under normal operating conditions requires: that.the vibration magnitude
should remain below certain limils consistent wilh, for example. acceptable kinstic. loads and. acceptable- vibration
transmission into the support structure and foundation. Generally, this criterion will be taken as the- basis for the
evaluation of machines in the absence of any other established knowledge. of tha salisfactory running. characteristics
for machines of that type (e.g. for new machine types)..

The-maximunr vibration magnitude observed at each bearing pedestal or housing is assessed against the: evaluation
Zones defined below:

Zone A: Thevibration of newly commissioned.machines would: normally-fall. within this zone. - . - e e
Zone: B: Machines: with vibration within' this zone are normaily considered: agcfebtab!é ‘.‘oc:unrestricted~ long-term
operation..

Zone C: Machines with vibration within this zone are normally considered. unsatisfactory for long-lerm continuous
operation. Generally, the machine.may be operaled.for a limited period: in.this: condition. until a.suitable opportunity
arises for remediafl action.

Zone: D: Vibration values within this zone are normally considered to be of: sufficient sevérily la causezdamhge;!o}fb,é
machine. ' 7 ' '

Numerical values assigned to the zone boundaries are not intended to serve as acceplance specification, which shall
be subject lo agreement between lhe machine manufacturer and the customer. However. the- zone: boundaries
provide guidelines for ensuring that. gross deficiencies or unrealistic requirements are avoided. In certain cases, there
may be specific features associated with a particular machine which would require different Zone- boundary. values
(higher or lower) to be used. In such cases, it is normally the responsibility of the machine manufacturer la explain the
reason for this and, in particular, to confirm that the machine would not be endangered by operating with higher
vibration values.

NOTE Vibration magniludes for recommissioned units wilh increased oulput. usyally characterized as “uprated”. inay be located
in zone A or B. The choice of zone A or B depends, however, on lhe relalion between the new excilation lorces ancl the capacity of
the new and re-used componenls to wilhsland long-term dynamic exposure.

5.3 Evaluation zone limits
5.3.1 Turbine operating conditions

Recommended values for the zone boundaries are given in Tables A.1 o A.4 for-the fcur machine groups covered by
this part of ISO 10816. Application of these criteria is valid for measurements in a radial direclion on bearing pedestals
or housings of machine. sets with nominal speeds between 60 r/min and.1 800 rmin operating within: the: contractually
permissible steady-state range, as well as at other load conditions if the' ntrachine has been: made: suitable: for these
particular conditions. Higher values of vibration may be permiltted under. the conditions specified in annex 8.

10
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Zone boundary values are spacified for both measurement quantities. If both quantities, vibration velocity and
displacement, are measured and compared to the corresponding values in Tables A.1, A.3 and A.4, th2 2avaluation
which is most restrictive shall apcly.

The limiting values are applicabie for all types of machine sets belonging to one group, indepandant of head and
power, except for the restrictions given in clause 1. For hydrodynamically smoother running machines, normally lower
bearing housing vioration may be 2xpected.

In the case of pump-turbines, increased bearing housing Vvibration amplitudes may occur because of the runner
design criteria, which are a comgromise between the optimal design for a turbine and a pump runnear.

The_values. in Tables A.1 to A.4 are based on statistical analyses of collected measurement data from more than
1 400 samples, collected woridw:de from machine sets with different powers and speeds within all four groups. A brief
description of the analysis prccedure and the applied regression technique is given in annex C.

NOTE 1 In general, an overall judjement of the vibratory slale of the machine is made on the basis of bath the beanng housing
vibration as defined atave and the measurements performed on the shaft (see ISO 7919-5).

NOTE 2 As explained in annex C, the given limiling values are based on a slalistical procedure and the defining of prediclive
limits; this was necessary due lo the wide spread of |he measured data. Therefore it should not be assutned thal a correct
correlalion between zone boundaries ard possible faulls or Iroudles at the observed machine will exist in all casces.

5.3.2 Pump operating conditions

At present, sufficient data are not available to prepare criteria for machine sets in pump operating conditions. They will
be incorporated in a future edition of this part of ISO 10816 when available.

5.3.3 Special operating conditions
Altention should be paid to the ollowing operating.conditions:

steady-state operating co:ditions at low partial load, at overload. and the frequent transient operating
conditions during start-up and shut-down:

rare lransient operating ccnditions such as emergency shut-down, no-discharge operation, and running
through the brake quadrant witi» cumps and pump-turbines.

The-evaluation of such processes iz much more difficull than that of operation in the specified load range. At present
there are insufficient data and 2xperience available to establisn limiting curves for these cperating conditions. The
less the operating condition corresponds to the nominal conditions. the more the flow within the hycraulic machine is
disturbed: disturbances such as sedaration and swirl generate violent stochastic excitation. Que to the density of
water, the forces caused by the sicchastic excitation are mucih greater than in thermal turbo macnines. Therefore
during operation outside the specified load range, the bearing or siructure vibrations caused by mass unoalance are.
as a rule, lotally masked by the stochastic components. Because of lhese large stochastic components undar 2xtra-
ordinary operating conditions. less rzliance should be given lo the instantaneous value and more to the mean value
over a representative measurement period.

5.3.4 Axial vibration

It is not common practice to mezsure axial vibration on main radial load-carrying bearings during continuous
operational monitoring. Such measdrements are primarily used during periodic vibration surveys or for diagnostic
purposes. At thrust bearings, axial vidration in general correlates with axial pulsations which could cause damage (o
the axial load-carrying surfaces. Criteria for axial vibration of bearings cannot be given at present tecause of the lack

of measured data.
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5.4 Criterion ll: Change in vibration magnitude

This criterion provides an assessment of a change in vibration magnitude from 2 previously established reference
value when operaling under steady-stale conditions. A significant change in broad-band vibration magnitude may
occur which requires some action even-though the alarm zone C of Criterion | has not been reached. Such changes
can be inslantaneous or progressive with lime and may indicale thal damage has occurred or be- a waming of.an
impending failure or some other irregularity. Criterion Il is specified on the basis of change in broad-band vibration
magnitude occurring under steady operating conditions. Steady operaling conditions should be interpreted to include
small changes in the machine power or operalional conditions.

When Criterion If is applied. lhe vibration measuremenls being compared shall be taken at lhe same lransducer
location and orientation, and under approximately the same machine operating conditions. Obvious changes in the
normal vibration magnitudes, regardless of their total amount. should be investigated, because a dangerous situation
could lthen be avoided. When changes in vibration magnitude exceed. 25 %. of the upper boundary value of zone 8
(defined as B/C in Tables A.1 lo A.4), such changes should be considered significant, particularly if they are sudden.
Oiagnoslic investigations should be initialed lo ascertain the reason for the change -and lo determine what further
aclions are appropriate.

NOTE The 25 %.value is considered significant regardiess of whelher it is anincrease or dearease invibration: The 25 % value is
provided as a guideline, bul olhier values may be used. based on experience willr a specificmachine.

5.5 Operational limits

5.5.1 General

For Iéng-term operation, it is common practice-to éété’blish operatiohal. vibration limils. These limils take the-form of
ALARMS and. TRIPS.

ALARMS: To provide a warning that a defined. value- of vibration has been reached or a significant. change. has'
occurred. at which remedial action may be necessary: In general. if an- ALARM siluation’ occurs. operation can
continue for a period. whilst investigations are carried out to identify the reason for the change in vibration and define
_any remedial action.. )

TRIPS: To specify the magnitude of vibration beyond which further operation of the-machine may cause damage. If
the: TRIP value: is exceeded..immedialte action-should: be. taken to reduce the-vibratiom or the: machine- should be shut
down.

Different operalional. limils,. reflecting differences. in dynamic: loading and support slitfness. may be- specified: for
different measurement posilions and.directions.

552 Selting of ALARMS

The ALARM values may vary considerably. up or down, for different machines. The values chosen will normally be
set relalive to a baseline value determined from experience: for the- measurement posilion or direction for that
particular machine..

It is recommended that lhe ALARM value should be set higher than the baseline by an amount equal lo 25 % ofthe
upper limit of zone B. if the baseline is low, the ALARM may be below zone C.

Where there is no established baseiine (for example. with a. new.machine) the:initial ALARM setting should be based
either on experience with other similmr machines or relalive o agreed acceplance values. Aftera period of time; lhe:
steady-state baseline value will be established and the ALARM selting should be- adjusted accordingly.

In either case it is recommended that the ALARM value should not normally exceed 1,25 times the upper limit of
zone B (this limit is defined as B/C in Tables A.1 lo A.4).
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If the steady-state baseline changes (for example after a machine overhaul), the ALARM setting should be revised
accordingly. Different ALARM settings. reflecting diferences in dynamic loading and support stiffness, may exist for
different measurement locations and directions.

5.5.3 Setting of TRIPS

The TRIP values will generally relate to the mechanical integrity of the machine and be dependent on any specific
design features which have been introduced to enable the machine lo withstand abnormal dynamic forces. The
values used will, therefore, genersily be the same far all machines of similar design and would not normally be related
to the steady-state baseline value usad for setting ALARMS.

There may, however, be differences for machines of different design and it is not possible to give clear guidelines for
absolute TRIP values. In general, " TRIP value will be within zone C or O, but it is recommended that the TRIP
value should not exceed 1,25 times the upper limit of zone C (this limit is defined as C/D in Tables A.1 to A.4).

5.5.4 Special operating conditions

When the machine is operating outside the normal load range and during all transient operating conditions. ALARM
and possibly. TRIP contacts stall te blocked for these conditions. If the machine should be monitored during these
operating conditions too. a secand set of ALARM and TRIP values shall be selected according to the maximum
vibration values accepted duririg ccmmissioning of the machine.

5.6- Supplementary procedures/criteria

The measurement and evaluatiors af machine vibration given in this part of ISO 10816 may be supplemented by shaft
vibration measurements and the applicable criteria given in ISO 7919-5. it is important to recognize that there is no
simple way to relate bearing housirg vibration to shaft vibration, or vice versa. Thus, when the criteria of this part of
ISO 10816 and.those of ISO 7919-5 are both applied in vibration-severity assessment. independent shaft and bearing
pedestal or housing vibration measurement shall be made. If application of the different criteria leads to different
assessments of the machine vibration severity, the more restrictive Zone classification is considered to apply.

5.7 Evaluation based on vibration vector information

The evaluation considered. in this part of ISO 10816 is limited o broad-band vibration without reference to frequency
components or phase. This will, in most cases. be adequate for acceptance testing and operational monitoring
purposes. However, for long-term condition monitoring purposes and for diagnostics, the use of vibration vector
information is particularly useful for deiecting and defining changes in the dynam:c state of the machine. In some
cases, these changes would go undetected when using only broad-band vibration measurements (see. for example,
ISO 10816-1). The specification of criteria for this. however, is beyond the scope of this part of ISO 10816.
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Annex A
(normative)

Evaluation zone boundaries

Recommended values for the zone boundaries are give in Tables A.1 lo A.4 for the four principal machine groups
covered by this part of ISO 10816. They apply to lhe broad-band r.m.s. values of vibration velocily and the peak-lo-
peak values of vibration displacement when measured with equipment as specified in 4.4 on the bearing pedestals or
housings in the radial direction. They are valid only for turbine operation within the contractuaily permissible- steady-
state range- as well as at other load conditions, i the machine: set has been made suitable for these particular
conditions (for restrictions, see $.3.1 10 5.3.3).

NOTE 1 Limiling values are defined by slalislical evalualion of measured dala (see annex C). They are-nol derived (romr an
evalualion of the operalional behaviotr (e.g. occurrence of faulls) of individual machines.

For some machine groups, recommended zone: boundary values have to- be- subdivided corresponding to the
differences in radial.bearing stiffness. Separate-values are given: for the-different measurement locations shown in
Figures 1 lo 4.

Zone boundary values are- specified for both measurement quantities. If both. quantities. (vibration- velocity and
displacement) are measured and compared lo the corresponding values: in-Tables A.1, A.3 and A.4:_the; evaluation
which is most restrictive:shall apply.

NOTE2 Machines with Francis lurbines might have higher vibralion vaiues. at the  bearing:housings wherm there are dralt:lube-
excitations.. Experience has shown lhat lhis excilalion can occur even'undes standacd operaling condilions..In the: case. of heavy
drafl” lube excitalions at. Francis: lurbines, (he zone boundary values specified: in- Tables.A:1.. A.J and A.4 have:- limiled:
applicability. At present, insufficient. mecasuremenl dala are: available: lo' specily: limils: for imachines wilh heavy: diaft tube:
excilations: : - e ’

Table A.1 — Recommended evaluation zone boundaries foc machines of Group;iz Horizontal machine:sets.
with pedestal or end-shield bearings mounted on rigid. foundatiom, usually with-operational speeds:of
' - above-300 r/min

At measurement locatiomr 1,2, 3 and 4

Peak-to-peak-

displacement R.m.s. v2locity

Zone boundary

un{ mm/s
A/B 30 1.6
8/C S0 2;5
c/o - 80 40,

NOTE Vibralion levels of two-jiel Pellon machines are. slrongly
influenced by the orienlalion of the resulling steady-state- (orce veclor and
Ihe operating jel (lower or upper) under part-load conditions.
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Table A.2 — Recommended eval:ation zone boundaries for machines of Group 2: Horizontal machine sats
with bearing housings which are only braced against the casing of the hydraulic machine, usually with
cperational speeds of less than 300 r/min

At measurement location 1 and 2
Zone boundary R.m.s. velocity |
mm/s |
A8 ' 2.5 '
8/C 4.0
C/O 6.4

NOTE Disptacemnent values cannot al present be given (or this inachine |
group since vibrations of the bulb wilh very low frequencies and hign
displacement amplitudes are f(requenlly transmilled to the machine
bearings. They inay disquise at these parts all vibration displacerment
values originaling from the machine ilself. The recommended zone
boundary vaiuegs are nol applicable lo the evaluailion of bulb vibralion
ampliludes.

Table A.3 — Recommended evaluation zone boundaries for machines of Group-3: Vertical machine sets
with bearing housings which ar» =il braced against the foundation, usually with operational speeds of
petween 60 r/min-and 1 800 r/min

At all main bearings -
Zone boundary P_eak-to-peak R.m.s. velocity
displacement R
pm mm/s
A8 30 1.6
BIC 50 25
cio 80 g

Table A.4 — Recommended evaluation zone boundaries for machines of Group 4: Vertical machine sets
with lower bearing housings braced against the foundation and upper bearing housings braced against the
generator stator only, usually with operational speeds of between 60 r/min and 1 000 /min

At measurement location 1 Al all other main bearings
Peak-to-peak R.m.s. velocit Peak-to-peak R .
A .m.s. y . .m.s. velocity
Zone boundary displacement displacement |
nm mm/s pm mm/s |
A/B 65 2.5 30 1.6
8/1C 100 4.0 SO 2.5
C/O : 160 6.4 80 4.0
NOTE 1 I a machine has a lower generalor bearing wilhoul bracing against the foundation. the vibration
shouid be evalualed according {0 ineasurement [6caton 1.
NOTE 2 Umbrejia-lype machines beiong 0 this group. cvaluation zone boundanes are those (or the main
bearings.

15
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Annex B
(informative)

Special features of bearing housing vibration of hydraulic machine sets

B.1 General
The principles of the mechanics of bearing housing vibration are explained in ISO 10816-1. They are based mainly on
a broad spectrum of theoretical and experimental investigations on horizontal shaft machines. Until now, not as much

attention has been paid to machines with vertical shafts which are more commor: for hydraulic machine sets.

For hydraulic machines; bearing housing vibration may occur over a wide - range of frequencies. Possible causes of
vibration are givenin B.2 to B.4.

B.2 Mechanical causes

These are incorrect shaft alignment, bearing anisotropy, loose assemblies in rotating or stationary parts. and residual
unbalance in the runner or impeller, the.generator.or the-exciter rotor.

Frequencies to be expected are the frequency.of rotation and its.harmonicsz

B.3 Electrical causes
These are inadequately equalized magnetic pull in the rotor of the»éoupled; electrical machines..

Frequencies to be expected are the frequency of rotation and.its harmonics.

B.4 Hydraulic causes
B.4.1 Flow through the waterways

Frequencies to be expected are the frequency of rotation, frequency of the biade or bucket passing. or various
combinations of these.

B.4.2 Oraft tube flow instabilities
These occur in Francis turbines even during steady-state operation outside the optimum efficiency range.

Frequencies to be expected are those below the frequency of rotation. often down o one-third to one-quarter of it.
Resonance with hydraulic structures or with the grid might occur. aggravating the phenomenon.

B.4.3 Cavitation

This is due torincorrect flow conditions around the runner or impeller blade- profites: and occurs mostly within the
higher load ranges. Another important reason for cavilation is a change: in tailt waterlevel.

Frequencies to be expected are usually high ones, as for bursts.
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B.4.4 Hydroelastic vibration
This can be due to incorrectly shaped discharge edges of hydraulic profiles (blades, buckets, stayvanes, elc.).

Frequencies to be expected are f-um below 100 Hz to several kilohertz (depending on profile dimensions and flow
velocities). Often a pronot nced beat character is observed.

B.4.5 Self-excited vibrations

These occur where the movemer:! of mechanical parts (seals. clearances) influences the flow around or through
them.

Frequencies lo be expected are (1ose slightly above the frequency of rotation, often coinciding with the bending
natural frequencies of the rotating system.

In machines of type Group 3 and ¢ at part-load or overload. higher vibration may occur due to hydraulic vortices.
Provided that such machine conditions with restricted operational periods.do not effect fatigue of main structural
members (even with higher vibration levels but lying below the recommended limiting zones), the machine set may be
made suitable also for these particuiar operating conditions.

B.5 Additional excitations

During regular transient operating conditions such as start-up and shut-down, additional excitation farces interact with
the runner, inducing a wider spectrum and higher amplitudes. Ouring load rejections, even Kaplan turbines can be
subjected to draft tube instabilitias (see B.4.2) with considerable subsynchronous bearing vibecation amplitudes. Under
similar conditions (especially for rotor arrangements with only twa radial bearings) resonance phenomena can be
observed at certain speeds while cacelerating, with bearing vibration amplitudes containing one or more of the rotor's

natural frequencies carresponding to the instantaneous speed.

Al frequent. transient operating conditions. such as start-up and shut-down. random excitations. with broad-band
spectra are dominant. In the cas= of extreme lransienls. occurring for example at a failure of a shut-off valve, the
intensity of this broad-band excitatica sneclrum increases even more.

In contrast to thermal machines. ‘ydraulic machines can normally be started-up and shut-down or power can be
changed rapidly and frequently. Hydraulic machines are therefore often used for peak-load supply or for frequency
and power control. Since such operations also involve frequent starts and stops. and often rapid changeover from one
operational state to the.other. these machines are exposed to enhanced vibration and stress. for peak-load or pump-
storage equipment, transient operating conditions can become so frequent that the sum of the lime intervals of
increased vibration amounts to more than 1 % of lhe overall operating time. These frequent lransient operating
conditions should then be evaluated separately with respect lo the additional stress and fatigue on the bearings and
other involved parts of the machine.
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Annex C
(informative)

Analysis procedure and applied regression technique

Using data (measured quantilies on bearing housings or pedestals) collected from 11 countries, two databases
were sstablished (data from different machine types with vertical or horizontal shaft orientation and different
speeds). The databases were structured as follows:

measured bearing housing displacement s, , versus rotational speed of the macnine;

P

measured bearing housing velocily v, versus rotationai speed of the machine.

On.some of the: submitled rough data. modifications were necessary because of incompatibility. With theimproved
data sets the following steps in the described procedure (using a sofiware package: for. statistical. analysis) were:
performed (see reference (5]):

a) proof of data distribution within the specified speed range:

b) regression analysis using a."Multiplicative: model™ }" = 4.\* with transformed data in a log-log: scaled database:
with the:dependent variable displacement or velocity-and:the independent variable rotational speed: e

cy cornputationﬂand plot of.
" analysis of.variance,
lack of fit and pure error test,

mean value regression curve with a defined 28 % probability limit. and grediclion- limits. (between 60-% and
95 % in steps of 5 %),

residuals,
normal plot of cumulative residuals..
I*-test (for significance of regression model);

d) linearization of computed prediction curves (mainly near the boundaries, in the low- and high-speed range) in a
double logarithmic scale;

e) definition of the prediction limit curve 85 % as zone boundary 8/C. which mplies that 92.5.%. of alt collected
measurement data are below this evaluated prediction curve;

f) theratios between the zone boundzries A/8, B/C and C/D were found through intensive discussions within the.
working group and with experts in other working groups aboul safaly margins and trip or alarmr seltings.
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Foreword

ISO (the International Organization for Standardization) is a worithwide
federation of national standards bodies (ISO member baodies). The work of
preparing International Standards is normaily carried out through ISO technical
commirttees.. Each member body intercsted in a subject for which a technical
committee has been established has the right to be represented on that
committee. International organizations, governmental and non-governmental,
in liaison with 1SO, also take part in the work. ISO collaborates closely with the
International. Electrotechnical: Commission (IEC) on all- matters of - clectro-
technical standardization.

Oraft” International- Standards adopted by the- technical- committees are:
circulated lo the member bodies for voting. Publication as.an International
Standard requires. approval-by at least 7S % of the member bodies casting.a:
vote.

International: Standard SO 108166 was prepared jointly by Technical Com-
mittees ISO/TC 108, Mechanical vibration and shock;, Subcommittee SC 2.
Measurement and evaluation of mechanical. vibration and shock as apglied o
machines, vehicles and structures, and ISO/TC 70, Intermal- comoustion
engines, Subcommittee SC 2, Perforrnance and tests.

ISO 10816 consists of the following parts, under the general title Mechanical
vibration — Evaluation of machine vibration by measurements on non-rotating-
parnts:

Part 1: General guidelines

Part 2: lLarge land-based steam turbine generator sets in excess of
50 MW

Part 3: Industrnial macrines with nominal power above 15kW and
nominal speeds between 120 r/min and 15 000 ¢/min when measured
in sicu

Part 4: Gas turbine driven sets excluding afrcraft Gerivatives

Part 5: Machine sets in hydraulic power generating and pumping plants

Part 6: Reciprocating machines with powver ratings abave 100 kW

Annex A forms an integral part of this part of ISO 10816. Annexes 8 to D are.
for information only.
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Introduction

ISO 10816-1 gives general guidelines for the evaluaton of machine vioration by
measurements on non-réiating parts. This part of [SO 10816 is a new
document whicn =stadlishes procedures and guidelines for the measurement
and classification of mechanical vibration of reciprocating machines. [n general,
this part of ISO 10816 refers 0 vibration of the main structure of the machine,
and the guide vaiues given ior these vibrations are defined primarily to classify
the vicrztion of e machine and to avoid problems with auxiliary equipment
mounted on s siruciure. Aecommendations for measurements and
evaluation criten2 are providad in this part of ISO 10816.

Typical features of reciorocaung machines are the oscillating massss, the
cyclicaily varying outeut  input) torques and the pulsating forces in the
associated pipework. Al these features cause considerable aiternating forces
on the main sucgons énd vidration amplitudes of the main frame. The vibration
amplituces are garerally higher than for rotating machinery but, since they are
largely ceterminzd by the design features of the machine, they tend to remain
maore constanc cver the kife of the-machinery than far rotating machinery.

In the case oi rzszigrecating machines, the vibration measured on the mamn
struciure of the machine znd quantified accerding o this part of SO 10816
may only give a rough idea of the stresses and vibratory states of the
compenents within the machine isalf. For 2xample. (orsional vibration ¢f
rotating gans cannot Jenerally be determined by measurements on the
structural pans of the macnine. The damage, wshich can cccur when
exceedirg the cucce values based on experience with similar machines. is
sustained predcmicantly 9y machine-mounted comgconents f{e.g. (urdo-
chargers. heat=xchangers, gavernors, filters, cumps)., connecting elements of
the maciine with iis gernpneral parts (e.g. pipelines} or monitoring instruments
(e.g. pressura geuges. thermometers). The guesticn as from which vibration
vaiues damage s 0 be exgecied largely depends cn the design of these
components and :hetwe fastenings.

ln some cases. scecial me2surements on cenzin Maching components will &z
required [0 ascariain that the vibration values are permissible. It also happens
that even if mezsur2d values are within permissible guide values, proolems
May occur owirG 19 the grest varnety of components whici can be anttached.
Such prezlems can ce, 2nG have to be, recuii=2d ty seecfic “local measures”
(e.g. by elimiraton cf resonances). Experience has shown, however, that it is
possible in the mzjonty of cases lo si@te measurable quantties charactenzing
the vibrarory stai2 and to cive guide values for these. This shows that the
measuraogic vansdes and the guide values germit a reliable evaluauon in Most
cases. For the quanuty descnted. which characienizes the vibration values of
reciprocaling gISiCt Macfnes in a simg.e2 manner. the term ~“vioration
severty” will be used.

i
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The vibration values of reciprocating piston machines arc not only affected by
the properties of the machine itself but also to a3 large cdegree by the
foundation. Since a reciprocating machine can act as a vibration generator,
vibration isolation between the machine and its foundation may te necessary.
This, as well as the vibration response of the foundation, can have
considerable effect on the vibration of the machine itself. These vibration
conditions are also dependzant on the transmissibility of the environment
surrounding the machine and are therefore not entirely determined by the
vioration values of the macrine itself. This part of ISO 10816 can therefore
only take an advisory role in relation to the effacts of the machine on the
environment.
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Mechanical vibration — Evaluation of machine vibration by
measurements on non-rotating parts

Part 6:

Reciprocating machines with power ratings above 100 kW

1 Scope

This part of ISO 10816 specifies the g2neral conditions
and procedures for the measurement ard evaluation of
vioration, using measurements made o the non-rotating
and non-~reciprocating pars of compler2 machines. Shait
vibration; including torsional vioraticn. is beyond the
scope of this part of ISO 1081i6.

It generally applies to reciprocating cision machines
mou'med either rigicly or resiiently with oo.ver raungs of
above 100 kW. Typical examples of agphcaton are:
marine propulsion engines, MarneG 2uxdiary engines.
engines operating in diesel gener3icr sets. 2as
compressors and engines for diesaf loccmcuves.

The general evaluation criteria which ara cresented rclate
lo toth operational moniioring 2nd aczzciance testirg.
They are also used to ensure that ire machine vibraton
does not adversely affect the eguicment directly
mounted on the machine.

Consideration should also te given to e machinery
driven by or driving the reciprocating machine. These
should be evaluated in accordance with relevant
stancards and classification for ite intencs< duty.

It is recognized that the evaluation critenz mzy only have
limited application whnen considering (¢ effects of
internal machine comganents; for examciz, problems
associated with valves. loose pistens, <i5:92 rings, etc.
are unlikely to be reflected in the me3isurements.
Identification of such groblems requires wvestgatve

techniquas which: are. outside the  scope- of this part of
ISO 10815. No:se is alsa outside the scope of this part of
ISO 108156.

This part of ISO 10816 does not aoply to machines
nstalled in road vehicles (e.g. trucks, passenger cars,
self-propelling construction machinery and tractors).

2 Normative reference

The following standard contains orovisions wvhich,
through reterenca in this text, conslitute provisions of
thus gcart of ISO 10816. At the time of pubhcauon, (he
adition indicated was valid. All standards are subject to

© revision, and parties o agreements based on this part of

ISO 10816 are encouraged to invesugate the possiDiity
of 2pplying the most recent edition of the standard
indicatad below. Memogers of IEC. and ISO maintain
registers of currently valid International Standards.

ISO 20:41:1920. Vibracion and shock — Vocaaulary.

3 Definitions

Far the purposes of this part of ISO 10816. the
definttions grven in ISO 2041 and the following definition
apply.

3.1 vibration severity: A genenc term that designates a
value, cr s2t of values. such as 3 maximum value,
avcragz2 or rm.s. valu2. or other parameter that s
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descrigtive of the vibration. It may refer to instantaneous
values or average values.

NOTE 1 iSO 2041 includes iwo notes in the above definition.
These ncies are not applicaole 10 this part of ISO 10816.

4 Measurements

4.1 Measuring instrument and measured
quantities

Criteria far classifying vibration severity for reciprocating
machines are specified in clause 5. The classiiications
are basegd on measurement of overall values of vibration
displacement; velocity and acceleration over a frequency
range of 2 Hz to 1 000 Hz.

It is.recognized that the main excitation frequencies for
reciprocating machines are generally iound in the range
2 Hz to 300 Hz. However.. when considering the: com-~
pleter machine including. auxiliary equipment that is a

functionzl part of the machine; a range of atleast 2 Hz to:

1 000 Hz is required to characterize: the vibration: For
special purposes, a different range may: be agreed
between ihe:-manufacturer and.customer.

Since the overall. vibration signal- usually contains many-
frequency components, there is no simple mathematical-
- relationshig- between: the r.mrs. and peak, or peak-to-
peak. overall. vibration. measurements. Therefore: the:
preferred measuring system should. provide-the' overall
r.m.s. valuss of displaéement. velocity and. acceleration
with an accuracy: of £ 10 %- over the range 10 Hz to
1000 Hz and an accuracy- of :';g %- over the'range 2 Hz

to 10 Hz. These values may be obtained from 3 single
sensor whcse signal is processed to derive the quantities
not directly measured (e.g. an accelerometer whose
output: is integrated once for velocity and twice: for
displacement}. Care should be taken to ensure that any
processing cdoes not adversely affect the- required
gccuracy of the measuring system.

Both the frequency responsa and.- measured vibration
amplitudes zre affected by the method of attachment of
the transducer(s). It is especially important to maintain a
gcod - attachment between the transducer and the
machine wren the vibration values are high. For exam-
ple, ISO 35348 gwves guidancz2 on the mounting of
acceleromeiars.

®1S0

4.2 Points and direction of measurement

To ensure that the evaluation of the vibration
measurements is as uniform as possible and, further,
that the best possible- comparison between different
machines is achieved, preferred measurement positions
are specified in figures 1 to 3. Generally, measurements
should be taken at these points in the three machine-
related main directions indicated..

The machines presented.in figures 1 to 3 are examples
only. Fer different versions (e.g. radial machines), similar
measurement poinis apply:

Provided it is known from experience with. similar
machines at which points the maximum vibration
severity is to be expected, it is not necessary to consider
all the paints sgecified: in the figures. Accessible load-
carrying bearing posiions should be included.. However,
for acceptance: testing. f fewer measurement points are
used. this: should. be- agreed: between the- manufacturer
and customer:.

If several measurement points-are- taken into account for
more careiul investigatior or for comparative purposes. it
is: recommended: that those- of figures 1 to 3 be- pre-

ferreds. oo L aens s

When- selecting: the- exact. measurement poinis, the

. configueatior and. installation restrictions: of. the: particular-

machine: involved. should. be: allowed. for. All- measures-
ment points® are” o' ber chosen in- such: a. ways that the'
vibration transducer is- properly attached to the man

structure of thermachine.

Vibration measurements of. machine-mountec compo-
nents may give useful information regarding their failure,
however the quide values referred (o in this part of
ISO 10816 apply to the positions given-in figures 1 to 3
on the main structure of the machine.

EXAMPLE
The:right-hand iop ecge of:a:frame. on-the coupling-end
of a mackine. in the ¥ (hcrizontal) direction.is designated
as:

83.1y
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~
X
3
1
L
Key
Sides of measwement L Left-har<t when taang the coupling
flange.
R Rightitnd  when taang  the

ccuchne ange

Levels of. 1 Machire end of mounung
measurerment 2 Crankstait level
) 3 Tnp ecg2 of frame

Couctirg and
Mic-machine
Free 2nd of machine

Measurement paints B
reiatea to machine 2
tength 3

Figure-1 — Example of a vertical in-line machine

NQTE — Sce figure 1 tor kev.

Figure 2 — Example of a multicyiinder Vee machine

ISO 10816-6:1995(E)

=3

NOTE — See ficure 1 tor key.

Figure 3 — Example of a horizontal opposed
machine

4.3 QOperating conditions during
measurements

Measurements should. be taken when the machine has
reached its steady-state operating conditions (e.g. normal
coersiing temperature). The determination of the ma-
chine vidration saverity shall be based on the maximum
vioraton occucring over the entre power and spesd
range approved for normal operation.

4.4 Record of measured results

Records of measured results should include essental
data of the machine and of the measuring system used.
These data may be entered on forms 1 and 2. given ir.
annex B, \which can serve as 3 measurement record.

5 Vibration criteria

Vibration severity grades are gresented numerically in
t3ole 1, and graphically in annex C. In order to quanufy
these it is necessary to measure the overall (broad-banad)
r.m.s. values (2 Hz 1o 1 Q00 Hz) of displacement. velocity
and acceleration. Seventy grades shall be ogtained for
each of the nighest overall r.m.s. value of the displace-
ment. velocity and acceleration measured on the main
siructure of the machine. The machine viorauon severity
grade is the highest of these tnree grades.
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As an example, the vibration values given in table 2 were
obtained at position R3.1 on the main structure of a
machine. The corresponding vibration severity grades
from table1 are given in square brackets. As 3
conclusion, the machine vibration severity grade at this
position is therefore 28. All other positions should be
reviewed similarly to establish the maximum vibration
severity grade over the machine.

Table 1 — Vibration severity grades
(2 Hz to 1 000 Hz)

Limiting values of overall vibration
. measured on the machine structure
Vibrationr
severty Displacement Velocity Acceleration
grade
pmirm.s) [ mméstms)| nvs?irm.s)
11 s 178 =1,12 < 1,76
1.8 . 5283 . =1,78° <279
2.8 s448. <282 <442
45 <710 <4,46 <701
7.1 =113 . . <7,07 =111
1T =178 <112 | =176
18 <283 =178 279
28 =248 =28.2 s442
45 . =710: sd46 =701
71 <1125 <707 - <111
112 <1784 =112 <176
180 > 1784 >.112 > 176
NOTE — The values were derved from-constant displacement in the-
range 2 Hz 10 10 Hz. constant veloaty from 10 Hz to 250 Hz and
constant acceleration frory 250 Hz to 1 000 Hz.

©.1S0

The vibration severity value associated with a particular
tyee of machine depends on its size and mass, the
characteristics of the mounting sysiem and. the operating
conditions, ctc. It is therefore necessary to take account
of the various purposes and circumstances concerned
when applying the vibration severity grades. The
maximum value measured across the cverall length of
the machine will then be used for determining the
vibration severity. Reciprocating machine classification
numbers and guide values are presented in annex A.

Flexiole mountings are used extensively to.reduce the
effect of a3 machirie on its environment. The-design and
aoplication of these are outside the-scope: cf this part of
ISO 10816.

NOTES
2 Guidelines for vibration isolators are giveniin 1ISO 2017,

3 Gudelines for vibration effects on buildings are giveh n
ISO <8GG6.

* ~ TabteZ—Example:of vibration: values:-

48

el =

Measured vibratiorrvalues
Position:| Displacement. Velocity | Acceleration |

pmirars) | mavsiems) | avs?irmes)

(A3.1x | 100 (grade7.1l. | 1S{grade 18] .| 9 (grade:7.1|
R3.1y | 150 (grade-11] 16 (grade 18} | 8l(grade7.T
R3.1z | 250{grade 18] |2Z(grace 28f | 10 (grace7.1]
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Annex A
(normative)

Machine vibration classification

Vibration classification numbers and guide values {or reciprocating machines are given in table A.1. The guidance valuas
assist in evaluating the vibration saverity to which the machine frame and attached ancillaries and equipment may te
subjected.

A reciprocating macnine cou'd weil be classified by more than cne class degending upon its type. applicaticn, size.
configuration, flexiole or rigid mounting and spaed. For example, many industrial and marine diesel engines may e
classified in either classification numer 5, 6 or 7.

As and when circumsiances permit, recommendations for acceptaole guide vaiues of vioration severity for paricular
types of machine will e prepared. Untl such time, classifications may te. agreed between the manufacturer and
customers, using experience or results of: operation.!!

es of raciorocating machines collectad in 2ccorcance with this part of 1SO 10816 are

11 Information on vidraticrr valu =
od "0 the national standrds tedy in the counicy of orgm (Or (ransmission to the

welcomed and should be communicat
secrctariat of tSO/TC 108/ST 2.
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Table A.1 — Vibration classification numbers and guide values {or reciprocating machines

Maximum vaiues of overali vibration Machine vibration classification numbet
Vibration measured on the machine sttructure
saverity Displacement Velocity Acceleration 1 l 2 l 3 l 4 [ S | 3 l 7
grade pmirms.) mrYs (r.m.s.) m/s?{rms.) Evaluation zones
11
17.8 1.12 1,76
1.8
28.3 1,78 2.79 A8
28 AB
443 2382 4,42 AB
45 ~B
71.0 4,46 7.01 SVES
7.1 C AB-
113 7.07 A A8
11 C
178 1.2 17.6
18 <
283 178 27.3
28 c
a8 82 % J— .
.5 X D
710 au s 700 ——| ok - o .
72 S - e = e L [ c -
: oS 70.7 "nr — )
112 o} c
1784 12 176~ [0 By —
180° =
Key to zones

A:  The vibration of newty commissioned machines would normally {3l within this zene.

3:  Machines with vibration wathin this zone are normally considered acceoBtle for long-team eperation:

C.  Machines with vibration within this zone are normally considered unsatistaciory lor long-term continuous operation. Generally, the machine'
may be operated for a limited period in this condition until 3 suitable XUty anses fof remediaf action.

0:  Vibration values within this zone are normally consiared to be of suifiarent seventy (0 Cause damage:-to the machine;

NOTE — Vibration values for reciprocating machines may tend. to be more cons@nt gver the life of the: machine-than tse rSiaung machines.
Therefore zones A and B are combined in this tatle. In future. when more expenience is accurnuiaied. guide values to g:Herenuaie benween anes A
and B may be provided. ;
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Annex B

(informative)

Forms for vibration measurements on reciprocating machines

Vibration measurements on reciprocating machines

Measurement record

Form 1

B.1 General

Record No.:

Date:

Instattauon size:

Measureg by:

B2 Details of reciprocating machine

Kind: Diesel engine/ccmpres-oc "

Manuiacter:

Macnuire 10 No.:

Number of cylinders:
Relatad sgesd: ofmin
Refaied pover: kW

Mouroung: rgdresiienc!’; direciy/on baseplata?

Functaon: driver/dnven)

Type/Senal No.:

Conhiguraton: indine horizontalivertical: Vee: cgposed”!
Working cycle: swarfour soke 't single/double effect?
Spesd durning Mmeasuremenc ffen
Pawer dunng measurement:: W

Cennecacn: ngidflexible !

Notes:

B.3 Details of measuring system

Instrsmene type: Make: ]

Transcuccr type: Attachment:

Docs 2 rmeasunng sysiem cormply wih the requeemnents of 41 6t 10 10316-6.1995; i.c. averdil r.m.5. watues 10 HZ (0 | COO0 HZ vain
. © .30

accuracy * 10%; 2 Hz 0 10 He vwith accuracy _ ,q %o? Yes/to?

Notes:

8.4 Resulits

Sketch machine Selow: Cesignat2 measurement points in acca:d2nce wath figuces 1t 3 ot 1ISO 108156.199S.

Measurament values: Enter in iorm 2.

Measure—ant reccrds. s0eCa. G1agrams. e(c. should be 2czChed. gving pats and direct:ons of Measu:zemert, and the paw.ver and soeed
at the arne of Measurement. if zoclicable.

Oirecucns of Measirements: related ©© arkshatt dxs (see figuces 1 (o 3 ct
1SO 10816-6:1933)
£ = 3x3l; y = honzoral-Tansverse: ; = vertcal

1} Oelete/supcternent as acproonate.
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Vibration measurements on reciprocating machines

Form 2
Measurement results
Measure- Measurement quantity: r.m.s. overall values (2Hz a 1 000 Hz)
menmt Speced Power Horizontaktransverse Vertical Axial
poirt d v a d v a d v a Notes
No. tr/min - kW pm mm/s mys2 pm m/s mys? pm mmys  mys?
as sketch

M Cl) M” Cll MU CcY Ml) C" YL cll il C” (VL CIL M CD (VAL C"

1) Mark as appropnate: M = measured directly
C = c3lculated from frequency spectrunt
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Annex C
(informative)

Vibration severity grade nomograph

-

The vibration nomograpn given as figure C.1 shows a range of vitration severity grades. A muitifrequency vibration
system cannot easily be classified-on a discrete frequency scale, iherefore the limiting values for each grade are primarily
presented in table 1. Machinres.»ith a multifrequency vioration should therefore be ciassified by comoaring the measurad
overall values of displacament, velbcity and acceleraton with the values given in table 1.

Severity grades are oobtained for 2ach of the highest overall r.m.s. value of the displacement. velocity and acceleration-
measured on the main su'ucrura n#he machine. The vioration severity grade of the machine is the highest of these threa
grades.

- . o ; - f . P
NOTZ 4 If 2 machine is known {rom frequency analysis 0 have only one vibration frequency component present at a garuicular

frequency. this may be classified dicecti/- using the nomograph, using only one of the parameters displacement veloCity or
acceleration.

K

2N

/' \ V«branon sevemy qrade

\ I// 180 ,'

100 ¥ 2"
=
H
=
vt
~
P o s e Rt et
- /N
g \7.1

Figure C.1 — Vibration severity grade nomograpit
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Annex D
(informative)
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9. ANEXO IX

Norma Standards Publication NEMA. Sobre Instalation of Vertical
Hydraulic — Turbine - Driven Generators and Reversible Generator/Motors
for Pumped Storage Installations



PUB. NO. MG 5.2.1972

STANDARDS PUBLICATIC!

RTCAL HYBRAULIC-TURBIIE-DRIVER GEIERATORS
AND REVERSIBLE GeilERATOR/CIOTORS FOR
PULIPED STORAGE 10STALLATIONS

CTRICAL MANUFACTURERS ASSOCIATION 155 EAST d44th STREET, NEW YORK, N. Y. 10017
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@ 1972 by Madonal Eecwical Manufactuzers Associadom
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M oA S TANDARDIZATI!ION

The purpose of NEMA Scandacds., chetr classificaction and scacus ace 1ec forch ta
certain clauses of che NEMA By-Laws, which are quoted below:

Purpose of Standactds

Nattoaal Electrical Maaufacrires Association Standards are adopted in the public lncerest and are designed to
elfminate misundemcandings between rle manufacturter and the purchaster and to assisc the purchaser in selecany
and obtainiag the proper product fer ‘s parucular need. Existence of a Nadonal Electrical Manufacturen
Auociaton Standard does aoc in ary resgect preclude any member of non-member from manufactuang or selling
product noc confoaming to the Scandass.

(By-Law—Ast. V. Sec. 1)

NDefinltioa of 2 Standard

A Saandacd of the Nadonal Elecuical Manufacturenn Associatloa defiaes a product, proczss or procedure witil
reference to one cr more of the fclloving: nomenclatuce. composition. coaswuction, dimensions. tolerances.
s1afery, operadag characterisda. perfoanance. qualicy. radag. tesdng and the service for which designed.

(8y-Law—Ar. V. Sec. 2. Subsectoa 4)

Glasses of Staad ards

Nacdfonal Electrical Maaufizcnur~a Association Standards ace of two zlasses:

1. NBEMMA Scandard, which relates to a product commecrcially standardized and subject to repetitive manufac-
arre, which standard has been appeovad by ac least 90 per cent of the members of the Subdlvision eligible to vate
thereon;

2. Suggested Staandard for Furure Design. which may not have beea regularly applied co 2 commercial pcoducs,
but which suggeso 2 souad eagineering approach to furure developmeac. which 1candacd has been approved by ac
least owo-thirds of the membecs of the Subdivision eligidble to vote thezeon.

(By-Law—Art V. Sec. 2. Subsection 8)

Aucthor{ized Eaginecering laformacioan

Authorized Engineering [nformadon comsists of explanatory dacz and ocher enginezring informacdoa of an in-
formadve character aoc falling withtc the claaificadonof NEMA Standard oc Suggested Standacd for Future Desiga.
(By-Law—Art. V, Sec. 6, lit Sentence)

l4dznciflcation of Status

At the end of each standard in chls publfcation 2ppear the words "NEMA Stand-
ard” or "Suygesced Sctandard for Future Design.” which (ndlcate the status of the
ttaadard. Theze words are (oliowed by a2 date which {adlcatesr when cthac standacd
w23 adopted (a lts preseat form dy the Associaclon.

The classtflcarlon “Auchorized Eaglacering Informaction” {1 destgnated similacly.
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Vertical lydraule- mrbipe-drivén Generators and Reversible Generator/Moturs

for Pumped Storage Installatons is superseded by a new cdidgon,
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NEMA Standards Publicadon is supeaeded by a later edidoa. There 3 00 extra charge foc iy service.
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FOREWQORD

Hydraulic- wrbine-driven generators, because of cheir pavsical size, are usually shipped in several pars
| are comgletely assembled foc the drsc dme when diey ice installed in (e power house. The inscalladoa,
a, becomes a condnuadon of the manufacmring procass, and many ol tie ogeradons iavolved are tose
ich are normally performed ia the factocy oa smaller generatos. Close wlerances must be maincained in
: fic and alignmeac of the vacious pars. The wie of proper insealladon procedures is essendal o achieve
isfactory ogeradon of the unit

The suggested procedures for the installacon of vercdcal-shaft -hydraulic-ourbine-driven generawes, s
2sented in s publicadon, were develuped by the Large Generawe Gioup of die Mowre and Geaerawe Secton
d were appraved far publicadoa by the MazZonal Becaical Manufacaucers Associadop. These procedures ace
sed. upon the combined experience of all member compaaies in Bz Gloup—expeneace gained during the
anufacawe and erecdon of such generatwars which are now producing millions of ldlovolcamperes.

Thls publicadon is peciodically reviewed by the Large Generacor Graup of die dlocwor and Generatar Secdon
{ NEMA for any revidons necessary o kezp it up to dace wid advancng tecknalogy. Proposed or recom—
2eaded revidoas should be submiced w:

Technical Director

Manager, Enginezrng and Safecy Reguladoes Deparcmanc
Nadonal Hecaical Maaufacmcers Associagoa

155 East 44tk Sceet

New Toack, New Yock 10017
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INMSTALLATION OF

VERTICAL HYDRAULIC—TURBINE—-DRIVEN GENERATORS

AND REVERSIBLE GENERATOR/MOTORS FOR
PUMPED STORAGE INSTALLATIONS

Parcc 1

TOOLS AaAND

MG 5.2-1.01 TOOLS AND FACILITIES

Adequace workdng and storage areas are essenaal -

foc efficfeat losaalladon of the generatory. Crane
factlides, compressed air, a water supply and elec-
@c pawer siould be availaple ac all dmes.

An office with a desk or cable foc spreading ouc
drawings; a small machine shap; a scorercom for the
1cage of wols, small pars and supplies; .and space
for mechanics' tool boxes skould be grovided.

A subtable ser of special wols should’ be provided
for craft labor ocher than those tols pzsenally pro-
vided by the crafos (usually constsdng 2nly of haad
tooks)., Typically, the tool set may include the
follawing:

1. Set of large wrenches.

2. Pipe beading and threadlag equipmenc
3. Welding and buming equipment

4. Soldering and brazing equipment

§. Power tools.

8. Sledge hammer.

T. Jacla.

8. Maznual holse

FACILITIES

9. Ughec cdggiag equipmenc
10. Prscidon measuring mols.

11. Heczical escequipmenc, including a kigh-
paceandal tes:c se¢, an ohmmecer, aad volc-
mecters and ammecers for a wide range of
elecoical measuremenc.

The following tqgols, eaco designed for wse with
a pardcular design of generamr, are ofen necessary
oc highly desirable for erecdng che machiage:

1. Staft Uidng device.
2. Rowc lfdng device.

& SlUngs of proper lengch and dze for the major
Ufdng operadons.

4. Rotor ecccdon pedesual

S. Aplaee for suppordng the sharc in a verdcal
poddorn. The plate is anckored in he can-
cretz flooe of e assembly area or in a it
of the proper depth w brng the tomc @ 2
coavenient discance above the {loor. Far the
raor of a generator which has i dhrusc
beardng above the mwmr, duls plate musc
be capable of suppordng the welghe of the
igembled parx widi the shafc

Aucbartzed Englneertng Informadon §-1-1959,
revizec 12-16-1971.
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Part 2
PERSONNEL
MG §5.2-2.01 PERSONNEL. technical direcdon of the installacdon. His famill-

A crew ofskilled workmen with sufficienc helpers
and a supervisor experienced in the installadon of
verdcal hydraulic- murbine-driven generators are
essennal. [n addidon to elecaicians and mechanics,
men skilled in pipe firdng, welding, rigging and
coil winding are usually needed.

‘In many cases the generator manufacmrer is
given the job of installing the equipment which he
furnishes. [n such cases. he will provide a supervisor
and all odcher personnel needed. Otherwise, it is
recommended that one of the generator manufac-
wrer’s field representadves be employed to provide

arity with the conigucdon of the generator and
experience in the installadon of similar machines
are valuable assed.

Close cooperadian berween -the purchaser, the
generator manufacwrer, the turbine manufacrurer,
the governor manufzcrurer and any installadon con-
Tactors involved is necessary to assuce proper instal-
ladon in the most eificient manner. Agreement on
the general proceduses to be followed should be
reached before actual srecdon beginos.

Authorized Engineering [nformadoa. 6-1-1989,
revised 12-16-19T1.
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Part 3
GENERATOR CONSTRUCTION

The following paragraphs give 2 brief descripdon of die consqucdon feamres of verdcal hvdraulic- aubine-
ven generators (hat have an impormaac bearing oa dieir instatladon.

35.2-301 GENERAL ARRANGEMENT

The basic elemencof the generatorare the statoc
ame, magnedc core and windings), rows (shaft,
cust block, spider and poles wich windings), .dirust
:aring, one or two guide-bearings, upper and lowes
ickew (for the support of bearings and acher pars),
«d soleplates (also. referred to as foundamea caps)
tich are bolted to the foundadon and form s‘.ii;pou:
r die stadonary parw of the machine. Owhar com-
)nea™ may ioclude a direct-connected excicer, a
lot exciter, romr brakes or comkined beakes and
cls, foundadoa bolwm, pladorm, :sairwdy aad
indrails, and an air-discharge housing or~a oally-
icloted veadladng system. with surface ait zooles.

The thrust bearing may be locaed atove the
Jtac or, altermadvely, below die row: The guide
earings are: located one: above and oae Gelow te
owr. However, if die dirust beariag is above e
Jtac, occasionaily oaly oae guide beacing, locaced
ibove the rotor, is.provided. Similarly, (f Ce thrust
searing i3 below the rowmr,. somedmes only oae
ruide bearing, located below: the rotor, is-used:

The upper bracker is supporred from the statoc
Tame. On small generames widh their chruse bearing
ibove the rotor, die lawer bracket may be incegral
+it or bolted to the stactoc frame. Ocherwise, itls
supported oa is own sec of soleplates,

Audhorized Engineeriag lafocrmadoa 6-1-1959.

MG §.2-3.02 ROTOR CONSTRUCTION

The rome spider of 2 small low-speed geaeracwor
s usually of cast or fabdcared consoucdoa and has
2 solld rim w0 which the poles are acracked by bola
or swds (bolted-pole coasgucdon). The. spider ix
thrunk oo and keyed o die shafc

The larger low-speed machines gegerally em-
play a fabricated steel hnb and spider arms widh 2.
fdm bullt up of segmencaal steel laminadoes whick
ars bolted togedher and drivea by keys ac the ends
of tie splder arme. The poles are held by dovecails
w the laminaced cdm. The spidec la etdier shruak o
tad keyed: twr die shafc oc is: bolted ta a. flange or
flanges forged lnewgral widt the shafc

High-speed generamrs require a rowr spider
which is built up of circular sw2el laminadons ar
plates. The poles are attaciied w tie outer geriphery
of thz spides by doverails. The spider is stwunk on
and keyed to de shafe

There are s3dll odier romc consgucdons which
may be used. in special cases.
Authordzed Engineering (nformadoa 6-1-1939,
revised 12-16-19T1.

MG 5.2-3.03 SHAFT AND COUPLING

The gegeratoc coupling iz usually focged incegral
with the shaf. The thrust: block or collar which
cansou s, all verdcal focces from the: shact @ e
thrust beacng is usually forged integrally widy the
shaft if the dicusc bearing is below die rowre; bur, if
the thruse bearing is above the mtar, a1 separae
collar is shrunk oa and is suicably keyed ta the shaft

lf the aurbine ix of di= adjuscable-blade propeller
(Kaplan) type, 2 hallow gegerame shaft is required
so mat oll pipes can be camied througd b= shafc
from the oil head ac the mp of te geseracmr m the
wrbine servomowe. Occasionally, oasmall machines
itis required thac the gemeramr coupling farm the
cover of @e servomomr housdag. [n such cases, aa
especially designedovertize coupling is used Odiez-
wWise, tha cover is a separace pieces whici is pare of
de wucbioe shaft assembly,
generatar coupling (s used.
Authborized Engineecag [nfommadoa &1-19589,
revised 12-16-1971.

and i canveagoaal

MG 5.2-3.04 THRUST BEARING

The dinut beadng must carry e combined
welghe of die rocadng parc of the generawr aad the
autdnoe plus. die hydraulfc dhrusc impesed oa. de
wrtdne reonerz.

Small machigesr have an andfricdoa-cype com-
bined cirusc and- gufde bearing, such z: the angular
coaezct ball beadag oc the sphedcal-toller thousc
' bearag, i{f speed and dirwsr Umigacoar permit.
u.r.gcr'Amschln&. widr greatec dinuse loads have a
placs oc cuaner and shoe-type bearing.
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In the usual consgucdon of plate or runner and
shoe- type bearings, the rowdng element consist of
a flat circular plate or runner which bears on a
stadonary member consisﬁng of a numberof babhiea-
faced segments or bearning shoes. These shoes are
supported in 3 manner which is designed w equalize
the loading between shoes and to allow each shoe to
asume the proper posidon with tespect ™ e runoer.
Three different arrangement in common use are:

1. In the "adjustable-shoe-type* bearing, e
shoes are resmained so that they do- not
rotare, but each is free to rock on the spher~
ical end of a jack screw which: suppors ic
The jack screws provide a meansof adjusdng
the height of each shoe individually w- ob—
ain equal loading of all shoes. They- are

also used to adjust the elevadon of thetor

and to- plumb: the shaft.. In some cases,.. .-
measuring: devices- are. permanently located. -

in- each ‘jack-screw. assembly ior direct
measurement of the: load ofr the shoes -

2. The "self-equalizing- type™ bearings are alsa-
designed sa that each shoe can pivotormits
support. To equalize the load among- the
shoes, two different arrangemenc are used.
Widi three-shoe bearings, the shoes are sup—
ported by’ a single spherical seated member.
With a greacer number of shoes, the equal—
izing support conssws of a. system of {ner-
locking levers which allows small vertcal
movements of the shoes while maintaining
uniformity of shoe loading.

3. The “spring-type” bearing has reladvely
thin and flexible babbitted segmenw, each
supported on a bed of-closely spaced pre-
compressed springs. This allowseach segment
to adjust iself w the proper posidon with
respect to the: runner while a uniform pres-
sure is mainrained on all segment.

Plate or runner -1 shoe-type bearings operate
while immersed i  :servoir of lubricating olL. In
the smallec sizes, ..: heat which s generated may
be removed. by’ the flow of ventilating air over the
bearing housing. ln. the: larger sizes, it is usual w

circulate: watec dirough. cooling, coils located in the
bearing: housings., Occasionally,. the: oil is circulated:

through: an extermal. heat exchanger.

A dirust bearing located above therotor is usually
insulated from ic supporting sgucture to pcevent the
flow of shaft currens. The latter result from per~
meance variadons in the stator- core and tend ©
flow lengthwise along the shafr, out through 2 bear-
ing on one end of he rotwr, and rerun tuough dhe
frame and the bearng at the other end of e rotor,
Such current flow can be prevented by opening the-
circuit ac any poinz [tis most convenient to opea
the circuit above the rotor which requires insuladon
of the bearings and all ocher mertallic pars which
make contacc witr the shaft above the rowe. Elther
a single layer of insuladon or a double layer with a.
metallic component between: the two' layers may be
used. The latter may be:tested: bv-apolying a volr-
age between tie inner mecallic componenc and the
outer metallic- part. o~

Authorized-agineering Informadon 6-1-1959,
revised: 12-16~19T1.. -

R

MG 5.2-2.05" GUIDE BEARINGS: -:..

If the thrust bearing- isi located. abave: die: tacor;,-
the: upper guide be:ring'may‘ be combined widr the
thrust bearing, widr the outer cylindrical surface of
the thrust block or runner actng as the guide bear-
ing jourmal Bodt bearings:operate im the: same. oil
reservoir. In some large: machines;. however, -the
guide bearing- may be- located: below:. the. thruse --
.bearing im a separate oil reservoir.. I the thruse -
bearing is located below therowr, the lower guide.
bearing is usually combined witx the: chrust beariag..

Most guide bearings are: self-oiled and are de-
signed to pump oil to: the upper porton when the
lower pordoa is immersed in:oil.. The bearings may
be of the sleeve: type, eithersolid or splig, or of the
segmental type. The latter are made up- of a. number
of segmenw which are-independently adjustable in.a
tadial direction to éerrnit convenient adjustunent of
the bearing clearance.

A guide bearing which ls<located above the rotor

is usually Insular=d- in- ther manaer described: im
MG S.2-3.04 for the thrust bearings;

Authorized fngineering Informadon 6-1-1959.

MG §5.2-3.06. 3YAKES AND JACKS

The functoe of the brakes. is. m bring, the romr
to rest fromr coastng: speed. after the: mrbine gates
have: beem closed ‘and. to-hold it at rest against
small amoun® of-gate. leakage..- The: brakes should

never be:applied#* at: runaway: speedi; or evew, &% ..
" normal speedi* In the: interest of: prolonged. life 2nd:



low maintenance of brake parw, die apelicadon of
orakes on hydraulic-wbine-driven gereracs should
be delayed undl the speed of the unic bas dropoed ©
at least 20 © 30 percent of noanal speed. Brakes
are usually operarad by compressed air &t a pressuce
of about 100 pounds per square inch

Brakes may also be used as jacls. ‘when jacldng,
diey are usually operated by oil at a pressur= of 1000
w 3500 pounds per square inch by means of an oil
pump used solely far this purpose. (n chis case, die
header is so aranged that air may be admited o
and released from one end and oil admitted 0 and
released from the odler end. A blockdng device is
genecally used so that the rowme caa be held in che
calsed pasidon without depending upoa the main-
tzgance of oil pressure.

If the aurbine is of the adjuszable-blace propeller
type 2ad flange couplings are used to cunfiect the
otl supply pipes to e servomowmr, it may be neces-
sary o raise the generatac rotor an exxa amount by
specfal jacks or other means during asembly t
coanect the pipe couplings.

The brakes aad jacks are usually suppoceed on che
lower brackect bue, in some cases, the relanon be-
tweea the: wrbine pit diamecer and generawr rome
diameter is such thac the brakes and jacks can be
suppatted oo deir own soleplacas. 1f the cocor has a
rim of solid metal, duis im may form the braking
surface; odierwise, a separate brake plate is used.

Audharized Engineering [nformadon 6-1-1959,
revised 12-16-1971.

FIELD ASSEMBLY
REQUIREMENTS
Many hydranlic-ourbine-driven generames must

be shipped disassembled to keep widiin the size and
weight limicadons of mansportadon and handling
facilides, Even when chese limitaooas can be met
by an agembled generamr, die generator may be
shipped disassemblad w reduce the possikilicy of
damage during shipmeat and w facilltate final {o-
fpecdon and cleaning of che unit before operadoan.

Machlnes of modesate stze may be shipped with
the scacor, romr and bearing bracken separate buc
with each of diese parx complecely assembled. widh
larger machines, however, some oc all ‘of tese
compaoareacs: must be shipped lo two oc more paro ©
meet the Umitadons of wanspocradon factlides. The
itatoc may be sfupped ln two o more secaons. The

oub. No. MG 3.2
Page 3

secdons are bolted or welded éoger.her and the wind-
ings completed across dle joins dunng installamon.

e rowr may be shipped complece 2xcepc for the
stiaft. [n this case, the rotoc is shrunk on oc odle:-
wise attached to the shaft in the tield. The rowrs of
low~speaed macltines having casc ocr rolled steel ams
may be split into two pars wiich are joined By
shrink links during insalladon. Large machines with
laminaced dms will have che cim sucked on the
spider and the field poles acttached ac the desanacon.
On large high-speed machines, the spider icelf, if
built up of laminadons or stieel places, may be as-
sembled in te feld. (f e soidec is aof fabricaed
steel consmucdon, it may be shipped in several
pars which must be bolted orwelded wgether during
insaalladon. The bearing brackes, oo, may be of
such a size thac they musc be shipped in several
pleces which are bolted or welded togecher at the
desdnadon. (n all cases wihere the machines are noc
shipped completaly assembled, such components as
exciter armamres, excltec sczcors, beiring pacc,
air coalers, ew., are packed seoaracely.

Because ic 1 impracdcal tw duplicace in the
facmrey all of the condiconas which will exast at tha
inscralladon ste, ic is usually necessary to perrocma
Cerrain machining operacons in the field wn order
to asure proper fic and posidoming of all parc.
Tuis will also correct any minoc discordoas which
occur during shipment. Typiczal of the operadons
thac may be required are:

1. R=aming or finish boring of holex focr bols
bolding a rocwr spider w the shaft flanges.

2. Machining of chocks m fic berween sole-
plates aad the parc they supporcc

3. [Cdllng and reaming of dowel holes.

4. Reaming or Hnish boring of coupling bolt
boles.

S. [xllling and wpping of holes for moundng of
accestories, coadule, piping, erc.

8. Flrdng of vadous sheer-mecal pacw, such as
air Bousings and deck placex.

7. Bending and fldng of conduwie, water and
otl plplng, erc.

Authocdized Englneering [nfocmadon 6-1-1959,
revized 12-16-1971.
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Part 4
ALIGNMENT OF COMBINED GENERATOR

AND TURSINE SHAFTS

MG 5.2-4.01 FACTORY PREASSEMBLY
AND ALIGNMENT

Factory preassembly and alignment at the plant
of either the nubine or generator manufacmrer is
recommended for the combined generawr and tur
bine shafs of large hydraulic-tubine generator
unics. This procedure requires checking the runout
and fiing the coupling bols. The use of factory
facilides t handle the heavy and cumbersome parts
has obvious advantages. Furthermore, should ic prove
necessary to remachine any of the parts or w uake
othier correcdve measures o ceduce the runout, this
can be done quickly and conveniendy. The resul-
rant saving in installadon dme, which may be sub-

sandal, jusifes this procedure on large field-

assembled unts.

IN FACTOCRY

The method of making the runout check and
the recommended runout tolerances are givea In

Appendix AL

When the best reladve poddon of te two
couplings has been determined, each is match-
marked so that the same reladve pcsidon can be
obuained in fleld asembly.

Where' the: generator manufacaurer or the turbine
manufacturer makes this. factory alignment check,
it is preferable for the same manufacturer to pro—
vide the coupling: toler and for his represeatadve o
supervise the closing of the coupling in the field w

Authodzed Ecgineering Informadon 6-1-1958.
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INSTALLATION

MG §.2-3.01 POSITION REFERENCES
When the unitis properly insaalled, th2 -urbine
cunner should be supgorted in the czater ¢i e head
cover and battom ring and ac the proper «levanon
with respect o the wacer sucfaces of these stadonary
paro. Since the posgdons of the trbine head covec
ind bottam ring are fixed befare inscallagon of the
generamr can begin, the resultant posidcn of the
arbine coupling must be used as the reference foc
the locadon of the genecator ifrespectve of any
oreviously established centerline or elevacon.

Pdot o erecton of the generitor, the tu:bdine
runnerc and shaft musc be cencared propecly and sup-
pore=d in a posidon at 2 specified elevadén (usually
1/4 w 3/4 inch) below the cocrrectaperadng posidon.
The nurbine coupling can then be used to locare the
soleplaces and odher parw of die genaractor.

Auchorized Engineering [nformadoa §-1-1959,
revised 12-16-1971.
MG 5.2-5.02 HANDLING OF
GENERATOR PARTS

Generawr compaonents must be handled éarefully

0 prevent damage to windings and odter pars.

When lifdng scaoc frames, dhe sliags should be
s0 arranged thac the weight is supported by the lift-
log bars and not by the reinforcing members of the
frame,

Shafo should never be suppocted on the journal
surfaces. Wwith the shaft verdcal, rowrs -may be
handled by slings through the spider:. Tapﬁed holes
(n the end of the shaft must noc be used w lift a
complete rococ, but they are somedmes used
attach a device foc handling the shafc only. A lifdng
Tunnion may be used for bandling the complece
rowr. For machines furnished widh a separace _chrusc
collar, the qunnion may fic on the shaft in place of
die collar,

Audiorized Engineering Informadon 6-1-1959.

MG 5.2-5.03 MATCHING OF PARTS
When 2wsembling machines in the field, atteadon

mus¢ be paid w all mawchmarls. Where moce than

one unit s belng furnished, each machine should be
asembled from parx having- the same sertal number
oc odherwise ldencified by the manufactucer ac being
pas of the same machine.

Authorized Engineertng Informadon 6-1-1959.

PRECAUTIONS

MG 5.2-5.04 USE OF PLUMB LINES

A plumb line should coasisc of a stezl piano wics
atached w 2 heavy bob. A J.9J16-inch-diamecsc
wirze and a plumb bob weigning not less thaa 35
paunds are sadsfactocy.

Providing fas on che plumb bob and allowing it
©w hang in a pail of heavy oil wtll damp is swings
and expedite the work. [n use, .th2 plumb line saould
be protected fromr all sgong air currents.

Authacized Engineering (afGrmadon §-1-19359.

MG §5.2-3.08 PRECAUTIONS [N
WELDING

A serious hazard to bearings is elecaic welding
on any part of the generacor or curbine. A bearing
can be ‘damaged very quickly (f welding cumenc
pases duoug i

As far 1 possible, 2l elecaic weldieg, es-
pecially on dle rowadng elemens, should be done
before die beariags are assemblad. [f welding musc
be doge afcer assembly of die bearings, the follow-
ing preczuadoas stould be observed:

1. Coanect the ground cable from die welde:
direcdy to the part being welded and © no
ocher parc of the machire.

2. [o die case of uninsulated beanngs, separace
the sadonary and rotadng pars. For solid
gutde bearings, the beanags must be re-
moved. For segmencal guide bearings, the
segmeas must be backed off and paper in-
serted berween the journal and the babbicm
Fer diruse beactngs, the cotorshould be jacked
uo. In some dezgas, if necesary to insuce
complete separadon, the driving dowels be-
tween runner and dwust block caan be ce-
maved. A solld ground to the generamr shaft
1hould be malacained during assembly.

AL If diere 3 any possibillty that a bearng,
pardcularly a dirust beadng, har beea sub-
Jecxed ta any flow of welding cumeng it
thould be lnsgected befare being cezmreed @
tervices

Auchodzed Engineerinag Informadoa 6§-1-1939,

fevized 12-16-1971.
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MG S5.2-3.06 CLEANLINESS

AU all dmes, bearing pars, generator coils,
vendladng ducw, exciter commutatars and collectot
rings should be shielded (rom dirt and other ex-
raneous material. Soecial effert should be made m
exclude metal chips, [ilings, wcld spatter or other
conducdng material from the windings,

[f consTucdon work is being done, all parss of
the generatwr should be covered when necessary w
exciude dust and dirt. [n all cases, the generawr
assembly area must be protected fromr the weather.
Ia no case should consmucdon work be cartied on
apove tle generator while:it is being ereceed.

Authorized Engineering Informadon 6-1-1959.

MG §5.2-3.07 KEEPING RECORDS

Permanent records should . be kepc of all setdngs,
clearances and tolarances established during erecdon
of the generator. . Suchrecords are pardcularly use-
ful if, acta later dace, it appears that a change (n
alignment has occurred. Without adequate records
itis difficult to determine the cause of the damage
or the mostsuitable remedy.

To tetain accu:ate aligament records, pefmanent
reference plugs should be. inserted in the concreta
foundadon.

Authocized. Engineering Informadon 6-1-1953,
revised 12-16-1971..
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part 8

RECELVING,

MG 5.2-6.01 RECEIVING

Immediately upon receipc of shipmenr, all
macterials should be checked against the manufac-
curer's shipping Llist for loss and inspected foc
damage during wTansit. Any loss or damage dis-
covered should be reported at once (o the camier,
and his agent should begiven anoppormnity to make
an appropriate invesggadon. (n all cases copies of
repors of damage or loss made o d= cartier should
be sent o the manufacwurer. If conccal:d', damage
is found afrec the parw are unpacked, this, should be
reported in a similar maaner. o

Machined surfaces are coated with 3., rusc-pee-
vendve material before snipmeac (i rhccz are sigas
of damage @ such surfaces, the protecive com-
pound should be removed, .the rust and moiswre
eliminaced and the coadng reapplied. ‘/here run-—
necss, bearing joumals and’ other highly polisbed
surfaces are involved, the manufacturer stould be
coasuirted before any acdon is aken

 Authodzed £agineering [nfocmadon 6-1-1959,

MG 5.2-6.02° STORAGE.

All macerial should be placed under adequate
cover immediacely upon iw receipt. Packing cases
are not suitable for unproctected storage. [nstead, the
cquipment should be stored in a clean, dry place
and protacted against rodents and rermites. Exposure
to very low temperacures and exeme (emperagure
variadons should be prevened

During storage all insulaced windings should be
protected against sweacdag and freezing by a safe
and reliable headng syscem which will keep die
temperawre of te windings above die dewpainc of
‘the surrounding air. An elecTic fan-cype heates
with a thermostadc conool is excellenr, Foc dis-
asembled wound stator secdons, assermbdled rowa
or pales, about 13 wams per 1000 pava-ds is vsually
sufficient if the hear is applied insice the craces.
The temperamure of the secdons should be main-
uined at approximately 10°C azbove the ouctde
ambient temperaace.

Urdt OADE

Apesc: s 7o

RELATvAR DO #E

Machiaes tn scorage should be lnspected and the
inruladon testtiance meamred at penodic intesvals.

STORAGE

AND UNPACKINC

Records siiould be Yept and av sigardcaat drao :a
cesiscaqce sflould Oe iavesagacad. (¢ mav prove
necessacy o increase the heac input to limic the
moisture absorpdon. Such precaudons during stocage
will avoid ccsdy deterioracon of pars and an ac-
nomnally loag dry-ouc ame a{ter inscatladon.

Pars oc which f{inal alignmenc and cunning
clearances depend, such as shafs, couplings and
bearings, are machined © close tolerances. Con-
sequeady, adequace blocking must be provided when
stodng such pars (o preveat distorcon of their
macned surfaces. SubDpors musc aoc be placed
under jourmal sucfaces noc should wood. suppocx be
in direct concact widr the shaft Large pars. such
as towac spiders and stator secdcns, musc be suppocted
o disgibute their weighct untformly and thus avoid
any pecmanent deformadon.

Authorized Eagineering lnformadon §-1-1959.

MG 5.2-5.03 UNPACKING

Upoa unpac'dng, the ccaweac of all boxes should
be checked againsct the maaufaccures’s packing Usc
[f windizgs or parg with machined surfaces have
been exposed © a low temperature, deir covernngs
should noc be removed undl cey have geea warmed
10 approximactaly dle tempecactuce of e room where
they will be unpacked

Rusc-pcevendve coadngs oan machined surfaces
should noc be :emoved uadl the pars are (0 be
installed. The solvenc used siould be one specified
by e generator manufacwuces. [n ao case should
any abcasive macedal, such as sandpaper ocr meallic
scrapers, be wed w@ remove die rust-prevendve
coaangs.

Afres the fafshed surfaces have been tharoughly
cleaned, any bums oc bumes teceived in shipping ac
haadllag should be removed widh a fine lile, scraper
or swae, cxcépc where highly polished cunners,
bearing journals, ex.. are lavolved. In the latter
case, Gle manufacwrer should ba: comsulted for
spectfic insoucdons.

Autherized Engineesing (niormadon §-1-1939.
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Part 1

ERECTION

MG 5.2-7.01 GENERAL

The erecdon procedures described in Part 7 are
those which will generally prove most sadsfactory.
" Special circumszances, however; may arise in aay
installadon which make it desirable to depart some-
what from these procedures.

The erecdon procedure for generators which are
shipped completely assembled necessarily differs
from that for the machines which are assembled in
the field. Furthermore, field-assembled generators
require a somewhat different etecdon ptocedure if
the thrust bearing is located above the rotor than
they do if it is located- below- the rowr. Finally; the
orocedure for field-assembled machines having: a

speing- type or- self-equalizing-type tust bearing: .
differs from that {oc'machines having an adjustable~

shoe- type thrust bearing. Hence,. the five cases o
be covered are:

1. Generator shipped complerly assembled
(see MG S5.2-T,02).

2. Generator: assembled in the field, thrust
bearing above. the rowr—spring-type ot sel-
equalizing- type dirust bearings (see MG 5.2-
7.03).

3. Generator assembled in the field, duust
bearing above the rotor—adjustable-shoe-
type thrust bearing (see MG S5.2-17. 04)..

4. Generator assembled in the field, thrust
bearing below the rowr—spring-type or self-
equalizing- type thrust bearings (see MG 5.2~
1.05)..

S. Generator assembled in the field,. thrust
bearing below e rowr— adjustable-shoe-
type duwust bearing (see MG 5.2-17.06).

The step-by-step erectonr procedures are outlined
in. MG §.2-7.02 through MG §..2-7. 06 foc these: five
cases. More detailed informadorr on cettain steps: in
the: erecdon pracedures are given in. Part 8e.- -

PROCEDURES

Some generator cormponens must be assembled
in the erecdon bav bejore they are incorparated inw
the final assembly over the rurbine pit. Such sub-
asembly work should be scheduled properly so that
it will fit into the final erecdon procedure which (s
oudined in MG 5.2-7.02 dwough MG S5.2-7,06.
Ample dme should be 3Uowed for major opecradons,
such as the field assembly of a generator rotor.

In all cases, die foundadon boltz are placed in
posidon while the forms: for the concrete foundadoas.
are being built (see: MG 5. 2-8.01)..

Andiorized Engineering [nformadoa 6-1-1959,
revised 12-16-19T1.

MG 5.2-7.02 :GENERATOR SHIPPED
"COMPLETELY ASSEMBLED
1. Lifc the generatof iﬁfo-place on the foundadon
with the soleplates bolied ta the bomomrof -
the machine.

2. Cencer the shaftin guide bearings and statae
bore; check air gap; and tempocarily lock
in place.

3, Adjust elevzdon- and. hodzonral posidoa of
soleplates {see MG 5.2-8.02).undl the gen-
eratoc coupling is in alignment with the tur-
bine coupling and at. the comect elevadon.
Tighten foundadon bolm.

4. Close the:generator-turbine coupling (ses
MG 5.2-8.10), and: check: trte elevadona of
the wrbine: ruoner.

S.. Make shaft-plumb: and smrighmest check
(see MG §.2-8.11) where: the design.of the
machine permit, and recheck centering of
shaft in guide beadngz.

6.. Grout the soleplates: (see: MG 5.2-8.02).

7. Dowel generator o soleplates. (unless- pre=
doweled)..

Authorized: Engineering Informaton 6-1-1959:

R T N . ‘
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(G 5.2-7.03

GEMERATOR ASSEABLED
IN THE FIELD, THRUST
BEARING ABOVE THE
ROTOR— SPRING-CYD2E CR
SELE-EQUALIZING-TYPE
THRUST BEARINGS

Placs the soleplates for the stacor frame (and
thcse for the lower bracket™) in pasidan
over the foundadon bolm, and ardi’usc hem
0 a level posidon ac approximacely tie
correct elevadon. Temporarily dgaten foun-
dadoa bolts. (For groudng, see MG 5. 2-
8.02).

Place the assembled lower bracket into
posidon oa it soleplates and install holding-
down’ bolc.

Place the statar o it soleplates and. inswall
bolding-down bolts; if che statce is secdon-
alized,. close the: joinss tn "he f(rame and
complete the statoc winding across e joiac
(see MG 5.2-8.03).

Adjust the elevadon of soleplates (see
MG §5.2-8.02) uadl the tp surface of cle
sramr frame is level and at the correce ele-
vadon. Alsa, check tw ses thar the scacor
forms a que circle and make any necessacy
adjusamens. Assembly of air coolers and aay
{ne=malwiring and piping (see MG 5.2-8.07)
caa usually start at chis dme.

Place the assembled upper bracker on the
staoc frame and shim under ends of arrmms
uadl dhe thruse bearing supporring sucface is
ac e cocrect elevadoan.

o .

Suspead 2 plumb line from the upper bracket
o the nwubine shaftr, ceatering the line with
respect m the upper guide bearing fio, Shiic
the bracker on the stator o ceneer the plumb
Une lo the swator core, and cempararily
dowel the bracket tw the frame © facilitate
reassembly.

10.

11.

13.

15,

L6.

17,

2ub. No.
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Center the assemoply of the stawre and uppec
bracket w the wurbinez sharc

Adjust the elevadon and postdon of sole-
plates supporang che lower bracket (ses
MG 5.2-8.02) undl the guide bearng sup-
port s 1t the proper elevadon and is cen-
teced with respect to the turbine shart; then
dghten the lower bracket foundadon bols =,

f=rnove wle upper bracket and lower the
assembled rowr (see MG 3. 2-3.04) into che
stawr, resdng the rotor on the jacks or,
whece they are provided, on special blocks.

Replace the upper bracket and assemble the
dirusc bearing (see MG 3.2-8.03) and dhrusc
block.

Lower the cotar sa thac theweighc of the rotor
s xansferred ta.che chrusc bearag and check
thrusc beariag insuladon (see MG 3.2-8.09).

Check w see diat the rotoc is apocaximately
ceatered axdally with respect to the stcoc
core,

Check dhe elevadon and alignment of the
gznerawr coupling with the tucbine coupling
and make adjusaneanw, if necessary.

Clcse the gemerator-wrbine coupling (ses
MG 5.2-8.10), and check che elevaaon of
the wrbine runaoer.

Perform shaft-plumb and smaighmess check
(see MG 5.2-8.11) and make necessary ad-
pscnenc,

Ceaterthe cutbine ruaneraad escablish cram-
mel poinc at all guide bearags (includiag
the turbige guide bearlng) in cocoperadoa
with the tucbine erecroc.

Check the shaft runout by rocadon check
method 1 (par. A of MG 5.2-13.01) if chis
method s seleceed and s applicable (ses
MG 5.2-8.13). In dhis case, the upper guide
beartng should first be inswalled or other pro-
vision made 0 prevent excessive side slip
dudag rowadon of the shaft

* When the lower bracker (s tncegral with or bolted to the scator frame, dils step L3 omltted from dhe erecdon
proceducte.
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18.

19.

20.

21.

22.

23.

24.

25.

Check die axial postdon and centering of.
the lower guide bearing support and make
necessary adjustmenw in the posidon and
elevadon of the lower brackar*,

Insall any thermal devices in the trust
bearing and oil reservoir. The thrust bearing
oil coolers may be.installed ac this dme
following final inspecdon (see MG 5. 2-9.02)
depending on the generator manufacmrer’s
recommendatons.

Install the upper guide bearing (unles al-
ready installed) and then the lower guide
bearing (see MG 5.2-8.06). (The wrbine
guide bearing should now be insualled.) If
the bearings are of the slesve type, check
the clearances all around the journal and;
if necessary, recenter the bearing supporT
and/or brackec. If segrmental-type- bearings
are used; adjusteach segment e correct
clearancel Check the wammel poinw at the
turbine guide bearing after inswalling each

bearing” o make sure diac the: skaft bas pot- -

shifted. Also, - check the insuladon of the
upper guide bearing (see MG 5. 2-8.09).

Install exciters, collector rings and brush
rigging (see MG 5.2-8.14) and complee
the intemal. wiring to these devices.

)

Check air gap for uniformity (see MG S. 2-
8. 08)..

Dowel the upper bracket tw the stator frame
and dowel the suwor frame (a2nd lower
bracker¥) w the soleplates,

If not done: previously, grout the soleplates
(see MG 5. 2-8.02)..

Install enclosing covers,. stairs, handrails,
etc., if provided.

Aftec complerr ascrzbly. of all paces (Lo
cluding wrbene and, governoc parm dhac acy
located above the generatar rolof,

e insuladon of all possible pais fac shalt
current (sea MG 5. 2-.8.09).

Authorized Engineering Informadon 6-1-1959,

tevised 12-16-197%.

MG 5.2-1.04

L.

GENERATOR ASSEMBLED
IN THE FIELD., THRUST
BEARING ABOVE THE
ROTOR=ADJUSTABLE=
SHOE-TYBE THRUSTE

i
Place the assembled lowesbezckec in pesiden
on the foundadon widl {5 soleplates balted
to the bracket acms. Bring the bracker @
die cozect elevadon and cenwer the bracker

groutng of the lowes bracket soleplates, see
MG 35.2=8.02; Einal centesiag'of the bracket -
will be done lates by removing - die pipe -

spacers. from arourd the: bracket hold-=dewa:

plaes X

Plage the statos soleplates 'in pcsidon. and
set therr o e cosrect elevadoa angle and’
radius. For groydng, see MG §..2:8,02, The
lower bracket is a working platfocma for this
operadon, '

Place the stat9r on is soleplztes and install

(see MG 5, 2:8,09),

Adjust &‘a elevadon of soleplates

MG §5,2-8,02) undl te wp surface of te
swator fraine s level and at the comecteles
vagen, 410, check o see it die pator
forms 2 wue circle and make any necesasy

3djuscments. Assembly of air coolex and

any iaterndl wiring and piping (see ME 9, 2=

Prtr—

8,07) ean usually start ag this dmey

* When the lower bracket is integral with or boleed to the stator frame, this step is.omitied from the erectogd
proccdure.



5. Pace die upper bBracket on. the stacor.
Génter the stator and upper guude beanng
£ o te dirbine shaf (nsall (empotacy
dtrets i the upoes Beacket o005l

6: BLZgvd e ugods Bricke( ana lower the
E=erbed rowe (e MG 3.2-8.04) inw the
fettor; resgng e fowe on the jacks o,
RELSS @iy sre piovided, on special blocks.

7. REplicé (B uppés Bracker and assemble the
Frafe béaing (see MG S.2-8.05) and cheuse
Stock.

8: Lowér thé (6i5¢ io Hac the weight of the

- roe¢ (s Fansferted o the duust beuing and

chcck st bearing insulaoon (see MG 5. 2-
8:89).

§; BR2zk i3 i8% it Mé ibioc is approximacely

Ecnezdd xlally wlih fespect o the stame

cor=

10: Adju3t the thmit Béaring jack screws undl

1ev3dan and pafallel with the owubine cou-

""Ping facé. shift the gen=rator rowr honzon-
"Bl Hadl twé couplings ace in algarent

1. él{:&’c Mé generztor- wurblne couolngz (tee
MG 5.2-8.10), 2ad check the elevadon of
mrbine tunner.

12. Pirform shaft-plurnb aad s@aighmes check
(5ce MG 5. 2-8.11) end make necewsary ad-
foanenc.

13- 'CERtEr i Trkine runnerand estblish cam-

el pHNE 3t atl Fuide bearings (tacluding

e wxbine guide beanng) in cooperidon
Yt tre weine erecror.

L4.

LS.

L6,

L7.

18.

13.

20,

21.

fup. Mo. LG .Y
2age L)

Check the diruse bearing shoes foc untfocro ey
ol loadj.ng and malke necessary adjuscmenc
ee MG §.2-4.190).

Check the sthaft cunonc by roradon checw
mediod 1 (par. A of MG 5.2-13.01) f cus
method is selecead and 5 applicable (se=
MG 5.2-3.13). (n chis case the uppec guide
beadng should frsc be tnscalled oc ather peo-
vulon made to prevenc =xcesstve side slip
dudng rocadon aor the sha(c

Checl¢ the axial posldon and cencecing ot
the lower guide bearing suopoct and mak.
gecessary adjusumenc in die postdon  anu
elevaaon of the lower brackec,

(nscall any theamal devices in rthe thruse
beartug and oil cesecvoir. The thrusc beactny
oil coolex may be lnsulled ac rthis ame
folowing final lnspecdon (see MG 5.2-9.02)
depending on the generator rnanufactucec’s

‘tecommendadons.

(nzcall che upper gulde beanng (unless al-
ready instaalled) and then che lower guide=
bearing (see MG 5.2-8.06). (The wchins
guide bearng should now be insalled.) (f
tie beacings ace of the sleeve type, check
tte clearances all arnund dhe joucnal aad.
tf necemacy, ceceatec die bearing supporce
and/or beacker. [ segmenal-ctype beacings
are wsed, adjusc each segmenc w rhe cocrec
clearance. Check the dammel polng ac e
acbine guide beanng afwsr tnstalling ~acn
beanag  make suce thac the thafc has noc
ihlfred. Alwo, check the (nsulacoa nf the
upper guide beactag (skte MG 5.2-3.09).

lmmall exciters, collector rings and ha -
cgging (sze MG §5.2-8.L4) and cocnoler=
the loeemal wirtng w diese devices.,

Check alr gap for uniformicy (zee 4G 5. 2-
a.08).

Cowel dhe uppet bracket to e scatoc frame
and dowel the ssawe frarie (and lower
beacket #) to the ioleplacsr,

T T e B # thieegeal with oc bolted. o the sawe frame, it sceg 3 omitted {com the. 2c=cdan
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If not done previously, grout the soleplates
(see MG 95.2-8.02).
Install enclosing covers, suirs, handralls,
ew., if provided.
Afrer complete assembly of all pars (in-

cluding turbine and govemor parw) that are
located above the generamr rotar, check the
insuladon of all possible paths for shaft
cucrent (see MG S.2-8.09).

Authorized Engineering Informadon 6-1-1959,

revised 12-16-1971.

MG S.

1.

4.

2-7.05 GENERATOR ASSEMBLED
IN THE FIELD, THRUST
BEARING BELOW THE
ROTQR—SPRING-TYPE
OR SELFE-EQUALIZING~- _ .

TYPE THRUST BEARINGS:

Place "dlé.,—solé'plata {or the staroc frame in
positdon over the foundadoa bolwm, and ad-
just dierr tw: a level posidon at approxi-
mately die correct elevadon. Temporasily
dghren _foundadon bolms: (for groudng, see
MG 5.2-8.02).

Place the soleplates for the lower bracketin
posidon over the foundatoa bolc, and adjust
them ©w a level posidon at approximately
the correct elevadon. Tighten foundadon
bols. (for groutng, see MG S.2-8.02).

(This step in the erecdon procedure,- of ™~

course, does anot apply if the soleplates are
embedded in the foundadon.)

In the erection area, assemble together the
lower bracker, shafr, thrust bearing and

lower guide bearing (see MG 5.2-8.05 aad.

MG 5.2-8.06). If the: guide bearing is. of
the segmental type, dghten four segmenm
against e journal w keep the shaft in
positdon. Perform the necessary firhng - of
any thermal devices in tie bearings and oil
reservoir (see MG S. 2-8.195)..

Place: the: lower bracket assembly in ftss ap—
proximarely correct locadon on the sole—
plates.. [f the soleplates were not’ grouted
(step 2) or embedded in the: foundaton,. in~

siall the lowerbracket holding-dowm bolts. -

10.

11.

12.

“searc ac thix dmes

Place the statoros iz «alcalates and insuall
holding-down. bolr; if:the szatoris sccaan-,

alized, close the joing in the frame. and

(see MG 5.2-8.03).,

Adjust tle elevadoa of the lowerhracket a.nd:
stilft i posidon undl the generator coupling
is ac the correct elevation and is in align-
ment witit the turbine coupling.

Close the generator-uisbine couplicg (se2
MG 5.2-8.10) and check te elevadaz af
the turbine runnes

Perforrmr shaft-plumb. and ssaighmes check

(see. MG: 5.2-8,11). and. make necessacy ad= - -
jusuments:.

Center the trbine runnerand. establish cam=
mel. poini= at the generamoc. lowec guide

bearing and: at the wrbine guide beasing

(in cooperation witi the fusbine es2ewr)

If the lower bracket soleplates were graued
(step 2) or wese embedded iR the joundadon,
fie and install chocks bemveen the bracker
arms and soleplates when they are required,.
aad install  holding-down bols, Othecwise,
dghten the foundadon bols and grout the
lower bracket soleplates (ses MG §.2:
8.02)..

of die wrbine runnerand make a8y necessiry
adjusanencs,.

Adjust the elevadon of die stawr soleplars -
(see MG S.2-8,02) undl the wp surface of
the frame: is level and ar the comecr gles
vadon. Also,. check o see thaxr the srazop
forms a. wue: circle and. make aoy necessacy
adjustment.. Center the- s@roo- amunde the
shaft and dghrten stator foundation bolo: At
sembly of air coolers: and any intemal wiring:
and. piptng; {sce: MG 5,2-8.07) caa



13.

13.

16..

17.

18,

21.

23,

24,

[oscall che assembly of rotoc spider, rim and
poles on the shafr (sez MG 3. 2-8.04).

Replumb the shafc with the rotor weighc suo-
pocted by dhe dhrust bearing.

Check the shaft rtnout by rotadon check
method 1 (par. A of MG 5.2-13.01) if
this method is selected and is applicable
(see MG 5.2-8.13). '

Check w see that die rocac is approximarcely
ceatered axially with respect © th: statoc
cote aad, if not done previously, grouc the
samr saleplaces (see MG 3.2-2.C2).

Install the assembled upper brackec and
center it to the shafc

If an upper guide bearing is provided; align
and axially locam® io suppart Also, esablish
wammel poinG at tha upper guide bearing.

Adjust e clearance of me lower guide
bearing, then insall any thermal devices
in che thrust bearing and oil resecvoir. The
thrust begring oil coolers may be inscalled
at thls dme or following finat inspecdoa
(see MG 5.2-9.02) depending on the gen-
ecamr manufacturer’s insTuctons.

Insall and adjust clearance of the upgers
guide bearing, if provided. (The nubine
guide bearing should aiso be installed ac dris
dme and ix clearance adjusted.) Recheck
the mamme!l poins © be surz the shaft has
not shifrted.

Check the insuladoa of the upper guide
bearing, if provided (see MG §.2-8.09).

Insaall- excitery, collector rngs -and brush
rigging (see MG 5.2-8.14), and complec
the Intemal wiring o these devices. -

Check air gap for uniformicy (see MG S. 2-
8.08).

Dowel the upper bracket m die scatar frame,.
rhcl tcator (rame . che: soleolaces, and the
lower bracket to the soleplaces.

Insaall enclosing covers,
cc,, {f provided.

sealrs,  handralls,

Pub. No.
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After complete assembly of all pacs (in-
cluding wrbine and governor parw) that are
located above the generator racr, check the
tnsuladon of all possiole paths
cument (see MG 3. 2-3.409).

toc share

Audiorized Engineering [nformadon §-1-1959,

revised 12-16-1971.

MG §5.2-7.06

1.

GENERATOR ASSEMBLED
[N THE FLELD, THRUST
BEARING BELOW THE
ROTOR— ADJUSTABLE-
SHOE-TYPS THRUST
BEARING

Some of the genecatars of this rype are de-
sguaed so thac e skaft and chrust bearing
astembly can be placed thwougn the top of
the lower brackec after che bracket has besn
set or fle foundadoa. For machines of s
ype, die procedure for secdng the lower
beackec and stawar caa be idendcal o the
method used on adjustadle thoe bearingswit
the torust beanng above che cocor.

Place the assembled lowerbrackst in posidon
oa die foundadon widi ic soleplaces bolted
to the bracket armms. Brng the brackec to
die cortect elevadon and cencer the bracket
©» te wrbine shaft wid a plumb lige. For
groudng of the lower bracker soleplates, ses
MG 5.2-8.02. Final ceacering of die bracket
will be doge later by removing the pipe
spacexs from around the bracket hold-down
bols and moving the brackec on ic sale-
platex,

Place the swawc saleplates in posidon and
st them w the correct elevanon, aagle aad
radivr. Foc grouang, see MG 5.2-8.02. The
lower bracketis a workdng pladorm. for dus
operzdoa..

Place die statoc on fox soleplares and inszall
kolding-down bolm; If the suamcis secaon-
allzed, close the joina in the frame and
camplete-tie seacor winding acrosy the joinoc
(see MG 5.2-8.03).

Thrut bearing parx can be preassembled
scound cthe shaft and this atembly can be
placed (n the lower beacker
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10.

11.

12.

13.

14.

1s.

On machines where the shaft and thrust
bcaring cannot be assembled through the wp
of the lower bracket, it will be necessary
preassemble the shaft and bearing (n the
brackct and place this as a unit on {5 foun-
dadon; otierwise, the procedure is as out~
lined in steps 2 to 5, includive,

Adjust the eievadon of the lowes bracket
and shift {5 posidon undl the generatwor
coupling is at the correct elevadon and is
in alignment with the murbine coupling.

Clese the generator- mrbine: coupling (ses
MG 5.2-8.10) and check the elevadon of
the curbine runner.

Perform shaft-plumb and smaighmess check
(see MG 5.2-8.11) and make necessary ad-
jusTrient.

Ceznter the wrbine runnerand esuablish. cam-
mel poinciacall guide bearings. (including the:
wrbine. guide. bearings) im cooperadon with
the. turbine erector. If not done previously,.
grout. the. lower bracker soleplates (see.
MG 5.2-8.02)..

Adjust the elevadon of. the statoc undl the
wo surface-of the frame is level and at the
comect elevadon. ‘Also, check ta see that
the stator forms. a que circle and make. any
necessary adjusumencs. Center the. stator
2round the:shafr and dghten the stator foun—
dadon bolms. Assembly of air coolers and
any intemal wiring' and piping (see MG: 5. 2-
8.07) can usually start at this dme.

Inseall the. assembly of rotor spider, rim
and poles on the shaft (see MG 5.2-8..04)..

Replumb the shafr with the rowr weight sup—
pared by the thrust bearing.

Check the thrust shoes. for uniformity of
loading and make necessary. adjusanents (see
MG 5.2-8.12).

Check the: shaft runout by rotadon check
method: 1. (par: A: of MG 5.2-13.01) if his
method: is: selected. and. is: applicable  (ses
MG 5.2-8.13)..

16.

11.

18.

20.

21..

22.

23.

24.

25,

26.

Check tw sce that the rotor is approximately
centered axially with respecr to the stator
core and, if not done previously, grout the
soleplates (see MG 5.2-8.02)..

Install the assembled upper bracket and
center it.to the shaft

[f an upper guide bearing is provided, align
and axially locate it support Also, establish
xammel points act the upper guide bearing. .

Adjus: e clearance of the lower guide
bear :Tler install any thermal devices
in _ist bearing and oil reservoir.. The:

thres: .earing oil cooless may be installed at
this acme. or following finral inspecdon. (see
MG 5.2-9.02) depending on. the generatc
manufacturer’'s recommendadogs.

Install - and. adjust clearance of the upper
guide bearing, if provided (The wwbine
guide: bearing should also be installed at this
dme and it clearance adjusted.) Recheck
the Tammel poins . be sure the shaft has
not shifted.

Check - the insuladon of the 'upper. guide
bearing,. if’ provided (see MG S.2-8.09).

[nstall gxcio:}s.. collector rings and brush

figging (cee MU 5.2-8.14), and comples
J

the intercal ‘wiring ta these devices.

Check air gap for unjformity (see MG 5.2~
8.08).

Dowel the uppe: bracket to the statwor frame,
the stator irame to fie soleplates, and the
lower bracket to the soleplates,

Insall enclosing covers, swirs,. handrails,
erc., if provided.

After complete assembly of all parts. (in-
cludiog auwbine and governor pars). that are
located above the generator tomr,. check the
insuladon of all possible pads for shaft
current. (see: MG- 5.2-8.09).. . 3

Authordzed Engineering Informadog 6-1-1959,
revised 12~16-19171..
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DETAILS OF
MG 5.2-8.01 PLACING OF
FOUNDATION 80OLTS
The proper size and the locadonof te foundadon
vole are shown on the generamr oudinre drawing.
Meaal templatas should be used w assuce accurace
posidoaing of the bols while the f{our.dadon is
being poured. Altatnadvely, the bols widi places
or large washess on the lower end may  be set in
pipes 1 to 2 inches lacrger than the bolts o« in tapered
rectangulacr pockes in the foundadon which are
largec ac the lower end. The nuwxs ac the lower end
of the bolx should bewelded to the places or wasaers
and wo the bolm. The pipes or pockes are filled widh
coaocrete when the soleplates are grouted. .

The foundadon bolw and the pipes, if used,:

should be left unpainted to provide a betzec boad
widr the coacrete. A '
Authorized Enginesring Informadon 6-1-1939,
tevised 12-16-1971.

MG 5.2-8.02 POSITIONING AND
GROUTING OF
SOLEPLATES

Soleplates are often posidoned by holdng diem
o the part which: they support (statac fTame oc lower
brackeq before groudng so thac peoper posidoaing
of the part baags the soleplates w©w e comect
locadoa. The holes for the holding-dowe bolao are
usgally drilled ovesrsize w allow some adjusamenc
of die posidon of the suppormd part after che sole-
plates have be=n grouted. [(nidally, cthe bolms should
be centered in die holes. This is conveniendy ac-
complished by placing sleeves of proper dimeasions
(o the bolt holes. Samedmes, itis advancageous w
loca® accurately and grouc the :oleplates before the
supparted part is broughe inwa pasidon.

Durlng the erecdon procedure, groudng of de
soleplates should be done ac the dme specified by
the manufacarer.

The elevadon of die saleplaws may be adjusted
by means of jack screws, sliding parallels or double
parallel wedges. (n the case of the stawors of large
machines, convenieac adjusunent of the elevadon
lz paxtble if pravision is made la die: foundadon so
thac a jack can be placed. alongside each saleplacs
o ralse and: lower. the swtwoc wict the'soleplaces
attached. Afrer s soleplace has been bezughe to dhe

ERECTION

PROCEDURES

' comrect elevadon, it can be suopartaed in this posidon

by flat plates or shims. [n all cases, the soleolates
must (est on a suoport which is substandal enough
o cacty the toeal verdcal loading uncl e sole-
places are grouted.

After final pesidoning, chocks, if tequired, are
mactined w fit accuracely into die space becween
each saleplace and suppocted parc.

When groudng soleplaces, the base mass aof con-
crete should be thoroughly cleaned. The surrace
should be roughed up by chipping and then wetred
and slumied. A sdff, fine groutshould chen be forced
inwo e space around and under the saleplate,
maldng sure that every crevice is filled. The use
of vibcators for dismibudng the groucis noc recom-
meanded, since their use may disarb e alignment
of the saleplates.

Sufficient space must be allowed far insealling
any radial dowels as shown on: the generator oudine
drawing or in accordance with the maaufacourec’s
insqucdons.

Auchodzed Eagineering (nformaagon 6-1-13359,
revised 12-16-1971.

MG 5.2-8.03 ASSEMBLY OF STATOR

1f the scator is shipped in two or more secgoms,
cach seccon of the swatoc is placed in posidoa on
the soleplates and is bolted to cthe adjacent secCon.
The secdons ate then carefully aligned so thac the
cores macch at each splic. The manufacwrer should
specify the pracedure w use and the wlecrances re-
quired in maldag up dhe splic.

Tte ins@lladon and coanecdon of the stawr
cails at the join® can scart as scon as the joinos ace
allgned and can coadaue while other work is being
doae undl the rowmre iz placed in the machine. (n
some cases, e lower brackec may be placed wem-
pocacily in potidon and used as 2 base (or the winding
placforrr.  The - procedures cecommended by the
generame manufacarer should be followed The
wock ihould be done, under the technical direcdon
of die manufacarer’s repcesencadve, by winders
who have had experience in winding large geaecacors.
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After the colls are in the sloc but before con-
necaons are made, the newly installed coils and
those which have becn distwrbed should be given a
high-potendal test in accordance with the recom~

mendadons of the generator manufacturer.

Coil connecdons should be made in accordance
with the connecdon’ diagram furnished by the gen-
eratoc manufacowrer. The materials and medhods
used to complete the insuladon of the machine
should also be in accordance with insqucdons pro-
vided by the generator manufacmrer.

Authorized Engineering Informadon 8§-1-1959,
revised 12-16-1971.

MG 5.2-8.04 ASSEMBLY OF ROTOR

The procedure to be followed in the assembly of
a gemerator rotor will vary considerably for the
different designs and must be specified by the: gen-
erator manufacwrer. However, the
which follow ace: generally applicabler ~

A. Shinking of Rotor Soider on Shaft=--

The spider boce and the shaft diameter should be
compared at thesame temperature @ make: sure that
the- proper-interference fit will be provided.. The
key dimensioas should be checked aad all bums and
sharp corners removed. Bodi keyways should be

checked for scra.zghtnes: and parallelism. Finally,,

it is desirable w lubricate -the keys and keyway
with a mixare of graphiter and machine oil before
assembly.

*1In beat shrinldog a rotor spider to a shafr, the

possinility exist that the shaft. may be distorted. [C

is recommended. thay whenever possible, this
.asserably procedure be done: at the factory so diat
heat szaightening and machining of the thrust collac
and bearing journal surfaces may be performed as
required.

The shaft should be in a verdcal posidon when
the spider is shrunk ontw it 0 minimize the shaft
distordon due to uneven cooling. The spider should
be heated in an oven or temporary enclasure by
suitable heaters. The headng should be done slowly
and evenly t prevent diswrdon. The oven mmper
amure should not exceed 250°C for a rotor without
poles. The shrinking operadon should be: performed
before the poles are atrached; otherwise, die tem-
peraare should not exceed 100°C.. Wwith an inter-
ference fic of 1/Z mil per inch of diamecter, a

temperatuce: difference: between the spider and shaft =

of approximately 715°C. ta 150°C is required.

suggesdons -

To determine thac the correct clearance has been

obtained, the hot rotor bore should be checked with
a micrometer or pir gage which is ac the same em-=
peracure as the shaft. After the rotor spider has been
properly posiaoned on the shafr, air should be blown
against e side of the spider which is aext © the
shait shoulder so thact the spider will cool and seize

on this side first and aoc pull away from the shoulder

as it cools.

If cthe spider consism of more than one axial
secdon, the secdons mayv be strunk on one at a
dme. Altemadvely, dile secdoas may be lined up
when cold and ti= heat applied while they are sup-
ported in a posidon around the shaft abave the fit
After the oven has bzen removed, and without dis-

wroing the spider, the:shaft is pulled up through the:

spidec bore: by the:crane to: the correct posiion.. The:

shafr-lifdng, device: procvided must be: suitable: for .
_lifdng che total weightof the shaft and. spxdel'* widr .
either method of assembly,. iC is essendal that. d’la._: _
.. doveail slocs fac the: pales oa che periphery of the N

spider be kept in: alignmenc. This can be: accom-
plished by the use of several aligning bax in these
slos.

_ There is always some: danger of. the rotor seizing
om the shaft before: it teaches: the: proper locadon-

Therefore, arrangements should be made beforehand -

for quick.disassembly if it should prove: necessacy.

A wial lifvwidr the-spider cold is also desirable m-

mark the final crame posidon for quicker acton
with the bot spider,

B. Assembly  of Rim Having Secdons Held
Together By chrink- Links

A pin gage shouid be made that is longer (by 2'oc
3 mils per inch of lengch): than the distance between
the: shoulders of the key- (shriok link} when- cold-
When noc actually-in use, chis gage should be kepr
lying on the rimr to that it will remain ac the same
temperamre as thz dm.

Before headng; the keys, te two sections of the
rims should: be brought into contact with temporary
bolss or clamps: ands lined: up: properly.. The keys

“should be heated slawly and: uniformly undl the

gage will move: freely-between tte: shoulderse The
keys must not be: heated: tor a temperarure: abover
350°C. THey- will expand: approximately-1 mil per

" inch for each-88°C: rise:

Sk
%



Since the lower surface of the dm is'GFren used
as a braking sucfdce, itis preferable that the keys
be flush with the bottom of the rim. 'When heated,
the keys should project about 0.014 iach 5elow <de
fm so that after cooling, they will be tluih. at che
botwom of the dim. To accomplish this, tie rim can
be supparted by a flat bac ac the joinr wich a 0. 014-
inch sthim becweea the cim and the bar oc each side
of the keyway. If the key projecs afzar cosling, it
should be ground off flush and smoo

C. Assembly of Laminated Rim

If the chrust beamng is above the rator, the rotr
and shaft are usually assembled cogedier in che
erecton are2 2ad handled as a unic Heacs, pro-
vidton must be made w support the shatr from the
coupling: iz a verdcal posidon for assemtbly of the
spider and laminated dm. Oa the otier hand, if
the dirusc bearing is below the rotar, die tococ and
thaft are usually handled separately, the caroc being:
assembled independendy of. the shafc. This means
thac seeel blocking (or an erecdon pedesal) should
be provided in the erecdon area for the suppert of
the rotac at is ceater. [n any case, the cenoal
support should be capable of carrying the weighe of
the ‘completed assembly. The heighe should be such
that the boaam of the sptdec is about 2 feec from
the floor. The floor at the ends of the ams musc be
able w support the ull weight of the dm and poles.

The rtor spider, generally of fabricared con-
sQucdon, is installed oa the shaft or accached ta the
ceamal support. f it was shipped in sevecal parg,
die parm should be assembled in accacdancs wid
the maaufacmrer’s insTucdoas.

The romr spider with the brake plates acrached
should be leveled, and blocking should bz inscalled
for suppordng the ends of the spider armc and the
im at the correcr elevadon. A check should be
made after each pcessing of the punchings w0 make
sure that the dm is being assembled in 2 hordzoncal
plane and at right angles o die axix of the shafz

To prevent serious roc unbalance, die rim
laminadons foc each ring around the rocer should
be wken from the same: package.

Accurate: posidoning: and alignmene of the dmr
laminadons must be malneained as chey ace-suacked.
This may (nvolve the use of wemparary keys, assem-
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bly ptasorshims as recommended by die generatoc
manufacturer. fach layer of lamunadons shouid b2
seated by capping with a heivy mallet, and the
saack soould be pressed ac intervals of 12 w 20
inches as the nm is assembled.

After the stacldng is comolecz, e dm swds
should be dghtened to the t2nsion specifiad by the
generator maaufacarer. After final dgheening, the
stid nuc are locked by welding.

The method of insualling die tim drive keys
varies witl die design and should te specified by
the generator manufacturer.

D. Field Pole Assembly

All poles should be lscaced so chac dheir centers
are in e same plane ac aght angles to die share
and coinciding, as nearly as posstble, with a plane
through. the center of the stacor coce. Prover axial
locadon of the poles can be checked by: measure-
mens takea from 2 machined sucface on the sharc,
such as a shoulder or flange. Either a Tam mounted
oa the shaft or 2 wye level may be used.

lc is imporaac thac iron-ta-iron concact be ob—
ained becweea die pale core and the spider nim foc
the full length of che pole; odcherwise, the pole may
loosen afrer a short period of operadon and cause
fadgue failure of e pole fastening, Hence, befare
the pales are installed, che spider surrace and the
base of cie pale saould be cleaned and debwred. if
the poles are actached by means of dovecails, the
bearing surface or the dovetails, dhe spider slos and
the keys :hould also be cleaded and deburred. The
comess of e keys should be inspected and filed.
{f necesary, © make sure chac caey will At within
the radius of comers of the doveeails and dm slos.
Finally, each pole should be checked w make sure
thac the field winding collac does noc extend below
the base of e poler. If chere is any quesdon, the
pole caa be inscalled withouc the botrom collac and
a measuremeat tken w we wp of e pole rom the
shafror tm surface. The pole is then removed and
reicsialled with the collar in place and the same
measuremeat aaken. The dimeasion should be the
same. Agothet mechod foc checking the correct
seadng of 2 pole is © fully dghwen the pole and
chen heat die coil by passing curreac through it [f
the pole was loose, it caa be aghcened further aftec

. it has cooled. A lgose pole must be’remaved, and
" the f[iller removed oc the bocwoar callar gimmed

undl die poic seac flrmly.
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For the moundng of doverail poles, the manu-
facturcr's insgucdons for installing the keys should
be followed with respect to the use of proper lubri-
cant, designadon of dnve-in and drive-out keys,
necessity [ar redriving kevs, uldmate dghmes of
pole, removal of excess key length, and installadon
of locking plates over the dovetail sloc.

For poles which are held in place by radial bols
ot studs (bolted poles), the bolw should be dghtened
in.accordance with the manufacturer’'s insgqucdons.

After the poles are installed, the field winding
should be checked for cormrect polarity, uniformicy
of feld-coil impedance or alternadng-cuwrent
voltage drop, grounds, open circuit, resistance and
high-resistance joints.

E. Boldng of:Rotor Soider .to Shaft
Rowr spiders:-which- are bolted to-the end of the:
generator shaitoc: to shafr (langes are generally held
by circles of close~fitding bolw or-dowels.. Tbe bolt
holes in the spider-and. shaft may be drilled' under-
size in e factory. Durng assembly, after the rowr
is lowered ontw die shaft, te bolt holes are rezmed
ot finish-bored o the proper size. The derails of the
procedure to be followed in this assembly- operation
should be:specified by the generator manufacunirer.
Andorized Engineering Informadon 6-1-1959,
revised 12-16-1971,

MG 5.2-8.05 ASSEMBLY OF THRUST
BEARINGS

Each of the different designs of thrust bearings
requires a somewhac different assembly procedure,
and this should be specified by the generawr man-
ufacwrer, [n all cases, however, cleanliness and

careful workmanship are exzemely importagt

A bearing can easily be muined by even a ltle
lint or dirt. Consequenty, precautons should be
taken during assembly‘of the bearing m avoid the
presence of dust and dicrt by eliminadng other coo~
szucdon work above and in the: vicinity of the
generame,

Finally, before astembly, all pars of the bear—
{ng, bearing housing. and oil reservoir should’ be
inspected w insure absolute freedom: fromr dict,. lint
oc. odiec foreign matter. Any rags used around a

becaring thould be (ree of lint (never use coon waste),
Lint-iree paper towels are available which are ex-
cellent. Wwhen specified by the generator manu-
(acurer, the tearing oil coolers should be givea a
hydrostatc test.

After assembly, the thrust bearing should be kept
covered to exclude dust and dir. The oil reservolr
should be filled with clean fltered lubricadeg oil,
or the bearing otherwise protectad in acccrdance
with the generator manufacurer’'s recommendadons
W prevent corrosiod

Authorizad fngineering Informadon 6-1-19359,
revised 12-16-19T1.

MG 5.2-8.06> ASSEMBLY OF GUIDE"

-"-~- The precautons oudined- iz MG 5.2-8.05 ®@
keep- dirg linct and odier foreign: marter out of the
" thrust bearing: shosld:also besobserved: in connecdonr
Twide Ehe guide bearings. '

Sleeve-type beazings, eitler solid or splig, are

not adjustable. Therefore, if the bearing clearances
~ differ appreciably from those shown on the manu-

facturer's assembly drawing, or inszucdon book, the
manufacarer should be consulted. If it is necessary
to. scrape a bearing in the feld, it should be done
only by someone witdr considerable expericace in
the installadon of;bearings..

Segmental bearings made: up of independendy
adjustable segmencs 'should be set to . the clearance
shown on the assembly drawing or in accordaoc=
with the manufacourer’s insquctons,

_The elevadon of a self-oiled bearing: must be:
such thac the oil’ groove,. if amy,. is. completely

covered by the opposite member.. The elevadon.

must also be such war, whean the rowe is raised w-

i maximum upward. positon by the jacks, te
botmwm of the journal will be below the center of
the: guide beanng..

** After the bearing: has been- assembled,. the re=

maining parcs of the:cil reservolr are. added. Clear~

ances: between. rhe.sc ‘pars: and - the shaft must bc

adequacz: w0 prevs.nt rubbtng. - -
Authotized gngineering Informadon 6—1-1959'



MG 5.2-8.07 [NSTALLATION OF
LUBRICATION SYSTEM

Every secdon of pipe forming a part of the lu-
bdcadon system should be ireed af scale, reamed
at both ends and blown out wid compressed air or
steam before being connected. Rapping the pipe
with a rawnide or wooden mallec while blowing out
will help m dislodge any foreign macter whica may
bave entered during consgucdon. ?igz compound or
a suitable oil-resistant varnished should tz used on
all direaded joiac.

To clean dhe pipes, oil should be circulated
through them foc several hours. The otl lgiving the
pipes should by-pass the reservoir znd should be
filltered o remove dirt The reservoir iGzi should
be filled with oil and drained, sevarz! dmes if
necessary, (@ remave all @aces of dire flnally, it
thould be. filled wich clean dlereced cill

It ie recommended thac the lubdcadrg cil used
be ln accordance wita the generawr rnanuiacarec's

specificadons. Oils from different producess should

not be mixed withour the appraval of the producers.

A sample of the: lubricadng oil should. be checked
pedodically @ determine i acidity, waser conten,
degree of. sludge. formadoa, aad. presence af aay
fareign maredal. This will indicae when Teadmeat
or replacement of tha oil is desirable,

Far furher informadon oa the design, flushiag
and cleaning, and pudficadon of th2 lubricadon
systems ses the following ASME Standards. Copies
are available from the American Sociecy of Me-
chanical Enginears, 345 Easc 47th Saeer, New York,
N.Y. 10017.

1. ASME Standard No. LOS-5D1, “Recom-
mended Pracdces for e Design of Oil
System=x for Lubdcadon. and Coagol of
Hydroelecaic Equipment” *

2, ASME Swumandard No. LWOS-SC1, ~Recom-
mended Pracdces for iz Flushing and
Cleading of Oil Systams for Lubcdcadon and
Coacol of Hydroelecoic Equipment

3. ASME Sundard No. WOS-SP1, “Recom-
mended Practices for the Purificadon of Oil
Systems: for Lubricadon and Coamol of
Hydroelecuric Equipmenc®

* Sd1l under development; nat yet avallable.

Audhiortized Englneering [nformadoa 6-1-1989,
revised 12-16-1971.
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MG 5.2-8.08  CHECKING AIR GaP

The vadadons in the air gaps should be in ac-
cordance with the wlerances specified bv the man-
ufacatrec. (f the average air gap vares aopceciabdly
from thac shown on the assemoly drawing, e
manufacwrer should be consulted. [n measuring the
air gap, care should be taken ta measure from icon
to iron at (he tangendal cencer of the pole face. &
tapered air-gap gage or a long feeler gage may be
used. (f e end ring of e amordsseur winding
projecs above the: top of the pole, a small block
actached to a wire can be held over the twop ot e
pale and an atr-gap gage placed on the twp of e
block.

Authodized Engineecdng lnformadon 6-1-1939.

MG 3.2-8.09 CHECK OF [NSULATION
AGAINST SHAFT
CURRENTS

Bearings and other parg,. such as tnsqumenc ele=
menc, Kaplan feawres, conduit, piping, etc.,
which make concaact, dicecdy or indireccly, widl
the shafc above the cotor are usually insulaced from
the supporting soucmre @ eliminate the possibilicy
of shaft cuzens. This insuladoa should be checked
widi a 300-voit insuladon cesisance meter and, it
cthe redsance is less than 20, 000 ohims, the insu-
ladon should be inspecwsd aad the necessary coc-
recioas made. [a cte case of a dirust bearing, the
insuladon saould be checked with die weighc of the
rowr on e bearing.

(f double insuladon i3 provided (two layers of
insuladoa widi a2 mecallic compound becween the
layexs), i resiscance can be checked with de
machice comple=ly assembled. However, each
parallel paci must be checkedsiadividually. Ottan
the insuladoa. is shunted by some remporary con-
necdoa such as a wol, scrap marerial or dir A
complecs visual inspecdon should be made ©
clrminaes this possibilicy.

Whese dnogle insuladom is used, all connecdons
betweea the romre and the frame at die lower end of

the machine must be removed to tesc die beadng
insuladoa, or each individual joint musc be isolaced
and teseed individually.
Aprhorized Eagincering [nformadon 6-1-1959.
MG 5.2-8.100 CLOSING OF GENERATOR-
TURBINE COUPLING
The cladng of the coupling beoween thegeneratoc
and the wrbiane shafa Ls preferably done uaders die
upervidon of the represenuadye of dhe manufacourcer
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who fumished the coupling bols. If the two shafs
were assembled for a shop check of the runout in the
plant of the wrbine manufacwrer or the generatoc
manufacturer, the same manufacturer usually pro-
vides the coupling bolwm.

If the owo shafts were assembled in a factory,
ey should be assembled at the installadon in the
same reladve angular posidon as indicated by the
factory-placed matchmarks. [f the two shafts were
noc assembled in a factory but the high poins. oa
the faces of the two couplings have been determined.
(usually marked widr the letter "H™ on the outer
cylindrical surface: of the flange), the coupling
should te assembled "so that these points will be
180 degrees apart

If the hydraulic turbine is of the adjustable-blade
propeller (Kaplan) type, the arrangement may be
suc thag,. before the coupling is closed, the gen-
erator rotor (oc the shaft and. the actached. thrust

bearing' runner) is. raised sufficiendy to. make con--
necdoans o the oil pipes which: supply oil w we |
blade servomotor. The generator rotadng. assembly .

is then lowered so that the: weight is Tansfeed
back cn to the thrust beadnpg..

Before drawing the couplings together, their

matng surfaces must be in alignment, parallel,

clean and free from burrs- The couplings must be
drawn up evenly' to prevent dismcdoa

After dhe couplings have besn drawn together,
the bolt holes: must be. reamed or
(unless this has: already been done in a factory
assembly) © fit the permanent bolss. The fit of the
bolts should be in accordance widi the larest revision
of the ~American Nadonal Standard for Integrally
Forged Flanged Type: Shaft Couplings for Hydro—
electmic Unis, ™ B49.1-1957* The bols must be
dghwned evenly to a-tension which is sufficieady
in excess of that required to carry the verdcal load
so that the {ricdon between the coupling faces will,

" alone, carry the maximum torque to be Tansmited..
The bolt tension can best be derermined by an ac-
curate measurement of the elongadon.- The required
elongadon should-be obuined from the supplier of
the bolm. .

* Coples are available from the American Nadonal
Sandards: [nsdaree;, Inc., 1430 Broadway, New Yock. -

N.Y. 10018.
Authorized: Engineering Informadon- 6-1-1959;
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finish- bared.

MG $.2-8.11 SHAFT-PLUMB AND
'STRAIGHTNESS CHECK
This is a plumb-wire check of the straightness
and plumbness of the combined generator and tue-
bine shafts. The cre of four plumb lines spaced

90 degress apart around the shait is recommended.

The readings should be- taken f{rom the same poioz :\

on each shaft that were used during the factory tuno-
out check.. The shaft assembly shall be conddered
to be szaight when no runoutcheck point (correlatad ¢
for diameter variationsy deviates. more than 0.003
inch {rom a szaighe line joining the top and bottom
poins. The shaft assembly shall be: considered t
be piumb when the top and boctom points do not
deviacte from plumb by more than 1/4 mil per foat
of shaft length.

Authorized Engineering [nfo

MG 5.2-8.12 EQUATCIZING THE LOAD
 "ON. ADJUSTABLE-SHOE~ .
. - TYPE BEARINGS .., . _
Adjustable-shoe~type: bearings. must be properiy
adjusted in ocder. that the thrust load will be equally:
divided among all of the bearing shoes. There are

various types of bearing designswhich afford-a means:

ofreading the shoe ioading directly. [m some bearing-
designs, 2 swaingage: is-permanently-locatedin-each:
jack screw and: by connecdng- the swain- gages wo z-
suitable insomumenc, 3z direct reading' cam be ob—
tained of the: dicuse load carried by each shoe. From
such readings, adjustmenss are readily made ©
equalize the loadiag omn. all shoes. In other bearing
aesigns, tie detlscdon. of a built-in: member is
measured at each shoe to determine loading..

For bearing designs without built-in measurng
devices, e “slugged arc™ mediod. may be used. tg.

‘equalize the load. There are several vartaddns: of

this mediod, each giving equally good resules.

The manufacturer's insocucdoa. book should
describe the bearing design and the method to. be
used.

Authorized Engineering [nformadon 6~-1-1959.

MG 5.2-8.13. CHECK OF SHAFT RUNOUT
An insalladon check: of the runourt of: the: com=
bined generator and turbine shafws is desirable. Three
different methods of making this check are described:
in. MG 5-2-13.01. Ar indicated:therein,. the: methods:

-7 applicable: depend upam: the: type: of thrust bearing.

furnished witr the: generator.- PR
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{f the roradon check by mechad L is used, it
must be performed during the erecdon of the gen-
erator © avoid subsequent disassernbly of the
mackine,

Authoczed Engineering [nforrnadon §-1-1959.

MG 5.2-8.14 ASSEMBLY OFfF EXCITERS,
COLLECTOR RIMGS AND
BRUSH RIGGING

The main excitec armawure is oftea designed widh
2 flanged shait having a rabbeced fic which bols ©

die end of the generator shafe. The piloc exciter

shaft, in aun, may be acaciied w the main exciter .

shaft chrough one or more: bolted joincs. This means
that greac care must be taken in the assembly of
these armamures. Any foreign matedal baoween. the
flange: faces or. unevea dghtening of die coupling
bolrx will cause excessive COMMUELOL [UNOUL.

Generacor guide bearings may necessarily have a
diamewal cleacance: as great. as 2C mils and, undec
some condidons, the shaft may floatin the bearngs.
Therefore, a small amounc.of commueaitor runouc ac
operadng speed can be. expected. Any check of
commuwmroc. cunout sbould be made wich a dial in-
dicame radher than by visual observadans.

The collector rings for the direct-cuzenc feld
current should be carefully assembled.in accordance
with tie manufacaicer’s insoucdons. For die ceasons
mendoned, asmall amount of collector ring cunout
at operadng speed can be expected.. Collector ring
ecceaacity should be checked widh a dial indicacor.

Pub. Mo. NG 3.2
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Callector ring surraces can often be keoc in Zood
condidan dy pedodically ceveming the polariey of
the brushes. when collector rings and exciter leaas
ire brought ouct to a circuit dreaker, caoles should
be long enoug to permit such revewsal

The brushes should be staggered across the col-
leccor dngs to minimize grcoving bur, 0 prevent
formadon of baush slivers, should not extend beyond
the edges of the rngs. Ths brusbholder spangs
should bSe adjusted in accocdzace with the generacor
manutaceaurer’s insqucdons.

Authorized Engineering (aformadon 6-1-1939,

MG 3.2-8.15. [NSTALLATION OF
INSTRUMENTS AND
RELAYS.

Varouws insqumenc and celays, or their sensing
elemeas, ire often mcunted on the generacor aad
musc be installed during i erecdon. This apolies
to such devices as oil level indicators, beaang tem-
peraaiuce relays, indicadng and recording ther-
mometers tor bearing and air cemperamres, water-
flow indicators, differendal conmol temperamre
relay and overspeed device. This equipment and i
associaced widag and piping must be carefully ia-
stalled, making sure diac ic does noc short~circuic
the beadag insuladon, thatis, provide a conducdng
pad (rom any pointon the shaft above die rowr @
e srawr frame. Suidable insuladon must be pro-
vided ac the proper poina.

Authorized Engineering [nformadon 6-1-1939,
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Part 9
INITIAL NO-LOAD OPERATION

MG S5.2-9.01 GENERAL
. Do not apoly voltage to any winding undl the
condidon of the insulamon has been checked as
described in Parr 11. All field circuic breakers should
be open, field rheosuas in the "all-in" posidon, and
the voltage regulator turned to the "off* posidon.
Authorized Engineering Informadon 6-1-1959.

MG 5.2-9.02 PREPARATION FOR
INITIAL START
Preparadon of the generator for the inidal start

should include the following:

1. During the last few days before the inidal
sart and. after all welding has beenr com-
pleted, make a final inspecdon of the thrust
and guide bearings and prepare them for the
inigal starc‘in. accordance witdr the: manu-
facwrer's insqucdonc

2. Examine the interior of the stator, the: air
gap, exciters, collecoor rings, w©p of the
rotor and. the space between poles: for loase
objecrs sucir as bolw, nuw, wols, eta, .

3. Make sure that all moving parts have suf-
ficieat clearance from the nearest statonary
par.

4, Check the electical clearance around all
pars which are o be-energized.

3. Check the dghciess of all foundadon bolts
and holding-down bolwm.

6. Clean the cormmutators and collector rings
and check che seadng of brushes.

7. See that all protective devices are operatng
properly.

8 Tumn on the bearing and air cooling water
(just before stardng up).
Authorized Engineering Informadon 6-1-1959..

MG 6.2-9.03 INITIAL START"

ltis customary for a representadve ol the pur-
chaser to- coardinate the inidal start widy. direct
supervigion by the govemot manufacturec's rep—

tesentadve. The tme of the start and the general

procedurc to be followed should be determined by

the purchaserin consultagon with the representadves

of the turbine, governor and generator manufacurerz,

The purchaser’s personnel should operaw die unit-
with such guidance 25 is necessacy from the equip-

ment manufacturers’ field representadves,

The twrbine should be shuc down- as often as isx
required at the reguest of any of the manufactrers’
field represencdves and oppormnity should be af-
forded for maldng such inspecdons and adjusanencs:
as the manufacrurer’s representadve deems necessary.

The following Starting: procedure is. suggesteds

1. Start the wrbine: and: accelerate:rapidly w-a
speed of one-~ third to one~halif of rated speed
but not” less thar 30°rprr sof that the bearing
‘oil &Lt will be: established quickly.

‘2.. Hold- this speed- constanc and: note the bear—
ing temperawres at 1-minute intervalsundl.
~they become- consunt. Any rapid or con—
dnued rise of the: bearing temperaaire should

be investgated. ”

3. After the bearing temperanire becomes con—
stanc and the unit is operadng sm~zkly, =z
speed should gradually be increased to rated
speed.

4. [f vibradon bec~Tmzs exczixi< af any dme
while the unit is being brought up tw rated
speed, the unit should be shut down and
balanced as described in Part 10.

During no-load.. operadon, various checis and
adjustunens of the turbine and. governor are noc-
mally made. o

Authorized Engineedng Informaton 6-1-1959.

MG 5.2-9.0¢4 CHECK OF SHAFT RUNOUT
When applicable, checking the runout of the
face of tie thrust bezring runner widi respect to the
shafr, as described in method 2 (par. A of MG 5.2~
13.01) may be done act this dme. However, {tmay
be necessary to balance the: rocating pars of the:
machine before this check canbe: made. See Part 10.
Authorized Engineering (nformadon: 6-1-1959,
tevised:12~16-1971.
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Parc 10
BALANCING

35.2-10,01 SALANCING

The rocadng pars of the generatac should be in
namic balance. This may require the additon of
dance weighs ©w die rowor. Their size and locadon
2, ln some cases, determined endrely by mial
d error; however, it is usually desirable 9 take
2asuremens which will define’ the horioncal
odon of the shaft under various condidons and,
ym this daca, calculate the size and locadoa of
e balance weighss required.

The minimum dara required © make the cal-
iladoas is the modon: of. the shaft (mragniude of
:¢ hocizonwzl movement and the locacor of the
ligh spot’) atone axial locadon with (1) che rococ
: o original condidon and (2) a mial balance
eight added to the rotor: However, if dynamic
ibalance is preseat, rtequiring the addicoa of
dance weight in two planes,” it may be necessary
1 detecmine the modon of the shafc at two or mare
dal locadons with' (1) the tomr in i original con-
doa, (2) a aial weighctadded in one balance plane
id (3) a mial weight added in the second balance
Ane.

The horizoatal movement of the shafr can be
leasured with a dial indicacor and. the approxdmace
>xcadon aof the "high spot™ escablished vy applying

thia coat of whitewash tw e surface aad then
cadually bringing in die poinc of a pencil or“scribe
adl {c jusc makes concact with the white-wasned
rex once each tevoludon of the shaft. [n some
ases, the use of special balancing equipient, de-
:gued o esuablist the modoa of the shaft more
«cecisely, resuloy in a more accurate dececmminadon

f the size and locadon of the required balance

reighs.  This is pardcularly wue foc higher speed
olx.

- Vadous methods have been published for cal-
:uladng, from the daca taken 21 described in dhe

‘oregolng paragraphs, the dze and locadon of the
rlance welgho required.

8alance weighs should 5e acmached to the cowc
in the manner pcescribed by the generator manu-
facmrer,

1f, ata latec dme, itbecomes necessary to re-
move a balance weighe, it should be replacad in
exacdy the same posidom. Before disassembling a
pole on a high-speed machine, is axial posidon
should be accuracely marcked 5O it can be replaced
la the same posidon.. Should it become necessary
©w replace a field coil or a complew pole, e
balance must be rechecked.

The curbine cuaner shall also be imn dynamic
balance @ insure thac the mrbine-generator unit
balince and shaftrunouc are accepeable. Occadon~
ally die overall balance and shafr cunout of the unit
will noc respond - balancing only the generatoc
owc. [0 @irsimadon. balaacing should be done on
the arbine mnner. The resula may be checked by
driving Gle unicwidi the generamre as a synchronous
momr and ke mrbine unwacered with a minimum
seal water ﬂdwing-

Sloce = naawre of hydraulic wrbines iz such
diac shaft cunouc or vibradon may result from hy-
draullc forcer within the acbine, unwateced op-
e¢radon will also serve (o separate mechanical
unbalance from hydraulic dismcbances.

lf rmechanical coaszucdon permits, further
separadoa of die wrbine and generacor unbalance
can be achieved by running che generaror as a motor
with tie richine uncoupled

Sbould undue vibradon develop during operadoa
of the geaeramr, before adding or shifdng balancs
weigho, check die pasdbilicy of the vibcadon being
caused by misalignment, sectting of die foundadon,
uneven air gap, rubbing of rotadag pars, loose
parg, beat shafr, shoct-circuiced field coil or un-
balanced s@wr cwrrens. Then, if necestary, add oc
ihift the balance weigho.

Aurtarized Engineering lnformadon 6-1-1959,
revised 12-16-1971.
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part 11

INSULATION TESTING AND DRYING OUT

MG S.2-11.01 MEASUREMENT OF
WINDING [NSULATION
RESISTANCE

The insuladon resistance of the armanue agd
field windings of the generator and exciter(s) serves
as an indicadon of whether or noc the machine is in
condidoa for operadon and dielecwic tesdng. Io-
suladon resistance measuremenc of the: windings
shall be made in accordance with the latest revision
of the [EEE "Recommended Pracdce for Tesdng la-
suladon Resistance of Rowudng Machinery, ™ Publi-
cadon No. 43 =

All insuladon. resistance test resultss. should. be.

refered to the manufacturer foc analysis. and ap—
proval. From these data, the manufacturer can de—
ermine whether Cdrying, out™ of the windings: is

required beiore dielecTic tesdny and. operadoo. . ..
Autdorized Engineering [nformadon 6-1-1959..

revised 12-16-1971.

MG 5.2-11.02 -DRYING OUT OF
WINDINGS
lf drying our of the windings.is recommeanded by
the manufacwrer, the jollowing. procedures are sug=~
gestad:

1. The temperamire of the winding should
generally not be allowed to exceed 90°C
when measured by a resistance or temper-
ature detector or 715°C when measured by a
Wermometer. [n cases where moiswre pege-
wadon of the insuladoa is usually severe, it
will be: necessary to convert the moisauure w
a gas. This result can usually be: achieved
by worldng within these temperamre limita-
dons.. However, they may be exceeded by
a [ew degrees if it becomes apparent tdhat
the insuladomn. resistance is not changing as:
expected. The rate of headng should be such
that this. cemperatre is atzained in not less:
than 6 hours and, preferably, in not lessthan
12 hours. The winding should be brought up
w0 temperature slowly by steps. o avoid

gassing of entrapped moisoure and possible:

rupaure of insuladon.

3-

‘The armamre winding should preferably be

dried out by the short-circuit method. When
this method is used, the machine is operated
atrated speed with all phases of the arma-~
wre winding short-circuited. Enough field
current is applied to give an ammaare
current (usually berween 60 and 100 percent
of rated: armamre current) which will pro—
duce the rater of temperature rise specified
in item 1. This headng should be condnued
uncl the insuladon resistance readings, cor-
rected for any temperature differences, ap-
proach: constancy. A slight amounc of ven-
tladon: mmust be: provided: to: exhaust the
moisture-laden. air.

The armaare winding. can alsa. be dried out

by passing, direct currenc through it with. the

machine: stadonary~ A high:cunenc;low-

vo'}.tage" source: of. direct-current power, such
as a welding generator,_ is required.;'yhe:e

possible, the phases. of the winding. }hould :
all be connected .in secies or in paxa.llgl.. so

thac all phases.will carry the same cuc=nc

Where the phase: currens are unbalanced,

the maximurr current in' any phase should be

limited. to. that which will give the headng

rare,specji'ﬁed. in item 1. Since:the machine

is s@adonary, this. current.is usually - between

25 and. 50 percent of rated current. A slight

amount of’ vendladon must be provided w

exhaust the moisture-laden air.

Even though. the shorr-circuit method is used
o0 dry out the armawre winding, the. re=
suldng: current in the field winding is not
generally sufficient for. adequate drying out
of the field. One method for drying out the
field is w operate the machine under load
for several days. Alwernadvely, the field can
be. dried ouz by: applying- direct current.
te field with the:rotor stadonary, but widr
the current limited so that the temperaare
given in item 1. will not be exceeded. This- .
cuaent should not be passed through: the:

* Copies are: available from the Insdune of Elecoical and Efect:tonicsr‘ﬂ'lgineers; 345 East 47dr Sueel

New York;, N. Y. 10017.



brushes; inswead, die leads should be con-
nected (o copper bands clamped around the
coanectot ings.

S. An alremadve method of drying out irma-
wre windings is by means of elecaic space
heaters. They should be located in air spaces
under the machine orac the back of the statoc
core and be disgibuted around the periphery
of the machine w allow for an even disai-
budon of heac

If tte ror is not in place, the ends of the
machine may be closed with end, bels oc
with large wrpaulins ta reduce the beac loss.
A slighc amount of veadladon must.us pro-
vided w exhaust the moisaite-lac=za air,

Precaudoas should be takea w :réw;'en: fire
when diis ¢ype of heac iz applied..

8., Furdier dewils of drying out windings are
given fo tie [EEE “"Recommended Pracdce
for Tesdng [asuladon Resstance of Rowadeg
Machinery, = Pyblicadon No. 434,

Authorized Engineedag Infocmadon 6-1-1959,
revised 12-16-1971.

MG §,2-11.03 HIGH-POTENTIAL TESTS

A. General Condderadons

The procedure to be followedin maling che high-
poczendal test should be in accordance with the latesc
revidoa of the [EZZ ~Tesc Procedure for Synchronous
Machines, " Publicadoa No. 115 *

The frequeacy of the test voltage should be 25
to 60 herz. The wave thape shall have a deviadon
factar not excesding 0.1.

8. Unis Not Comuledly Wwound in the Factocy

Whers the assembly of a winding is com3aleced at
the desdnadon, precluding the posibiitey of final
high-potential tess ac the facwory, ic i3 recom-
meaded- thac high-powendal tess be made, using
the following cest voluages, Immedlately aftes
final agembly and befate e machinoe iz put lnw

Pub. No. MG 3.2
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service. T The winding should be in good condidon
and dhe tess noc applied when the insulagon cesis-
tance is low because of dirt or moismre. (For ad-
didonal decails, ses MG 3.2-11.01.})

T [n some cases, it may be desirable m give the
stacor a final nigh-powendal cest beiore installing
dle rotor.

1. Armamre Windings— The test voltage should
be an alcernadng voltage whose effecave
value (taken as the crest value divided by
4/2) is 1000 volz plus cwice the caced
valeage of the machine (see Noe (I().

2. Field Windings, Generawrs— The cest volt-
age should be aa altemadng voltage whose
effecdve value (tak=n as the cresc value
dtvided by ﬁ) is ten dmes the rated ex-
ci@doa voltage but in oo case les dian
1500 voles.

3. Fleld Wlndings, Reversible Mowr /Genera-
too—The tesc voltage should be an alesr-
aactng voltage whose eifecdve value (taken
as ke crest value divided by ﬁ) s as
follows:

2. Machine w be starred with i field
short-circuited oc closed througnn aa
excidng armaoure—ten dmes rated ex-
ciradon voleage but in no case less dhan
2500.vols aor more than 3000 voio.

b. Machine w be scarred with a tesistoc in
tedes with the fleld wiading—vice che
rms value of dhe [R drop acruss the ce-
dsoor but {n no case lessthan 2500 volr,
e [R drop being takea as the product
of the resistance and che current which
would clrculate in the fleld winding tf
sthace-clircuited on icelf at the specified
tardng voluge.

* Copler are avatlable from the lnsdme= of Elecatcal and: Flecmonfcs Englneemy, 345 East 4Tdh Saeer,.

New Yock, N.Y. 10017.
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c. Machine to be surted with (o field
open-circuited and secdonalized—1 1/2
dmes the maxdmum rms voltage which
can .occur between terminals of any
secdon under the specified stardng con-
didons but in no case with less than
2500 volwm or ten dmes the rated ex-
citadon voluge per secdon, whichever

is the larger.

d. Machine to be started with iw field
open-circuited and connecrtedin series—

11/2 dmes the maximum rms voltage

which can occur becween the field ter~
minals undes the specified stardng coa-
didons but in Do case with less than
2500" volt or ten dmes the rated ex-
citadon volrage, whichever is thelarger.

4. Rotating Exciter(s)— The test volrage should
be in accordance with the: latest revision. of
the “American Nadonal Standacd: Rotadng
Exciters for Synchronous Machines,” CS0.5-
1955t, and the test procedure stiould be in
accardance widi the latest revision of the
IEZE "Test Code for Direct-Cumrent: Ma~
chines,.” Publicadonm No. 113 *.

C. Addidonal Test Made After Installadon
When a test is made after installadon on a new
macnine which has previously pased iw high-
potendal test at the facrory and whose windings
have not since been disturbed, the test volrage
shouid be 85 percent of the values specified in

par. B for machines having voltage radngs above
5000 volw and. kVA radngs of 6250 and above, and
75 percentof the values specified in par. B for other
machines.

NOTE [—Due to the high voltages used, dielectric
tess should be conducted only by experienced
pecsonnel, and adequate safety precaudons should
be taken t avoid injury to pemonnel and damage
W property,

NOTE l[—Following an alternatdng-voltage high-
potendal test, the tested winding. should be dis-
charged w ground before it is touched by persanneL

NOTE [I[I—A directinstead of an altermadng vole-
age is. somedmes used for high-potendal t=sT or
primary windings of machines rated 6000 vols or
higher. In such cases,. a test voltz.ga equal. . ;..7
dmes the alunau.ng-cu.rrent test.voltage (effecuvc
valuey as givew in par. B is recommended.

Direct-voltage hxgh-potenual tests shall be made

in accordance with latest revison: of the IEEE

“Insuladon Tesdag of Large A~C Rowdng Machinery
with High Direct Voltage, ~ Publicadon No. 95 %

Following a dizect-voltage: high-potendal tesg
the eeseed winding: must be thoroughly grounded.
The insulzdon radng of the winding and the test
level of voltage applied. determines the perod of
dme required to disipate the charge and, in many
cases, wWe ground must be maintained for several
hours t dissipate the charge w avoid personnel
hazard.

Authorized Engineering Informadon 6-1-1959,

tevised 12-18-1971I..

¥ Copies are available from: the Insdrute: of Electrical and Elec@onics. Engineers, 34S. East 47di- Smeet,

New York, N.Y. 1001T.

+ Copies are. available: fromr the: American: Nadonal Standards: [astiarte; Inc.,.

N.Y.. 1l001s8.
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Pare 12
INITIAL DJPERATION UNDER LOAD

AG 3.2-12,01 CONNECTION TO
POWER SYSTEM
Before connecting the generamr w0 e power
yTtem, e phase sequence of the genzrator and
he conpecdoans w® the synchroscoge iould be
shecked and, if corect, die generatar leads can be
sonnected perrmanently.

With the generator running at rated speed and
with excitadon applied, the magnirude, frequency
ind phase angle of the generated volrage caa be
matched tw thar of the bus, and the generawr
breaker can be closed. Load should cen be applied
in small increments, and- the temperamre rises
should be observed. When. full load hasbeen reached,
{t should be maincained for several hoursand a care-

ful check made of the temperamre rse of windings
and bearings, balance, collectar ring and excicer
brush operadon, oil and water flow, vendladon,
efc. Some adjustnlens may now be necssacy ©
insure condnued successful operador
Authorized Engineering (nformadon 6-1-1939,
revised 12-16-1971.

MG 5.2-12.02 OPERATION CHECK
OF SHAFT RUNOUT
[f a0 operadan check of the shaft runouc is re-
quired, it sbould be made in accordance wich
par. 3 of MG 5.2-13.01 after die generator is
operadng undec full load
Audhorized Enginesring loformadoa 6-1-1959.
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Part 13
FIELD TESTS

MG S5.2-12.01 VERTICAL HYDRAULIC-
TURBINE GENERATOR
SHAFT RUNOUT
TOLERANCES—
INSTALLATION CHECK
The runout of the combined twrbine and gener-
awr shafc after insualladon shall be- checked by
one of the following methods:

A. Rocadonal Check

Method 1— This method shall be used for check-
ing shaft equipped with adjustable-shoe-type thrust
bearings. [t may beused for checking shafw equipped

with seli-equalizing-type bearings if recommended .

by the generarar manufacturer,.

After aligniog and. plumbing the coupled gen-
erator and wurdine shafs, e accuracy of the gen—
erator trust¢ bearing shall be checked by the
following" procedure:

ThR=. unit shall be mechanically rotated, with
the wrbine guide bearing removed, and any gen—
eramr bearings other than the one immediately
adjacent to the thrust bearing- backed off s0 as not
to resTain the posidon of the shafr

d e
(S

The generator guide bearing remaining effecdve

prevenc excessive side slip during rotaton: However;

unless s bearing is at approximately Gle same

elevadon as the thrust bearing, it also should be

backed off or removed beface the readings are taken,

Runout shall be measured by plumb line or dial
indicatwr readings at 90 degree intervals at both the:
thrust bearing level and the wrbine guide bearing
level.

Afrer making correctons for such side slip as has
occurred in the thrust bearng, the shaggl show a
sideways deflecdon oa-the plumb lifies or dial indi-
cators not greater than 0.002 x L/D inches, where:

' I ¢ 112 AameirTuoE

L = the distancein inches from thrust surface

to point of measuremenc

D = the thrust bearing outside, diameter (n:
inches.

Method 2— This method shall be used for check-
ing shaic cquipped with spring-cype thrust bearings.
It may also be used for checking shafs equipped
with self-equalizing-rtype bearings if recommended
by the generator manufacumrer,

After inidal operadon of the combined unit, the
accuracy of the generator thrusc bearing shall be
checked by the following procedure:

Dial indicators shall be placed on two of the
trrust bearing segrrents. in such a manners as o in-
dicate. the: verucal movement of these segmedw.
The:unit shall then-be:runa. and readings of die dial
indicamrs recorded at approximately one-quarter of
normal. speed: when-the:unit is deceleradng. These
readings will: give-an indicadon.of the runout of the:
face of the dirust bearing runner plate with respect
w0 the shaft axis. This: runout shall be not greater
thax 0.002 inch.

g

EA

o

-
i
L

3.. Opvperadon: Check — /4 .

If the cunouc obrained by Methods'1 and. 2 (see
par. A) exceeds the allowable: valnes~the runout at
the: guide- bearings’ of the: combined. shaft shall. be
checked widr the unit running ac normal speed and
rated load widr indicators mounsed on.the bearing:
support.. The unit shall be considered as meedng:
the requiremenc of this standard if the runout
(exclusive of skate #) does not exceed 70 to 80 per—
cent of the diamemical clearance. in the guide
beadngs and if-the temperature: of the guide bearing
does not exceed 75°C..

= Skate- is the lateral random movement of a shaft
superimposed on the periodic: runout. This movement
may be up to the full clearance of the bearing and
is generally not.considered significanc in an analysis
of shaft modon.

NEMA standard 3-15-1956, revised 12-16-19T1.

In addidom tw machining inaccuracies of the
bearing collar and runner being the cause of shaft
runout, ocder causes’ may occur suchl as elecuical
or mechamcal unbalance: of the generatoc r[owr,
improper connectdon at the: generawr coupling, or
hydraulic or dynamic unbalance of the oubine
runner.. (Seer Part 10.)

Authocized: Engineering; Informadon: 3-15-1956..

revised 12-16-1971..



MG 5.2-13.02 ELECTRICAL TESTS

The larger generatoars (abave 6230 kV'A) usually
receive only winding resistancs msasuwremens and
dielecoic tesm at the factory, and any addidonal
tesdng must be done after insualladoa at tie sice.
Ceruain addidonal tass are dedrable ) provide in-
formadoa which will allow a more sccurace pre-
dicdon ® be made of generator petfocrmance undes
varlous operadng condidons. '

As a minimum, diese tess should include:

1. Winding resistance measuremenst.

2. Open-circuit samradon curve.

4. Shoct-circuit samradon crove.

4. Fleld currencatramd kVA, gower factar and
volrage.

Pub. No. MG 3.2
Page J1

Only calibratad insgumeac should be used, and
die .test peocedure shiould be in accordance widi the

latest revision of the (ES= " Test Procedurs for Sva-
cturonous Machines,” %ublicadon Mo. 113 %

lc &z recommended diat a representadve of the
generator manufacawrer be gresent whea the [oce-
going esc are made,

* Cooles are available from che (asdmrte of Elecoi-
cal and Electonics Engineers, 3435 East 47dh Saeet,
New York, N.Y. 10017.

Audiodzed Enginescing [nformadon 12-16-1971.
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APPENDIX A

(This Appendix is quoted from the NEMA Standards Publicadon for Large Hydraulic- mitbine-driven Synchronous.
Generators, MG 5.1-1969.)

MG 5-1.63 VERTICAL HYDRAULIC-TURBINE-GENERATOR SHAFT RUNOUT
TOLERANCES—SHOP CHECK

A. Combined Turbine and Generator Shafts, Turbine and [ntermediate Shafts;.

and Generatwor and [ntermediate Shafcs

When the alignment of the combined turbine and generator shaftw, generator and intermediate shafts, and
turbine and intermediate shafs is checked at the facwory, itshall be done by rotadng the shafts in a lathe or
on a verdcal alignment wble.. The couplings should be match marked befare disassembly. The amount of

runout, determined by the reading of an indicatoc beld stadonary v h respect: to the lathe or table, shall not
excesd the following wlerances:

Tolerances,.
Poinct Indicated: Inches
1. Combined Turbine: and Generator Shafwss (No Intermedtate. Shaft Usedy
i Cylindrical surface of all guide bearing journals ....cccceeiciiarncacacccceaas 0.003°
b. (1) Face of thrust block (if forged integral with-shafr) before: a ttachment of dirust
bearing tunner.......... deeseans R tesesenaccecanna 0.0001s.
€2). Face-of thrusc block (if not forged integral with Lhe shafr) ::a.lculated fromx
runout of face of rewining ring groove, or shoulder om the shaft bearing
against Wie duust block® ....iiiieanaa. cecscecsccacsscaniareccmcscsnna 0.0015
c. Turbine water-seal surface ...vactieceecececccecccocacaccnann eemcaceseecmben 0.003.
d. Male or female pordon-of coupling at runner end of mrbine shafr_.... ceceeas 0.001S5
e. Face of coupling at runner end of wmurbine shaft....... creeievereeanacacnoae 0. 0015
2. Combined Generator and Intermediate Shafw .
a. Cylindrical surface of all guide bearing journals ....eee..eviieeenrncacconnna-s 0.003
b. (1) Face of durust block (if forged integral with shafr) before attachment of thrust
beAring MUAMEL « . uutieneieeetietiaeeeeaececeanccananroneocaoacesonans 0.00075
(2) Face of thrust block (if not forged integral widr the shafr) calculated from
runout of face of reraining ring groove or shoulder on the shafr beadng
against the thrust block® .. v iiiieiieiveienonacceeiueananns S 0.0015
c. Male or female pordon of coupling at wrbine end of intermediate shaft...... 0.001
d. Face of coupling (iaside and ouwide the boltcircle) at murbine end of intermediata
shaft...... ceeeaneaaanans cececcacaacanaan ceeaes tacecesvenscaas ceeecassoan 0. 001
3. Combined Turbine and Intermediate Shafwos
a. Cylindrical surface of all guide bearing journals 0. 003
b. Turbine water-seal surface ,veueeeeeeeeeeeeaeenenn eeseeees ceveveccvaceconase 0..003
c. Male pordon of coupling at generator end of intermediate shaft.eceeeeneenaas 0.001
& Face of coupling (inside and ouwide- the bolt circle) at generator end of inter-
mMediate shall. . e erreiiiceateaeeitiacsancnsesocccsscscenroscosnncnnnnn 0.001
e. Male or female pordon of coupling at runner end of aurbine shaft..ceeeeeena.. 0.0015
f. Face of coupling at runner end of turbine shaff..ceeeeeeeeceeacecaecaanconss 0.0015

*1f the thrust block is not ‘forged, insegral with the shaft, icis'notnecessary to reassemble the: block: on: the
shaft for the shap. check of the: combined generator and. intermediate: or auibine: shafe.
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B. Individual Generator Shait

When the shafts are to be aligned at 2 locadon odher chan the generator manufacwcer's (actory, the tol-
erances on the runout of the individual generator shart shall noc exceed the following :

Tolerances,
Point [ndicated Inches
1. Generator Sharc

a. Cylindrical surface of all guide bearing jowrmals .......cciienieeenna L., 0.002
b. Face of integral runner ot dquus¢ block before acachmenc of thrust bearing cunnec 0.00075
c. [f che chrust bearing cunner is sépa.race, die thickness variadon.at coascanc cadius,

measured at inner and oueer dliamecer............... ceeean ceecataiananaeaan 0.0005
d. Male or female pordon of coupling coeuunennneeeeioeeniiaeiaanaanan, Geeaan 0.001
e. Face of coupling (inside and ouctde the bolt circle) T ..uvveriierunnnnnnn... 0.00073
£ Ouwide cylindrical surface of coupling ......... veeteececesececeiiaeaaaatens 0,002
g. Balance of shart exclusive of ifndicated poinG ...cvveeenna... Ceeeeeteiieenaan 0.015

T Mark cylindrical surface of shaft {lange widt "H" to show high point of face of coupling. The mack shall not
incerfere wich funire shaft indicadons ot the fcof che coupling guard.
NEMA Scandacd 7-16-1989.

C. Individeal Tucbine and [nrermediae Shaft

Experiegce indicaces that the peesccibed tolerances on the combined shafs will usually be metc if che runourt,
when the shafxs are checked individually in the same manner as dirac described in par. A, does not exceed
the following tolerances:

Tolerances,
Potnt Indicated [nches
1. Turbine Shaft
a. Cylindrical surface of all guide bearing joumals ........ Ceeeecccecaccacaaann 0.002
D.  Wacrer seal SUCfaceS. . cuueereeneienecnccnaannancas et eeteteteieeaeaaaaaaan 0.002
c. Male or female pordon Of COUPLINGS «..ceeeneieeneeneneanececenanaannns pon- 0.001
d. Face of coupling (inside and ouwide the bolt-circle) ac generator end of rurbine
£ T 1 0 AU L e ieeecaciecacean 0.0007s
e. Face of coupling at runner end of mebine SRAfT o oieeeeeinenennenn iuoa.a. 0.001
f.  Oucide cylindrical surface of couplings .eeeeeeuenenn- e teieeeaeiaiaaaan 0.002
g- Balance of shaft exclusive of indicated pouns ....... et eceaeaaaaaaa 0.015
2. Intermediate Shafc
a. Male or femnale pordon Of cOUDLINGS «vvuueeeeraaaacaoceeeeeaaaananannnn e 0.001
B. Face of couplings (inside ind oucide the bolt circle) ¥ ... ................. 0.00073
c. Oucide cylindrical surfice of couplings ..ceieeeececmameoeannnnn ceeens ceene 0.002
d. Balance of shaft exclusive of indicated POING cuuueeecomnceeannaaaaaaaannan .- 0.013

T Mark cylindrical surface of shaft flange with "H™ t0 show high point of face of coupling. The mark shall noc,
lnterfere with future shaft indicadons or the fit of the coupling guacd,

[t 12 recommended that a shaft alignment drawing be prepared showlng the locadon of shaff check palna

for the {nfocmadon of die field erector.
Authorized Engineering [nfocmadon 7-16-1969.
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. (Th3a Forawurd is oot part of [ERE Std 1095, [REE Gulde bor lnmallation of Vertinal Geournitors and Cearrslo™Motocs far

Hydroalectric Applicationa.)

Largn hydraulic tucbine.driven gensrators are shipped as components and complately
assembled and installed at the sits. The installatioa, therefore, becomes a eontinaation of the
manufacturing process, and many of the operations iavelved ara those that are normally
performad in the factory on smaller gunerators. Close tolerances. must be maintained in the fiL
und alignment of the various parts. Tho uss of pruper installation procedures is esiendal to
achiave satis{actory operation of the unit

This Guide iocorparatas much of the informalioa praviously found in tha National Blectrical
Manufhcturers Associabon QNEMA) publication MG 5.2, Installulion of Vertical Hydraulie-
Turbine-Driven Generalors and Ruversible Generator/Motors for Pumped Storage Installations.
MG 5.2 was originally iasued in 1972 and revised in 1976 and 1377.. NEMA spansorship was
withdrawn aad MG 5.2 was rescinded in Septeraber, 1982..

In 1985 the Encrgy Development and Power Generation. Commitiee of the IEEE Power
Rngincering Saciety agreed to sponsor the Guide, and the Hydroelactric Power Subcommittee
undcriook the task of reviewing, revising, and reizsuiog ft.. '

The IRBE Std 1095, IEEE Guide for Installation of Vertical Generatnrs and Generntoo™otors for
Hydroelectric Applications Wosking Group wishes to acknowledge the coatributians. made to the

guide by R. D. Handel and J. M. Quigley.
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IRER Standards documents are daveloped within the Techaical
Cammittasa of the [REE Societies and the Standards Coordinating
Cammittees ¢f tha IBEB Standards Board. Members af the committses
sarve volantarity and without compeansation. They are not necessar-
fly membars of tha Instituta. The standards devslop=d within IERE
raprasant a consengus of the broad expertita on the suhjsct within tha
Instituts as weli as those activities outsids of IEEE which have
axpresaad aa interest in participating in the. dewvelopment of the
atandard.

Usza of an [ERR &tandard is wholly voluntary. The axist=ace of an
IBRR Standard <383 not imply that there are no other ways to produce,
tost, moasmin:, L snase, market, or provida other goods and services
relatad to tha scan2 s{'the IERR Standard. Furtkermore, the viewpoint
cxpresiad at s Hole a standard is approved and iszued is subject to
change beor-ght atout through developments in tha stats of the art and
comments raeaiTes Som users of the standard. Bvery [REE Standard
s subjectad ko ruview at least once every five years for revision or
reafirmaydun. Whea s document is. more than five years old, and haxn
not been reaffirmed, it is reasonshls-to canclude that its conteats, al-
though still of soma value, do not wholly reflect the presant stata of tha
art. Users are cautianed to cheek to dztarmine that they bhave the latest
editon of any IREE Stapdard.

Commaents {ar revision of [REB Standards are welcome (rom any
interested party, regardlass of memberzhip- affiliatdon with [EEE.
Suggrstieas (8- kanges in documents should be in the form of a pro-
pasad changa ottt tacether with sappropriate supparling commants.

Interpratatios s: Occaxionally questians may ariss regarding the

~ meaning of portians- of stuadards as they reate to spacific applica-

tans. Whoa the need for intarpretaticos is broaght ta. tha attaation of
IEEE, the Instituts will initiats action: to: prepars appropriate ro-
spansas. Sfncs 'REE: Standards roprezant a eansaazus of all con-
carned {nterests. it 1s impartant ta ensure that.any-intarpcetation has
ol30 recaived the concurrence of 2 balanca of intuceste Forthis reason
TRER and the mambars of ils technical committees are not able to
provide an (nstant respanse ta intarpretation requests excapt in those
@scs where the mattar has praviously received formal considaration.
Comments on standnrds and requests for interpretations should be

addressed to:

Secretary, IRER Standards Board

445 Haa2s Lane:

P.O. Box 1331

Pisataway, NJ 08866-1331

USA

IRKE Standaris documents are adopted by the Inatilute of Elcctrical
and Blectronics Eaginoors without regurd to whather their adoption
may involva pateats an articles, materials, or processas. Such adop-
tion does not axsume any liability to uny patent owner, nor does it
assumae any obliralion whatever to parties adopling the standurds
documents.
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TEEE Guide for Installation of
Vertical Generators and Generator/Motors
for Hydroelectric Applications

1. Introduction and Scope

The procedurces far installation, described
in this Guide, appty to all types of synchronous
gencrators and generator/motors tatad
5000 kYA and above ta be coupled o hydraulic
turbines or hydraulic pump/turbines having
vertienl shafts. All references mads in this
Quide to “generators” apply' ecqually lo
“ganerntor/motors.”

Definitiona, charactariatics, and test
methods not specifically coverud in this Guide:
should  comply with the following documents:
insofac as they ara applicables

(1} ANSI C50.5-1965, Rotating Excitars for
Synchconous: Machines.

(2] ANSL CE0,10-1977, American- National
Standard General Requirements for Syn-
chronous. Machines?

(37 ANSI CS0.12-1983, American Natioaal
Standard Requirementz {or Salient-Pole
Synchronous Generators and Generator/
Meotors for- Hydraulic Turbine Applicatioas.

(4T ANSIV/IBEE Stad 113-1985, Guida o Tosb.
Procedures for DC Machines,

(5] ANNSUVIERR Std 116-1983, IBEE Gaida: Test
Procedures. for Synchrunous Machines?®

(6] ANSUIEEE 3td 810-1987, Standard for
Hydraulie Turbine and Genecator Integraily

LANST publcatione. are avallable from the Bales
Deparlmeat, Ameriaa National Samdards Instilute, 1430
Broadwy, Now York, NY 10G1A.

IANSHIRXR publicaions can be ablained Brem ANSS oc
the InsUtute: of Electrical and Blacronicx Eagioean,
Saricn Caater; 445 Homa faae, P.O. Bax 1311, Plectamay,
N oSS

Copyright by Ove lrcttate Of Brcarical & Brcronkcs Exgieers inc.
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Forged Sha® Couplinys and Shaft Runout
Tolorances.

(7] IEBE Std 43-1974, [BEE Recommendad
Pructico for Teating Insulatdoa Recistance of
Rolating Machinery.

3. Tools and Facllities

32 Genseral. In general, the crector shauld
havo tho camplomant of necessary tools and
materials ready for use prior to the start of
installation. Considerable time- and money
can be lost if thosae itams. are not ready when
needed. Tha responsibility for the supply of
arection: toals and matarials falls inta the-
(ollowing main' calegories:

(1) Those supplied by the arector

(2) ‘Those aupplied by the:manufacturer

(3) Those supplied by the customer

The: following subsectiona. will bricfly
describe- thesa categoties and will act as a-
guide for 'a typical installation. [t is not.
intended thal the lists be all-inclusive.

2.2 Erection ContractornSupplied Toalz The-
Lgols and. erection. matarials. required for

" areetion of a hydro: unit are varied and

numerocus. The list below- is indieativoe of the
required ilams to be.suppijed hy the erecor:
(1) Portable powaer tools:
(2) Stationary power tools
(3). Sets. of large: wronches; ratchets, shug-
ging, and {mpact wrenches
({) Jacks and hydraulie ramas:
(5) Sledgebammers and air hammers
(6) Pipe bending and threading equipmeat
(1) Welding and burning equipment
(8) Soldering and brazing equipment
(9) Manual and amall power hoists-
(10) Jib crane for building the rotor rim and
positicaing the fisld pale assemblies
(11) Light rigging cquipment
(12) Miscellaneous: consumable itams

3



SECTICN

1915-39 J sa0s702 0036392 5 |

DT 7YY B ¢ Y - S PPN H

183

152

Tabla 1

Vortical HydraulicTurbine Geaerator Shaft Runcut Tolarancas,
Inatallation CReEK (it iaietieeiaeceeaanansaeanasacannsaanseaassacannnnanan
15.1.1 RotabBonal Check ciooiiiiiiciaiiiiiiccinaiaeeaocaaaaceaanns
16.1.1,1  Methed 1 '
15.1.1.2 RMethod2
15.1.2 Operatian Check

........................................................................

D23 (2T 8 o 1o By AT 2
Suspended Gen armIIr. (et iieiiteiieetaeiraraeeeeia et eeaeeeaiaeaaatasaeaaaaanans 9
Umbrella, Generatar. . veieeiieietatietiteitetiatastiiecentssersossatetoncsscsntecsenseassasensan n
Modified Umbrella Genarabor .o e i iiia o ia e eectettaaiceceecasscaseancasasanasann 54
Racommandad Storags Location and Maintenanca Schedule 17

Copyright by the insituts Of Bectrical & Becronics Enghress Inc

Thu Mar 18 17:12:23 2000



1095-89

"~ § ve0s702 003e3e a [

CENERATOR/MOTORS TOR HYDRORIKCTIUC Al'l'LICATIONS

magnebic core, and wiadings), rotor (shaft,
thrust block, 2pidar, rim, and poles with
windings), thrust bearing, sna or two guidae
bearings, upper and lowor brackets (for the
gsupport of bearings and other parts), and
soleplates, which are balled ta the foundation
aad form supports for the stationary parts of
the machines. Other components may include
a directconnected exditar or starting motor,
rolor brakes or combined brakes and jacks,
foundation bolta, platform, stairway and
handrailz, and an sirdischarge housing or a
lotally eanclosed ventilating system with
surface air coolera.

"The thrust bearing @n be located above or
below tha rotor. When only one guide beariag
is ubilixed, it is normally located ncar the
thrust bearing. Whan. two guids bearings are
used, one is locatad above and one below the
rotar. A generator with Uts thrust bearing
Incatad above the rotor is referred to as a
suspeaded generator (sce- Big 1) A genarator
with the thrust bearing and a single guide
bearing belaw the rotor is referrad. la as an
umbrella generator (sze Fig 2). An umbrella

_generztor with a sccond guids bearing is-
referred to. as. a modified: umbrella grneratoc
. (sse.Fig 3).

The uppar bracket iz supported (roar: Lhe:
stator frame and ocasionally reqaires radial.

Capyrigt by the Ircitute Of Becrrical 2 Getionmics Svgirarers Inc
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restraiat by the genoratar enclosuce. On small
genarators with their thrust bearing above the
Totar, the lower bracket may be intagral with ot
balted to the staloc frame. Otherwise, the lower
bracket ia supperted on its own set of
soleplatex.

52 Statar Constructica. The stator frame ig
usually fabricated (rom steel plate. Small-
diameter stators can be shipped in one piece
with. the core stacked and the windiag
installed at the [factory. Larger-diametar
stators are secbonslixed for shipping purposzas,
the number of sectiona depending upon
shipping limitalioas, and tha sections bolted or
wekded together ot the site,

The sectoas may be stacked and wound at
the faclory or at tha site, dependinc oan.
preforence or site: requireaients. If wound at
the. factory, tha coils or; bars adjacant to the-
splits. may be shipped ssparately and the
winding corapleted at the sila..

Soleplates, which may have provision for
lovelling and. cealering, are grouted into the
foundation. On larger diameters, provision:is
made ta. permit radial movement between the
frame and. the. soleplales to: accommodate.
thermal. afTeets.

The stator core is- composed. of alectrieal.
grade: stcol laminations Lreated with
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(a.3) Stator winding teals

(4) Precition measuring *nols

(L6) Bloatrical tast equirrient, including
high-potential tast sats, kalvirt bridge,
chmmetar, magrer (3(4, 1000, 2500 V
ranges), voltmaters acd ammetors

Craft labor groups are ta have porsenal hand

toals available.

3.2 MarufactarerSupplied Tools, Cortain
toals will be called for in tha'tustomer specifi-
entlon and will be suppliad 2z par: of the con-
tract. To ba sare of the supply of thesa tools, the
eroctor should contact the manufacturar and
the customar. In most cases, theas tools bacome
tha proparly of the custamer and ava left in good
coadiHan afar tha installation is cemplote:
(1) Shaft, rotor, aud stator lifting devices
(2) Slings of proper length and size for the
major lilting operations
(3) DRolov erection pedestal
(4) A plata for supporting the shaft in a
vortcal posilion. Ths nlata is anchored
in the assembly arca :ancrata Qoar ar
in a pit.of the proper ili:pth to bring Lhe
Totor to a conveniaat diztance abovo the
floorx
(G} Polo-and eoil liking devica
(6) Thrust-bearing rumovai squipment
(7) A sot of spectal wreackes 2nd taols

The: manufactirvar will, in acine instances,

supply the erector with-specic | araction tools.
Thess taols are-to bas agrrod voed with the cas-
tomer prior ta tha start of errction, preferably
during cantract negutiationr, 20d are net usn-
ally considered as part «f the niormal erection
equipmont.

34 CustomerSupplied Matarials, Services,.
and Tucllitics. The customer often supplies
vurious escction muterials, aarvices, and Ca-
cilities. (or the arectoc. The customer speciliex
Han will okan spall oat definite items thal will
be firmished. The spacifie responuibilities of
each party should be checked for avery job.
Some typlecal itams are as follows:

(1) Usc of poworhousa crines and crane-

lifing boams

(2) Supply of a cranc oparator

(3) Compressad air

(4) Water

(5) Electrie power

(6) Offico spacs and administrative areas.

(7Y [Mirst-afd aruipment

Capyrighl by the (rstitue Of BrcTical 2 Seconic Snginens Inc
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(8) Living accommodatfans for certain

people

(9) OU and ofl filtering equipment for
bearings

(10) Storage space for ercetion taols and
squipmnient

(11) Grout

(12) Cartain instrumentation

(13) Erectica predestal soleslates

(14) Axsemisly areas

(16) Securitly cloaranca far power plant
access

Tt {3 essential to have a craw aof skilled wark-
ers with sufBicient helpers. and a suparvisor
cxperienced in the installation. of vertical hy-
draulic turbine-driven generatorx. In uddi-
Hoa to elactricians and mechanies, workars
skilled in pipe fittlag, welding, rigging, and
coil winding are usually needad.

In caces where the gegerator manafacturer
is given the job of installing the equipmant
that he fumishas, he will provida. a superviser
and all other parsoansl neceded. Otherwise, it
is recommeanded. that ona of the generator
manufacturar’s: Geld: represeatatives be em-
ployed to provide technical direction of the in-
stallation. Tha ropreasentative’s famibanty
with the canstruction of the genaratar and ex-
perianca in the iastallation of similar
machinas are valuahble assats.

Close cogperation beatwesa the purchaser, the
generator manufacturerz, exciter manufac-
tarer, turhine manafactnrer, govercor maanu-
facturer, and amy installation contractors in-
voived is neceszary to assure proper installa-
Uon in tha mast efficient manner. Agreament
af tha genaral pracedures ta ba (ollowed should
be reached before achial arection begins.

The- following' paragraphs give a brisf
description- of tha coastructica features of
vertical hydraalic turbine-driven- ganeratars
that have an important bearing anr their
installation.

5.1 General Arrangement. The bhaxic
alaments of the generator are the stator (frame,
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(3) The smooth surfaca may be on tho un-
derside of a circular (lat plate or run--
nor which bas been precsaly machined
to- have uniform. thickness..This run-
ner, which may be ane or two piecey, ix
attached. to. the undaczide- of the thrust:
collar or ring: and, transfers the load Lo

" A2 Thrust-Shoe Suppart. The babhibt-faced
thrust shoes are supported in & manner that is
designed to equalize the loading between shaes
and ta allow ench shoe to aszuma the.proper po-
sition (alight UIt) with respect to the ratating”
thrast surface o establish and maintaia a thin
wedge-shaped oil film_ The fllowing four dif-
ferent forms. of thrust-segment support Sys-
tema.are in general use:

(1) The- rigid suppart, or adjustable-ghoe

(2)

type, irc which the thces are restrained:
sa:thay da-not:ratata, but each is free to.
pivot.onx the spharical. end. of o jack-
scraws that supporta it. The: jackscrews:
provida a means. of adjusting the haight.
of. each: shoe- individually to obtrin
cqual loading of all shoes. They are.
also. usad to: adjust.tha- elevalion of the
rotor and ta plumb the shaft. In some
casas, maasuring devices are perma-
nently- located in: each jackserew:
assembty for dicect measurement of the
load on the shoea.

The' semi-rigid support, or sclifcqualix-
ing  pe. These besringz are alzo de-
signed 8o that.cach shoe can pivot.on its



insalating enamel and stasked on kaybars or
core studs attached to the frarme. The lamins-
tions are clamped ia placs by maaas of finger
and flange assemblios, with the craquired
clamping pressure applied and maintained
with core studs.

Tha stator winding may consist of single-or
mutiti-turn coils or haif-turn bars. Dguble-
layer windings, having two cou sides par slo,
ars most commonly used. The coils er bars are
sacared in the stator slots by wedges driven in
greavea located at the top of tha zlots and by
side-packing provided separatsly or inte-
grally with the coil or bar. Ead windings are
braced to restrnin movement due to short ar
cuits and to prevent paszcible dewaward
movement of the stator +oils or bars.
Temperature detectors arce goucrally installed
betwean coils in a selectad number of slots to
indicata the temparature of the winding dur-
ing operation..

8.3 Rotar Construction. The rotor of a small
low- or medium-speed generatsr hag a spider,
which s gonocally shrunk on ¢nd keyed ta the
shaft. This spider iz usually “abricated such
that the hub, web, and rim acz = aingla pieca..
The rim {3 a solid gtosl ring o wisich tha pales:
arg atinchod by bolty, stuiy; ar dovetails.

Largs low~ and medium-tyeed machines
have:a fabricatsd spidar with a ceparate rim,
which {3 bullt up of segmeat:i staal lamiax-
tdans balted togethaer to farm nue or sevaral ho-
mogenaeous riags. This dm i free to expand
witheat constraint from the spider, but.it.is
kayed to the spider peripnary for torque trans-
mission and. centaring. OCen. the nm is
shrunk onta the spidar ta minimiza the differ~
antial radial movumenlt batwesn- tha two
structures at some lovel above mted speed. The
flald polas arc held by dovetails to the lami-
natad tim. *

The. spider design will vary coasidershly
depending upon the configuration: of the shaft
aad bearing systam, the type of ventilation; the
machine spaed, aad the ratia of rotar-dinmater
to axial length.

Larga low-spoad machines with the thrust -

bsaring aboye the rotor wsually have a cantin-
uous shaft through the rotor. In thia case, the
spidar i3 eithar shrunk on and keyed to the
sha(}, or bolted ta onc or two flanges forged in-
tagral with the shal. Some medium-speed ma-
chines may alsa have this censtructiaa.

<
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Large low-3speed machines with the thrust
beanriag below the rotor usaally have the masin
shaft tarmtnating at tha underside of the spi-
dar hub, The spidar hub must be designed for
this attachment, which will utilize cne or more
of tha fbllowing: fitztad bolts, bolts and arque
pins, radial kays, ot radial dowala.

Large medinm-gpeed machinas with large
axial langth compared to rotar diametar often
are built with ths.spider bub serving as a sce-
tion of the total ahaft systam. This construction
is mast coumon whera the thrust bearing and
& guide bezning are below the rotar, and there
{s need for & second guide bearing above the
rotac. The main shaft terminates at tha ander
side of the spider hub. An upper shaft is boltod
to the top of the epider hab, thus compleling the
shaft systam belwwen guide beanngs

High-speed gmneratars generally require a
rotor spidar, which is built up of circilar st=al
laminalions, plates, or forgings. The pales are
attached to the outar periphery of the spider by
dovetails. The spider is shrunk on aad kesyed
to the shaft

5.4 Shaft and Coapling. The generator cau-
pling is oftan forged integrally with the shaft
The thrust black or collar, which tranamits all
vertical forces Gom the shaftio the thrus? bears
ing, is oftar forged integrally: with the shaft if
the: thrust bearing ia below the roter.. If the
thrust beariag is abave the rutor, a saparate col-
lar {4 shrunk on and kayed to the shaft.

I€ the turbine is of the udjustable-blada pro-
peller (Kaplan) type, a bollow guaarator shaf
is required so that. oil pipes can be carmed
through the shait (rom tha oil head at the top of
the generator ta the Lurhine sarvomotor.

5.5 Thruat Rearing. The thrust bearing car-
riea the combined waicht of the rotating parts
of the ganerator and the: turbine plus. the hy-
draulie thrust imposed oa the turtine runaer.
Thrust bearings usad are the (1at-type having
segmontal, statienary, babhitt-lined shoes.

8.5.1 Thrust Surface. The rotating thrust.
surface, which tranafers load o the ahoos, may:
be any of the follawing:

(1) A smooth surfaer on the undersida of
the intagral thrust wllur of the main.
shat
A mooth surfacs on the undarzide of a
one-piece thrust collar or ring which is
separate from the shaft

(2)
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5.8 Quide Bearing=. If the thrust beaning is
localed abawe the rotnr, tha uppar guide bearing
may be combinaed with the thrust baaring with
the outer cylindrical surface of the thrust block
or runner acting as the guide-bearing
journal. Both bearings operats in the sama oil
reservoir. In' some large machines, however,
the guide bearing may be located below the
thrust bearing in a separate oil reservoir. If

_ the thrust bearing is loaated balow- the rolor, the
lower guide bearing is usually combinad with
the Llherust bearing and shares a common
resarvoir.

Most gunide bearings are seif-oiled and are
desigued to pump oil ta the upper poclion when
the lower portion is immeuraed in ail. The.
bearingz may be of the sleeve type, eilther solid
or aplit, or of tha sacgmeatal typo. The lattar are
made up of a number of scgments that ere
independently adjustable in'a radial direction
to permit convensent adjustment of the baaring
clecarance.

A uide bearing that is located above the
rotor is usuully iasulated in the manner

desenibed in 6.5 for the thrust bearings.

$.7 Brakos: and  Jucks. The [(unclion. of
tha:brakes is:ta hring- the: rolor o rest alter
the turbine: gates have been closed and- los
hold! it at rest agaiast a. small amount of”
gote leakage: Subject to-agrsemoant uf Lhe:
manufacturers, brakas ahould~ normally -
be- applicd: in: the: range of 15%- to 6§0%: of-
rated: epeed. Brakos: ara: usuaily opecated
by compressed air at a pressure: of about
100 Iia%:
Brnkes: may also. be usad. as: jacks. Whan.
_.jacking,. they are usually-operated by oil at:a-
pressare of 1000 to: 3500 vinZ by means. of a.
mator-driven: ot hand-opernted . oil pump: uzed.
solely for this purpase. [n this case, the header:
iz 5o arranged: that air may be admitted to and:
releazed fromr one end, and oil admitted to and:
released. (ronx the othac end. As & salety mea-
surc;. a blocking device is generally-used so.
that the rotor can be held in tha.raised position:
without depending upan the maintenance of oil
pressure:

If the turhine it a Raplan type and flange:
couplings- are uved to coanect the oil supply
pipes to the servomolar, it mry be necessary to
caise the generator rotor an extra amount by
spociul jacks or olher means during assembly
to connect the pipe couplings.

13
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The brakes and jacks are usually gupportad
on the lowor bracket but, in some casas, the
velation batween the turbine. pit diameter and
generator votor dismeter ia such that the
brekes and jacks can be. supported on their
own solaplatas_ If the rotor has a rim of solid
mctal, this rim may form. the braking sarfacn;
othermisa, separeta sagmental brake plates are
usod.

5.8 Ficld Assembly Requirements. Most
hydraulic urrbine-driven generators must bae
shipped dizassembled to keep withia the sze
and weight limitulions of transpartation and
handling facilitisa. Bven: when these lUmita-
Uoas can be met by an aszembled grnerztor,
the generator may be shipped disussembled to
reduce the possibility of damage during
shipment and to facilitate final inspecion and
cleaning of the unit before operation.

Machinee of modarats aire may be shipped
with the stator;, rotar; and bearing brackets
sapamnta but with eack of thess parta. completely
assembled. With- larger machines, hawever,
some or all of Lhese camponeats should be
thipped in two. or more parts to:.meet the
limitations of transportation: (adlities. The
stator may be shipped in two or more sections.

The: sections: ate bolted: or wulded- tactther
and- thes windings. completed: acuas tha jointx
during: installatioa. FHr vecy largn machines;.
stator frames: may be azsemblad aL site along:
with: core stacking and: winding: installation.
The: rotoc may be chipped: completer axcept foe
the shaft In this case, the rotor is shrumk on o
otherwise attnched to:the shaft in-the ficld

The: rotors: of low-speed: mac