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Introduction

The reduction in the size of the Fleet in the last two decades has led to a
consequent diminishing in the numbers of the Fleet train, the RFAs. This
reduction in the number of hulls available for replenishment duties resulted
in a study which concluded that the days of the specialized (single commodity)
RFA were numbered, and led to the concept of the one-stop stores ship that
can dispense a combination of liquids and solids, including munitions.
Various combinations of RAS equipments were considered and it was
concluded that four dual-purpose rigs form the optimum fit. Several in-
service equipments were investigated, but were discounted as not meeting the
stringent performance requirements. Finding no suitable existing equipment
available, the Ministry of Defence invited British industry, in 1980, to present
conceptual proposals for a dual-purpose RAS rig able to transfer solids and
liquids in specified high sea states on any ship heading. Only two companies
responded. After a detailed technical analysis of the proposals it was decided
that the NEI Clarke Chapman Ltd. proposal showed the most promise.

This article describes the design of the dual-purpose RAS equipment
currently under development by NEI Clarke Chapman, and also describes
the comprehensive testing programme that will be undertaken.

The Requirement

Due to the advent of towed arrays it is intended that the RFA will have
to take station on the warship, allowing towed array operations to continue
uninterrupted during a RAS. This leads to the probability of having to
conduct RAS operations on the least suitable headings, i.e. beam or quarter-
ing sea conditions. Inspection of statistical data for sea states in the northern
North Atlantic led to the conclusion that RAS operations would have to
take place in high sea states.
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Having set the operational conditions, the performance requirements were
deduced as:

(a) Solids: transfer standard 2 tonne pallets at a rate of 40 loads per hour
in sea state 4, and at 25 loads per hour at higher sea states.
Additionally, to be capable of transferring a 2-5 tonne load in sea
state 4.

(b) Liquids: each rig is to carry two 150 mm hoses and three 75 mm hoses.

Furthermore, the loads are to be transferred without being immersed in the
sea, although it is permissible for the hoses to be occasionally immersed.

A full Availability, Reliability and Maintainability (ARM) study was also
to be undertaken with some fairly onerous targets to be achieved. For
example, reliability is to be greater than 99-6%, and availability greater than
99-9%, all with minimal maintenance. These targets are far greater than
what has been achieved with current RAS equipments.

The Concept

The NEI Clarke Chapman proposal is based upon the conventional heavy
jackstay, but analysis of ship motion data for a typical frigate and a typical
RFA (for the relevant sea states) indicated RAS hi%h point closing velocities
of some 6 m/s and accelerations peaking at 3-5 m/s*. It soon became obvious
that these parameters would require a rather radical approach to RAS winch
design.

Early in 1980 NEI Clarke Chapman produced a prototype jackstay winch
with a d.c. thyristor low inertia drive, which has been fitted to a RFA at no.
12 station (liquids) as a trial. This winch has performed very well, with
minimal maintenance to the drive electrics, over the last five years. The only
criticism has been that the associated trough winches are too slow in relation
to the response speed of the jackstay winch.

On the basis of the success of the trial aboard the RFA, and the proposal
to maintain a conventional heavy jackstay rigging scheme, it was decided
that the enhanced performance could be achieved using a d.c. thyristor twin-
barrelled low inertia jackstay winch, and that all control of RAS operations
would be vested in the RFA, with a sophisticated control system allowing
one-man operation.

FiG. 1—WINCH DECK MOCK-UP FOR A STARBOARD RAS STATION, WITH A MIRROR
ON THE RIGHT TO SHOW IT AS A PORT ONE
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The Design

Fic. 1 shows a model of the proposed winch deck layout. The twin-
barrelled jackstay winch with its two drive motors is clearly visible in the
centre of the picture, towards the left of the group of winches. One barrel
provides the jackstay for the solids replenishment rig, and the other barrel
the jackstay for the liquids replenishment rig. Only one barrel is driven at a
time, drive being selected through a dog clutch, so that the equipment can
supply either solids or liquids at a single station.

The liquids replenishment rig is completed by the provision of three high
speed trough winches, shown in the background of Fig. 1. A twin drive
inhaul winch (left) and a constant tension outhaul winch (right) complete
the outfit for the solids replenishment rig winches. A small general purpose
auxiliary winch is provided for use with rigging operations.

The RAS mast is provided with a travelling padeye (or movable high
point) to raise the load before transfer commences, clearly shown in F1G. 2.
The control system and the one-man operation console will be housed in the
deck house shown on the left of FiGs. 2 and 3.

F1G. 2—RAS MAST MOCK-UP, RIGGED FOR F1G. 3—RAS MAST MOCK-UP, RIGGED FOR
SOLIDS TRANSFER LIQUIDS AND SOLIDS. IN PRACTICE ONLY
ONE OR OTHER WOULD BE RIGGED

Solids Replenishment Rig

The solids replenishment rig (F1G. 4) is basically a conventional tensioned
heavy jackstay. Jackstay tension is controlled at a selected level by a control
system that maintains a given torque level in the two drive motors. Adoption
of a (.c. thyristor low inertia drive allows the high rate of change dynamic
requirement of the winch to be met in either direction of rotation.

Both the inhaul and outhaul winches are situated on the RFA so, once
the rig is connected to the receiving ship, all control of the replenishment is
vested in the delivering ship. The outhaul winch is a conventional a.c. motor
driving through a gearbox and torque convertor into a winch barrel. The
torque convertor is set to provide a constant 1-5 tonne tension in the outhaul
wire.
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The outhaul wire leads outboard to the receiving ship, through a return
sheave assembly, and is then connected to the traveller block. An inhaul
wire leads from the traveller block back to the RFA. The inhaul winch is
also a twin d.c. thyristor low inertia drive, and is used to control the motion
of the traveller block against the back tension generated by the outhaul
winch.

Loads to be transferred are lifted from the RAS deck of the RFA by a
travelling padeye built into the RAS mast and incorporating a ‘catching’
arm, as shown in FiGs. 2 and 3. The drive unit for the travelling padeye can
be seen behind the RAS mast and one deck lower than the winch deck.

By measuring the length of wire deployed by the jackstay winch and the
outhaul and inhaul winches, the position of the traveller block can be
accurately determined. This method is used to provide an automatic load
transfer facility that is controlled by a microprocessor. The operator selects
outward travel on the control console, and the load will accelerate to
maximum traversing speed. At a pre-determined distance from the receiving
ship the load will begin to decelerate, and will gently come to a stop at the
receiving high point. In fact the ‘stop’ point is some 2 metres inboard of the
receiving ship highpoint. This allows the outhaul wire tension to maintain
the load hard up against the ship whatever the ship motion.

It is envisaged that the solids replenishment rig will be passed from the
delivery ship to the receiving ship by gunline and messenger, the messenger
being used to haul across the jackstay which would then be connected to the
receiving highpoint and tensioned. A bight of the messenger would also be
fastened to the return sheave assembly, which is supported on the jackstay
and permanently rigged with the outhaul wire. The return sheave assembly
would be pulled along the jackstay and connected to a specially designed
jackstay thimble. The rig would then be ready for transferring loads.

Liquids Replenishment Rig

The liquids replenishment rig is a conventional heavy jackstay system,
albeit of much greater capability than current equipments. The jackstay
winch is common with the solids replenishment rig, and operates as described
above. Three conventional trough winches are supplied, but operate at much
higher speeds than current trough winches.

The rigging is set onto a horn which is visible in FiGs. 2 and 3 on top of
the RAS mast. A swivelling block on the side of the RAS mast allows the
jackstay to take up an angle of +30° relative to the RFA. Two horizontal
extensions on the side of the RAS mast are used to provide a firm stowage
position for the hoses when not in use and can be seen in use in Fic. 2.

From analysis of ship motion data for a typical frigate and a typical RFA
in a heavy sea, it was found that optimum control of hose position would
be achieved by having the two outboard trough wires slack, and using only
the inboard trough wire to control position. This in fact accords with the
current RFA practice in heavy weather conditions.

Control System

The control system consists of an electronic cabinet for each winch. All
the cabinets are housed in a ‘caravan’ that is fitted into the deck house
structure visible in FiGs. 2 and 3. The control circuitry for the jackstay winch
and the inhaul winch are identical, although of different power levels. This
minimizes training and spare parts holding.

Control Console
Figs. 5 and 6 show the one-man operation control console for the RAS
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equipment. The basis of the design
is that used in modern cargo
cranes. Access for rapid change-
over of operator is achieved by
mounting the seat on an offset
cantilever. The seat is sitted with
a seat belt to enhance operator
comfort and security in the higher
sea states.

The console contains all the
winch operating levers, start but-
tons, mode selection switches, and
the first and second level fault
enunciation indicators. FiG. 6
shows one of the second level fault
indication panels, used by the
maintainer, in the open position.
A third level of fault indication is
provided at the inidividual control FIG. 5—CONTROL CONSOLE MOCK-UP
cabinets contained in the ‘caravan’

FiG. 6—CONTROL CONSOLE MOCK-UP, SHOWING MAINTAINER’S PANEL

on the deck underneath. Emergency foot brakes are provided for the jackstay,
inhaul, and outhaul winches, and can be seen in FiG. 6.

The most commonly used controls are closest to the operator, and each
lever operates in a spatial manner associated with the function being con-
trolled. For example, to raise the travelling padeye, the lever is pulled up; to
lower, the lever is pushed down. To transfer a load to the receiving ship,
the inhaul control lever is pushed away from the operator; to bring a load
back to the RFA, the lever is pulled towards the operator.

Development

The foregoing sections have described the requirement and the design. At
the time of writing (June 1985) the prototype equipment is being manufac-
tured and is due to complete later this year.
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Since this RAS equipment provides a
major enhancement of capability, and can
be considered as the ‘main armament’ of
the RFA, it was decided that a thorough
performance and ARM testing programme
should be undertaken. The only valid
method of achieving this, short of putting
it to sea, is to build a full-sized test rig and
run the complete equipment. It has been
decided to test the solids replenishment rig
only, as this will fully test the control system
and key components.

The test rig (F1G. 7) consists of a RAS
mast, with rigging and a control station
in their expected relative positions. Ground
level represents the mean sea level, the plat-
form on the RAS mast representing the RAS
deck position. The winches will be mounted
on a concrete plinth behind the RAS mast,
but the rigging will run at the correct angles.

A receiving ship is represented by a
hydraulically driven moving arm which can
be driven to simulate the combined ship
motions in appropriate sea states, and this
is placed some 37 metres from the RAS
mast.

Testing

Straightforward performance testing will
be conducted to ensure that the design does
in fact meet the requirements. All failure
modes that can be safely simulated will be
tested to ensure that the control system

behaves as expected and to develop operator drills.

A third level of testing will be undertaken after these first two levels. This
will consist of several hundred hours of endurance testing to gain confidence
in the reliability of the design. At the end of the endurance testing the
equipment will be sent for standard type and shock tests.

Conclusion

It is expected that the use of proven technology with a conventional rigging
scheme, coupled with the exhaustive testing programme, will minimize any
risks attached to this design, and provide a dual purpose replenishment at
sea equipment that will serve the Fleet for the foreseeable future.
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