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Resumen

El transporte maritimo ha evolucionado en el siglo XX de la mano de una demanda
creciente, hasta situarse en la vanguardia de los modos de transporte de mercancias.
La aplicacion de economias de escala y la liberalizacion de los registros de buques,
han acompafado a la evolucion tecnologica del sistema de transporte (buques y
puertos) en un proceso continuo de reduccién de costes, colocando al transporte
maritimo en esa situacion de competitividad.

El transporte maritimo del futuro continuara demandando, en su busqueda de
competitividad, de la reduccion en sus costes de explotacion. En el caso concreto de
los buques, esta evolucion favorable se debera producir; tanto desde la reduccién en
los costes de construccidén, como de los costes de explotacion.

En el apartado de la construccion naval, los astilleros como protagonistas de esa
lucha, transmiten a la industria complementaria la necesidad de fabricar equipos de
alta calidad y tecnolégicamente avanzados, pero a la vez con unos precios que
permitan rebajar el coste total de la construccidon. Los continuos avances tecnoldgicos
y el incremento de las exigencias reglamentarias, han aumentado la seguridad y
eficiencia de los buques, pero a costa de hacerlos mas complejos y caros.

Para los fabricantes de equipos de cubierta, la importante ayuda que representa la
estandarizacion de los procesos de disefio y produccién, choca con la necesidad de
adaptar el disefio de sus equipos, a las necesidades del armador y al cumplimiento de
una reglamentacion, casi siempre incompleta y con numerosas contradicciones.

La maquinaria de cubierta agrupa a aquellos equipos y accesorios que, por medios
mecanicos, hidraulicos o eléctricos, facilitan la realizacion de las maniobras propias de
la tripulacién del buque. Su variedad es realmente numerosa; desde molinetes,
chigres y cabrestantes para labores de amarre y fondeo, chigres y tambores de red
especialmente resistentes para las actividades de pesca industrial, ganchos y chigres
para remolque, pescantes, grias y cabrestantes para operaciones de carga y
descarga, hasta equipos para estudios oceanograficos y cientificos. Todos ellos
presentan una diversidad de funcionamientos y accionamientos. A esta diversidad se
afiaden las frecuentes fusiones entre equipos distintos, combinando sus funciones y
caracteristicas.

Durante la navegacion el buqgue se traslada de un puerto a otro. Cuando llega a
puerto el equipo propulsor se detiene, y el buque queda sometido a las acciones de
las corrientes y los vientos. Una vez fondeado o atracado para contrarrestar estas
acciones debe ser sujetado al muelle, al fondo o amarrado a una o varias boyas. Esta
funcién corresponde a los equipos de fondeo y amatrre.

A pesar de la importancia que estos equipos de amarre y fondeo tienen en la
preservacion del buque, y aunque todas las reglamentaciones tienen un mismo
objetivo comun y mantienen exigencias similares, también presentan diferencias
notables que impiden o limitan la deseable estandarizacién de su disefio. La situaciéon
podria resumirse en una frase: “para cada buque se hace necesario un nuevo disefio”.



Otro de los equipos de cubierta analizados, por su gran importancia para Espafia, son
los chigres de pesca de los arrastreros Su adecuado disefio y funcionamiento
condiciona la operatividad del buque.

Para este equipo la reglamentaciéon existente es casi nula, lo que podria parecer que
facilitaria la necesaria estandarizacion. Pero como Espafia a pesar de tener una gran
flota de altura, no posee caladeros propios, sus buques y equipos deben disefiarse
con la versatilidad suficiente para que puedan cambiar de un caladero a otro en
funcién de los acuerdos comerciales alcanzados con otros paises.

Si consideramos los remolcadores, un elemento de gran importancia es el chigre de
remolque. En la propuesta de armonizacion reglamentaria para los chigres de
remolque, cuyo documento fue publicado unos meses antes de la propuesta de titulo
de esta tesis, dando origen a la idea de realizar una tesis doctoral, se analizo el
problema existente de la carencia y falta de uniformidad reglamentaria. En su
momento Se propuso un criterio armonizado que permite desarrollar una futura
regulacion coman.

Finalmente para los elementos auxiliares destinados al manejo de las lineas de
maniobra, movimiento de carga, labores de pesca y remolque de los buques, el
panorama apenas cambia. A pesar de su importancia, su consideracion como
elemento auxiliar hace que su normativa regulatoria se encuentre dispersa y presente
discrepancias notables.

Vistas todas estas carencias, el objetivo de esta tesis es: Estudiar las diferentes
reglamentaciones y/o necesidades actualmente existentes para la maquinaria de
cubierta de los buques, proceder a su comparacion y proponer unas normas de
disefio que signifiquen un punto de encuentro entre todas ellas.

Para ello, sin animo de exclusibn de otras, se han considerado tres fuentes
documentales:

La primera gran fuente documental corresponde a las Sociedades de Clasificacion. El
tratamiento que las principales Sociedades de Clasificacion consideradas; American
Bureau of Shipping (ABS), Bureau Veritas (BV) , Det Norske Veritas (DNV),
Germanicher Lloyd (GL), Rina (RN) y Lloyd’s Register of Shipping (LR), dan a la
operacion y a las especificaciones para el disefio de la maquinaria de cubierta son
bastante dispares. Por otra parte, la International Association of Classification
Societies (IACS), armoniza sélo parcialmente las exigencias de las Sociedades de
Clasificacion desde el punto de vista operativo, sin establecer un documento
armonizado para el disefio de los equipos.

La segunda via corresponde a la International Standard Organisation (ISO), formada
por las federaciones nacionales de mas de 156 paises, incluyendo una buena parte
de los paises europeos. La ISO ha desarrollado sus normas de aplicacion al caso en
estudio mediante el Comité técnico ISO — TC 8, correspondiente a la Construccion
Naval y Estructuras Marinas (Shipbuilding and marine structure). Las normas ISO,
aceptadas como EN-ISO por el Comité Europeo de Normalizacion (European
Committe for Standardization), cubren una gran parte de aspectos no tratados por las
Sociedades de Clasificacion. A través de su estudio y comparacion, son una gran
ayuda para la propuesta de un criterio armonizado que posibilite el desarrollo de una



futura regulacibn comudn, que conduzca a un relevante ahorro en el disefio y
produccion de los equipos.

La tercera via considerada corresponde a los reglamentos de terminales y
operadores, tales como la Oil Companies International Marine Forum (OCIMF), de
gran importancia en el caso del amarre de buques, la International Safety Guide for
Oil Tankers and Terminals (ISGOTT) y la Organizacion Maritima Internacional (OMI),
asi como a los datos aportados por Asociaciones y evidentemente los documentos
publicados por autores de reconocido prestigio sobre la materia.

El resultado de los estudios es una normativa en cuanto a las caracteristicas de los
materiales, hipotesis de cargas formuladas, meétodos de calculo a emplear,
especificidades para la fabricaciéon y el montaje, pruebas y ensayos tanto en taller
como en el propio buque y condiciones de funcionamiento estandarizados para los
equipos analizados.

La utilizacion de esta armonizacion reglamentacion hara posible la estandarizacion
que contribuird a reducir el coste de fabricacion de los equipos sefalados y a
aumentar la competitividad de la industria complementaria de la Construcciéon Naval
europea.

Palabras clave: Buques, estandarizacion, armonizacion reglamentaria, maquinaria de
cubierta, disefio, pesca de arrastre, chigres.
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Capitulo 1: Introduccion

La falta de uniformidad en la normativa que regula el disefio de los equipos de
cubierta en los bugues es un viejo problema que hoy en dia sigue sin resolver. A esta
falta de uniformidad, también hay que afadir la carencia de normativa en muchos
aspectos.

Esta tesis, comienza analizando las diferentes reglamentaciones que actualmente
existen para la maquinaria de cubierta y elementos auxiliares de los buques para, a
continuacion, proponer una normativa armonizada que cubra todos los aspectos de su
disefio. Para ello se compara la reglamentacion existente de aplicacion de la
organizacion maritima mundial (OMI), los reglamentos de las Sociedades de
Clasificacion (SSCC), de la International Asociation Clasification Societates (IACS), de
las asociaciones gremiales, tales como: la Oil Companies International Marine Forum
(OCIMF), la International Safety Guide for Oil Tankers and Terminals (ISGOTT) y de
las entidades internacionales de estandarizacion (ISO, UNE, DIN, ASTM). En base a
los estudios realizados, se propone una normativa que significa un punto de
encuentro entre todas ellas en cuanto a; caracteristicas de los materiales, hipotesis
de cargas formuladas, métodos de calculo a emplear, especificidades para la
fabricacion y el montaje, pruebas y ensayos, tanto en taller como en el propio barco, y
condiciones de funcionamiento estandarizados.

Esta armonizacién regulatoria contribuird, sin duda, a la estandarizacién, necesaria
para reducir el coste de fabricacion de los equipos analizados y asi aumentar la
competitividad de la industria complementaria de la Construccion Naval europea
mediante los ahorros propios de la produccidon a pequeiia escala. Ademas la
estandarizacion funcional reducira el tiempo de aprendizaje en la utilizacién de los
equipos aumentando la seguridad activa del buque.

La tesis se estructura en 7 capitulos. El Capitulo 1, Introduccién, explica las razones
que motivan la realizacién de los articulos, la estructura de la tesis y proporciona una
vision general de la tematica a tratar. Los principales objetivos se definen en el
Capitulo 2, Objetivos. En el Capitulo 3, Discusion general; Coherencia y unidad de los
articulos, se justifica la eleccion de los temas abordados y su forma de analisis, de
modo su aportacion sea coherente con los objetivos generales de la tesis. El Capitulo
4, Metodologia explica el procedimiento de trabajo seguido para obtener los objetivos
propuestos.

El Capitulo 5, Resultados, incluye las publicaciones en revistas cientificas con un alto
factor de impacto, indexadas en la lista del ambito correspondiente del Journal
Citation Reports que constituyen el nicleo de investigacion de la tesis.

En el articulo Anchor windlasses: A design proposal to standardise regulations,
(apartado 5.1). publicado en International Journal of Maritime Engineering, una vez
expuesta la necesidad de reducir los costes de los buques, se enumeran los
reglamentos que deben considerarse para el disefio de los equipos de fondeo. Tras la
comparacion de la reglamentacion existente se hace una propuesta de disefio,
construccion y condiciones operacionales para el elemento principal del sistema de
fondeo, el molinete de anclas. Todo ello con el objetivo de ayudar a alcanzar la
deseable estandarizacion, que conduzca a los ahorros en el disefio, fabricacion y



mantenimiento, propios de las economias de escala.

En el articulo, Standardizing the design and production of mooring winches through
more cohesive regulations, (apartado 5.2), publicado en International Journal of
Maritime Engineering, se analiza la reglamentacion existente para los chigres de
amarre, buscando los puntos comunes, para a continuacion proponer un reglamento
gue unifique y complemente todos los contenidos. Con los mismos objetivos que los
indicados para los equipos de fondeo, esta propuesta armonizada de reglamento se
aplica al disefio, construccién y operatividad de los chigres de amarre

En el articulo, Fishing grounds” influence on trawler winch design, (apartado 5.3)
publicado en Ocean Engineering, se determina el tipo de chigre de pesca mas
adecuado para operar en los distintos caladeros internacionales en los que faena la
flota espafiola de pesca de arrastre. De esta manera, para cada zona de pesca, se
establece la relacion entre los parametros de disefio del chigre de pesca y la
profundidad de trabajo del aparejo. Finalmente, se define una propuesta armonizada
para su disefio.

En el articulo, Disefio armonizado de motones, pastecas y cuadernales para el
manejo de lineas de acero o sintéticas de elevado médulo (HMPE) en buques,
(apartado 5.4), publicado en Dyna, Ingenieria e Industria, se compara la
reglamentacion existente para los motones, pasteas y cuadernales. A continuacion se
realiza una propuesta de disefio, que conjugando y complementado toda la normativa
la armonice, ayudara a alcanzar la deseable estandarizacibn necesaria, para
conseguir los ahorros propios de la produccion a pequefia/media escala.

El articulo, El chigre de remolque en las maniobra de altura y de escolta: propuesta de
armonizaciéon en sus parametros de disefio, (apartado 5.5), se incluye a modo
informativo y complementario. A pesar de ser el tema que dio origen a la idea de
realizar un conjunto de articulos sobre armonizacién reglamentaria del disefio de
equipos de cubierta, reglamentariamente no forma parte de la tesis. Publicado en
Dyna, Ingenieria e Industria, sigue el mismo procedimiento que en los casos
anteriores; la comparacion previa de la reglamentacion existente y la propuesta final
de una normativa armonizada para su disefio.

El Capitulo 6 se corresponde a la Conclusiones, tanto generales de la tesis, como las
particulares de cada uno de los articulos. Y finalmente el Capitulo 7, Bibliografia
contiene la documentacién empleada para cada uno de los articulos y la considerada
comun para la tesis, por emplearse en mas de un articulo.



2. OBJETIVOS
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Capitulo 2: Objetivos

Una vez analizada la situacion actual de la normativa reglamentaria para el disefio de
maquinaria de cubierta, y detectadas las notables carencias y falta de uniformidad
existente, el objetivo fundamental de esta tesis es:

“Proponer y difundir una normativa armonizada para el disefio de la maquinaria de
cubierta de los buques en general, y en concreto de los equipos de fondeo
(molinetes) chigres de amarre, chigres de pesca, chigres de remolque y elementos
auxiliares (motones, pastecas y cuadernales)”.
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3. DISCUSION GENERAL.
COHERENCIA Y UNIDAD DE LOS
ARTICULOS
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Capitulo 3: Discusion General. Coherencia y unidad de la tesis

Los cuatro articulos originales que constituyen la tesis y el quinto, que se incluye a
modo de complemento, estan publicados en las siguientes revistas de alto interés
cientifico incluidas en JCR (Journal Citation Reports).

- IIME (International Journal of Maritime Engineering), revista que pertenece a la
Royal Institution of Naval Architects, Para 2014, esta revista estaba clasificada de
9 sobre 14. Tercil en la categoria T3. Cuartil en la categoria Q3. Factor de impacto
0,361. Factor de impacto de 5 afios 0.283

- Ocean Engineering. Revista de gran prestigio del grupo editorial Elsevier. Para el
afio 2014 en la clasificacion de Ingenieria Marina, estaba clasificada de 1 sobre
14. Tercil en la categoria T1. Cuartil en la categoria Q1. Factor de impacto 1.351.
Factor de impacto de 5 afios 1. En la clasificacién para Ingenieria Civil, estaba
clasificada de 39 sobre 124. Tercil en la categoria T1. Cuartil en la categoria Q2.
En la clasificacion para Ingenieria Ocednica, estaba clasificada de 4 sobre 14.
Tercil en la categoria T1. Cuartil en la categoria Q2. Y finalmente en la
clasificacion para Ingenieria Oceanografica estaba clasificada de 33 sobre 61.
Tercil en la categoria T2. Cuartil en la categoria Q3.

- Ingenieria e Industria. Fundada en 1926, es el Organo Oficial de Ciencia y
Tecnologia de la Federacion de Asociaciones de Ingenieros Industriales de
Espafia. Para 2014, esta revista estaba clasificada de 82 sobre 83.Tercil en la
categoria T3. Factor de impacto 0.179. Factor de impacto de 5 afios 0.160

El conjunto de los articulos constituye un paso hacia delante en el objetivo principal de
la tesis de establecer una propuesta que armonice el disefio los equipos de cubierta.

El primer articulo (Apartado 5.1). Anchor windlasses: A design proposal to standardise
regulations contribuye al andlisis del equipo fundamental para la seguridad de todos
los buques en el momento de fondeo y del que existe mayor informacion, aunque
dispersa y, a veces, contradictoria, el molinete de ancla.

El segundo articulo (Apartado 5.2) Standardizing the design and production of
mooring winches through more cohesive regulations, analiza por su parte los chigres
de amarre, elemento complementario de los molinetes y de obligado uso cuando el
barco permanece atracado a puerto.

El tercer articulo (Apartado 5.3). Fishing grounds” influence on trawler winch design,
analiza las condiciones de disefio del equipo mas importante en los buques de pesca,
el chigre de arrastre. Los cambios en el tipo de caladero y la necesidad de operar
cada vez en aguas mas profundas han favorecido la busqueda de soluciones
singulares que se apartan de la normativa actual.



El cuarto articulo (Apartado 5.4). Disefio armonizado de motones, pastecas y
cuadernales para el manejo de lineas de acero o sintéticas de elevado modulo
(HMPE) en buques, analiza las condiciones de disefio y seleccion de los equipos
auxiliares en las maniobras de cubierta (motones, pastecas y cuadernales).

El quinto articulo (Apartado 5.5). El chigre de remolque en las maniobra de altura y de
escolta: propuesta de armonizacién en sus parametros de disefio, es el articulo que
dio origen a la idea de la tesis. En él se analiza el analiza el equipo de cubierta de
mayor importancia para los remolcadores; el chigre de remolque.

De este modo se analizan, en articulos independientes, pero conservando una vision
general y siguiendo una metodologia comun, la mayor parte de los equipos de
cubierta de los buques y se propone una armonizacion conjunta, racional y coherente
para todos ellos.



4. METODOLOGIA
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Capitulo 4: Metodologia

La metodologia empleada en esta tesis ha sido la siguiente:

1. Establecer que equipos de cubierta, por su importancia, debian formar parte de
este estudio. En este aspecto, como ya se habian tratado los chigres de
remolque, se decidié que se analizaria la maquinaria de fondeo (molinetes), la
de maquinaria de amarre (chigres), los equipos de pesca (chigre de Pesca de
Arrastre) y los elementos de maniobra (motones, pastecas y cuadernales).

2. Comparar la reglamentacion existente de aplicacion, relativa a: la organizacion
maritima mundial (OMI), reglamentos de las sociedades de clasificacion
(SSCC), International Asociation Clasification Societates (IACS), asociaciones
gremiales tales como: OCIMF, ISGOTT. entidades internacionales de
estandarizacion (ISO, UNE, DIN, ASTM)

3. Proponer de modo razonado y referenciado una propuesta de armonizacion
reglamentaria considerando los siguientes aspectos:

- Condiciones de operaciéon

- Caracteristicas especificas de los equipos
- Hipotesis de calculo

- Procedimientos de calculo

- Pruebas finales

4. Establecer y difundir un procedimiento de disefio en base al cumplimiento de la
reglamentacion propuesta. Para ello se decidié estructurar la tesis en base a
articulos publicados en revistas internacionales de alto interés cientifico.
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5. RESULTADOS
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Capitulo 5: Resultados

Los primeros resultados de esta tesis son la publicacion en revistas de alto interés
cientifico de los articulos que se incluyen en los apartados 5.1, 5.2, 5.3, 5.4y 5.5
siguientes.

Esta propuesta de armonizacidon reglamentaria, a corto plazo, sin duda alguna
contribuira a:

1.- Reabrir el proceso de debate sobre la necesaria armonizacion reglamentaria en el
disefio de los equipos de cubierta sobre buques

2.- Facilitar una via para que los disefiadores mas inquietos incorporen a sus disefios
algunas de las propuestas armonizadas

A largo plazo esta propuesta armonizada deberd constituir un borrador de trabajo
sobre el que todos los entes involucrados en la construccion naval, consensuen una
normativa armonizada que facilite el disefio y fabricacion de los equipos de cubierta.
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SUMMARY

Shipbuilding is an increasingly competitive field. As the key players in this activity, shipyard managers have to make
their counterparts in related industries aware of two conflicting needs. On the one hand, they must produce high quality
components that are technologically advanced. On the other, they need equipment that lets them build vessels at a
reasonable price. With this second aim in mind, it would be useful to standardise both design and manufacturing
processes. At the same time, ship owners always impose regulations. The manufacturers of deck equipment must
therefore adapt their product designs to comply with these regulations, some of which have aspects in common.
However, guidelines also differ on many points. This makes it difficult to reach desirable levels of standardisation in
equipment design. The situation can be summed up in a phrase: for each vessel, a specific design. This article will first
provide a comparative overview of current legislation. A proposal for anchor windlass design is then presented in an

attempt to make the various regulations more cohesive.

The objective here is to reach an acceptable degree of

standardisation and, consequently, lower costs by applying economies of scale.

NOTATION

a band of the brake

Q minimum breaking load for the chain

C traction coefficient

d. chain diameter (mm)

Dy drum diameter (mm)

E, cable-lifter-retaining force (Kg)

h anchoring depth (m)

i reduction ratio

K; coefficient for calculating chain breaking
tension

K, coefficient for calculating chain breaking
tension

L chain length (m)

m geometric coefficient for band on brake

Mg braking torque

Ny, r.p.m. drive motor

P pressure on brake material

Pa anchor weight (kg )

Pe chain weight (kg )

Prax. ~maximum admissible pressure on brake lining
(N/mm?’)

F pump flow ('//min. )

| cylinder volume of motor ( cm® )

Vs hoisting speed (m/min)

Nm windlass efficiency

Ne hawse pipe efficiency

Nt transmission efficiency

n, volumetric—efficiency ( 0.8 —0.95)
0 angle contained in band brake radials (rad)
y7, friction coefficient for brake lining

1. INTRODUCTION
1.1 CURRENT REGULATIONS
Each ship will be equipped with components that help

it remain in one position, from which it can be
anchored. This equipment makes up the anchoring
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gear. Some of it will be fixed onto the deck: the
windlass, stopper, hawse pipe and chain locker. Other
elements comprise the moving devices needed for
anchoring: the chain cable, which include anchors,
chains and accessories. Nevertheless, all of the gear in
the anchoring system will be conditioned by the shape
and size of the vessel being developed, as well as the
regulations that correspond to that vessel. This is the
case with every aspect of the project.

The people carrying out a design process must always
adapt themselves to the multitude of regulations that are
directly applicable, as well as to the ones specified by the
classification society chosen by the ship owner. These
regulations have been developed to preserve the ship’s
integrity, which is a common objective. It may be
concluded, therefore, that everyone is thinking along the
same lines in terms of which aspects need to be dealt
with in the regulations and the best way to do so.

Nevertheless, there are great differences in how
classification societies handle the operation and design of
windlasses. An overview of these differences is provided
here. Among the societies included in this table are:
American Bureau of Shipping- (ABS), Bureau Veritas-
(BV), Det Norske Veritas-(DNV), Germanicher Lloyd-
(GL), Rina (RN) and Lloyd’s Register of Shipping- (LR).
The International Association of Classification Societies
(IACS), standardise, in part, their requirements related to
anchoring, mooring and towing in its document
“Requirements concerning mooring, anchoring and
towing” (2007). However, this document only focuses
on equipment number and anchor testing. There is no
IACS document to standardise design regulations for the
piece of equipment used in manoeuvring the mooring
lines: the anchor windlass.

The International Standard Organisation (ISO) is made

up of national entities from over 156 countries, including
most of the European ones. Technical Committee 8
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(TC8) deals with ship and marine technology. This
committee has developed standards related to the
equipment being examined here.

Carral et al [1] looks at a situation that is similar to the
one discussed here. In this case, the study is about the
design of a towing winch and examines the third largest
bibliographic source for naval architecture, the one
provided by the International Maritime Organisation
(IMO). In contrast, the IMO has no regulations on
anchoring.

There is a wide range of regulations and they have
marked differences. Consequently, the project manager
of a team is conditioned by the vessel’s classification
society at the moment of carrying out the design process.
This circumstance is a far cry from design and
manufacture processes, in which recommended
economies of scale are sought by standardising
components.

ISO Standards become the EN-ISO when they are
accepted by the FEuropean Committee for
Standardisation. By studying and comparing these
standards, it is possible to establish a common core
from which a common regulation can be developed for
the future. Thus, there would be significant savings in
equipment design and manufacturing costs. These
reductions will affect three different areas: design,
supplies and production. The first of these- design-
will be affected because there is a greater number of
common components and therefore fewer conceptual
design drawings. Secondly, fewer suppliers are
needed, especially when it comes to cast iron pieces.
Economies of scale are involved with the third area of
savings. A greater number of pieces is produced for
each model. .As for assembling the equipment, the
learning curve concept comes into play. Thanks to
this, there are reductions of around 30% when four
units of the same model are built. When all of these
factors are taken into account, equipment costs may be
decreased by over 25%.

2. COMPARING A SELECTION OF
RELEVANT REGULATIONS

As mentioned earlier, this selection will include both
classification society regulations and ISO standards.
Simply looking at the former will be of great interest.
In the case of tugs and their anchoring gear, Allan [2]
has carefully examined the scope of each regulation.
By doing so, it is possible to reach the conclusion that
the regulations mainly cover operational aspects.
Scant reference is made to the parameters of windlass
design and manufacture [1]. The next section looks at
how wvarious regulations deal with calculating the
operative parameters for the equipment related to
traction and braking force.
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For anchoring windlass design, both classification
society and ISO propose using a concept of minimum
breaking load for the chain (Q) as a variable on which the
most relevant features of the equipment depend. Among
these are traction and braking. This value will be
obtained from the three tables included in the regulations
for the three chain qualities normally considered (Q;, Q,,
Q;), However, Lloyd’s Register (Eq 1) and Bureau
Veritas (Eq 2) propose an alternative as they take into
account the following formulae for this calculation:

Q(N) = K,-d? (44—0.08d,) (1)
Q (KN) = 9.807K, - d (44 —0.08 d,)1073 )

The coefficient values are:
Table 1 Coefficient K for calculating breaking force for
the chain.

K; (Lloyd’s Register of
Shipping) K,
Grade - — (Bureau
Chain No chain Veri
eritas)
stopper stopper
Q: 4.41 7.85 1
Q; 6.18 11.0 1.4
Qs 8.83 15.7 2

For calculating windlass traction, the traction coefficient
C is employed. This is the  value on which the
classification societies and ISO coincide. It reflects the
grade of chain to be used. To define the nominal traction
for the windlass, coefficient C is multiplied by the square
number for the chain diameter. The following table
provides the coefficients given by the main classification
societies and ISO standard 4568 [3].

T =C-d? 3)

Table 2 Coefficient C to calculate the nominal traction
for the windlass

Chun | [ o | Bt | s | Gemancher (50
Qi

375 (375 [498 [375 |498 () P75
Q:

425 (425 |565 |42.5 [565 () J2.5
Qs

475 (475 |66.5 |47.5 665 () J75

* Germanicher Lloyd’s uses this as a formula for
anchorage depth greater than 100 m.

T = d?-[C+0.218 - (h — 100)] 4)
The braking force acts on the cable- lifter so that the gear

does not slip. In the case of anchoring windlasses, the
braking force specified in the regulations are defined as a
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percentage related to the chain’s breaking load (Q), as
shown in Table 3.

Table 3 - Braking force as a percentage of breaking load
for the chain

Force DNV / G.L / LRS Bureau [[SO
ISO/RINA 7 | Veritas  [4568

With chain 45 % |45%

stopper 45 % (*) (**) 45 %

W/o chain

stopper 80% 80% 80% 80%

* Calculating breaking load with Equation (1)
** Calculating breaking load with Equation (2)

Until now, this study has focused on aspects related to
how the windlass is operated. However, reference should
also be made to other factors for design and manufacture.
Here, the standard that comes into play is ISO 4568-
2006 -“SHIPBUILDING SEA - GOING VESSELS-
WINDLASSES AND ANCHOR CAPSTANS” [3]. Itis
the one that places the greatest attention on windlass
design parameters. Table 4 summarises classification
society regulations and then compares these with content
from ISO 4568.

3. PROPOSAL FOR STANDARDISATION
REGULATIONS AND WORKING
HYPOTHESES

This proposal for achieving standardisation consists of
adopting broad criteria based on the content in ISO
4568. The ISO standard has features that are in line
with the classification societies related to traction and
braking force. At the same time, the ISO has suitable
design and manufacture specifications in terms of the
cable- lifter, speed control, warping end and control
devices, while the classification societies stand out for
being silent on these matters (Table 4).

Table 4 — Comparison between classification society
regulations and ISO standards on anchoring windlass
design

Classification | 156 45682006
soc. reg.
DESIGN AND MANUFACTURE
Indicates they Minimum of 5
must be points, in
Cable- lifter declutchable/ no | accordance
mention of with ISO 1704.
geometry Declutchable
Optional, to
Warping end Not mentioned comply with
ISO 6482
With chain With chain
Strength stopper: 0.45 x stopper: 0.45 x
requirements the chain’s the chain’s
breaking load; no | breaking load;
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stopper: 0.80 x no stopper:
the breaking load | refer to
classification
soc. standards
With a brake
capacity
equivalent to
Some call for 1.5 of nominal
Control . .
braking system brake by electric | traction when
windlass electrically
operated; 1.3 x
when operated
by other means
Emergency Some require this Wlthln reach of
stop equipment
Some f:all for Must have
. operational .
Protection . torque limit
control (electric switch
and hydraulic)
Manual,
Control . .
. Not mentioned returning to
devices ..
neutral position
Adjustable
Speed control | Not mentioned from zero to
nominal speed
OPERATION
. Take into
Related to chain .
. account: chain
diameter and .
diameter value,
. grade, but there .
Nominal . chain grade and
. are different
traction anchorage
procedures for
. . depth (under or
calculating chain
cade over three
& shots)
Maximum 1.5 x nominal 1.5 x nominal
traction traction traction
Nominal speed No less than 0.15 | No less than
P m/s. 0.15 m/s.

In the European Union (EU), more uniform standards
help eliminate technical obstacles within the home
market. They make it possible to evaluate product
conformity through a system of accreditation,
certification, testing and calibrations. Product
development is also influenced by economic and
technical reasons given that innovation must go hand
and hand with this normalisation. For this reason,
the European Committee for normalisation is
increasingly merging ISO and EN —ISO standards in
the field of ship construction, pleasure craft,
equipment and machinery.

Fulfilling standardised regulations is one step.
Another involves accepting hypotheses based on
rational assumptions. With these two steps it is
possible to establish initial design conditions suitable
for the chosen calculation process. In the absence of
other conditions specified by the ship owner, initial
ones will guide windlass design.
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PROPOSAL FOR MORE COHESIVE
REGULATIONS

The proposal for making windlass design more cohesive
will include a set of minimum conditions the gear must
fulfil so that the vast majority of existing standards are
embraced. In this way, these standards could make up a
proposal for standardising regulations:
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When the windlass is idle, the cable- lifter is
declutched and the brake is activated. The
mechanical components of the windlass,
including the foundations, must be capable of
withstanding the pull applied on the pitch circle
diameter of the cable- lifter equal to 45 % of the
chain’s breaking load [3].

If the windlass is to be employed without the
chain stopper, the static load must be equal to
80 % of the chain’s breaking load [3].

When the windlass is moving, and with the aim
of considering the dynamic effects resulting
from the anchoring manoeuvre, its mechanical
components must be capable of withstanding a
load perpendicular to the windlass’s axle. The
application point of this load is to correspond
with that of the pitch circle diameter of the
cable- lifter cable-lifter. Its value is to be equal
to the one corresponding to the following

expression [3]:
71.25 - d.* (N) (5)

The braking force will be such that, if the
windlass is going to work in conjunction with
the stopper chain, with the cable- lifter
declutchable from the motor, the brake must be
capable of withstanding- without slipping- a
static load of corresponding to 45 % of the
chain’s breaking load, this being applied along
the pitch circle diameter of the cable- lifter [3].
The brake holding load for a windlass without
the chain stopper will be 80 % of the chain’s
breaking load [3].

Should the brakes be activated manually, the
levers must have a maximum scope of
movement of 600 mm. If the brakes work by
means of a hand wheel, this wheel must move in
a clockwise motion [5].

With power brakes, the system must be
designed in such a way that, if the equipment’s
power supply fails, the brake will immediately
and automatically start working [3].

The cable- lifter will have a coupling device that
allows it to engage and disengage from the
prime mover when it is not in use. Its shape and
dimensions must respect ISO 1704 [6].

If there is a reduction gearbox, it must be
lubricated on a regular basis and to a sufficient
level if the equipment tilts up to 15 degrees [5].
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Furthermore, it should also have a display panel
for the oil level. Along those points in which
grease lubrication is needed, there must be
lubricating devices, such as grease nipples that
are adjusted to ISO 7824 specifications. The
gears must not be lubricated with grease.

If there are hydraulic windlasses, the system’s
working pressure must not exceed 70% of the
maximum permissible continuous pressures
specified by the component’s manufacturer.
When compared with all the other components
of the system, it must have the lowest nominal
pressure [4].

If the gearbox is reversible or it is a direct drive
windlass, its system must ensure that the brakes
on the motor are activated whenever the motor
stops, intentionally or not. With the particular
case of electrically operated windlasses, it is
essential to use an electrical negative brake
whose braking force is 1.5 times nominal
traction [3]. For hydraulically operated
windlasses, brake valves are used. They are to
have a braking power that is 1.3 times normal
traction.

Hoisting speed must be 9 m/min, which will be
tested by raising the anchor and chain from 85
m. to 57.5 m. in depth [3]

If there is a warping end, ISO 6482 [7] will

apply.

WORKING HYPOTHESES

In order to design the windlass, it is essential to establish
a range of initial conditions. These have to be carefully
thought through and then incorporated into the set of
standardised guidelines presented in point 3.1.

When the windlass is in motion, its components
must be capable of withstanding a force that is, in
minimum terms, over 25 % of the nominal force
during its expected service life, as indicated by the
manufacturer.[4]

If it is a dual anchor windlass, in addition to the
forces mentioned earlier, it must be capable of
withstanding 50 % of the total of each one of the
forces applied on the cable- lifters [4]

The windlass motor must be able to operate for at
least 30 minutes at the power that corresponds with
the following value, calculated for the value p,
corresponding to four shots of the chain:

8.7 - -V
PSS ©

If there are no data about how much the chain and
anchor weigh, the windlass motor has to be capable
of operating for 30 minutes at the following power
[4]. Please note that the expression does not comply
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with GL and BV requirements, in which case, the
coefficient will be 66.5.

P(w) =—————— )

e The windlass motor must be able to operate for at
least two minutes, at a power that exceeds 50 % of
the one calculated in the section above [3].

e The windlass motor and its operating and control
systems must be prepared to withstand being started
up six times in 30 minutes with a resting period of 1
hour [4].

e The average hoisting speed will not fall below 9
m/min., nor go above 12 m/min. while there is
nominal rotation and the motor is working at full
load [3.,4].

e (Calculations for ball bearings will comply with ISO
281, at a 90% reliability level and with an effective
service life of 10 years. Lubricating options include
grease, an oil bath or splash lubrication. If grease
chambers are chosen, these will then have, through
easy access, grease nipples that comply with ISO
7824,

e Bearings are calculated at a reliability level of 90 %.
Their effective service life must be five years under
nominal loads and speeds [8].

e The axle, clutch, cable- lifter and gearbox
calculations are to have a 99% reliability level.
Their fatigue during their service life will be along
the same lines as the one for the windlass, and under
a nominal workload [20].

e To ensure that the lines and ropes last longer, if
the windlass has warp ends, their diameter will be
six times that of the rope and 16 times that of the
line [10].

e If it is electrically operated, it is advisable to have a
squirrel cage, three-phase asynchronous motor. It must
have, as a minimum, F class insulation and B class
heating. The degree of protection should be (UNE 20324
—CEI 144) [11] or [12] IP-560 above deck and IP-540 in
other cases [4].

4. DESIGN PROCESS FOR WINDLASS
BASED ON MORE COHESIVE
REGULATIONS

The first step here entails calculating the equipment
number using the values tabulated by the International
Association of Classification Societies (IACS) [13].
These values are related to diameter, total length of the
chain cable and anchor mass. They help determine the
anchoring gear that the windlass must manoeuvre. By
considering the standardised regulations and working
hypotheses, it is possible to determine the main
characteristics of the windlass in accordance with the
data provided by the client. On the whole, the minimum
data needed are:
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- Windlass type and operation.
- Number of anchoring lines.
- Chain diameter and grade.

Additional data are needed to complete basic
information: hoisting speed, whether there are auxiliary
warping ends and how the windlass is operated.

To define an anchoring windlass, these parameters must
be considered [4]:

- Windlass type (single or symmetrical double
cable- lifter, combined or not mooring device).

- Operational and technical features of the
gearbox in terms of reduction ratio.

- Average and instantaneous power of the
windlass motor.

- Geometry and dimensions of cable- lifter.

- Warping end dimensions.

- Brake type and dimensions.

4.1 WINDLASS TYPES

Windlasses can be classified into two groups: dual
anchor devices with two anchoring lines and single
anchor ones, with only one anchoring line. At the same
time, the latter group can be sub-classified as either
horizontal or vertical according to their position in
relation to the transmission axle of the cable- lifter. In
general dual-anchor windlasses (Figure 1) are used with
small chains, whose diameters are between 22 and 30
mm. With very small chains, whose diameters are below
20.5 mm, and those whose diameters exceed 30 mm,
single-anchor windlasses are used [9]. (Figures 2 and 3).

Rear view

Frontal view

Figure 1 — Double anchor windlass for a 26 mm chain
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Rear view

Figure 2 — Single anchor windlass for a 40 mm chain and
mooring reel

Frontal view

Rear view

Figure 3 — Single anchor windlass for 58 mm chain and
split mooring reel

4.2 OPERATING SYSTEM; TRANSMISSION
RATIO

In terms of the way they operate, the most common
systems are electric and hydraulic. Among electric
motors, the asynchronous ones with alternate current
stand out. The hydraulically-operated ones mostly use
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rapid axial pistons motors connected to variable flow
pumps. Radial piston motors are suitable for higher
powered equipment [14], as the reducer gear is smaller.
However, they have the drawback of being expensive
and difficult to maintain. Both systems have one point in
their favour: they make it possible to vary the hoisting
speed. Moreover, they offer a constant torque, which is
independent of the speed.

On the other hand, small windlasses, with chains up to 30
mm, use asynchronous motors that have softstarters. For
chains between 30 and 70 mm, there is a preference for
hydraulic systems with axial pistons or electric systems
with frequency converters. When chains are over 70 mm,
hydraulic systems predominate; these have radial pistons.

In general, windlasses have a mechanical reducer gear
and it is necessary to determine their transmission ratio.
When the transmission ratio for a reducer is the quotient
between the number of times the input shaft, near the
operating motor, rotates and the number of times the
output shaft, near the cable- lifter, turns, the following
expression works for the calculation [15]:

Np  4.107°N,, - d,

TN, v,

®
With electrically operated devices, the motor speed
corresponds with the one that is under full load, 1500
rpm. In the case of windlasses with auxiliary warping
ends for mooring manoeuvres, if the required speed is
around 30 m/min [10], frequency converters are
particularly interesting.

If a hydraulic system is chosen, the motor speed will
depend on cylinder volume, as well as the flow supplied
by the pump that feeds it, that is [16]:

_ F-1000

" Ve,

©)

43 AVERAGE AND INSTANTANEOUS
POWER OF THE WINDLASS

The windlass motor’s average power will depend on its
number of cable- lifters, the size and grade of its chain,
its hoisting speed, the mechanical efficiency of the motor
and the geometry of the Hawser pipe. If the data known
about the anchoring line include its cable diameter, the
following formula can be applied to obtain the average
power [4]:

63.7 - K -V, - d?

1
e (10)

P,(w) =

The hoisting speed being Vg, values between 9 and 11
m/min. will be taken. Therefore, the value for K will be
0.91 for single cable- lifter windlasses and 1 for double
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cable- lifter models, while the windlass efficiency will
range between 0.5 — 0.7 [4]. If data are available for
chain grade and length, anchor weight, the performance
of the hawse pipe (0.5 — 0.7) as well the reducer gear, it
will be better to use the following formula [4]:

85.3- (P, +0.02 - L - d?) - v

P =
w) 607 7,

1

Windlass efficiency is generally not known, but it is
possible to obtain approximate this value by multiplying
the unitary performance for each movement of its gears
and for the cable- lifter. As a guide, these typical
performance rates may be cited t [4]:

- A pair of cylindrical gears with a transmission
ratioi < 8 Nn=0.98-0.95

- A pair of conical gears with a transmission ratio
i <10: n=0.95-0.90

- An arrangement of reversible worm gears with
endless screws n =0.5-0.7

- An arrangement of irreversible worm gears with
endless screws 1 =0.4-0.5

- Warp end performance may be given as 0.95

To hoist the anchor from the sea bed, the motor has to
surpass the anchor’s holding power. Thus, for two
minutes the motor should be run at instantaneous power,
which is calculated below [4]:

(20.6-P, +0.2-d?2-L)-V,
P(w) = (12)
612-73, -1,

44 GEOMETRY AND DIMENSIONS FOR THE
CABLE- LIFTER ON THE WARPING END

Cable- lifters are defined by the diameter of the chain
to which they are geared. Another factor is the
number of points in their geometry. Their shape must
allow them to be in contact with at least two snugs
along the chain. This position is determined by the
angle at which the cable- lifter hugs the chain. Its
angle value will be, at the same time, determined by
the relative position between the Hawse pipe on deck
or the chain stopper and the spurling pipe through
which the chain passes to the case. For the chain to
wind correctly in the cable- lifter, it is necessary to
test it once the gear is placed on its pole on board.

ISO 21-1985 [16] specifies the shape taken by a cable-
lifter with a diameter of 44 mm, with the opportunity of
having five, six or seven snugs. Figure 4 shows its shape
and defining parameters. For chains over the diameter
mentioned above, ASTM F- 765 — 93 is applied [18]. It is
important to calculate the pitch circle diameter of the
cable-lifter, which is achieved with this formula [4]:
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Dy, =127-1072-d, (13)
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Figure 4 — Five-snug cable- lifter with its main

parameters — [SO 21

Furthermore, the cable- lifter is freely mounted on the
windlass axle. It receives its drive torque through the
dog clutch. Given its high radial load and low speed, it is
normally mounted over bronze bearings. Ball bearings
are only used when the equipment has a chain that is less
than 24 mm

Warping ends in anchoring windlasses are used to turn
the mooring lines near where the forecastle deck is
located. They share an axle with the windlass. To obtain
a suitable hoisting speed, they should rotate twice as
many times as the cable-lifter. The simplest way to
achieve this is to vary the motor’s drive speed. Another
option, for winches with chains over 70 mm, is to run
them at an intermediate reduction. Their Z shape lets
them fit neatly on deck.

The warping end diameter must be of a size that stops the
line or rope from deteriorating as it is handled by the
equipment. Thus, the minimum diameter of the warping
end must be over six times that of the rope [10, 15].

4.5 BRAKE TYPE AND DIMENSIONS

Every cable- lifter must have a brake that allows it to
reduce its speed or stop whenever the chain is wound out.
Moreover, the brake will hold back the equipment during
anchoring. In most cases, a band brake is involved. It is
differential because it is self-energising and can even be
automatic. (Figure 5)

To obtain the necessary force from the band on top of the

brake drum, windlasses include systems that multiply the
force made on the lever or hand wheel. (Figure 5)
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Figure 5 Band brake at a fixed point and in differential
mode

Brake calculations must ensure that they can withstand
the maximum static load, as specified by the ISO. It is
also important to check that the maximum pressure over
the brake linings falls within admissible levels.

Braking torque goes hand in hand with the braking force
acting on the mooring drum attached to the cable- lifter,
as demonstrated below [19]:

e
27 (14)

My = F,
When the drum brake diameter is linked to the diameter
of the cable- lifter on which it rests, coefficient “i* will
be the transmission ratio for the differential brake. This
coefficient will correspond to the multiplication of the
force applied to the lever or hand wheel, whose
mechanical efficiency will be 7n,. The windlass is
normally alongside the chain stopper. In this case, the
cable- lifter’s retaining force F, can be found in the value

for 45% of the chain’s breaking load [3]. This is in
agreement with the expression in Table 3.
F. =0.45-Q (15)

The width for the band of the brake with the same name
is obtained with the following expression [19]:

_r m 2
= =1 D, P

(16)

Where m is the geometric coefficient of the band
interacting with the angle found within the band brake
(0), the friction coefficient for the brake lining is (). The
value P,,x . maximum point pressure admissible for the
brake lining’s material, will depend on the material used.
Moreover, for the brake geometry, the average pressure
over the brake must be lower than the average admissible
pressure on the material of choice.
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5. CONCLUSIONS

When opting for an anchoring windlass design,
classification society specifications and ISO standards
must be taken into account. The IMO, in contrast, has no
regulations on this subject.

There is a great deal of common ground between what
has been produced by the classification societies and ISO
4568: the sum total of working specifications related to
traction, speed and braking force. However, the
classifications societies are noticeably reticent over
aspects of design and manufacture, such as the geometry
and dimensions of the warping ends, cable- lifter,
operating systems and control devices.

Using ISO standards as a base, it is possible to produce
regulations that are cohesive, and, at the same time,
guarantee that the main bulk of classification society
standards are met. In this way, it is also possible to
establish design and manufacture specifications that
make it easier to standardise components. Along with
established codes, there are solid working hypotheses.
With all of these, a design can be proposed that
determines the main characteristics of the windlass in
accordance with the data provided by the client.

With this solid base, procedures have been put forward
for determining windlass type (single or double } anchor),
as well as operating modes. One can also define the gear
box through the reduction ratio, the average and
instantaneous power for the windlass motor, cable- lifter
geometry and dimensions, warping end dimensions and,
finally, brake type and dimensions.
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APENDICE 1

CALCULATE:

EQUIPMENT NUMBER-IACS (13)
- DIAMETER GRADE AND TOTAL LENGTH OF CHAIN CABLE
- ANCHOR MASS

DEFINE:

WINDLASS TYPE:
- DUAL OR SINGLE ANCHOR
- HORIZONTAL OR VERTICAL

TRANSMISSION RATIO: OPERATING SYSTEM
- ELECTRIC OR HIDRAULIC OPERATION
- OBTAIN TRANSMISSION RATIO (8)

AVERAGE AND INSTANTANEOUS POWER:

é AVERAGE POWER: )
- OBTAIN MECHANICAL EFFICIENCY (REF.4)
- WITH ANCHORING LINE DATAS, USE (10)

- WITH CHAIN GRADE, LENGHT AND ANCHOR MASS DATAS, USE (11)

INSTANTANEOUS POWER:
- USE (12)

N\
J

GEOMETRY AND DIMENSIONS FOR THE CABLE LIFTER AND WARPING END:
- CABLE LIFTERS ARE DEFINED BY: ISO 21 1985 AND ASTM F-765-93
- WARPING END DIMENSIONS BY REF. 10 AND 15

BRAKE DIMENSIONS:
- OBTAIN RETAING FORCE (15) AND WIDTH FOR THE BAND (16)

Figure 6 Windlass flow design diagram based on standardised regulations
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SUMMARY

Stricter guidelines, hand in hand with continuous technological advances, mean that vessels are safer and more efficient.
At the same time, these changes make ships more complex and expensive. However, this is not the case with mooring
equipment. Regulations vary in content, but have the same objective. They fail to improve the ships’ safety and prices
are negatively affected. A vessel’s mooring system has to take into account various sets of regulations, including those
of the country under whose flag it is sailing; the classification societies; ship owner associations and the terminal ports.
This paper will analyse the contents of all these regulations in an attempt to find what they have in common. Its next
purpose is to propose guidelines with unified contents. The proposal is to harmonise regulations that affect the mooring
winch’s operation, design and construction. With standardised regulations, it would be possible to carry out a single
design process and one calculation for components. These steps will be apt for every kind of project. By unifying this
process, the final price of manufacturing equipment will be reduced.

NOTATION

D original diameter of the warp end

T nominal mooring speed in KN

r admissible variation in % of the line lifting
speed

P power of the mooring winch in w

1 length of the drum in mm.

L. length of the warp end in mm

length of the line to stow in m.

turn line numbers

warp end modulus

rpm of the engine

number of layers reeled in the drum
lifting speed in m/s.

stream ratio

interior diameter of the drum in mm
exterior diameter of the drum in mm
diameter of the line in mm

diameter of the work in split drums
stowage ratio in the drum

<= zzBC

o~

<)

L N

r

1. INTRODUCTION

When a vessel reaches the port, its propulsion system no
longer operates. The vessel becomes subjected to the action
of the currents and winds. To run the boat safely under
these conditions, anchoring and mooring systems must be
used. The latter system includes moorings to secure the
vessel to land; components that are fixed to the deck- such
as pedestal and other fairleads and bitts - and the mooring
winch, which manipulates the ropes and cables.

Mooring winches play an important role as they have a
dual purpose: to handle the lines during the manoeuvre
and later to maintain them in the correct position while
the ship is at port. Mooring of a boat must be adapted
according to variations in its displacement or in response
to changes in tidal conditions or currents. The manoeuvre
can be carried out by making continuous manual
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adjustments over each rope. Alternatively it can be done
automatically with a constant tension winch.

In terms of conventional winches, those with constant
tension maintain the mooring rope’s tension. This is an
automatic process based on a pre-set variable. When the
mooring rope tension exceeds a certain value, the drum
rotates to release more rope. When the tension falls below
the pre-set value, it hauls down the rope until it reaches a
fixed tension. Table 1 is based on the contents of ISO 3730
[1]. It clarifies the functions of mooring winches, according
to whether they are conventional or constant tension.

Table 1 — Functions of mooring winches based on ISO
3730

Conventional Automatic

OPERATION . . or  constant
mooring winch , .

tension winch

Mooring By means of drum

Stowqg cof In drum

mooring

Maintaining

tension through | In drum

brake

Warping Opthnal by means of drum or
warping end

Maintaining

tension through | Not available In drum

automatic

devices

The flag and port states, as well as the ship owners and
charterers, all have an influence on the legal framework
to ensure vessels operate safely [2]. Within this
framework, two types of measures come into play: state
regulations, such as the International Standards
Organisation (ISO) and UNE, the Spanish system, and
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international conventions from the International
Maritime Organisation (IMO) and International Labour
Organisations (ILO).  On the other hand, owners and
charterers have to juggle varying sets of regulations.
Regulatory bodies in this sector include the Oil
Companies International Marine Forum (OCIMF) and
International Gas Tanker and Terminal Operators
(SIGTTO). Another entity is the classification society
chosen by the ship owner. Here, the regulations on
winches from all these sources have been studied.

156 countries send representatives from their own standard-
setting bodies to the ISO. Among these countries are most
of the European states. Their practical guidelines have been
developed with reference to the ISO — TC 8 Technical
Committee on Shipbuilding and Marine Structure). 1SO
3730 “Shipbuilding — Mooring Winches” [1] refers to
designing and testing mooring winches, including their
components. These documents inform this study.

Another document is provided by the Oil Companies
International Marine Forum, whose mission is to
promote maritime safety through by using tankers and
terminals in a controlled way. To this end, a range of
associations from this sector have formed a working
group [3]. This group produced “Mooring Equipment
Guidelines — MEG3”, which establishes the basic
principles of safe mooring [3].

Thanks to an increase in demand, shipping has evolved
over the XX Century to take its place among the
vanguard in the field of logistics. Economies of scale
have been applied and ship registration has been
liberalised. At the same time, transport systems-
particularly those for ships and ports- have made strides
as costs are continuously being reduced. That is why this
sector enjoys a privileged position. [4]. As it continues
being improved in the name of competitiveness, the
shipping of the future will still need to have its operating
costs reduced. This trend means that both ship building
and running costs will continue to be lowered.

If the implementing regulations are standardised, the
design and manufacture of mooring equipment will be
standardised. The cost of building and operating vessels
will be reduced in keeping with the needs of shipping.

2. COMPARING EXISTING REGULATIONS

Before one can compare the regulations, it is necessary to
establish a series of definitions so that this comparison is
homogeneous, as shown in Appendix 1.

Classification societies have sought to harmonise
regulations through the International Association of
Classification Societies (IACS) [5]. “Requirements
concerning mooring, anchoring and towing-UAR2”
establish conditions that the mooring lines (ropes and
cables) must meet when the area below the waterline is
subjected to a 2.5 m/s current and the one above it is
subjected to winds of 25 m/s. However, their angles of
incidence are not specified. In these regulations, the
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equipment number is the starting point to obtain the
values for the lines. These values include number,
minimum length for each and minimum breaking load
(MBL). The guidelines establish the minimum
requirements. [6]

A second classification society document IACS URA2
[5], “Shipboard fittings and supporting hull structures
associated with towing and mooring on conventional
vessels”, standardises guidelines for designing and
manufacturing the above deck components of mooring
systems. It deals with “...fittings and supporting
structures used for the normal towing and mooring
operations. Shipboard fittings mean those components
limited to the following: bollards and bitts, fairleads,
stand rollers, chocks used for the normal mooring of
the vessel and the similar components used for the
normal towing of the vessel”.  However, “other
components such as capstans, winches, etc. are not
covered by this Unified Requirement.”

Yet another document is from the Safety at Sea
Committee of the IMO: “Guidance on shipboard towing
and mooring equipment” [ 7). This circular is intended to
provide standards for the design and construction of
shipboard  fittings and supporting hull structures
associated with towing and mooring. By shipboard
fittings, they mean bollards and bitts, fairleads, stand
rollers and chocks used for the normal mooring of the
ship and similar components used for the normal towing
of the ship. Therefore, components like winches have not
been included. In this way, they are like anchoring
systems [8], also left out of IMO guidelines.

On the other hand, ISO standards cover mooring and
towing winches [9]. In terms of the guidelines followed
by ship owners, classification societies define what a ship
design must include for a vessel that belongs to a certain
class. At the same time, there are sector specific
regulations. For instance, chapter 7 of an OCIMF [3]
document deals with mooring winches on crude tankers
and Liquid Natural Gas (LNG) carriers.

This study will first compare existing regulations related
to operation before looking at those on design and
manufacture.

2.1 OPERATING REGULATIONS

These deal with the operating parameters for mooring
winches involved in manoeuvres. The following aspects
are considered:

e Load on the line or rope

e Rendering and recovering speed

e The drum’s capacity to contain the line or rope
e  Braking capacity

Table 2 provides an overview of the classification society
standards. It is clear that a limited amount of data will be
relevant to this study. Nothing is mentioned about the
speed. There is little about loads and braking capacity;
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Table 2 — Comparison of classification society standards

Det Norske Lloyd S . Germanischer American
. Register Bureau Veritas Bureau of
Veritas o Lloyd .
Shipping Shipping
Nominal load
between 22%
and 33 % of | Only specifies Only specifies
LOAD the ’ mooring | that the lower Not included that the lower Not included
rope’s value is value is
maximum 15 tn-f 15 tn-f
breaking load
(MBL)
SPEED Not included
BRAKING 0.8 of the MBL of the mooring | Not included
CAPACITY rope
Determines
minimum
ig:ltlleg;l;gor cach Determines
DRUM Determines minimum length for each rope tor lue: minimum
CAPACITY storage vaiue. length for each
containing 150 | ..
. line.
m. of rope with
80 mm.
diameter.
only the Det Norske Veritas (DNV) sets an interval load 3. PROPOSAL FOR HARMONISING
value. The Lloyd’s Register of Shipping and DNV REGULATIONS

establish braking capacity. For the drum’s capacity,
Germanischer Lloyd (GL) provides a minimum value
based on a diameter and length to be contained.

In contrast ISO 3730 [1] includes the definitions
mentioned above. It also has a table with the values
relating to operating parameters for ropes whose
diameters range between 18 and 48 mm.

2.2 DESIGN AND MANUFACTURING
REGULATIONS.

Classification societies simply pay no attention to design
and construction standards for mooring winches. For this
analysis to be complete, data from ISO 3730 [1] and the
OCIMF’s MEG 3 (3) should be considered. Table 3
gives a clear overview of the existing regulations.

Regulations must be standardised. In this way, equipment
manufacturers can optimise their work by standardising
designs and production methods. In turn, this would lead
to economies of scale [8]. Classification societies focus
on how the winches operate and forget about design and
production. ISO standards and OCIMF documents deal
with both operational and design factors. The two
documents coincide; it is clear that the ISO guidelines
have inspired the OCIMF regulations.

©2015: The Royal Institution of Naval Architects

This proposal consists of adopting new criteria for which
ISO 3730 — 2112 serves as a linchpin. In the few aspects
they cover- load and braking forces- the classification
societies coincide with ISO guidelines. However, the
ISO deals with other working aspects, such as speeds and
drum capacity. Moreover, these standards cover the
design and manufacture of drums and warp ends, as well
as speed control and display panels. The fact that
classification societies do not mention these stands out
(Table 3). Thus, the ISO standards are in a better position
to inform a proposal to standardise regulations.

3.1 PROPOSAL TO HARMONISE
REGULATION EXIGENCIES

An in-depth study of the contents of [1] [10] points the
way towards these guidelines:

e The value adopted for the nominal load of the
mooring winch should be 33% of the rope’s
MBL [1][3].

e  The maximum load must not exceed 80% of the
rope’s MBL [1].

e With constant tension winches, the following
values are to be adopted to establish the
rendering and recovery loads [1] :
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e Rendering loads - 0.5 times the rope’s
MBL.
e Recovery loads - 0.5 times the equipment’s
nominal load.
The equipment’s dry running speed is to be 0.5
m/s (30 m/min.) [1].
As for the drum’s speed under nominal loads,
this will vary according to the diameter of the
line or rope. The following table provides the
values to be adopted [1] (Table 4).
As the creep speed, the recommended value is
0.5 times the nominal speed. Variations are in
accordance with Table 5 [1] .
Braking capacity is to be 0.8 times the rope’s
MBL [1].
To avoid damaging the cable, the interior diameter
of the drum is to be at least 16 times the line’s
diameter and six times that of the rope [1].
For the drum design, the type of line to be used is
6 x 36 or 6x41 steel- cored Warrington Seale, in
accordance with ISO 2408 [11]. A possible
alternative, however, is to use mooring lines
whose fibres comply with EN-ISO-1141 (2012) -
Fibre ropes [12] [1].
Drum capacity to hold the rope is to adopt a
double configuration: minimum and maximum.
These values are to follow the guidelines in Table
6[1].
With the drum’s exterior diameter, it should be
possible to have between five and eight layers in
the spool. This means that the exterior diameter is
to have a value of (see Table 7)[1] .
The drum has to be long enough to hold all of the
rope indicated. In the case of split drums that have
a stowage and working spool, the former is to have
no more than five layers. The working zone is to
have only one layer; its length cannot exceed 10
times the rope’s diameter [1].
If the drum is declutchable, its braking system
must have a holding capacity equal to 0.8 times the
rope’s MBL [1].
All the prime movers of the winches must have an
automatic braking system equivalent to 1.5 times
the nominal load for electric and y 1.25 for
hydraulic systems [1].
In the case of electric systems, the winch motor
must be ready to carry out eight start-ups in an hour
with intermediate two-minute periods of rest. For
five minutes, it is to run at a power that exceeds 20
% of its nominal power [10].
If the system is hydraulic, the motor’s working
pressure must be no more than 70 % of the
maximum admissible continuous pressure. For five
minutes, the system must be capable of running
15% above its nominal pressure [8].
In electric systems, the motors are to have thermal
class F insulation and class B heat resistance. The
level of protection will be UNE 20324 — CEI 144,
IP-560 when above deck and IP-540 in other cases
[13][14].

3.2 WORKING HYPOTHESIS

Using the exigencies of the regulations as a starting
point, working hypotheses will be made:

e When the winch is in operation, its mechanical
components must be capable of withstanding, as a
minimum, a load that exceeds 25 % of the nominal
load throughout the service life established by the
manufacturer [10] .

e Itis necessary to limit the difference in rope speed
between the first and second working layer. When
the motor is working at a constant speed, the ratio
between the exterior (d.) and interior diameters (d;)
of the drum, d, /d;, must fall between 1.5 and 3.
When the motor has a variable speed, this may be
between 2 and 5 [10].

e Ball bearings are calculated in accordance with
ISO 281. There is a 90% confidence level for a
10-year service life, if the bearings are lubricated
[8]. Grease chambers are used with easy access
nipples, following the guidelines in ISO 7825 [15].

e Bearings are to be calculated with a 90 %
confidence level and a service life of five years
under nominal loading and speed conditions [16].

e  The axles, clutch and gearbox are to be calculated
at a 99% confidence level reaching the point of
fatigue. The service life will be equivalent to the
service life of the winch, under normal working
loads [17].

e To ensure the long life of the cables and ropes, if
the winch has warp ends, these must have a
diameter that is at least six times that of the rope
and 16 times that of the cable [3].

e If the winch is in operation, its mechanical
components must be capable of withstanding a
load that is at least over 20 % the nominal load

during the service life indicated by the
manufacturer [10].

4. PROPOSAL FOR CALCULATING
COMPONENT DESIGN

4.1. INPUT DATA

The data that are necessary for defining the winch are
provided in reference [10]. These include:

e  Type of work that the winch will carry out.
e  Traction or pull.
e Rope length it needs to stow.

Occasionally, additional data are provided to complement
the basic information. Among these data are: motor type
desired to be the prime mover, line diameter to be used,
rendering and recovery speeds, braking capacity, drum size
and type and, finally, type of gear box.

The first step is to find out the nominal traction or pull.

With this information, it is possible to obtain the value
for the rope diameter and nominal speed, based on the
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guidelines from the ISO and MEG 3 [1] [3]. With these
data, one can also define:

Drum and warp ends dimensions
Prime mover and reduction ratio
Winch power

Brake dimensions

4.2 DRUM DIMENSIONS

Ideally, the drum should fulfil the basic requirement of
stowing all the line or rope provided for the winch. It
should also meet the following conditions:

e The rope will not become damaged when it is
coiled.

e  The linear speed of the line being rendered and
recovered will remain constant.

e In accordance with the drum size, the final
dimensions of the mooring winch are reduced.

Because it is impossible to comply with the three conditions
simultaneously, a priority list is needed. To minimize damage
to the rope during the procedure, drums have to be built with
large diameters. On the other hand a constant linear speed is
the priority for the rope; the line must be completely reeled in
one layer. This means that extremely wide drums must be
produced and the final dimensions of the mooring winch will
be affected.

Figure 1 — Mooring winch with single drum, pull 80 KN.
Source: Carral Design Engineering Solutions

ISO and MEG 3 guidelines distinguish between two types of
drums: single and split. In the first type, the entire rope is
reeled into a single zone, so that the load and linear speed
vary from layer to layer. (See Figure 1). In the second type,
the drum is split into a load or work zone and another zone for
stowage by means of an intermediate element. In the load
zone, the rope is reeled into one layer, so that a constant speed
and load are maintained. (See Figure 2).

Guidelines for designing this mooring winch component
can be found in ISO documents and MEG 3. There is
great overlap between the two texts. Both sets of
standards will be referred to for the design of the drum.

In practice, d; is accepted as the interior diameter of the
drum for the amount of rope it stows. [1] [3]:
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d; =16 -d, 1)

If it contains rope, the value that is considered will be six
times the rope’s diameter. With the exterior diameter d.,
one can obtain the capacity indicated in Table 6. This
can be either minimal (2) or maximum (3):

d, =28-d, )
d, =33.1-d, (3)

If it contains cable, these coefficients will become 18 and
23.1 times the diameter.

There is an alternative to the ISO regulations. In this, the
maximum diameter of the drum will be determined by the
variation of speed that is admissible between the first and last
layers. In [10] a suitable formulation helps calculate the value
for the maximum diameter. A restriction of 25% is
established as the variation in the nominal speed. By
generalising this rule, the percentage value “r” is restricted as
the admissible variation of the rope’s linear speed. Thus one
can obtain the expression that generally relates the parameters
for the interior and exterior diameters of the drum:

d, =d,.|1+ Lj+4.dc 4)
100

When the consecutive reeling in of the rope in the drum
is analysed, it is assumed that the line in a number “n” of
layers has been stowed correctly forming an equilateral
triangle. It will therefore be possible to generalise the
expression for the exterior diameter and of the number of
layers “n” being reeled in (5):

d,=d, +2-(n-1)-d_ cos30+4-d, )

(d,—d,—4d))

— 741 6
I ©)

n=

Similarly, [10] offers the expression needed to obtain the
third parameter: drum length. However, it is important to
remember that the ISO mentions a clearance between the
last layer and the exterior of the drum. This is to be at
least 1.5 times the diameter of the line [1]. Expression (7)
already takes this last observation into account.

1520 d2 - L

e =@, —3d07 — a7k,

(7

Thus, with conventional drums, the sizing process will
already be complete. However, for split drums a further
step of defining the diameter of work must be taken.
This does not necessarily have to coincide with the
minimum diameter of the stowage area. Once the length
of the line L is known, the diameter of work d, will be

obtained considering stowage in a layer with a “m
number of turns:

L
d, = m_dc 3
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Figure 2 — Mooring winch with a split drum, pull 100 KN Source: Carral Design Engineering Solutions

For conventional spooling devices, the drum must be
long enough to contain the entire rope within a number
of layers that will range from five to eight. As indicated
in [3] (pag. 140. 3 — MEG3) when dealing with elevated
loads, it is convenient to limit the number of layers. If
not, the line stowed in the lower layers may be bitten by
the top ones due to the traction they exert. In these cases,
the recommended stowage limit is four layers. With
ropes subjected to a heightened load, a good option is to
use drums of no more than five layers. In the work area,
all the line is reeled into only one layer. This area is not
to exceed 10 times the diameter of the High Modulus
Polyethylene (HMPE) line or rope. If a mooring line is
used, this amount can be reduced to six times its
diameter. [1].

Table 8 summarises the drum geometry for constant
tension mooring winches; it deals with the drum subject
to load and the other one, a split drum.

A final step is to measure the maximum load that the line
undergoes in its first layer when it is reeled in [11]. This
is obtained by considering the nominal load (T) as that
which is produced in the layer corresponding to the
average drum diameter:

T- (de + di)

2 (di + dc) (9)

Tnax =

43 WARP END DIMENSIONS AND SHAPE

As is the case with the drums, the warp end diameters
have to ensure that the mooring line will not be damaged
when reeled in. The diameter of the rim groove will be
the one obtained through the expression [2] [18].

D >6-d, (10)

In [18], to calculate the dimensions and profile of the
warp ends, two models may be considered: one for the
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normal length and another for its longer counterpart (type
C and E). The process merely involves calculating the
value for the warp end’s length end (L ) and the value for
the parameter M known as modulus:

Lc =6-d, (11)
d.
M= (12)

In Figure 3, the parameters for the warp end profile are
shown; they coincide perfectly with what the regulation
indicates [18].

Profile type C

Figure 3 — Profile of the normal and longer warp end
according to ISO 6482 (notation used in the mentioned
standard), Source: ISO 6482

a
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Figure 4 —Longitudinal section of the mooring winch
with a double split drum, Source: Carral Design
Engineering Solutions.
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Table 3 — Comparison of the standards set by the classification societies, ISO 3730-2012 [1] and OCIMF/ MEG3 -2008 [3]

Classification societies Norm ISO 3730-2012 OCIMF- MEG3
DESIGN AND CONSTRUCTION
Defines: Deﬁr}es: .
. S Interior  diameter and
Capacity, interior and .
. . . capacity.
Not mentioned exterior diameter and ’
Rope drum 1 ) In split drums, defines
ength. In split drums,
load zone.
defines load zone.
Warping end Not mentioned Optional, complying with Not mentioned

ISO 6482

Prime mover braking

Not mentioned

-Electric: 1.5° nominal
load.
-Hydraulic: 1.25 nominal

load.

Not mentioned

Spooling device

Not mentioned

Optional

Not mentioned

Prime mover

Not mentioned

Electric in accord. with
IEC 92 and IEC 529,
hydraulic, in accord. with
1SO 4413

Not mentioned

Within easy reach of

Emergency stop Not mentioned . Not mentioned
equipment
Protection Not mentioned Torque limiter needed Not mentioned
Clutch Not mentioned Should be between prime Not mentioned
mover and drum
Control panel Not mentioned Manual, 'r'eturnmg to Not mentioned
neutral position
OPERATION
) Between 0.22 and 0.33
Drum load 0.33 rope’s MBL times rope’s MBL
Holding force Does not distinguish | 0.8 rope’s MBL 0.5-rope
between them; only the
Recovery load DNV d.e termines 1nterya1 0.5 nominal load Not mentioned
for nominal load according
to the rope’s MBL
Rendering load 0.5 rope’s MBL Not mentioned
According to nominal | According to nominal
Nominal speed load load
Light line speed Not mentioned 0.5 my/s. 0.75m/s
Inferior to  0.5-speed
Creep speed nominal and below 0.15 | Not mentioned

m/s.

Drum brake capacity

GL and DNV determines
0.8 rope’s MBL

Determine a value of 0.8
rope’s MBL

Determines a value of 0.8
rope’s MBL

Drum capacity

In general, not specific,
except GL, which
determines min. stowage
capacity

Determine a min. and
max. value for length in
each diameter of rope

Determine a min. and
max. value for length in
each diameter of rope

©2015: The Royal Institution of Naval Architects
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Table 4 —Nominal speed for distinct line diameters

Nominal load (KN) 50 63 80 100 125 180 200 250 315 400
Rope diameter (mm) 18 20 22 24 26 32 36 40 44 48
Nominal speed (m/s) 025 | 025 [025 |025 |02 0.2 0.16 | 0.16 | 0.13 | 0.13
Table 5 — Minimum speed for different rope diameters
Nominal load | 5 63 0100 | 125-180 | 200-250 | 315-400
(KN)
Rope - diameter | ¢ 5y 22.24 | 26-32 36-40 44-48
(mm)
Creep speed
(m/s) 0.125 0.1 0.08 0.065
Table 6 — Drum capacity
Nominal load(KN) 50- 63 80-100-125 180-200-250-315-400
Rope diameter (mm) 18 - 20 22-24-26 32-36-40-44-48
Minimum capacity (m) 180 200 250
Maximum capacity (m) 360 400 500
Table 7 — Drum’s exterior diameter
Minimum Maximum
capacity capacity
EX terior 28 times d, 33.1 times d,
diameter

4.4 TYPE OF PRIME MOVER GEAR RATIO

The two most frequent types of prime movers for
mooring winches are electric and hydraulic motors
(Figure 5 and 6). Hydraulic engines allow for a high
degree of speed variation; constant torque can be
maintained in each case. There are basically two kinds:
the slow one with radial pistons and the fast one, which
has axial pistons. The first are usually used in direct
transmissions, whereas the others are generally attached
to a reducing gear [8] .

Alternating current electric motors are cheaper. They are
easy to use and demand less maintenance. However,
they always require a reducing gear. For reduced power
needs and when cost is a concern, the best option is an
asynchronous, alternating current engines with a four-
pole, squirrel-cage rotor. For bigger winches, motors
with six or eight poles can be used. The choice of poles
will depend on the total cost of the electric geared motor.
When it is important to keep a constant speed, hydraulic
transmissions with a variable displacement pump are
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needed. Occasionally a variable displacement pump
engine or an electric motor with a frequency converter
can be employed [8].

e
—
N
e

Figure 5 — Mooring winch with electric prime mover and
reducing gear, pull 80 KN. Source: Carral
Design Engineering Solutions
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Table 8 — Drum dimensions

Drum subject to load

Split drum

Stowage Zone Load Zone

Interior
diameter

de="/10.n—a)

Minimal
external
diameter
according to
ISO

d, =28-d, d, =28-d,

Exterior
diameter
according to
speed variation
criterion r

1520d2 - L

l. =10-d, forlines

Length I, =

[(de_3'dc)2 _diz]'ke

l. =6-d, forropes

Sl -

Figure 6 — Hydraulically-operated mooring winch, pull
60 KN. Source: Carral Design Engineering Solutions

The transmission ratio is defined as the ratio between
motor and drum speed. It can be obtained through the
following expression [19]:

. 0.00942-(d, +d,)-N,
i= S (13)

s

4.5 POWER NEEDED FOR THE MOORING
WINCH

This will be the average power that the prime mover
must provide to the mooring winch. It depends on the
average lifting speed, on the load correlative to this
lifting speed and the type of prime mover used. It is
necessary to determine if the prime mover is direct or
through a reducing gear, as well as to find out the
efficiency. This formula will be used:

TV,

Nt

PW)=

(14)

If the lifting speed is not specified by the client, the
values within Table 4 can be used. There is insufficient
experimental data. Therefore, as a preliminary
approximation, the stream performance can be taken as

©2015: The Royal Institution of Naval Architects

the product of the gear box’s stream efficiency times the
drum efficiency [10] [19]. The efficiency of the gearbox
depends on the number and type of wheels within each
reduction stage. Obviously, if the activation is direct then
the performance will be a unit. The most common
performance values can be found in [8].

4.6 DETERMINING THE BRAKE

Every mooring winch must contain a brake that will
allow it to slow down or come to a halt when it is
activated.. (Figure 7)

7 Fixed band brake.
Design Engineering Solutions

Figure Source:  Carral

The calculation for the band brake involves considering
the reference [8]. Moreover, one must remember that the
holding force in drum F, is now about 80% of the line or
rope’s breaking load, as recorded in Table 3.

F.=0.8-MBL (15)
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5. CONCLUSIONS

The IMO and the classification societies look at how the
accessories of the mooring system (bitts, fairleads and
bollards) are designed. However, in all things
concerning the winch, these entities only regulate aspects
pertaining to its operation, such as load and braking
capacity. They ignore speed or stowage capacity. Design
and manufacture are also completely overlooked. On the
other hand, the ISO regulations and the OCIMF
publication consider functional and design aspects. Both
sets of these standards largely coincide; the former
influenced the latter.

The contents of ISO 3730 — 2112 have been compared
with different implementation regulations. It includes
proposals that coincide with the operational aspects that
are covered by the classification societies, such as load
and braking power. The ISO guidelines go much deeper.
They alone cover other areas of operation, such as speed,
drum capacity, drum design and construction, warping
ends, speed control and control devices. For this reason,
the ISO norms have been used as the starting point for
harmonising regulations.

The essential information for defining a mooring
winch is determined by the function it must
accomplish, as well as by its load and the amount of
rope it must stow. It is also convenient to include
other data, such as the type of engine chosen as its
prime mover, the diameter of the line used, its drum
dimensions and the type of gear box used.

The procedure proposed here first entails knowing the
nominal load to obtain the value for the line’s diameter,
based on the regulations contained in the ISO and MEG
3. The proposed calculation method continues to use the
line’s diameter to define: the drum and warping end
dimensions, prime mover type, stream ratio, mooring
winch power and brake type. With all these data, the
mooring winch is fully defined.
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7. APPENDIX 1

Definitions (3828:1984  Shipbuilding and marine

structures — deck machinery vocabulary)

DRUM LOAD - (KN) — (CORRESPONDS WITH
HALF DRUM LOADS),The maximum rope tension
measured at the drum exit when the winch is hoisting or
hauling in at the nominal speed with the rope being
wound on the drum in an average layer.

HOLDING LOAD - (KN) — The maximum tension that

can be maintained by a breaking/locking system in the
first layer.
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STALLING LOAD - (KN) — The maximum rope
Tension measured at the drum exit when the drum ceases
to rotate in the direction of haul, the prime mover being
set for maximum torque and the rope being wound on the
drum in a single layer.

RECOVERY LOAD - The maximum rope tension
measured at the drum exit when the drum ceases to rotate
in the direction of haul, the prime mover being set for
maximum torque under automatic control and the rope
being wound on the drum in a single layer

RENDERING LOAD - The maximum rope tension
measured at the drum exit when the drum ceases to rotate
in the opposite direction to the applied driving torque, the
prime mover being set for maximum torque under
automatic control, with and the rope wound on the drum
in a single layer

NOMINAL MOORING SPEED -The maximum speed
that can be maintained by the winch when it is applying
the drum load.

LIGHT LINE SPEED — The maximum rope speed that
the winch can maintain with the rope wound on the drum
in a single layer, and with negligible tension on the rope,
normally not more thann 10% of tha drum load.

CREEP SPEED —The minimum uniform speed measured on
the first layer that the winch can maintain under drum load.

MBL MINIMUN BREAKING LOAD- line’s breaking load

©2015: The Royal Institution of Naval Architects
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the world. This was the case until the 1980s, with the IIl Law of the Sea
Conference under the auspices of the United Nations (Naciones
Unidas, 1982). Coastal countries decided to extend their territorial
waters up to 200 mile. The 200 Mile Convention had several ramifica-
tions: fishing grounds were lost; a number of fisheries disappeared;
large-scale vessels were scheduled to be scrapped and many mixed
joint enterprises were established. Moreover, an itinerant fleet was
created; it could go to an open fishing ground when it could not stay
where it was (Gil-Olcina and Gémez-Mendoza, 2001). Thanks to all of
these factors, Spain had a vast far-distant fishing fleet that could adapt
to the varied working conditions of different fishing grounds.

Even with all these difficulties, fishing has been a crucial sector
in Spain until recently. To provide an idea of the position of
trawling within the whole sector, 43% of the fleet — expressed in
gross tonnage - is dedicated to trawling. This figure goes up
percentage-wise if one only considers fishing vessels heading
towards deep sea and middle water in sea fishing grounds over
24 m in length (MAGRAMA, 2013).

Active groups are involved in trawling; they are searching for
fish. With this method, almost any kind of sea-dwelling organism
of commercial interest can be caught. Thus it is the most versatile
mode of fishing with the greatest range of adaptation and
application.

The origins of trawling have been lost to time. However,
technological advances mean that it is possible to fish in deeper
waters farther and farther away (Trout, 1967; Solovyov and
Cherniavsky, 2013). At the same time, catches are becoming scarcer.
These two factors mean that improvements have to be made to
fishing systems (Santos and Nufiez, 1994).

With variations in depth, trawling methods have to adapt to
how the fishing gear is operated and the type of manoeuvres used.
Benthic or demersal trawling may take place close to or along the
bottom of the seabed, respectively. Alternatively midwater fishing
entails pelagic trawling. Trawling from the stern-side with a ramp is
the most common type of manoeuvre. The nets are cast by means of
a ramp positioned on the transom and later spread out over the
deck. The deck has to be quite long so that the large nets can be
handled while leaving space for the trawling winch at one end of
the stern. As a result, the bridge has to be positioned in forward
deck (Fyson, 1985; Santos and Nuiiez, 1994) (Fig. 1).
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Fig. 1. Coastal Trawler. Longitudinal cross-section of the winch and bridge. Source:
author’s own.
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Fig. 2. Twin deck Deep sea Trawler arranged with trawl winches: trawl winches,
bridle winches, auxiliary winches and net drum. Source: author’s own.

With the method used by ramped stern trawlers, the vessels
must be mid- to large-sized and use huge nets. It is precisely the
bigger dimensions of the vessels and their gear that make it
necessary to employ a technologically complex fishing winch
whose characteristics make it possible to carry out the man-
oeuvres (Carral, 2005).

More suitable than their single counterparts, twin decks are
common when length exceeds 25-30 m. Blah (Santos and Nufiez,
1994 p. 135) explains why the twin configuration works better. The
fish can be taken below deck, where it can be processed more
efficiently and comfortably. Moreover, the hold, pens and factory
have a greater capacity, with more space for more sophisticated
equipment (Fig. 2).

Winches are used for manoeuvring the fishing gear. These
winches are made up of the components that handle sweep lines,
warps and cargo runners for the codend and drum ends. The way
in which this equipment is positioned on the deck may vary
(Fig. 3). Two independent winches may be used, one on each side,
or a net drum on the bridge deck. In the latter case, only one,
centrally located winch is employed. It has pulling drums on each
side to leave space in the middle for the net drum (Carral and
Carral, 1999). The sweep lines and warp can be stowed in the same
or separate drums (Santos and Nufiez, 1994 p. 138). The winch for
hoisting the codend is usually kept to one side in the deck.

Guidelines for the fishing vessel to operate safely are a concern
for both the state of the fishing flag and the ship owner. In terms of
the state, there are two frameworks: its own regulations (ISO, DIN,
and so on) and those imposed on a global scale (through the IMO
or ILO, for instance). Ship owners are obliged to respect the
regulations set by the classification societies they have chosen
for their vessels. To understand the implementation guidelines for
designing trawl winches, it is necessary to look at the full range of
regulations.

The International Standards Organisation (ISO) relies on the
collaboration of experts from more than 156 countries. Among
these are most of the European states. This entity has its own
implementation guidelines for trawl - winches through the ISO -
TC 8 Technical Committee for Ships and Marine Technology. ISO
6115:1988 - Shipbuilding - Trawl winches (ISO, 1988) serves as a
benchmark for designing and testing trawl winches. However, its
contents also deal with other fishing gear components. Table 1
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includes the implementation guidelines for designing the compo-
nents for fishing manoeuvres.

With trawling, the vessel type and fishing method are deter-
mined by the fishing ground and species. Because it is operating in
different fishing grounds, the fishing gear has to work in a range of
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Fig. 3. Possible ways to position the fishing gear on the deck: split trawl winches
and a single winch. In both cases, a net drum is used. Source: author’s own.

Table 1
Implementation guidelines for designing the components for fishing manoeuvres.
Source: author’s own.

depths. Depth is one of the key factors in determining the fishing
method (Lee et al., 2001). It therefore makes sense to know the
effect this variable has on fishing winch design. Design parameters
affected by depth include drum capacity; average, nominal and
maximum traction; and hauling speed.

2. Fishing grounds that the Spanish fleet of trawlers most
commonly frequent, adapting the vessel and its gear to the
peculiarities of each ground

In part the Spanish fishing fleet carries out trawling operations
in international fishing grounds. The figures provide an idea of the
scale: this fleet is second biggest globally and boasts 182 vessels of
outstanding length (MAGRAMA, 2013).

This activity has been influenced by the changes that have
taken place in Maritime Law. These changes, for instances, led to
joint enterprises being created so that vessels could fish in the
grounds belonging to other countries. Thus, Table 2 specifies the
vessels that operate under the Spanish flag and those that are in
the hands of Spanish companies. Official data from MAGRAMA
(2013) have been adjusted with information provided by ship
owner associations. Table 2 is related to the fishing grounds with
the largest number of deep sea and middle water fleets. It also
provides geographical details and the names of the species caught
by the fishing fleets (FAO, 2007; MAGRAMA, 2013).

First the fishing method is determined to match fishing ground
conditions and species. The next step to find the most suitable
fishing vessel and gear to optimise the operation (Martinez-Lopez
et al,, 2012). Table 3 divides this process of adaptation into phases,
from opting for the fishing ground and method to finding the
correct vessel and gear.

Classification societies

IMO/flag states 1SO

Fishing winch Not included

Net drum Not included

Manoeuvring components Lifting eyes and appliances

National regulations may exist

National regulations may exist

National regulations may exist

6115—Trawl winches

6482—Warping end profiles

2408—Steel wire rope for general purposes
7825—Deck machinery, general requirements
6115—Trawl winches

6482—Warping end profiles

7825—Deck machinery, general requirements
2408—Steel wire rope for general purposes
1141—Fibre ropes

3913—Welded steel bollards

Table 2

Exploitation data about fishing grounds in which the Spanish trawling fleet operates- year 2014.

Source: ARVI—Vigo fishing vessel owners Association.

Fishing fleet Details Location Species N¢ of
vessels
Galicia-Cantdbrico Galician continental platform and - - 50
Spanish Cantabrian coast
Gran Sol Gran Sol Northern Atlantic Off Brittany and to the south of the Irish Republic Hake, megrim, monkfish and mackerel 35
European Community grounds coastline
N.A.F.O. (North Atlantic = NW Atlantic or Canadian ground To the north of Hatteras Cape, New York towards Cod, plaice, blackbelly rosefish and 11

Fishery Organization) the north and west coast of Greenland
Hatton Bank NE Atlantic grounds in area under To the NW of Irish Republic and S of Iceland
NAFO
Mauritania Fishing banks off Mauritania Off the Mauritanian coast

SW Atlantic or Falklands
SW Atlantic. Area 47

Falklands (Malvinas)
Namibia

Greenland halibut

Roundnose grenadier, bullseye, Greenland 8
halibut and blackbelly rosefish

Black hake, cephalopods, tuna and 15
crustaceans

Off the Falkland Islands, within its territorial water Hake 25
W of South Africa, off Namibia

Hake, monkfish, brotula and broadtail 26
squid
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There are various factors to take into account at the early stages
of deciding on the vessel. These include the size, especially in
terms of hold; its self-sufficiency in terms of distance to cover and/
or days at sea and its speed, which is pre-determined. In the same
way, when making decisions about the species, one has to
determine its habitat. A certain trawling method, such as bottom
or pelagic, corresponds with each fishing ground. The last task is
about finding the correct net type and size.

Once the vessel and net have been dealt with, it is necessary to
determine the deck layout and fishing manoeuvre in Phase 2.
Significant headway is made in the third phase of the design
process by defining the on-deck equipment: the trawl winch, the
net drum, blocks, mast and bipods. With information about the
fishing ground and the operating depth it is possible to adapt the
trawl winch’s characteristics to the new circumstances.

A final consideration is that the project for on-deck equipment
entails defining the design characteristics for winches that can
meet all the requirements at the lowest possible cost. If one winch
does not fit the bill, it will be necessary to use complementary
ones in the manoeuvre (Carral and Carral, 1999).

3. Design parameters

With trawling, the fishing winch stands out as a key piece of
equipment when it comes to ensuring that the vessel reaches its
optimal fishing capacity. Among the operations that rely on the
winch are storing the trawling lines and nets, making it possible to
render gear by manipulating the lines and, finally carrying out the
manoeuvre of hauling in the gear and catch. For each of these, the
fishing winch must be correctly designed. As indicated by Von
Brandt (1995), the deeper the fishing grounds, the more important
it is for the winch to be well designed.

As a result of the relative similarity between the way tugboats
and trawlers work, it is possible to establish parallels in the design
variables of the two vessels. Carral et al. (2013) shows how design

Table 3
Adapting vessel and its fishing equipment according to fishing ground conditions.
Source: author’s own.

parameters adopted for the tug winch include traction, line length,
hauling speed, drum geometry, line length to be used and braking
or holding force. Along similar lines Carral and Carral (1999) state
that the parameters that define a fishing winch include drum
capacity; average, nominal and maximum traction; hauling speed
and the holding force.

Because the manoeuvres they carry out are similar, their design
parameters coincide in terms of drum capacity, traction, holding
force and operational speeds. The first of these entails determining
the length of line that is to be stored. The traction is what acts on
the winch, while the holding force is what the brake will be able to
withstand. Suitable speeds will be established to render and
recover the lines. As a final consideration, the static brake capacity
is crucial when trawling is not done with dynamic control
component. The gear’s lines must be kept taut during the trawling.

On adopting these design parameters, it is important to analyse
their variation according to the depth in which trawling is carried
out. A last point to consider is that, as a consequence of all these
factors intervening, one can determine how much power is
needed for the winch to work. This will then make it possible to
define the dimensions of the operation.

The aim here is to find out how a winch’s design parameters
vary in relation to the fishing grounds it operates. A statistical
analysis was carried out on the trawlers that had been newly built
or reconditioned in Spanish shipyards between 1999 and 2003.
The results can be seen in Table 4. The data concern the vessels
and their trawl winches in relation to the fishing grounds in which
they operate.

3.1. Drum capacity

In the trawling manoeuvre, the gear is towed as the warp and
bridles are activated. There are occasions in which both the bridles
and net are reeled together into the drum. However, what is more
common with the far-distant Spanish fleet is that the bridles are
stored along with the lines in the main drums of the winch, or in

Project stage

PHASE 1—capture viability PHASE 2—vessel project

PHASE 3—fishing equipment project

Entails knowing — Fishing method VESSEL RELATED EQUIPMENT
— Choice of grounds — Size (hold capacity) — Trawl winches,
— Species to catch — Self-sufficiency (distance to cover and/or days at sea)  — Net drums
— Speed (power to install)GEAR — Blocks (main sheaves), mast

— Net type size

Makes it possible to determine Vessel type and gear size  Location on deck

— Bipods

GROUND DEPTH
Characteristics of trawl winch and net drum

Table 4

For a sample of 150 vessels built or reconditioned in Spanish shipyards between 1999, 2000, 2001, 2002 and 2003 an analysis was done on their characteristics, such as
length and propulsive power, as well as the traction, hauling speed, drum capacity and power in relation to the ground in which they are operating.

Source: authors’ own.

Ground No. of vessels  Average length between Vessels’ average Average drum Average Average hauling Average winch
studied perpendiculars (m) power (kw) capacity (m) traction (kN)  speed (m/sg) power (kw)
Galicia- 23 23.6 571 1568 55 1.92 147
Cantabrian
Sea
Gran Sol 43 29.7 857 1818 80 1.67 207
NAFO—Hatton 25 449 1763 3019 245 145 375
Bank
Mauritania 29 273 617 510 57 211 118
Namibia 10 574 1918 1619 142 1.58 334
Malvinas 18 53.9 2069 2500 186 1.55 331




140 J. Carral et al. / Ocean Engineering 102 (2015) 136-145

Fig. 4. Modelling of the fishing showing a drum with stowed line and bridle winch.
Source: author’s own.

Table 5

Fishing grounds most frequented by the Spanish trawling fleet, indicating depth
and necessary trawl line length.

Source: Carral (2005).

FISHING GROUND DEPTH (m) LINE LENGTH (m) Length/depth
Galicia/Gran Sol 150 700 4.6
Galicia/Gran Sol 250 1.100 4.4
Gran Sol 350 1.500 43
Gran Sol 500 1.800 3.6
N.A.F.O. 1500 2.900 19
N.A.E.O. 1800 3.000 1.7
Hatton Bank 700 1.750 2.5
Mauritania 70 245 35
Malvinas 400 1.200 3
Namibia 400 1.200 3
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Fig. 5. Line capacity values for the150 vessels under study. It is clear how the
grouping corresponding with line length values relate to the ground’s average
depth, in accordance with the values contained in Table 4. It will be necessary to
indicate that the continuity found in the vessel samples for the Galicia-Cantabrian
and Gran Sol grounds, as well as between Malvinas and Namibia. With the
geographical proximity of the grounds in each pair and their similar ways of
operating, ship owners prepare the vessels to operate in either. Source:
authors’ own.

drums that serve different functions (Santos and Nufiez, 1994 p.
138) (Fig. 4). Once the length and diameter and of the line and
bridle to be used is known, drum capacity can be decided.

3.1.1. Line length and diameter

The most widespread trawling manoeuvre is carried out by
means of the static resistance of the winch. The drum brakes are
activated and the length of the rendered line is kept constant. In
this case, the otter boards are responsible for keeping the trawl net
open and in the ideal position for letting fish get in. The correct

Table 6

Sample of results from the analysis on how a fleet’s trawl winches relates to drum
capacity. In general terms, it is obvious that the fleet’s value coincide with those in
Table 5. This is especially true of the first three grounds. However, there are
differences. Drum capacity is higher in the Galicia—Cantabrian ground because
some vessels there are also equipped for the Gran Sol. The difference in the
Mauritania ground is because the bridle is stowed with the line. In Malvinas the
discrepancy is explained by the fact a greater than necessary amount of line is
stowed; the tail ends can be replaced after they deteriorate from wear. In the
Galicia-Cantabrian Sea and Gran Sol grounds, it is not so necessary to do this
because they can return to the ports. In NAFO, it is impossible to stow such long
lines in the drum, while in Namibia, some boats are equipped to operate in the
Malvinas.

Source: authors’ own.

Ground Average drum Cable length used according to Carral
capacity (m) (2005) (m)
Galicia—- 1568 1100
Cantabrian Sea
Gran Sol 1818 1800
NAFO—Hatton 3019 3000
Bank
Mauritania 510 245
Namibia 1619 1200
Malvinas 2500 1200
Table 7

Length of bridle used in the grounds frequented by Spanish trawler fleets.
Source: Carral (2005).

Fishing zone Depth  Bridle length (m), Bridle length (m),
(m) Demersal fishing Seabed fishing
Galicia- 250 250 150
Cantabrian
Sea
Gran Sol 300 400 300
N.AF.O. 1.800 - 400
Hatton Bank 700 - 200
Mauritania 70 300 300
Malvinas 400 - 100
Namibia 400 - 200

length and resistance of the line facilitate this task. Waves and
currents alter the vessel’s relative position and the sea bed has an
irregular relief. Therefore, the vessel should count on the rendered
cable being long enough to minimize how these conditions affect
the gear. Line length and diameter also influence the amount of
power the vessel needs to trawl. As studied in Khaled et al. (2012),
optimizing the length of the line rendered means that the trawler
operates more efficiently in terms of energy.

According to Santos and Nufiez (1994) and Koyama (1970),
trawler line length mainly depends on the depth in which a vessel
is working. Line length is proportionally greater as the depth is
lessened. Nevertheless, as already mentioned, sea conditions and
the sea bed’s relief also play a part. Table 5 shows the require-
ments for depth and average line lengths to be used in the fishing
grounds most frequented by the Spanish fleet. Having data on the
trawl winches for each case makes it possible to know, in practical
terms, how to adapt trawl winch designs to the fishing grounds.

The minimum diameter of the line needed to tow the gear will be
the result of the vessel's pull, affected by the corresponding safety
coefficient, usually 3. Thus, the resistance that is obtained is below the
minimum breaking load — MBL - for this line’s diameter. In practice,
one can consider the propulsion power curve/speed for a specific
vessel and find the necessary power for the trawl entering with a
navigation speed: 3-4 knot with fishing gear, or 5-6 knot in pelagic
fishing. By simply taking into account the power and torque of an
engine, it is possible to determine the value for the vessel's pull at



J. Carral et al. / Ocean Engineering 102 (2015) 136-145 141

Table 8

Characteristics of the MBL unit weight and diameter of the polyethene bridle in
Spanish trawlers.

Source: Carral (2005).

Diameter (mm) MBL (kN) weight (kg/100 m)
30 135 100
36 190 130
40 235 175
52 390 210

Table 9
Variation in average traction in fishing vessels with the operating depth.
Source: authors’ own.

FISHING ZONE DEPTH (m) AVERAGE TRACTION (kN)
Mauritania 70 57
Galicia and Cantabrian Sea 150 55
Gran Sol 350 80
Malvinas and Namibia 400 142
1000 186
N.A.E.O. and Hatton Bank 1800 245
Table 10

Variation in the fishing winch’s lifting speed in relation to the operational depth.
Source: authors’own.

FISHING ZONE DEPTH (m) HOISTING SPEED (m/sg)
Mauritania 70 211
Galicia-Cantabrian Sea 150 1.92
Gran Sol 350 1.67
Namibia 400 1.58
Malvinas 1000 1.55
N.A.EO. 1800 1.45

trawling speed. This is the vessel’s capacity to tow its gear in its totality
(Santos and Nufiez, 1994).

As explained in Carral and Carral (1999), if the gear is entangled
with an obstacle on the seabed, the resistance that the lines will
withstand - SWL - corresponds to the total bollard pull of the
vessel along with its winch’s traction capacity. Under these
unusual circumstances, the safety coefficient will be reduced to a
value slightly below 2.

As for the diameter, De la Cueva (1987) proposes an approx-
imate formula that links the main engine’s power with the
diameter of the line used.

D=18+0.0034- P (H

More commonly, trawling relies on steel cables made up
of strands and wires that follow the requirement of 6 x 12+1
y6 x 19+ 1. Their MBL characteristics and unitary weights are
provided in the article (Carral and Carral, 1999).

A statistical analysis was carried out to produce Fig. 5. Here the
relationship is shown between the ground and the winch'’s capacity to
contain the suitable amount of line to carry out the manoeuvre.
Similarly Table 6 shows the capacities employed in the Spanish fleet in
comparison with the table contained in Carral (2005).

3.1.2. Bridle length and diameter

The bridle serves two functions. It keeps the gear as stable as
possible by damping the vibrations given off by the vessel. At the
same time, it defines the working height of the net (Carral and
Carral, 1999). In the latter case, bridle length is influenced by the
species that will be caught. Bridle length is lower when ocean bed
species are sought by means of bentonic or demersal trawling than
it is in the case of mid-water operations in pelagic catches (Carral,

2005). Table 7 includes data on the bridle length used in different
fishing grounds, depending if it is for demersal or seabed fishing.

The bridle is similar to the line; it must withstand the pull of
the vessel when trawling is carried out and when the gear gets
entangled along the seabed. To keep the gear stable at the desired
height, the bridle should withstand the necessary weight. This is
why it is necessary to establish the weight per 100 m of length.
Table 8 includes the characteristics of the polyethene bridle
commonly used in Spanish trawlers. Data include the MBL, the
unit weight and the bridle diameter. A working guideline used by
ship masters for the bridle diameter is that it is double the one
that corresponds with the line that has been chosen.

3.2. Average, nominal and maximum traction

A fishing winch'’s traction refers to its capacity to lift the gear
and catch when it is time to haul the gear in. The impacting torque
can be seen as a constant during the operation. Thus, the value for
the traction produced by the winch over the line varies in
accordance with the layer of winding that is considered. For this
reason, the traction value should be accompanied by the corre-
sponding guidelines for the diameter. In general, three types of
traction value - average, nominal and maximum - that make it
possible to know the trawl winch characteristics (Carral and
Carral, 1999).

Average traction is the value commonly employed by the
manufacturers and ship owners. It is related to the drum mechan-
ism’s traction on the average diameter. This average value is
obtained as half the sum of minimum and maximum diameters
of the drum. It is a given that the bottom layers of line have a
lower development than those at the top. Therefore this traction
value is not going to coincide with the one that the machine has
when half the cable is reeled in. This difference will vary depend-
ing on factors such as the drum geometry and the relationship
between the existing bridle and line lengths.

Nominal traction will be the winch’s pull value when the drum
has 2/3 of its line capacity, but no bridle. As the line length is at
least three times the depth of the zone of work, this value
approaches the one needed for all of the fishing gear’s components
to cast: Otter board, net, seine floats, iron bobbins, bridles and a
third of the total line length.

In commercial fishing, this value is seldom used as its differ-
ence with respect to the value for the average traction ends up
being very small. It is thus necessary to carry out a specific
calculation for each line length (nominal diameter). Although it
is not very useful to calculate this value, it is a good idea to check
that winch traction is sufficient to raise the entire set of fishing
gear and the catch from the seabed. In this case, the necessary
traction will be expressed by the formula proposed by Carral
(2005):

Pc
T=0.87- <§+ Pp> +b - (Pm+Pa)+ Rq 2)

This is the usual way to carry out testing on winch design for
conventional fishing boats. However, it is a different case when it
comes to designing equipment meant to hold an extremely long
line, as with vessels working in very deep fishing grounds. Here, it
will be worth comparing the value taken by expression (2). This is
related to the length of line rendered in each case P,). The traction
values are in the successive winding layers of the drum. This last
value can be calculated according with expression (3) obtained
experimentally to determine, in the case of layer “n”, the winch
traction is:

(de +di)

T":Tnomdi+2~(nfl)~D cos 30

3
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Table 11

Comparing the requirements in ISO 6115 and the characteristics for the winches installed in the demersal fishing fleet.

Source: Author.

Line ISO average Fleet average Hauling speed Fleet hauling Max line capacity Fleet line Fleet bridle Fleet bridle
diameter traction (kN) traction (kN) ISO (m/s) speed (m/s) ISO (m) capacity (m) #  diameter (mm) capacity (m) s
(mm)
14° 6.3/10 15 1 132 800/800 900 28 275
167 16/20 20 1 1.63 1000/1200 1500 32 300
18 25 30 1.33 1.66 1600 2000 36 350
20 315 40 133 1.67 1800 2200 40 400
22 40 55 1.67 2.1 2000 3000 - -
24 63 75 1.67 21 2500 3000 - -
28 80 110 1.67 21 3000 3500 - =
Table 12 TRACTION VALUES-GRAN SOL FISHING GROUND
Comparison between the requirements in ISO 6115 and the winches found in the 250 4
pelagic fishing fleet.
Source: author. 200
z
Line Average  Fleet ISO Fleet ISO max.  Fleet ir 150 |
diameter traction— average hauling  hauling line line o
(mm) ISO (kN)  traction speed speed capacity capacity 5
(kN) (m/s) (m/s)  (m) (m) g 100 4
=
24 85 70 1 133 1500 3500 50 A
28° 106/166/ 120 1 133 2000/ 4000
186 2500/
2500 0 o o o )]
0 5 10 15 20 25 30 35 40 45 50
32 212 160 1 191 2500 4500
36 266 200 1 191 2500 5000 VESSEL SAMPLE N°

2 The guideline proposes two possibilities for traction and capacity.

Table 13

Comparing the requirements from ISO 6115 and the winches installed on the
fishing fleet in deep waters.

Source: author.

Line 1SO Fleet ISO Fleet ISO max.  Fleet

diameter average average hauling  hauling line line

(mm) traction traction speed speed capacity capacity
(kN) (kN) (m/s) (m/s)  (m) (m)

24 63 70 2 1.33 3000 3500

28 100/125/ 120 2 1.33 300/4500/ 4000
160 4500

32 160 160 2 1.91 4500 4500

36 200 200 2 1.91 5000 5000

? Thssse guideline proposes three possibilities for this diameter of line.
2 The guideline proposes two possibilities for traction and capacity.
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Fig. 6. Fishing winch traction in vessels that operate in the ground off Galicia and
the Cantabrian Sea. This ground is relatively near the Gran Sol. Part of the fleet is
ready to operate in both zones with vessels equipped with higher traction winches.
Source: author’s own.

Fig. 7. Fishing winch traction in vessels operating in Gran Sol. Only one multiple
function vessel stands out when compared with other grounds (NAFO and
Namibia). Source: Authors’ own.
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Fig. 8. Fishing winch traction in vessels that operate in NAFO. There is a noticeable
variation in vessel length, as reconditioned vessels operate alongside newly built
ones. Source: Authors’ own.
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Fig. 9. Trawl winch traction for vessels operating in the grounds of Mauritania.
Source: authors’ own.
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TRACTION VALUES-NAMIBIA AND MALVINAS GROUNDS

TRACTION-KN

0 5 10 15 20 25 30
VESSEL SAMPLE N°
Fig. 10. Fishing winch traction operating in the grounds off Namibia and the
Malvinas. The relative proximity of the two means that a certain number of vessels

are equipped to work in both grounds The average traction in Namibia is 142 kN,
while in Malvinas it is 186 kN. Source: authors’ own.
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Fig. 11. Variation of the hoisting speed with the ground. Source: authors’ own.

Maximum traction is defined as a value for the pull the
equipment exerts on the first layer of line with a completely
empty drum. It is a very useful value that makes it possible to
determine the winch'’s capacity to break free from the gear when it
becomes entangled or falls into an abyss. Both situations are
uncommon, but they must be taken into account in calculations.

In the case of the gear becoming entangled, Carral (2005)
examines the traction needed in the winch by means of the
following expression:

T=0.87-Pc+ [0.87-Py+b-(Pu+Py) | -1 (4)

In an effort to define this traction, ISO 6115 (1988) looks at the
diameters for a drum that has half the quantity, as well as the full
amount, of line. In terms of concept, the first of these values
coincides with what is called average traction. This is in response
to the working conditions of trawling. Nevertheless, the value for
the full drum is less useful because it does not respond to working
conditions that are common in the fishing industry. The opposite
is true with the value for the first layers, or maximum traction.
This is the problem that has to be solved if the gear gets entangled.
Tables 11-13 make a comparison. This is between the values for
the design parameters that come from ISO guidelines and the
values commonly used with the Spanish fleet (traction, speed and
capacity).

Figs. 6-10 show the variation in average traction for the trawl
winches in the vessels that operate in each of the grounds studied.
Based on these data, Table 9 was produced. It gathers data on
average traction in relation to grounds. There is a dependence
between the ground in which a vessel operates and vessel size.
Other factors come into play, such as the length of the campaign,

distance from the base port, daily catches and so on. Fishing winch
traction is adapted to this size and the grounds also influence size.
Consequently from the contents of Table 9, it is not possible to
establish a general relationship between the traction and the
ground depth. However one can glean information about the
average traction to use in each case.

3.3. Hauling speed

In the opposite way from what occurs with the line traction in
the drum, the hauling speed will increase as there is a move away
from the minimum diameter. This is why the speed is indicated for
the average diameter, or half of the sum for the maximum and
minimum diameters of the drum. This value is directly dependent
on the depth at which the vessel operates. It decreases as the
depth increases (Carral, 2005). In practice, it is indicated with the
values usually falling between 80 and 125 m/min. The relation
between the speed and the operational depth is practically lin-
ear on following this expression obtained by handling the data
in Table 10. Fig. 11 shows the variation of the hauling speed for the
sample analyzed, which revealed the concentration values near
the hoisting speeds contained in Table 10:

V = (5200 —p)/40 (5)

4. Operation: Determining the necessary power

The trawl winch works with a component situated outside the
equipment’s mount. In many instances it rests on its own founda-
tion, separate from the rest of the equipment. This factor has to be
taken into account with the project’s development, as it affects the
working deck’s layout and how much room there is for the
machinery.

The product of the traction multiplied by the speed remains
constant. To keep the calculations straightforward, data for the
traction and average speed for the set of two drums serve as the
starting point. The nominal power is easy to obtain with the
following working formula (Carral y Carral, 1999):

_023.T-V
M

As a preliminary calculation for the necessary power, it must be
possible for the traction value to be obtained from Table 8 by
means of the vessel’s power. The necessary hauling speed can be
determined with information from Tables 4 and 9, which provide
fishing ground depth. As a final consideration, the mechanical
performance value for all the components making up the trawl
winch will present widely ranging data, depending on the quality
of the machinery and on how it is operated.

These calculations concern equipment whose work is in the
fishing ground is continuous. Moreover, there is a noteworthy
installed capacity in the vessel’s electrical balance. Manufacturers
and ship owners have therefore focused more attention on this
matter. In the past, average performance ranged between 0.85 and
0.9 (Carral y Carral, 1999). This has increased to reach the interval
between 0.85 and 0.95.

In winches with two drums coupled to a single power take-off,
each drum can separately produce the sum total of traction
determined in the section above. It is normal for the winch to
work with a 50% traction distribution. On the other hand, the
manoeuvre may be carried out with trawl winches that have a
single drum that handles one of the gear’s lines. In this option, the
traction is divided by 50% between the two machines. Therefore, if
the two drums work together, the sum of the traction produced

P (6)
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will be the same as the one calculated earlier. In individual work,
each operation could exert 65% of the total traction.

5. Comparing operational values in ISO guidelines with the
working demands of the fleet

An analysis was carried out on the characteristics of the trawl
winches installed on trawlers built between 1999 and 2003. These
characteristics were then compared with the guidelines in ISO
6115, as shown in Tablas 11, 12 and 13. Similarly, conclusions have
been drawn for every piece of equipment intended for demersal,
pelagic and bottom trawling.

5.1. Demersal

— The average traction for the fleet’s winches is higher than the
one indicated in ISO 6115 for any line diameter.

— Similarly the habitual hauling speeds for the equipment
installed in Spanish vessels are clearly higher than those found
in ISO guidelines.

— In the machinery for lines whose diameter is below 22 mm,
both the bridle and the line are stored in the same drum. This
means that the size of these drums is much greater.

— Because Spain does not have its own fishing grounds, much of
the machinery is built on a larger scale than usual so that it can
fulfil a variety of purposes. This would allow them to work in
other fishing grounds in the future.

5.2. Pelagic

— As for machinery manufactured for pelagic or medium depth
fishing, it is once again the case that the speeds and capacities
are higher than those provided by the guidelines for any
diameter of line.

— Nevertheless, winch traction will be below those from ISO.

5.3. Deep waters

— Here, tractions and capacities correspond for all line diameters.
Nevertheless, the speeds relating to 24 and 28 mm diameters
fall below those found in ISO guidelines.

— By the time fishing campaigns started in deep waters, the
vessels had already been built. As Spain did not have its own
fishing ground, the majority of trawl winches had to be adapted
for deeper waters. These changes were limited to extending
drum capacity; the rest of the machinery operated as before.
For this reason, the speed and average traction are repeated.

6. Conclusions

The Spanish trawler fleet involved in Atlantic fishing campaigns
have to work in extremely varied fishing grounds. Focusing on the
depth alone, in the Mauritania ground or the Canary-Sahara bank
situated 70 m below the surface, the fishing crew can work with a
very low cable length (300 m). In North Atlantic (NAFO) waters,
the crews have to work at a depth of 1800 m with cable lengths
greater than 3000 m. Between these two extreme cases, the other
grounds have middle—ranging depths. As they are relatively near
to each other, the vessels can take turns to carry out campaigns in
two different zones, such as Galicia and Gran-Sol, Hatton Bank and
NAFO, or Namibia and Malvinas.

A key piece of equipment in trawling manoeuvres is the trawl
winch. To define this piece of equipment, as indicated in Carral and

Carral (1999), it is necessary to determine the following three
parameters: drum capacity, dynamic traction and holding and
hauling speeds. When working with different depths, these three
parameters should be adapted accordingly.

The drum can handle metal line and/or bridle. Another decision
to make is whether the two elements get stowed together in the
same drum, or if they should be kept separate. The lengths of them
(cable and bridle) vary according to the depth of the fishing
ground. This is reflected in Tables 5 and 7. In terms of their
diameter, this is related to the vessel’s power.

In terms of the equipment’s traction, the dynamic traction is to
be calculated with expression (2), which is directly related to the
length of the line (P.) and bridle (P,,) respectively. Depth has an
indirect influence. Table 9 gathers the traction values for the trawl
trawl winches used in the most common vessels found in each
fishing ground. For hauling speed, Table 10 shows that variation is
inversely proportional to depth in the engineers’ attempt to
contain the power while the winch is operating.

The working demands of the fleet were examined, focusing on
vessels built in Spanish shipyards between 1999 and 2003. These
demands were then compared with the requirements found in ISO
6115, 1988 Shipbuilding—Trawl winches. In particular, capacity,
traction and speed were looked at and the following conclusions
were reached:

— Traction, speed and line capacity parameters are higher in
winches in Spanish fishing vessels with equal line diameters.
For this, the equipment has higher installed power.

— With pelagic manoeuvres, the traction is lower, while the
opposite is true of the other two parameters, speed and line
capacity.

— Along similar lines to traction and capacity, the speed is lower
when trawl winches are operating in deep waters. To a large
extent, the gear boxes and drums of already existing machinery
were adapted.

The trawl winches installed on Spanish trawlers are more
powerful and can carry out more tasks than what is indicated in
ISO guidelines. Fishing vessels have to be versatile; they are
headed towards fishing grounds subject to ever changing
circumstances.

Notation

line diameter in mm

outer drum diameter in mm

inner drum diameter in mm

horse power M.P.

total weight of the line

door weight

bridle weight

combined weight of net and ballast

total resistance of the gear at hauling speed
coefficient for the upward buoyancy of the line and net’s
component material

coefficient that considers the excess effort needed to free
the gear, 1.5-2

number of line winding layers in the drum
nominal power (CV)

working depth (m)

gear traction (tn)

winch traction in the layer n

nominal winch traction

average speed (m/min)

winch’s mechanical performance
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1. INTRODUCCION

Diversas maniobras en los buques,
tales como el amarre, el movimiento
de cargas, las maniobras de pesca y el
remolque, necesitan de la intervencion
de lineas de cabo o cable para su ejecu-
cion. Todas estas lineas son accionadas
por equipos especificos para estas fun-
ciones (cabrestantes y chigres), y dirigi-
das en su trayectoria mediante motones,
pastecas y cuadernales.[1][2].

El buque mantiene en puerto su con-
dicion segura al disponer de amarras
que lo unen a tierra. En esta funcion se
utilizan los elementos fijos a la cubierta
del buque, tales como guias, reenvios
(motones) y bitas, en combinaciéon con
los chigres de amarre encargados del
trabajo sobre las estachas y cables.

El movimiento de cargas a bordo
se realiza mediante el uso de puntales y
grias que manejan cabos y cables meta-
licos (amante y amantillo). Todos ellos
cuentan con el auxilio de motones (Fig. 1)
y cuadernales.

En las labores de pesca se utilizan
cables para el remolque de la red y el
izado a bordo del aparejo con las cap-
turas. Estas operaciones las realizan
los chigres de pesca y de lanteon, con
la presencia de motones y pastecas que
redirigen los cables.[3].

En la actividad de remolque, la lineca
de remolque que une el buque remolcado
y el remolcador emplea como elementos
de maniobra motones y pastecas.

Cod. | 7636

Los principios de facilidad y rapidez
en la ejecucion de las maniobras, incre-
mento en la seguridad y la posibilidad de
su manejo con una tripulacion reducida
[4], han supuesto una constante evolu-
cion de las maniobras con cambios con-
tinuos en el disefio de los equipos y en
los materiales utilizados. En contrapo-
sicion al cable metélico que destaca por
su durabilidad y elevada resistencia a la
traccion, las fibras naturales o sintéticas
son mucho mas flexibles y faciles de uti-
lizar. El progresivo aumento de la capa-
cidad resistente de las fibras sintéticas ha
provocado su uso en operaciones hasta
ahora reservadas a los cables metalicos.

Los motones, pastecas y cuadernales
son elementos para elevar cargas que no
disponen de accionamiento propio, no
pudiendo realizar por si solas ninguna
operacion. Por ello estan destinadas a
ser incorporadas a otras maquinas para
asi formar un conjunto, son lo que la Di-
rectiva 2006/42 [5] define como cuasi-
maquinas.

Aunque en general deben cumplir
el Real Decreto 1644/2008, que trans-
pone la Directiva 2006/42/CE [5] co-
nocida como de marcado CE, cuando
se emplean en un buque destinado a la
navegacion maritima, quedan exentas de
cumplir dicha directiva [5], debiendo so-
meterse a las muy exigentes pruebas de

colaboracién mmm

las Sociedades de Clasificacion (SSCC)
y de la Organizacion Maritima Interna-
cional (OMI). Asi los motones, pastecas
y cuadernales, cada cuatro afios o cuando
lo especifique su certificado, deben ser
sometidas a las pruebas de carga indica-
das en la Tabla 1. Al mismo tiempo exis-
ten regulaciones correspondientes a la
International Standard Asociation (ISO)
y normas UNE/DIN tal y como ha que-
dado reflejado en [7] [8].

2. CRITERIO DE ARMONIZACION
PARA EL DISENO DE LOS
MOTONES Y PASTECAS PARA
SU EMPLEO A BORDO

La doble legislacion, la correspon-
diente a las SSCC y la OMI por una par-
te y la debida a la ISO y normas UNE/
DIN por otro, hace necesaria una armo-
nizacion reglamentaria que unifique las
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Fig. 1: Cdlculo estructural de un motdn
mediante el método de elementos finitos
(FEM. Fuente: Carral Design

Motones y pastecas todas 3.SWL
<20Tn. 2.SWL
Cuadernales
>20 Tn. 1.5.SWL

Tabla 1: Pruebas de carga para los elementos de maniobra de acuerdo con la OMI'y las SSCC.

Fuente: [6] p. 70.
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exigencias facilitando la produccion y
comercializacion de los equipos mari-
nos de cubierta [7][8][9], y en particular
los motones, pastecas y cuadernales en
el espacio econémico europeo.

2.1. CRITERIOS DE ARMONIZACION
Debido a razones econémicas y téc-
nicas e impulsadas por las nuevas tec-
nologias, las normas armonizadas son

DATOS DE PARTIDA
s Aplicacién
*  Traccidn

un instrumento esencial en la Unidn
Europea, para eliminar los obstaculos
técnicos en el mercado interior, permi-
tiendo evaluar la conformidad de los
productos (sistemas de acreditacion,
certificacion, ensayos y calibraciones).
Por eso, cada vez mas, el Comité Eu-
ropeo de Normalizacion, incorpora nor-
mas ISO como normas EN-ISO, en el
ambito de la construccion naval de bu-

DEFINICION
DEL CABLE

:>[:

Tipo de cable
Didametro del cable

I

DEFINICION
DEL MOTON

S ’
1. Criterio Funcional

—

%

Numero de poleas - desmultiplicacion
Dimensiones de |a polea (didmetro-garganta)
Sistema de suspensién (angulo del cable)

\

Factores de Mayoracién;

ques, embarcaciones de recreo, equipos
y maquinas [8].

Aplicando esta normalizacion se
plantea una propuesta armonizadora en-
tre las reglamentaciones de disefio que
consiste en conjugar los criterios de las
normas ISO 4301[10] y UNE 58-112-
91[11], con la norma DIN 15020[12].

2.2. CRITERIOS DE DISENO

Por tratarse de un elemento de ele-
vacion donde su uso incorrecto puede
causar graves daflos materiales y huma-
nos, asi como la existencia de efectos
dinamicos que multiplican la fuerza que
el cable ejerce sobre el moton, debemos
ser especialmente rigurosos en los pro-
cesos de disefio y de seleccion del equi-
po mas adecuado a cada tipo de aplica-
cion (Fig. 2)

2.2.1. Definicion del Cable

El primer paso sera definir el tipo
y didmetro del cable. Para ello necesi-
tamos la traccién maxima en el cable
que calculamos segiin DIN 15020[12],
considerando las fuerzas de aceleracion
(F)) y el rendimiento del aparejo que
esta norma propone.

_Pto+ kK (1)
i.n

+  Utilizacidn

* (Cargas dinamicas

=  Angulo abrazado por el cable
#* Desalineacién del cable

a) Diametro. Existen dos opciones:
2. Criterio Resistente

1%- Considerar [12], aplicando:

| d = c.T%S @

Carga dindmica equivalente

Donde ¢ depende de la clasificacion
segun [12] del grupo de mecanismo, del
h 4 tipo de transporte y de la resistencia y
[ Coeficiente de Seguridad > 1 ] tipo de alambres constituyentes del ca-

ble, considerando 9 grupos de “1Am
hasta 5m” (Tabla 2).

Fig.2: Procesos de disefio y seleccion de un moton

Factor K (tipo de carga) Servicio 800 1600 3200 6400 12500
. . L M3 M4 M5
0.125 Frecuencia muy reducida de la carga maxima 1Bm 1Am om
0.250 Frecuencia reducida de la carga maxima M3 M M5 M6
1Bm 2m 3m 4m
Frecuencia aproximadamente igual de cargas M3 M4 M5 M6 M7
0.500 N . L
pequefas, medianas y maximas 1Bm 1Am 2m 3m 4m
1 Frecuencia elevada de la carga maxima M M5 M6 M7 M8
g 1Am 2m 3m 4m 5m

Tabla 2: Clasificacion del equipo de elevaciony factor de carga sequn [10] y [12]. Fuente: propia

2 | Dyna | Noviembre - Diciembre 2015 | Vol. 90 n°6 Cod. | 7636



2%- Aplicar las normas ISO 4301[10]
y UNE 58-112-91[11], que fijan el valor
minimo del coeficiente de seguridad Z
del cable frente a la rotura;

Z,>F/p 3)

El valor de la seguridad minima A
depende de la clasificacion segiin ISO
4301[10] del grupo de mecanismo y del
tipo de carga (K), considerando 8 grupos-
de “M1 a M8” (Tabla 2). Los coeficientes
“c”y“Z.", se indican en la Tabla 3.

b) Tipo de cable. Depende de la apli-
cacion tal y como recoge [13].

2.2.2. Definicion del Moton

2.2.2.1. Criterio Funcional

a) Numero de Poleas. El siste-
ma de maniobra vendra determinado
por la desmultiplicacion, o niimero de
poleas(n), necesarias para elevar la car-
ga con el tiro disponible. Su calculo se
hace considerando el rendimiento de los
aparejos indicado en (12) (ver tabla4) y
aplicando

T.n
n 4)

R =

b) Dimensiones de las poleas. Las
poleas quedan definidas por el didmetro

colaboracién mmm

primitivo y el radio de la garganta. Aun-
que ambos parametros son proporcio-
nales al didmetro del cable, las normas
[10] y [12] consideran diferentes coefi-
cientes de proporcionalidad.

Para el diametro [12] emplea la ex-
presion (5), considerando el grupo de
elevacion y el tipo de montaje (Tablas 5
y 6), y [10] emplea la expresion (6) que
solo considera el grupo de elevacion.

D = hl hzd (5)

D=hd (6)

Seguridad Zp Coeficiente ¢
Grupo Normal Cargas peligrosas Grupo Normal 200 C;J;_((])GS pelig ro;g;
M3 35 4 1Bm 0,250 0,235 0,265 0,250
M4 4 4,5 1Am 0,265 0,250 0,280 0,265
M5 4.5 5,6 2m 0,280 0,265 0,315 0,280
M6 5,6 7,1 3m 0,315 0,280 0,335 0,325
M7 7.1 9 4m 0,335 0,325 0,375 0,365
M8 9 11,2 5m 0,375 0,365 0,425 0,400

Tabla 3: Comparativa de los coeficientes de cdlculo: ¢ para [12] y Zp para [10].

Fuente: propia

2 3 4 5 6 7 8 9
098 | 096 | 094 | 092 0,91 0,89 | 0,87 0,85
099 | 098 | 097 096 | 095 | 094 | 093 0,92

Tabla 4: Valores del rendimiento ) de los aparejos segun 1SO 15020(12].

Fuente: propia

U O e compens, | POROCObE | ot
M1 1Dm 12,5 10 14 12,5
M2 1Cm 14 12,5 16 14
M3 1 Bm 16 12,5 18 14
M4 1 Am 18 14 20 16
M5 2m 20 14 22,4 16
Mé 3m 22,4 16 25 18
M7 4m 25 16 28 18
M8 5m 28 18 31,5 20

Tabla 5: Valores del coeficiente h, extracto de [12]y [10].

Fuente: propia

Cod. | 7636

En poleas, donde el angulo abrazado
por el cable en la polea (0) es siempre
menor de 360°, se podra aplicar la for-
mula que indica [13].

D'/d

_D/d - 9)-2(9 —-2) +9 (O

o —
Siendo g:

_360.6.d _ 2160.d

9= D
Z n.D
n.d.d

®)

La Tabla 7 resume los valores de
D’/d, segun [13] para cargas medias y
maximas (correspondientes a los valo-
res de K=0,5 y K=1 en la tabla 2) para
las condiciones habituales de motones y
pastecas (cables de cordones corrientes
y un angulo abrazado de 120°).

El perfil de la garganta resulta deter-
minante para la duracion del cable y la
polea. Para que el cable no se aplaste ni

Dyna | Noviembre - Diciembre 2015 | Vol. 90 n°6
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polea hasta alcanzar una dureza minima
entre 200 y 230 Brinell segun [15],y de

FEM 1 En todos los casos 35 Rockwell C segun [17].
2 Polea de cable con doblez en el mismo sentido ©) SISt'ema de suspension. De igual
DIN 4 Polea de cable con doblez en sentido contrario modo serd necesario definir la geome-
- P tria del elemento que une el moton a un
0 Polea de compensacion. Polea de equilibrio

punto fijo: el sistema de suspension. Su
objetivo es limitar el angulo de desvia-
cion del cable con la polea, a valores
préoximos a cero. Asi [17] admite un
angulo maximo de desviacion del cable
de 1,5°, mientras que [10] y [14] admi-
ten hasta 4° para cables normales y 1,5°
para cables antigiratorios.

Tabla 6: Valores del coeficiente h , extracto de [12]y [10].
Fuente: propia

2.2.2.2. Criterio de capacidad re-
sistente
Los criterios para definir la capa-

6x7+1 1 12 13 14 15 16 . : .
cidad resistente de los mecanismos de
6x19+1 10 1 M 12 13 14 elevacion figuran en la normas FEM
6x27 +1 9 10 10 1 12 13 1001/98 [18] “Calculo de los aparatos
de elevacion”, y UNE-EN 13001-2 [19]
6x37+1 9 9 9 10 1 12 . ’ »
XorT “Seguridad de las griias”. Ambas, [18]

Tabla 7: Relacion entre el didmetro de la polea y el del cable. [19] garantizan la seguridad definiendo

unos estados de cargas mayorados, pero
mientras que [ 18] lo hace en funcion del
tipo de elemento de elevacion (clase de

Fuente: propia a partir de[13]

se pellizque [12] solamente recomienda
un radio de garganta r igual a 0,525 ve-
ces el didmetro del cable, mientras que
[14], es mucho mas explicito, y admi-
tiendo una desviacion maxima del cable
de 4°, tabula el radio de la garganta, su
altura y el espesor de las pestaias para
cada diametro de cable. También indica

proponen gargantas mas amplias que la
normativa [14].

Referencias como [15] y [17] afia-
den que para trabajos intensivos se de-
bera templar el area de contacto de la

gria) y del tipo de mecanismo (eleva-
cion, desplazamiento, rotacion, etc.),
[19] lo hace en funcion del tipo de carga
considerada (normal, ocasional, excep-
cional).

que para evitar presiones excesivas del
cable sobre la polea, este debe reposar [16]
sobre un arco de circulo mayor de 45°. 42 4.8 15 18 18 20 4 5 8
. Referencias basadas en la experien- 6,5 72 20 25 25 30 5 5 12
cia, como [15] y [16], incluyen tablas
donde para aumentar la vida del cable 95 10,2 30 32 38 40 6 8 18
13 13,2 37,5 40 48 50 8 10 24
' m 16 16,8 45 48 59 60 8 n 30
45%min 21 21,8 60 64 78 85 1" 15 40
] ] 28 28.4 75 75 99 100 | 125 | 17,5 52
Tabla 8: Comparativa dimensiones de la garganta.
/ \ g Fuente: propia en base a [14] y[16]
"\
ds M1 M2 M3 M4 M5 M6 M7 M8
1,00 | 1,04 | 108 | 1,12 | 1,16 | 1,20 | 1,25 | 1,30
A1 A2 A3 A4 A5 A6 A7 A8
1,00 | 1,02 | 1,05 | 1,08 1,1 1,14 | 117 | 1,20
Fig. 3: Perfil garganta sequn DIN 15061 [14]. Tabla 9: Coeficientes de mayoracion seqin FEM 1001/98.
Fuente: propia Fuente: [18]
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Por su parte las SSCC no definen es-
tados de cargas mayorados, sino que exi-
gen cargas de prucba muy superiores a
las nominales de trabajo (véase Tabla 1).
Y finalmente la Directiva de maquinas
2006/42[20] exige a todos estos elemen-
tos un coeficiente de seguridad de 1,25.

Ante estas discrepancias se propo-
ne un criterio que, cumpliendo toda la
normativa exigible, la armonice. Con-
siste en aplicar el método tradicional de
calculo de la capacidad de resistencia
mecanica de un elemento.

Se comprobara que el coeficiente
de seguridad obtenido como el cocien-
te entre la carga de limite elastico del
moton, afectada afectado por el factor
de vida, y la carga estatica equivalente
de trabajo es mayor que la unidad. Es
decir:

N = Kv-Qe/T >1 ©)]
e

Siendo la carga estatica equivalente,
la carga nominal afectada por los coefi-
cientes de mayoracion;

T,=T. Ku.Kd.Kg.KB (10)

Estos coeficientes son:

colaboracion

hu

N

AN

Fig. 4: Valor del pardmetro hu para un motén-hueco.
Fuente: propia

Factor de utilizacién (K ). La dura-
cion esperada del producto (vida util) se
define para unas condiciones nominales
de velocidad y carga. Si aumenta un
factor o ambos, la vida util del equipo
disminuira. Este aspecto, que solamente
lo considera [18], se indica en la Tabla
9, depende de la clasificacion que segun
[10] tenga el elemento y mecanismo de
elevacion al que se acopla el moton.

Factor de carga dinamica (K),
Dada la gran dificultad para conocer
la amplitud de las cargas alternantes y
su valor medio, [21]y [22] definen este
factor en funcion del tipo de movimien-
to y de la magnitud de los choques (Ta-
bla 10).

Factor debido al angulo abrazado
por el cable (K,). La carga limite de tra-

<o Movimiento uniforme 1 1,25 1,50 1,75
==
8 5 Movimiento variable 1,20 1,40 1,75 2,25
s
< Movimiento alternativo 1,30 1,70 2,00 2,75

Tabla 10: Factor de carga dindmica. Fuente: [22]

bajo SWL del elemento se define para
un angulo entre los cables de entrada y

Tabla 11: Factor del dngulo abrazado por el cable.
Fuente: propia a partir de [17]

Cod. | 7636

salida de 120° [13]. Para otros angulos
0° 0,5 130° 1,19 se aplica el coeficiente que corresponda
30° 0,52 1350 1,31 en la Tabla 11.
45° 0,54 140° 147 Factor de desalineacion del cable
60° 0,58 150° 1,92 (K,). [10] y [14] solamente limitan el
70° 0,61 160° 2,85 angulo maximo de desalineacion que
90° 0.71 170° 588 puede tener el cable en la entrada y sa-

lida. La desalineacion del cable (o) ge-
120° 1,00 o .

nera fuerzas en la direccion del eje del

motoén cuyos efectos deben cuantificar-
se. El valor de este factor depende de

Dyna | Noviembre - Diciembre 2015 | Vol. 90 n°6
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la geometria del moton y del angulo de
inclinacién del cable respondiendo a la
formula.

6.hu

KB = C0S X +——m
e.sin «

(11)

Para motones con geometria norma-
lizadas segun [23], y aceptando como
admisible el angulo desalineacion de 2°
considerado por [10] y [14], se obtienen
los valores que se recogen en la Tabla 12.

Otros elementos que podrian com-
probarse son los rodamientos. Para ello
se pueden aplicar las directrices de la
norma ISO -281/1-77[24] consideran-
do la vida prevista del equipo aceptada
para clasificar el equipo de elevacion.

2.3. PROPUESTA ARMONIZADORA

La Tabla 13 recoge un resumen de
las propuestas que se han enunciado
para el disefio de motones y pastecas.

Ne de poleas

3. ADAPTACION DE LA
POLEA AL USO DE LINEAS
HMPE (HIGH MODULUS
POLYETHYLENE FIBRE)

Buscando una mayor eficacia en las
maniobras de amarre, lineas de remol-
que, gruas y manejo de cargas, en los
ultimos afios la industria maritima se ha
dirigido hacia el empleo de la fibra arti-
ficial denominada HMPE (High Modu-
lusPolyethyleneFibre) [25] P. 127. Sus
grandes ventajas frente a otros materia-
les (Tabla 14); resistencia comprable a
la del acero, mejor relacion resistencia/
peso que las demas fibras manteniendo
un peso especifico inferior a 1, lo que
evita enredos con la hélice a la vez que

facilita el cobrado de la linea en el caso
de remolcadores [26], han conducido a
su rapida aceptacion.

Las modificaciones a introducir en
el proceso de disefio seran la conse-
cuencia de la bisqueda del acabado su-
perficial que minimice la perdida de las
propiedades mecanicas del material y la
optimizacion de las dimensiones de la
polea, asi como la de seguir la tendencia
actual en la busqueda de materiales mas
resistentes a la intemperie.

Acabado superficial

El empleo generalizado en las ma-
niobras de remolque de chigres de ten-
sion constante donde el equipo repeti-

10

20 30 40 50

0,65

1,0 1,34 1,69 2,04

Tabla 12: Factor de desalineacion del cable. Fuente: propia

DIN 15020[12]

Diametro polea

Martinezlbarruri[13]

Considera el angulo abrazado por el cable en la
polea, lo que no hacen las normas DIN 15020[12] e

Funcional ISO 4301 FEM [10]
Perfil garganta Larrode et al.[16] Garganta mas ancha que la norma DIN 15061[14]
. ., . . Ya que Unicamente existe normativa que limita la
Sistema de suspension Elaboracién propia o
inclinacion del cable
Factor de utilizacion FEM 1001/98[18] Clasificacion seguin 1SO 4301 [10] y DIN 15020[12]
S Dudley [21] La normativa actual no considera los factores
Factor de carga dinamica dinami
Resistente y Mott [22] indmicos

Factor de angulo abrazado

Crosby Group. [17]

No lo contempla la FEM 1001[18]

Factor de desalineacion

Elaboracion propia

Existencia de normativa que limita su valor maximo

Tabla 13: Resumen de la propuesta armonizadora. Fuente: propia

Polyester
"double 72 447.9 1054 8.5% 15-20% 1.38 250 0.12-0.15
braid"
Acero 72 2200 3500 0.8% 2-3% 7.85 1600 0.23
HMPE 72 318.5 3470 1.5% 4-500 0.97 140 0.07
Tabla 14: Comparativa entre las propiedades de lineas de 72 mm. de diversos materiales. Fuente: Propia
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Fig. 5: Linea de HPME deslizando en la
garganta de un moton. Fuente [28]

tivamente cobra y larga linea, provoca
un giro alternativo de las poleas. Este
giro se traduce en un calentamiento de
la linea debido, por lo menos a tres fac-
tores [27]: roce interno entre fibras por
la traccion, roce interno por el giro de
las fibras al curvarse en la polea y roce
externo de la linea sobre la polea. Estos
efectos son proporcionales a la frecuen-
cia del giro y al tiro en la linea.

La consideracion de la norma [14],
para determinar la garganta de las po-
leas trabajando con cable de modo con-
tinuo, recomienda una rugosidad de 5
micras. La OCIMF[25] P. 166, ala hora
de considerar los dispositivos de ama-
rre, en el caso concreto de los alavantes
determina un acabado que conduzca a
una rugosidad media de 10 micras. En
cuanto a las lineas de remolque, la ref.
[29] (Figura 6) indica el efecto que la
variacion en la rugosidad de la bita (sta-
ple) presenta sobre la disminucion de
la resistencia al cabo de 5000 ciclos de
abrasion, y recomienda un acabado su-
perficial de 8 micras para los accesorios
dispuestos en cubierta que entren en
contacto con la linea.

La norma [14], para trabajos en con-
tinuo recomienda una rugosidad en la
garganta de las poleas de 5 micras. La
OCIMF [25] P. 166, a la hora de con-
siderar los dispositivos de amarre, en el
caso concreto de los alavantes, determi-
na un acabado que conduzca a una rugo-
sidad media de 10 micras.

Considerando que actualmente es
relativamente sencillo conseguir aca-

Cod. | 7636
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bados superficiales Ra de 3,2 um., este
seria el valor maximo aconsejado para
la garganta de las poleas.

Dimensiones de las poleas

Para las fibras artificiales [30] de-
termina un diametro de la polea igual
a 10 veces el diametro de la linea con
trenzado plaited, y de 8 veces para el
trenzado braided. Para su arrollamien-
to en carreteles la norma EN ISO 3730
[31]. “Shipbuilding — Mooringwinches”
determina un valor minimo de 6 veces
el diametro de la estacha. Si considera-
mos el didmetro necesario para la cir-
culaciéon de la estacha alrededor de un
reenvio, la OCIMF [25] P. 82 establece
una relacion de 8.

Inalterabilidad de su acabado su-
perficial

Considerando la agresividad del
ambiente externo, y mientras no aparez-
can nuevos materiales, para garantizar
el mantenimiento de la rugosidad de
la garganta la mejor solucion actual es
el empleo de aleaciones del tipo acero
inoxidable [32] P. 150.

Otros elementos

Debido a la mayor flexibilidad de
las de lineas HMPE, el angulo de incli-
nacion de la linea en la polea sera mu-
cho menos critico. Diferente es el caso
de los rodamientos y del eje de la polea
que al aumentar su niumero de ciclos de
trabajo se deben dimensionar para esta
nueva eventualidad.

400

Roughness Index, p"
Fig. 6: Variacion de la resistencia residual de la linea al variar la rugosidad de la guia.
Fuente: [29]

colaboracion

600 800 1000

CONCLUSIONES

Los motones, pastecas y cuaderna-
les son elementos auxiliares fundamen-
tales en los buques para la realizacion
de maniobras, sin embargo su consi-
deraciéon como eclementos auxiliares,
hace que su tratamiento regulatorio se
encuentre disperso en una variada nor-
mativa. Con el desarrollo tecnolégico
de las lineas sintéticas de elevado mo-
dulo HMPE, que progresivamente van
sustituyendo a los cables de acero, la
normativa basada en ese material ha
quedado obsoleta.

Del analisis de la normativa existen-
te se deduce la necesidad de contar con
una regulacion completa y adecuada a
las circunstancias de su uso a bordo. La
propuesta de armonizacion recogida en
la Tabla 13 considera los requisitos fun-
damentales que debe cumplir todo equi-
po; funcionales y resistentes.

Para los requisitos funcionales, las
normas aplican diferentes criterios para
las dimensiones de las poleas. Por ello
se hace necesario formular una propues-
ta para determinar su diametro y anchu-
ra, de acuerdo a normas mas acordes
con la operativa maritima. En relacion
con el tipo de suspension, se establecen
las limitaciones en el angulo del cable
por encima del cual debera permitirse la
libre orientacion de la polea.

Los requisitos resistentes son el as-
pecto que presenta una mayor necesidad
de criterios regulatorios. Se propone
seguir el método clasico de capacidad
resistente mayorando las cargas y consi-
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derando cuatro factores; utilizacion, va-
riacion en las cargas, angulo abrazado
por el cable y su desalineacion.

Por sus grandes ventajas técnicas, de
resistencia, bajo peso especifico y facili-
dad para las operaciones, todos los equi-
pos y elementos de maniobra deberan
adaptar sus caracteristicas al empleo de
lineas HMPE. Para los motones, paste-
cas y cuadernales esto se traducira en la
optimizacion de las caracteristicas y di-
mensiones de la polea, el calculo a fatiga
de los elementos y el empleo de materia-
les mas resistentes a la intemperie.
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GLOSARIO

P = Carga a elevar (Kg)

T= Traccion maxima (Kg)

Q = Peso de la parte movil del aparejo (Kg)
F, = Fuerza de aceleracion (m/s?)

i = Relacion del aparejo

1 = Rendimiento del aparejo

d = Diametro del cable (mm.)

¢ = Coeficiente que depende de [12]

K= Factor de carga

C = Coeficiente segun calificaciéon DIN
F = Carga de rotura del cable (Kg)

ZP = Seguridad minima segun [11] y [12]
n = Numero de poleas

D = Diametro nominal de la polea (mm.)
D’= Diametro de la polea para arrollamientos
parciales de cable (mm.)

r, = Radio de garganta segtin [14]
K,_Factor de vida

K= Factor de utilizacion

K,= Factor de carga dinamica

K,= Factor de angulo abrazado por el cable
K,= Factor de desalineacion

Q, = Carga de limite elastico (Kg)

T = Carga estatica equivalente (Kg)

h = Profundidad garganta (mm.)

| = Anchura garganta (mm.)

o = Desalineacion del cable

e = espesor equivalente lateral moton

N = n° horas de vida nominales

SWL = Carga nominal de trabajo (Kg)

MBL = Carga minima de rotura (Kg)
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1. INTRODUCCION

Cada tipo de remolcador ird equi-
pado con los elementos necesarios para
desarrollar su trabajo. Parte de estos
elementos correspondera a equipos
o dispositivos fijos a cubierta: chigre
de remolque. Otros formaran parte del
material necesario para efectuar el re-
molque: el tren de remolque. En cual-
quier caso los equipos anteriormente
citados, al igual que el conjunto del
proyecto del remolcador, estara con-
dicionado por la potencia instalada a
bordo, y por el tipo de utilizacion que
se le quiera dar (tipo de servicio) [1].

llevara a pensar que existe una simili-
tud importante entre ellos. Sin embar-
go en lo relativo a la consideracion del
chigre de remolque esta similitud no
se presenta, ya que existen diferencias
notables y silencios significativos que
se pondran de manifiesto en las tablas
comparativas que se incluyen. En ellas
se recogen los reglamentos correspon-
dientes a las sociedades de clasifica-
cion siguientes: American Bureau of
Shipping-ABS, Bureau Veritas-Bv, Det
Norske Veritas-DNV, Gernanicher Llo-
yd-GL y LLoydsRegister of Shipping-
LR., a la Organizacion Maritima Inter-

O
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N i |
A% B g "D
N 1
L,J /_V

Fig. 1: Remolcador escolta con propulsion azimutal dotado de chigres de remolgue en proa y popa

El disefiador en su proceso de di-
seflo debera adaptarse a lo establecido
en el reglamento que corresponda a la
sociedad de clasificacion que elija el
armador. El objetivo de preservar la
seguridad del buque ha presidido el
desarrollo de los reglamentos y el que
haya existido un objetivo comun nos

Cod. 5657

nacional — OMI y las Normas ISO.
Las diferencias sefialadas haran
que el proyectista deba plantear su pro-
ceso de disefio del equipo supeditado
a la sociedad que clasifique el remol-
cador [2]. La convivencia de las reglas
de clasificacion con la regulacion de la
OMI y la normativa UNE-EN-ISO nos

Dyna Julio - Agosto 2013 e Vol. 88 n°4

permite a través de su estudio y com-
paracion, la proposicion de un criterio
armonizado que permita desarrollar
una regulacion futura comun.

2. EL CHIGRE DE REMOLQUE

La ultima generacion de remolca-
dores, en sus diversas configuraciones
de puerto o de altura, cuentan con un
chigre o maquinilla de remolque do-
tada de un carretel con capacidad para
contener la totalidad del cable de re-
molque. Este carretel se acciona con
un motor eléctrico o hidraulico, cuyas
revoluciones y par se adaptan a las re-
queridas velocidades de izada y trac-
cion.

De resultas de la similitud en su
operacion se podra establecer un para-
lelismo entre los parametros de disefio
a considerar en las maquinillas de pes-
ca y el chigre de remolque. De la con-
sideracion de [3] [4] podremos estable-
cer como parametros de disefio de la
magquinilla de pesca: la traccion dina-
mica, la velocidad de largado e izado,
la geometria del carretel, la longitud de
cable a emplear y la traccion estatica
o al freno. Adoptaremos para el chigre
de remolque esos mismos parametros.

Del proyecto del buque remolcador
estableceremos que la potencia insta-
lada a bordo determinard la traccion a
punto fijo 6 bollard pull [5]. La con-
sideracion del bollard pull del remol-
cador conducira a la determinacion de
su linea de remolque y servira para es-
tablecer algunos de los parametros de
disefio de su chigre (traccion estatica al
freno, traccion dinamica y la velocidad
de largado y cobrado). De igual modo
el tipo de servicio que presta el remol-
cador determinara el numero y longi-
tud de las lineas de remolque necesa-
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sesion del certificado de clase. Este
obliga al armador a que la construc-
cién del buque y equipos asociados,
asi como su mantenimiento posterior,
se realice de acuerdo con los reglamen-
tos de las conocidas como sociedades
de clasificacion. Sera potestativo del
armador del remolcador determinar la
sociedad que se encargue de emitir el
certificado de clase. De igual modo el
pais de bandera del buque determina el
cumplimiento con las normas que con-
sidere de aplicacion. A continuacion se
analizan los reglamentos que afectan al
disefo del chigre de remolque.

rias, y de ese modo las dimensiones
del elemento destinado a contenerlo: el
carretel. [7]

Fig. 6: Gancho de remolque

3. REGLAMENTACION EXISTENTE

La cobertura del riesgo del buque
durante su actividad por parte de la
aseguradora, esta supeditada a la po-

Fig. 2: Chigre de remolque para remolcador convencional

MRL-180120-H

Fig. 3: Chigre de remolque mixto para remolcador escolfa
de 75 Tn de BP

Fig. 4: Chigre de remolque para remolcador de puerfo

Fig. 5: Chigre de remolque de altura
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Carga de rotura del

Funcion del
BP, establece 3
escalones sin

Interviene el
concepto de
carga de disefio.
Consideracion
de criterios
diferenciados por

Funcion del
BP, establece 3
escalones sin

cable distinguir entre . distinguir entre
. cada sociedad )
las categorias de ., las categorias de
de clasificacion
remolque remolque
para el remolque
convencional y
escolta
Menciona una
. longitud minima . .
Capacidad de cable g No se menciona No se menciona

para todas las
categorias

Geometria del
carretel

No se menciona

Referencias a la 1°
capa, al diametro
del tubo interior y

No se menciona ., L.
al diametro maximo

Traccion nominal

No se menciona

Lo relaciona con
el BP para cada
valor nominal de la
traccion

No se menciona

Traccion al freno

Iqual al MBL del
cable

Es funcion del BP,
pero no existe
coincidencia en el
valor

2.5 veces el MBP

Velocidades de
largado y cobrado

Mencidn al largado
de emergencia

Mencion al largado

Propuesta numérica

de dos velocidades

con diferenciacion
en 400 Kn

de emergencia
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Tabla 1: Andlisis comparativo de los distintos reglamentos en su consideracidn de los pardmetros de diseiio del Chigre
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Las Guidelines for Safe Ocean
Towing [6] de la OMI, se refieren a
distintos aspectos de los buques remol-
cadores y su operacion. En su capitulo
12, se analiza el chigre de remolque.

Siempre resultara de interés el co-
nocimiento de los contenidos de los
reglamentos de las sociedades de cla-
sificacion que determinan los compo-
nentes del chigre y el tren de remolque.
En esa linea resultara sorprendente, a
pesar de compartir un objetivo comun,
el diferente tratamiento que realizan
los reglamentos: bien por sus diferen-
tes prescripciones o bien por el silencio
que mantienen en ciertos aspectos. En
[2] se ha tratado en profundidad el al-
cance de cada reglamento y del analisis
de cada uno de ellos se puede deducir
que las indicaciones se refieren a los
aspectos operacionales, y poco o nada
se regula respecto a aquellos parame-
tros que nos conducen a la definicion
del chigre.

En relacion con el disefio de la li-
nea de remolque, los reglamentos de
las sociedades de clasificacion deter-
minan la utilizacion del concepto de
la minima carga de rotura (MBL) de
este elemento. El MBL se calculara
como una funcién de las cargas de di-
serio (DF) intervinientes, considerando
como parametro el valor de la traccion
a punto fijo (BP). Sin embargo se pro-
ponen criterios diferenciados a la hora
de la determinacion del BP [2].

La norma ISO 7365-1983 relativa
a chigres de remolque -“shipbuilding
and marine structures—deck machi-
nery—towing winch for deep sea use”.
analizada en Ultimo lugar, es la que
presta mayor atencion a los parametros
de disefio del chigre.

La siguiente tabla recoge de for-
ma resumida las aportaciones de los

<300 3.5 * MBP
300 - 800 2.75* MBP
>800 2.25* MBP

Tabla 2: Relacidn entre la carga de rotura del cable y e/ MBP

Cod. 5657

reglamentos enunciados en lo relativo
al calculo de los parametros de disefio.

4. PROPUESTA DE ARMONIZACION
REGLAMENTARIA. PROPUESTA DE
CALCULO

4.1. PARAMETROS DE
DISENO DEL CHIGRE-
CALCULO PREVIO DE LA
CARGA DE ROTURA DEL CABLE

Conforme a lo indicado en el punto
2, los parametros que debemos consi-
derar para definir un chigre de remol-
que son los siguientes: dimensiones del
carretel (capacidad de cable y geome-
tria del carretel); tracciones del chigre
(nominal y al freno); velocidades de
largado y virado. Como calculo previo
deberemos considerar el diametro del
cable de remolque a utilizar, lo que nos
obliga a la consideracion de un criterio
para la obtencion del MBL.

A pesar de la coincidencia en la
dependencia del MBL respecto al BP,
la Tabla 1 recoge planteamientos bien
diferentes: la OMI y la norma ISO es-
tablecen tres escalones para el calculo
pero sin que intervengan las categorias
de remolque. Las sociedades de clasi-
ficacion hacen intervenir el concepto
“carga de disefio” a la vez que distin-
guen entre el remolque convencional y
escolta. Sin embargo sus propuestas de
calculo resultan diferentes.

La propuesta armonizadora consis-
tira en adoptar el criterio de la norma
ISO. Resultando la mas conservadora
de todas las propuestas su cumplimien-
to permitira cubrir las demas.

4.2. DIMENSIONES DEL
CARRETEL

4.2.1. Capacidad de cable

En la tabla 1 se recoge la tnica
aportacion al respeto; la de la OMI, en
la que Ginicamente se indica una longi-
tud de cable minima y comun para to-
das las categorias. Como la longitud de
cable a utilizar sera funcion de las cir-
cunstancias particulares de cada buque
concreto, dependiendo de dos factores:
de su BP y del tipo de servicio que el
remolcador realice, se ha aplicado el
contenido de [7] en la que se mantie-
ne el acertado criterio de relacionar la
longitud del cable con el tipo de ser-
vicio. (en la practica obtendremos el
factor MBL contenido en la Tabla 2
para después aplicarlo particularizarlo
para cada modalidad de remolque, tal y
como nos propone la Tabla 3 y obtener
el valor de la longitud).

Se incluyen en la Tabla 3 las cinco
categorias de remolcadores definidas
en [2].

4.2.2. Geometria del carretel

La geometria del carretel vendra
definida por tres parametros: diametro
minimo, didmetro maximo y anchura.
Una vez fijados dos de ellos, el tercero
vendra impuesto por la longitud de ca-
ble a almacenar.

El didametro minimo depende direc-
tamente del tipo y diametro de cable o
estacha a emplear. Para evitar que este
elemento sufra es recomendable mante-
ner una relacion minima entre el diame-
tro del cable o estacha y el diametro del
tubo sobre el que se arrolla, asi para un
cable de acero esta relacion es de 17 [8].

ST 2 2000*BP/MBL 800
U 1 1800*BP/MBL 650
R1 1 1800*BP/MBL 650
R2 1 1200*BP/MBL 500
R3 1 1200*BP/MBL 500

Tablo3: Minima capacidad de cable del carretel, segin lu categoria de remolque y el BP del buque
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El didmetro maximo del carretel
vendra impuesto por la variacion ad-
misible entre la velocidad en primera
capay en la tltima. En [8] se establece
la formulacion adecuada para el calcu-
lo del valor del didmetro maximo es-
tableciendo una restriccion en el 25%
de variacion de la velocidad nominal,
de igual modo se propone la expresion
a emplear para la obtencion del tercer
parametro: la longitud del carretel. Re-
cordar que la norma ISO establece una
holgura entre la ultima capa y el exte-
rior del carretel de al menos 1,5 veces
el diametro del cable. La formula de
[8] ha sido modificada para tener en
cuenta este tltimo extremo.

2
- 1520‘dcuble‘Ccable (1)
‘carretel 2 2
((Dmax - 2’6 dcable) - dmin)‘Kex!

Siendo: d_, . = didmetro del cable
(mm); C_, == capacidad de cable (m);
D, . = didgmetro maximo del carretel
(mm); d_. = didmetro minimo del ca-
rretel (mm); k = coeficiente de estiba

4.3. TRACCION DEL CHIGRE

4.3.1. Traccion nominal

Nada se considera al respeto en
los reglamentos estudiados, excepcion
hecha de la norma ISO. En esta se en-
cuentran tabulados diversos valores de
traccion y su correspondencia con un
BP propuesto. Sin embargo, la practi-
ca nos indica que el proceso de calculo
a seguir es precisamente el contrario:
se parte del BP del remolcador y en el
astillero se determina la tracciéon no-
minal del chigre. De esta experiencia,
y contando con la base de datos pro-
porcionada por las recientes entregas
de buques remolcadores producidas
en astilleros espafioles, se ha obtenido
la Tabla 4 que recoge la propuesta de

BP < 500 0,5 X BP
BP > 500 0,4 X BP

Tabla 4: Relacidn entre la fraccion mdxima y el BP del buque
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relacion entre el BP del buque y la trac-
cion de su chigre.

4.3.2. Traccion al freno

Esta traccion es la que tiene que ser
capaz de mantener el chigre en condi-
ciones estaticas, es decir actuando con
los frenos accionados, por lo que se de-
nomina también traccion a punto fijo
o capacidad de frenado. Al igual que
la traccion nominal dindmica se suele
especificar en la primera capa de ca-
ble. Es un valor claramente definido
por todas las sociedades clasificadoras
en funcion del BP del remolcador, pero
no todas coinciden en el mismo valor.

La regulacion de la OMI propone
un valor igual al MBL, mientras que la
norma ISO lo sitlia en un valor cons-
tante igual a 2.5 MBP. Sin embargo
resulta razonable considerar que la ca-
pacidad de frenado debe ser superior al
BP del remolcador e inferior a la car-
ga de rotura del cable o de la estacha
(ver Tabla 2), pues de otro modo, por
un error humano, se podria romper el
cable y perder el remolque. De igual
modo resulta razonable que la trac-
cion al freno se escalone, al igual que
lo hace la MBL en la norma ISO, para
los distintos intervalos del BP De la
aplicacion de este criterio se propone
considerar el 80% de la carga de rotura
del cable.

BP < 300 2.8xBp
300 < BP < 800 2.2xBp
800 < BP 1.8xBp

Tablo 5: Relacién entre lo fraccion ol freno y el Bp del
remolcador

4.4. VELOCIDAD DE
COBRADO Y LARGADO

La OMl y las sociedades de clasifi-
cacién mencionan la existencia de una
seguridad que consiste en un largado
de emergencia, sin consignar valores
numéricos para la operativa de cobrado
y largado. La norma ISO indica valores
numéricos diferenciados para la velo-
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cidad en carga y la velocidad en vacio,
estableciendo un escalon a partir de
400 Kn. Al referirse a la existencia de
la capacidad de largado rapido, la men-
ciona sin cuantificar su valor.

Se deben establecer los valores co-
rrespondientes a la velocidad en carga
y en vacio para el cobrado y el largado,
al mismo tiempo se debera consignar
un valor para el largado rapido. En [3]
y [8] se establecen como habituales
velocidades muy superiores a las con-
signadas en la norma ISO: sin duda el
tiempo transcurrido desde la publica-
cion de la Norma, con el consiguiente
avance habido en los accionamientos,
ha propiciado este desfase.

Larealidad representada por las en-
tregas de remolcadores en los ultimos
afios contrastada por los autores con-
duce a valores como los tabulados, en
donde la velocidad en vacio duplica a
la de carga y se establece un largado
rapido en el entorno de los 50 m/min.
De igual modo se establece un punto
de diferenciacion que estaria aproxi-
madamente en 500 kN.

<500 15 30 30 50

>500 10 20 20 40

Tablo 6: Relacidn entre fraccion y velocidad de lorgado y de
cobrado

5. CONCLUSIONES

La reglamentacion maritima que
puede ser de aplicacion en el disefio de
los chigres de remolque no ofrece sufi-
cientes criterios para el calculo de sus
parametros de disefio. Las normas con-
sideradas prestan mas atencion a los
aspectos operacionales y a los interfa-
ces entre el buque y el equipo, que a
definir las caracteristicas del chigre. La
unica excepcion al planteamiento ante-
rior lo constituyen las normas ISO, sin
embargo de la comparacion entre sus
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exigencias y la realidad de los remol-
cadores de ultima generacion salidos
de nuestros astilleros, se deduce que el
tiempo transcurrido desde su publica-
cion se evidencia en unos parametros
calculados distanciados de la realidad.

La propuesta de armonizacion re-
glamentaria se basara en la determi-
nacion de los parametros que debemos
considerar para definir un chigre de
remolque: dimensiones del carretel
(capacidad de cable y geometria del
carretel); tracciones del chigre (nomi-
nal y al freno); velocidades de largado
y virado.

Para la determinacion de esos pa-
rametros se han combinado las normas
ISO, las consideraciones de la Organi-
zacion Maritima Internacional (OMI)
y el contraste con el analisis estadisti-
co correspondiente a los remolcadores
construidos en nuestros astilleros en
los ultimos afios. Todo ello se ha com-
binado de acuerdo con el contenido de
las referencias bibliograficas que han
considerado el tema. Se han obtenido
expresiones y tablas que permitiran la

obtencion de los parametros de disefio
indicados para el caso de remolcadores
que operen en diferentes servicios y
con distintas capacidades de traccion.
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Presentacion oficial de IPR, la certificacion de los ingenieros
Unico certificado del mercado basado en el modelo por competencias

Fuente: Agencia

petitivos y dar mayor visibi-
lidad tanto a los profesionales
como a las empresas y el aumento de la
demanda de ingenieros espafoles por
parte de otros paises, ha impulsado la

I-a necesidad de hacer mas com-

*AIPE estd integrado por los siguientes socios:

puesta en marcha de la acreditacion IPr
(Ingeniero Profesional), desarrollada
por la Asociacion de Ingenieros Profe-
sionales de Espafia (AIPE*).

Con la colaboracion y confianza
de AMIC y de Caja de Ingenieros, el
proximo 26 de junio tendra lugar el
lanzamiento del Certificado IPr en el
Instituto de la Ingenieria de Espafia en
Madrid, calle General Arrando 38, a
las 18:00h., momento a partir del cual
todo ingeniero que desee ser IPr podra
llevar a cabo el proceso a través de su
Colegio o Asociacion profesional de
referencia. Estas seran las instituciones
que por su cercania y contacto directo

con el ingeniero, le asesoraran en su
carrera profesional, y en todo el proce-
so de certificacion y registro.

Por qué una certificacion ahora?

Ante la cantidad y diversidad de
titulaciones cuya denominacién con-
tiene la palabra ingeniero, creadas con
el Plan Bolonia, las organizaciones
profesionales consideran fundamental
clarificar y ordenar este marco ante
los profesionales, empresas y adminis-
traciones, tanto a nivel nacional como
internacional. M

Colegios Oficiales de Ingenieros Industriales de Alava, Albacete, Andalucia Occidental, Andalucia Oriental, Aragan y La Rioja, Asturias y Ledn, Bizkaia, Santa Cruz de Tenerife, Canarias, Extremadura,
Galicia, Gipuzkoa, Madrid y Navarra; Asociaciones de Ingenieros Industriales de Andalucia Occidental, Burgos y Palencia, Cantabria, Comunidad Valenciana y Region de Murcia; Consejo General de
Colegios Oficiales de Ingenieros Agrénomos; Asociacion Nacional de Ingenieros de ICAI; Consejo Superior de Colegios de Ingenieros de Minas; Colegio de Ingenieros de Montes; Colegio Oficial de

Ingenieros Navales.
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Capitulo 6: Conclusiones

6.1. Conclusiones de los articulos

6.1.1. Anchor windlasses: A design proposal to standardise reqgulations.

A la hora de abordar el disefio de un molinete de anclas deberemos tener en cuenta
las normas de las SSCC y las normas ISO, ya que la OMI no ha legislado nada al
respecto.

Entre el contenido de los reglamentos de las SSCC y la ISO 4568 existe una alta
coincidencia a la hora de considerar el conjunto de exigencias operativas de traccion,
velocidad y fuerza de frenado. Sin embargo las SSCC mantienen silencios notables
en aspectos de disefio y construccion, tales como forma y dimensiones de cabirones y
barbotenes, accionamientos y elementos de control.

En base al contenido de las normas ISO, se puede establecer un reglamento
armonizado que, a la vez que garantiza el cumplimiento de una parte importante de
las reglas de las SSCC, establece unas exigencias en el disefio y construccion que
permite la estandarizacibn de sus componentes. Si a las normas establecidas,
afiladimos unas hipotesis de partida razonadas, tenemos la base para proponer un
proceso de disefio que determine las caracteristicas principales del molinete de
acuerdo con los datos suministrados por el cliente.

En este estudio, de manera referenciada, se han propuesto procedimientos para
determinar: el tipo de molinete (monoancla o biancla), las formas de accionamiento
(eléctrico o hidraulico), la definicion del reductor mediante la relacion de reduccion, la
potencia media e instantanea del motor del molinete, la forma y dimensiones del
barboten, las dimensiones de los cabirones y finalmente el tipo y dimensiones del
freno.

6.1.2. Standardizing the design and production of mooring winches through more
cohesive requlations

La OMI y las Sociedades de Clasificacion prestan atencion especial al disefio de los
accesorios del sistema de amarre (bitas, guias y reenvios), pero en lo que afecta a los
chigres unicamente regulan algunos de sus aspectos operacionales como la traccion
y la capacidad de frenado, olvidando la velocidad o la capacidad de estiba. Su disefio
y caracteristicas constructivas casi ni se consideran. Por el contrario, las normas ISO
y la publicacién de la OCIMF también atienden a los aspectos funcionales y de
disefio, presentando una notable coincidencia entre ellas al servir las normas I1SO
como guia para la regulacién de la OCIMF.

La norma ISO 3730 — 2112, cuyo contenido se ha comparado con otros reglamentos
de aplicacion, incluye propuestas que resultan alineadas con las de las SSCC en los
aspectos de operaciéon que las regulaciones de estas ultimas cubren: la traccion y la



fuerza de frenado. Pero la norma ISO va mas alla, al ser la Unica que trata aspectos
de operacion, tales como son la velocidad y la capacidad del carretel, asi como en el
disefio y construccién de carreteles, cabirones, control de la velocidad y dispositivos
de control. Por estos motivos las normas ISO se han utilizado como base para la
propuesta de armonizacion reglamentaria.

La informacién basica necesaria para definir un chigre de amarre viene dada por la
funcidbn que va a desempenfar, la traccion y la capacidad de amarras que debe
almacenar. A pesar de ello conviene incluir otros datos que completan la informacion,
como son; tipo de motor elegido para su accionamiento, diametro de la amarra a
emplear, asi como las dimensiones del carretel y el tipo de reductor empleado.

El procedimiento que se ha propuesto tomo como punto de partida el conocimiento de
la traccion o tiro nominal, para obtener el valor del diametro del cable a partir del
contenido de las normas ISO y MEG 3. La propuesta de céalculo continda utilizando el
diametro del cable para definir: dimensiones del carretel y del cabirdn, tipo de
accionamiento y relacion de reduccién, potencia del chigre y definicién del freno. Con
ello queda completamente definido el chigre de amarre.

6.1.3. Fishing grounds’ influence on trawler winch design,

Las pesquerias del Atlantico en las que trabaja la flota de arrastre espafiola, obliga a
realizar la operacion en caladeros muy diferentes. Centrdndonos uUnicamente en el
aspecto de la profundidad, en el caladero de Mauritania o el banco Canario —
Sahariano, el fondo situado a 70 m. de profundidad y mar en relativa calma, permite a
los pesqueros trabajar con una longitud de cable muy baja (300 m.). Al revés, en
aguas del Atlantico Norte (NAFO) la operacion a una profundidad de 1800 m. y fuerte
oleaje, exige longitudes de cable que sobrepasan los 3000 m. Entre estos casos
extremos se encuentran el resto de caladeros con profundidades intermedias, pero
diferentes entre si. Su relativa cercania permite que los buques puedan realizar
campafnas alternativamente en dos caladeros diferentes como Galicia y Gran-Sol,
Hatton Bank y Nafo, o Namibia y Malvinas.

El chigre de pesca es una maquina clave en la maniobra de pesca de un arrastrero.
Para definir este equipo, se hace necesario determinar los tres parametros siguientes:
la capacidad del carretel, las tracciones dinAmica y estatica y las velocidades de
largado y cobrado. Cuando se trabaja a diferentes profundidades estos tres
paradmetros necesitan ser modificados adaptandolos a cada situacion en patrticular.

El carretel podrd admitir cable metalico y/o malleta. Se debera decidir si estos dos
elementos se estiban separadamente en carreteles distintos o conjuntamente en el
mismo carretel. Las longitudes de ambos (cable y malleta) variaran en funcion de la
profundidad del caladero. Su diametro estara relacionado con la potencia del buque.

En cuanto a la traccion dinamica del equipo, tradicionalmente calculada en funcién de
la traccion y la velocidad, también presenta una dependencia directa respecto a la
longitud de cable y de la malleta, y de forma indirecta respecto a la profundidad. Por
otra parte, la velocidad de izada varia de modo inversamente proporcional con



respecto a la profundidad, en el intento de los ingenieros de reducir el consumo
energético de accionamiento.

De la comparacion entre las exigencias operativas de la flota (andlisis de los buques
construidos entre 1990 y el 2005 en los astilleros espafoles) y el contenido de la
norma ISO 6115 - 1988 Shipbuilding — Trawl winches en los aspectos de capacidad,
traccion y velocidad, podemos establecer las siguientes conclusiones:

- Los parametros de traccion, velocidad y capacidad de cable resultan superiores
en los chigres instalados en pesqueros espafioles para un mismo diametro de
cable. En consecuencia la potencia instalada en los equipos es mayor.

- En el caso de maniobras pelagicas, la traccion resulta inferior al contrario de lo
gue ocurre con los otros dos parametros (velocidad y capacidad de cable).

- En el caso del trabajo en aguas profundas, a igualdad de traccién y capacidad, la
velocidad resulta inferior, ya que la mayoria de las maquinas son modificaciones
de maquinas existentes donde se ha mantenido la potencia de accionamiento y
adaptado su caja reductora y sus carreteles.

— Los chigres de pesca instalados en arrastreros espafioles son mas potentes y
polivalentes que los indicados en la norma 1SO. Probablemente debido a la
necesaria versatilidad que deben poseer estos buques, cuyo caladero de destino
se encuentra supeditado a multitud de circunstancias cambiantes con el tiempo.

6.1.4. Diseflo armonizado de motones, pastecas y cuadernales para el manejo de
lineas de acero o sintéticas de elevado médulo (HMPE) en bugques,

Los motones, pastecas y cuadernales son elementos auxiliares fundamentales en los
buques para la realizacibn de maniobras, sin embargo, su consideracion como
elementos auxiliares, hace que su tratamiento regulatorio se encuentre disperso en
una variada normativa. Con el desarrollo tecnoldgico de las lineas sintéticas de
elevado modulo HMPE, que progresivamente van sustituyendo a los cables de acero,
la normativa basada en ese material ha quedado obsoleta.

Del andlisis de la normativa existente se deduce la necesidad de contar con una
regulacion completa y adecuada a las circunstancias de su uso a bordo. En este
estudio se ha establecido una propuesta de armonizacion que considera los requisitos
fundamentales que debe cumplir todo equipo; funcionales y resistentes.

Para los requisitos funcionales, las normas aplican diferentes criterios para las
dimensiones de las poleas. Por ello se hace necesario formular una propuesta para
determinar su diametro y anchura, de acuerdo a normas mas acordes con la operativa
maritima. En relacién con el tipo de suspension, se establecen las limitaciones en el
angulo del cable por encima del cual debera permitirse la libre orientacién de la polea

Los requisitos resistentes son el aspecto que presenta una mayor necesidad de
criterios regulatorios. Se propone seguir el método clasico de capacidad resistente
mayorando las cargas y considerando cuatro factores; utilizacion, variacion en las
cargas, angulo abrazado por el cable y su desalineacion.



Por sus grandes ventajas técnicas, de resistencia, bajo peso especifico y facilidad
para las operaciones, todos los equipos y elementos de maniobra deberan adaptar
sus caracteristicas al empleo de lineas HMPE. Para los motones, pastecas y
cuadernales esto se traducira en la optimizacion de las caracteristicas y dimensiones
de la polea, el célculo a fatiga de los elementos y el empleo de materiales mas
resistentes a la intemperie.

6.1.5. El chigre de remolgue en las maniobra de altura y de escolta: propuesta de
armonizacion en sus parametros de disefio,

La reglamentacion maritima, que puede ser de aplicacion en el disefio de los chigres
de remolque, no ofrece suficientes criterios para el calculo de sus parametros de
disefio. Las normas consideradas prestan mas atencion a los aspectos operacionales
y a los interfaces entre el buque y el equipo, que a definir las caracteristicas del
chigre. La Unica excepcion al planteamiento anterior lo constituyen las normas 1SO.
Sin embargo de la comparacion entre sus exigencias y la realidad de los remol-
cadores de ultima generacion salidos de nuestros astilleros, se deduce que el tiempo
transcurrido desde su publicacion evidencia unos parametros de calculo distantes s
de la realidad.

La propuesta de armonizacién reglamentaria se basa en la determinaciéon de los
paradmetros que debemos considerar para definir un chigre de remolque: dimensiones
del carretel (capacidad de cable y geometria del carretel); tracciones del chigre (nomi-
nal y al freno); y velocidades de largado y virado.

Para la determinacién de esos parametros se han combinado las normas ISO, las
consideraciones de la Organizaciéon Maritima Internacional (OMI) y el contraste con el
analisis estadistico correspondiente a los remolcadores construidos en nuestros
astilleros en los ultimos afios. Todo ello se ha combinado de acuerdo con el contenido
de las referencias bibliograficas que han considerado el tema. Se han obtenido
expresiones y tablas que permitiran la obtencion de los parametros de disefio
indicados para el caso de remolcadores que operen en diferentes servicios y con
distintas capacidades de traccion.

6.2. Conclusiones Generales de la tesis

A pesar de su importancia, la reglamentacion existente para los equipos de cubierta
es escasa y no siempre coincidente. Esta situacion impide su tratamiento como
equipos industriales, dificultando su estandarizacién lo que encarece su disefio y
posterior fabricacion.

Con respecto a los equipos de amarre y fondeo, nos encontramos que para los
primeros las Sociedades de Clasificacidbn Unicamente regulan algunos de sus
aspectos operacionales como la traccion y la capacidad de frenado, olvidando la
velocidad o la capacidad de estiba. Y para los segundos mantienen silencios notables
en aspectos de disefio y construccion, tales como forma y dimensiones de cabirones y



barbotenes, accionamientos y elementos de control. En ambos casos, y en los
parametros coincidentes, las normas ISO establecen soluciones similares a las
formuladas por las Sociedades de Clasificacion pero ademas regulan otros muchos
aspectos funcionales y de disefio.

Para el equipo principal de fondeo, el molinete de ancla, en base al contenido de las
normas 1SO, y cumpliendo los requisitos establecidos por las Sociedades de
Clasificacion se ha propuesto un reglamento armonizado. Si a las normas
establecidas, afladimos unas hipotesis de partida razonadas, tenemos la base para
proponer un proceso de disefio que determine las caracteristicas principales del
molinete de acuerdo con los datos suministrados por el cliente. De manera
referenciada se han propuesto procedimientos para determinar: el tipo de molinete,
su forma de accionamiento, la potencia necesaria y la geometria de sus elementos
constitutivos.

Para los chigres de amarre, en base al contenido de las normas ISO y considerando
la publicacion de la OCIMF, asi como los requisitos establecidos por las Sociedades
de Clasificacion también se ha propuesto un reglamento armonizado. Afadiendo a
este reglamento la informacion basica necesaria para definir un chigre de amarre, se
expone un procedimiento de disefio que calcula todos sus parametros fundamentales
de modo que quede completamente definido.

El chigre de pesca es una maquina clave en la maniobra de pesca de un arrastrero.
Sin embargo la Gnica normativa que regula sus caracteristicas es la de la International
Standard Estandar Asociation (ISO) y mas concretamente la 1SO 6115 - 1988
Shipbuilding — Trawl winches.

De la comparacion entre las exigencias operativas de la flota espafiola de altura y el
contenido de la norma ISO 6115 - 1988 Shipbuilding — Trawl winches en los aspectos
de capacidad, tracciéon y velocidad, podemos concluir que los chigres de pesca
instalados en arrastreros espafoles son mas potentes y polivalentes que los indicados
en la norma ISO. Esto es debido a que las pesquerias del Atlantico en las que trabaja
la flota de arrastre espafiola, obliga a realizar la operacion en caladeros muy
diferentes, desde Mauritania o el banco Canario — Sahariano, con fondos situados a
70 m. de profundidad y mar en relativa calma hasta el Atlantico Norte (NAFO) donde
la profundidad alcanza los 1.800 m. y suele haber fuerte oleaje.

Tras un profundo analisis de los parametros a considerar para el disefio de un chigre
de pesca y la normativa existente se propone un procedimiento de disefio que facilita
el calculo de de sus elementos constitutivos y define las caracteristicas operacionales
de velocidad y traccion conducentes a conseguir un chigre de pesca lo mas
estandarizado y versétil posible.

Los motones, pastecas y cuadernales son elementos auxiliares fundamentales en los
buques para la realizacion de maniobras, sin embargo su consideracibn como
elementos auxiliares, hace que su tratamiento regulatorio se encuentre disperso en
una variada normativa. Una vez analizada toda la normativa existente se formula una
propuesta de armonizacion que incluye todos los requisitos funcionales y resistentes
que debe cumplir todo equipo. También se define un procedimiento de céalculo que
mayorando las cargas, fijando las hipotesis de partida y considerando los factores



principales permite determinar las dimensiones y caracteristicas de todos sus
elementos constitutivos
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