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Introduction

The adoption of the gas turbine as the main prime mover for surface
warships has introduced a new problem for the transmission system designer.
For more than forty years the astern steam turbine has provided a convenient
and simple solution to the problem of thrust reversal but the gas turbine is
inherently unidirectional, and astern power has to be provided in some
other way. The difficult choice between reversing the shaft itself or changing
the pitch of the propeller is outside the scope of this article which presents a
description of the gearbox for the Royal Navy’s new anti-submarine cruiser,
and uses it as the basis for a discussion on the different options available in
the design of future high-power reversing gearboxes.

It is important to stress from the outset that the views expressed in this
paper are those of the author and are not in any way official policy. Although
the calculations involved in the design of marine gears are both extensive
and complex, design decisions are still crucially dependent on the relative
importance attached by an individual to the various features of the design.
Having arrived in the Gearing Section of the Ship Department directly from
the ‘Dagger Course’ this discovery came as something of a surprise. Precise
mathematical reasoning is fundamental to the design process but at almost
every stage subjective risk assessments and value judgements are equally
necessary. It is also at times irritating not to have the freedom to select and
combine the best features offered from each design but to be constrained by
commercial factors to accept a single complete package. This article presents
an opportunity to escape from such constraints and to put together a design
which, in the author’s view at least, best meets the real needs for a future
naval reversing gearbox.
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The CAH Gearbox

The cruiser gearbox, manufactured by David Brown of Huddersfield, is
the most powerful reversing gearbox ever to go to sea. It provides two
independent gear trains, one on each side of a large main wheel, to transmit
the power from two Olympus engines onto a common propeller shaft. The
machinery layout with two gas turbines placed forward of each gearbox is
shown in FiG. 1, and two pictures of the gearbox itself, giving some idea of
its size, are shown as Fi1Gs. 2 and 3. The gearbox is symmetrical about the
main shaft line, as can be seen from the diagrammatic layout (Fic. 4), and
the following description considers one half only.

Fi1c. 2—CAH GEARBOX VIEWED FROM AFT
(Photograph by courtesy of D.B.G.I. Ltd.)

The drive enters the gearbox from an M4000 flexible coupling (identical
to that used in the Type 21 frigate) which caters for the relative movements
between the solidly-mounted gearbox and the raft-mounted turbines. The
speed reduction is accomplished in three stages of single tandem, double
helical, articulated gears, which is a departure from the more normal naval
practice of using only two stages of reduction, with dual tandem intermediate
gears forming a locked train. The choice of triple reduction was made partly
to ease manufacture—all the gear elements, and especially the secondary
wheels, are thereby smaller—and also because, in this particular case, addi-
tional gearbox length was more acceptable than additional width.

The primary gears are situated at the forward end of the gearbox and the
output from the primary wheel (Y) is taken aft, over the main wheel (W) by a
second flexible spacer coupling to a secondary pinion (K), which in turn
transmits the drive through one of three alternative parallel paths, back onto
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FiG. 3-—CAH GEARS VIEWED FROM FORWARD, SHOWING PRIMARY WHEEL LOWER LEFT,

FINAL DRIVE PINIONS CENTRE, AND INTERMEDIATE GEARS RIGHT
{Photograph by courtesy of D.B.G.I. Ltd.)
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the main wheel. The lower path is formed by the secondary manoeuvring
wheel (E), the ahead fluid coupling (situated aft of the gears) and the final
manoeuvring pinion (D). This path provides ahead manoeuvring drive. The
middle path provides ahead direct drive through a second wheel (C), also in
mesh with pinion (K), through an SSS clutch, and onto pinion (R). Astern
drive is taken through the upper fluid coupling by a third manoeuvring
wheel (B) in mesh with wheel (C) and forward again to final manoeuvring
pinion (A) and so to the main wheel. A good impression of the overall layout
of these components, and the three modes of operation, can be gained from
FiG. 5.

This arrangement provides the facility for shaft reversal by filling and
emptying the relevant fluid coupling and it also allows the Olympus to
drive for long periods at high powers through the SSS clutch, so avoiding
the power losses which would result from extensive use of the fluid couplings.

An attractive feature of this design is the freedom to accelerate the ship
smoothly from coupling drive to clutch drive without the need to stop, or
even slow, the shaft. This is made possible by selecting the gear ratios of the
intermediate gears (wheels E and C) so that, when the drive is taken through
the ahead fluid coupling, the output of the SSS clutch rotates faster than its
input. The relative motion across the clutch is therefore in the correct sense
to permit safe engagement, and the transfer of drive is easily accomplished
by bringing the clutch to the ‘ready to engage’ state and then emptying the
fluid coupling.

The transfer back to coupling drive requires a torque reversal across the
clutch to disengage the two halves. This torque reversal occurs naturally if
astern drive is selected and the controls have only to wait until the shaft
speed has fallen to a limiting value before filling the astern coupling. The
transfer to ahead coupling drive can be more difficult as, under certain con-
ditions especially at lower speeds, the gas turbine does not slow down quickly
enough to reverse the torque and to pull the clutch out of engagement. If the
ahead coupling were to be filled before the clutch disengaged it would be
constrained to run with an unusually high speed differential between input
and output leading to heavy churning losses and overheating. To avoid this
unpleasant situation, a small twin-calliper disc brake is fitted to the primary
wheel shaft, and this can be applied whenever necessary to further slow the
turbine and so disengage the clutch.

Mechanical aspects

In terms of the gear elements themselves the design is conservative: the
details are given in TABLE I. The total power transmitted is, however, very
high and the large size of the gearbox introduces its own problems, one of
which is the provision of adequate flexibility between the various com-
ponents. This problem is aggravated by the use of double helical gears.

Involute gear pairs will tolerate considerable variations in the gear centre
distances without distress—indeed it is this feature which has led to their
widespread use. Their tolerance to angular displacements is however far
less, as such displacements give rise to the heavy concentration of load
at one end of the teeth. By careful design of the gearcase structure, the
four bearings required to support any meshing gear pair can be maintained
in the correct relative positions, but maintaining this order of accuracy across
the length of a large gearbox is quite impossible; some flexibility has, there-
fore, to be introduced in the shafts connecting these gears to prevent the
inevitable distortions from creating unacceptable end loadings. Flexibility
can be provided either by using thin drive shafts, made as long as possible
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by passing them back through the centres of the gears they connect (quill
shafts), or by using some kind of flexible coupling. Both techniques are used
in the cruiser with quill shafts taking the drive from the fluid couplings
through the secondary wheels B and E to the final pinions, and flexible
couplings isolating the primary and secondary gears.

It can be seen from FIG. 5, however, that the quill shafts themselves have
been fitted with flexible couplings, not to provide for angular distortion, but
to isolate the fluid couplings from the axial movement of the main wheel.
Such axial movement occurs when the main thrust collar moves through the
clearance of the main thrust bearing—more than 2mm in the CAH. The
provision of flexibility between the various sets of gears gives rise to the term
‘articulated’ in the description of the gearbox configuration. Although flexible
couplings provide both articulation and axial isolation they do take up a
great deal more space than directly-coupled quill shafts and their use can
often be avoided, or at least minimized, by using single helical gears.

Each set of meshing gears must be positively located, radially by journal
bearings and axially by thrust bearings. With spur and single helical gears
every gear element has to be individually located against axial movement but
the use of the double helix provides relative axial location for all the gears
in a common mesh, so that only one thrust bearing is required for the whole
train of gears. At first sight this appears to be entirely advantageous but in a
marine gearbox the main wheel will usually move with the main thrust
collar during thrust reversal, and the isolation from this movement provided
by the sliding of the single helical gears may well justify the cost of addi-
tional thrust bearings.

Fluid Couplings

The fluid couplings fitted in the CAH are very similar to those used in
the GMDs and GP frigates. In this application, however, they provide the
only means of shaft reversal and the necessary increase in capacity is
provided by increasing the working circuit diameter and by using a double
fluid circuit. The back-to-back configuration adopted in this design balances
the internal thrusts generated by the oil rotating within the coupling, although
a small thrust bearing is still required to locate the coupling against shock
and gravitational forces (F1G. 6). The fluid level within the coupling is con-
trolled by a hydraulically-actuated scoop which can be inserted to drain the
rapidly circulating oil from the chamber around the coupling.
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With four couplings, two clutches, and two brakes in each gearbox, the
control problem is significant and an extensive series of interlocks is required
to prevent maloperation such as that which has occurred in the GMDs. The
main constraint is that of excessive oil temperature which can arise through
a variety of circumstances and is therefore difficult to prevent entirely. Rather
less likely, though certainly more dangerous, is the risk of overstressing the
fluid couplings by filling them when they are rotating at more than the
allowable speed. The general design of the gearbox is robust and tolerant to
error, but the control system is very complicated and is likely to provide the
most significant threat to the system reliability.
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Fi1G. 6—DOUBLE-CIRCUIT, SCOOP-CONTROLLED, FLUID COUPLINGS FITTED IN CAH

The Choice of the CAH Gears

Having examined in some detail the design which was eventually selected,
a comparison can be drawn with the alternatives offered by GEC (then
AEID Ltd. and by Vickers Ltd. The reasons behind the selection can also be
considered.

Vickers Design

By far the most radical of the three designs was that proposed by Vickers
Ltd. This utilized the reversing ability of a suitably connected pair of epi-
cyclic gear trains. As the concept of reversing epicyclic gears has not been
discussed in the Journal before, a brief diversion is warranted.

The basic epicyclic gear train contains a central sun gear (C), surrounded
by a number of planet gears (B) whose axes are joined together by a common
planet carrier (D) (FiG. 7). These planets mesh in turn with the internal teeth
on the annulus (A). The main advantage of epicyclic gears lies in the
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number of parallel power paths provided by the planet wheels. An epicyclic
gear with say four planets would ideally transmit only one quarter of the
total power through each mesh point, giving an equivalent reduction in gear
face width over a more conventional pinion and wheel arrangement. The
problem facing the designer who wishes to utilize this feature is how to
ensure that the load is shared equally between the various planets, not only
in the steady state but during transient manoecuvres and indeed during tor-
sional vibrations. This is accomplished, to a greater or lesser degree by
providing flexibility, either in the annulus, in the sun gear, or in the planet
bearing supports.

An epicyclic gear train can be operated in a number of ways depending on
which of the three coaxial elements are held fixed—the annulus, the planet
carrier, or the sun. It can be seen from TABLE II that when the planet carrier
is held fixed the sun and the annulus rotate in opposite directions, whereas if
the annulus is held the planet carrier will follow the rotation of the sun. By
suitably combining two epicyclic gear trains, and by attaching brakes to two
of the elements, this reversing property can be harnessed to change the
direction of the gear output by holding first one brake and then the other. A
number of such arrangements are possible, three of which are shown in
Fia. 8.

TABLE 1I—Behaviour of epicyclic gear trains

Component Reduction Ratio
Planet Range
Sun Carrier Annulus Formula* Available
A 3:1
Planetary Gear Input Output Fixed 5 + 1 to
A 12:1
2-1
. Output A D
Star Gear Input Fixed (Reversed) ? | }0 |
A 1-1:1
Solar Gear Fixed Output Input :: 5 to
1-7:1

* A = Number of teeth on Annulus, S = Number of teeth on Sun
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The Vickers proposal for the CAH gearbox used two primary reversing
epicyclic gearboxes based on scheme 1 of FiG. 8, one on the output of each
Olympus. The drive from these reversing gears was combined by a conven-
tional paralle]l shaft gear onto the propeller shaft. The arrangement is shown
in FiG. 9.

$5.5. CLUTCH QUILL SHAFT FLEXIBLE COUPLING

- /
REVERSING/REDUCTION
t GEARBOX T

BRAKE No.2 FIXED INPUT FROM

\ GAS TURBINE
[ I 1

AFT

- FORD

4
/
D EPICYCLIC SPUR GEARS
THRUST INPUT FROM

BRG. GAS TURBINE

./

P im0 O 3
e !
iy |’

BRAKE No.2 BRAKE No. {

BRAKE No. ! FIXE

$.5.5. CLUTCH

PLAN VIEW

Fig. 9—VICKERS LTD. PROPOSAL FOR CAH GEARS USING TWO PRIMARY
REVERSING EPICYCLIC GEARBOXES

GEC Design

The third alternative, that proposed by GEC, utilized conventional gearing
with fluid couplings to affect reversal, as in the DBGI design. There were
however several important differences as can be seen from FiG. 10. Perhaps
the most noticeable change is that the direct-drive SSS clutch is mounted in
line with the ahead fluid coupling, rather than on a separate shaft of its own.
This scheme has the advantage of reducing the number of rotating elements
but, as the clutch is on the same line as the ahead fluid coupling which must
slip to transmit power, the clutch output must rotate more slowly than its
input. If the clutch were of conventional design it could not be safely engaged.
To overcome this difficulty an ‘inverted’ clutch is used which engages when
the output shaft overtakes the input rather than the other way around. This
is a safe and effective system but in order to transfer to direct drive a tem-
porary speed reduction is necessary. The change of drive is accomplished by
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reducing power on the gas turbine and applying a turbine brake to reduce the
speed of the input below that of the output. The clutch then engages and
locks, so removing a control limitation and allowing full power to be
reapplied.

An advantage of this arrangement is that the losses in direct drive are
minimized by positively locking one fluid coupling and also, surprisingly, by
causing the astern coupling to operate with exactly 200 per cent. slip, i.e.
with both halves rotating in opposite directions at the same speed. Under this
condition, equal and opposite flows are generated in each half of the coup-
ling. This stalls the circular flow which normally provides the linkage between
input and output and losses are therefore lower than at slightly higher or
lower slips. This feature is of significance even when the coupling is nomin-
ally empty as some small oil flow is always provided to remove the heat
generated by windage.

The fluid couplings themselves are also unusual in that they do not employ
emptying scoops. In most applications fluid couplings are required to transmit
power for long periods and the efficiency of the coupling is therefore of con-
siderable importance. In the reversing gearbox application, fluid couplings
are only used for manoeuvring, when efficiency is of little importance. As the
torque on both sides of the coupling must be equal—there is no torque
reaction member—the power loss in the coupling is directly proportional to
the speed difference between input and output. The percentage difference in
speed is known as slip. It is normal practice to limit slip to below 4 per cent.
to minimize losses and it is this requirement, when combined with the tnput
speed, which determines coupling diameter. If efficiency is of less importance,
a higher slip can be tolerated, say up to 8 per cent., and the coupling size
correspondingly reduced.

The oil flow path within the coupling is so arranged that the coupling is
self-draming. Quite how this is achieved is not certain although it would
seem likely that the back of the impeller is so shaped as to act as a centri-
fugal pump, providing the incoming oil with a sufficient head to overcome
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the centrifugal forces generated within the working circuit. This reverses the
normal oil flow path through the coupling, and the ports provided towards
the inner radius of a traditional coupling, through which it would fill, are
reversed to evacuate the oil past a back pressure valve to an oil cooler. The
rate at which the coupling empties therefore determines the oil throughput,
and if the coupling is supplied with a flow from a pump of greater magnitude
than the draining flow, it will fill; if the supply is shut off, it will empty.
The coupling can be controlled simply by a single double-ported valve (FiG.
11) which, when it is set to empty, shuts off the pump and connects the
filling line to drain.

This design is very attractive as not only are these self-draining couplings
smaller and lighter than the more traditional coupling but they are also likely
to be even more reliable as most of the in-service failures of fluid couplings
have been associated with the scoop mechanism. There are, however, two
problems: concern as to the controllability of the oil level under all ship-
manoecuvring conditions and fear of excessive oil temperatures. Information
on the performance of this device is very limited although some satisfactory
results have been obtained from a small model. Full-scale development trials
would, however, be needed before the device could be fitted in a warship.

Comparison of CAH alternatives

When the three designs are compared, a fairly clear pattern emerges with
the Vickers design significantly smaller than the others but involving a step
change in gear technology and a significant degree of risk, especially in the
development of the high-power disc brakes. The GEC design was attractively
simple with the least number of rotating elements but its effectiveness rested
heavily on the performance of a novel and as yet untried design of fluid
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coupling. The David Brown design was large but simple and made up
entirely of components which had already been proven in naval service.

The choice between the three was not made easily. All three would prob-
ably have met the requirement, but the big difference between them was in
the degree of risk that each involved. At the time the decision was made,
the Ship Department was very busy with the Type 42 project at its height,
the MCMYV and the Type 22 taking considerable effort and the CAH itself,
a major capital project, on a short timescale. Decisions of this type depend
heavily on subjective value judgements and risk assessments—after all, how
else can the choice between, say, a saving of four inches in length and a fall
of, say, one per cent. in reliability be made even if firm figures are available?

The atmosphere prevailing at the time of the gearing design decision
was one of caution. Recent experience with the complex reversing gearboxes
in the GMDs and GP frigates had been far from satisfactory and the time-
scale of the CAH prevented any full development trials. (The gearbox
supplied to Ansty was in no sense a prototype, as the manufacture of the
gearbox for the first ship had to be underway well before results from the
shore test facility became available.) On top of all the technical factors the
various commercial differences between the three gearing firms also had to be
considered.

The outcome of this process is, of course, already known—of the three
firms David Brown were judged to have produced the best solution to the
particular problem presented by the CAH gearing, but, as this analysis has
shown, other options were available and the rest of this article will examine
the various possible future solutions to the problem of reversing a high-power
marine gas-turbine drive.

The Future Reversing Gearbox

Any reversing gearbox has to accomplish a number of separate functions:
it has to be capable of transmitting the required power in both directions;
it has to change from the ahead drive state to the astern; and most import-
antly it has to be capable of braking the shaft and the ship to give the
necessary manoeuvring performance. The present state of gearing technology
ensures that the first is no longer a problem and this is borne out by the
exceptional reliability being achieved by gear teeth in service. Changing the
direction of drive is rather less easy especially as the changeover has to be
accomplished under high-torque loadings. Various clutch mechanisms are
available based on a number of different principles, but only the SSS Clutch
and the ‘non-positive’ fluid coupling have been proved in naval service.

The major problem area, however, is the dissipation of the large amounts
of energy involved in braking the shaft against the way of the ship. The
energy involved is directly related to the specified reversing performance, as
the more the shaft speed is allowed to decay through the slowing of the ship
by hull resistance, the less the energy fed back into the reversing mechanism.
The traditional approach of specifying astern power as 30 per cent. of ahead
power and leaving the dynamic performance to take care of itself is no longer
adequate and a careful study of the ship’s operational requirement is essential
if the gearbox design margins are to be correctly set. There are significant
penalties in asking for more than is necessary.

Before examining the specific options available, the particular requirements
of gears for naval marine propulsion need to be defined. The prime require-
ment is undoubtedly for very high reliability. Failures within the main gear-
ing immediately reduce the ship’s capability and, more often than not, the
corrective action is beyond the capacity of the ship’s staff and turns out to be
expensive and time consuming. Even one failure of the gearbox during the
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ship’s life is probably unacceptable as a design target, which should be to
aim for not more than say one full failure of the gearbox every fifty ship-
years. An examination of the limited failure information available shows that
most failures occur in precisely those components which multiply most
rapidly in the complex reversing gearbox: flexible couplings and bearings.
The other major weakness has been auxiliary drives. If adequate reliability
is to be achieved, not only must these components be of careful and con-
servative design but the reliability of the clutch or coupling device must also
be of a very high order.

Size, and especially length, is also of great significance and it is with the
aim of reducing the percentage of the total ship volume occupied by the
machinery that the specific tooth loads in R.N. gearboxes have been more
than doubled in the last twenty years. A further reduction in gear-wheel size
is entirely feasible; in fact, test gears have already been run up to a K factor
of 1800 1bf/in®. Unfortunately in typical naval installations the gears them-
selves occupy considerably less than one half of the gearbox length and the
law of diminishing returns operates with some force. As loadings rise, the
additional sensitivity of the more highly-rated gears to errors in material,
manufacture, or maintenance, come increasingly to outweigh the successively
smaller percentage reductions in total gearbox size. Probably the main gain
from raising the allowable loading further would be the freedom this would
give to use single gear-trains rather than parallel locked trains.

The final major factor, and one of increasing importance is cost. Obvi-
ously the details of a design will influence cost to a substantial degree but
this is not a subject which the author has the knowledge to discuss.
There is, however, a significant saving in both time and money if a single
gearbox can be developed which is sufficiently flexible to accommodate a
number of engine layouts and hence a number of different ships, without
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For the smallest total volume, the reversing epicyclic gear emerges as a
clear winner. Unfortunately, epicyclic designs do tend to be rather longer
than the best conventional alternatives because of the need to provide three
gear trains in line: one for the first reduction, and two more for the revers-
ing mechanism. In some installations, this is acceptable but when the
gearbox and turbine are to be located in the same compartment the addi-
tional length is often unacceptable. The epicyclic, because of its configuration
is ideally suited to single engine per shaft applications; two engines can be
accommodated provided that they are placed forward of the gearbox, but it
is very difficult to introduce a drive from aft because the length of the high-
speed flexible coupling, required to connect the aft engine to the combining
gear at the forward end of the reversing secondary epicyclic, becomes exces-
sive. The third disadvantage of the epicyclic is its novelty and its inherent
complexity. If sufficient time and money were available, a reliable and
maintainable design could probably be developed but there are many untried
features which could delay the programme and increase the costs.

If parallel shaft gearing is to provide the solution there are two funda-
mental choices to be made: the first is between fluid couplings and some
form of friction clutches as the reversing element; the second is the selection
of a gear layout.

Fluid couplings are very attractive devices—they are simple, robust, and
require an absolute minimum of maintenance. They are also well proven in
the naval environment. They do, of course, impose additional constraints
on the lubricating oil system and they are inefficient when used for long
periods. It is also probably true that size for size they do not provide the
same stopping power as the equivalent friction devices. Any design which
uses fluid couplings will therefore need to provide a separate direct-drive
system to bypass the couplings during passage and will probably have to
accept a manoecuvring performance closer to that of a Y.160 Leander than
a Type 21 frigate.

Friction clutches, at least at the power levels required, are an unknown
quantity as far as the Navy is concerned, although commercial designs of
adequate capacity are known to be available. It is most likely that an oil-
cooled friction clutch would be chosen as these have a greater capacity to
accept the high rates of power input than the dry-plate type, as the oil
provides an efficient cooling medium through which the large energy inputs
can be dissipated. High-capacity dry-plate brakes using carbon fibres have,
however, been developed for the aircraft industry and these could be modified
to act as clutches in a marine drive if oil-cooled clutches should prove un-
suitable.

Friction devices which provide both energy dissipation and a locked drive
do have the advantage over the fluid coupling in that they can transmit
steady powers for long periods without losses. They do, however, require
regular replacement and whether their useful life would be long enough to
avoid an excessive maintenance penalty has yet to be established. They also
require a carefully controlled high-pressure air and oil supply.

The choice between these two components again serves to illustrate the
degree of judgement inherent in design decisions. In an ideal world both
types of component would be developed to the production stage so that the
maximum of information could be obtained on which to base the decision.
It may be however that financial constraints will require an early choice
between the more compact and more positive friction clutch, and the more
simple, robust fluid coupling. The decision is influenced by the future ship’s
operating pattern, the required manoeuvring performance, the support and
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maintenance policy, the size of lub. oil system which can be accommodated,
and fundamentally by the reliability that can be expected from the two
components. It is primarily for this latter reason that at this time the fluid
coupling appears to the author the more attractive solution, although the
more compact self-draining (SD) version does itself require development.

To suggest that one gear layout holds the solution to every transmission
problem 1is clearly unrealistic. Gas turbines can and have been standardized
but until a standard hull form can be provided the gearbox designer will
have to adjust to different propeller speeds, different shaft centres, different
compartment sizes and different engine layouts. The need to provide large
inlet and exhaust trunkings makes the positioning of the gas turbine within
the ship much more critical than that of a steam turbine or indeed a diesel
engine, and a gear design which can accept mputs from a variety of positions
is obviously an attractive proposition. Whilst the design presented below
will obviously not solve all problems, it does seem to cover a sufficient
number of the likely options to make it a prime contender for further develop-
ment—if indeed the development of a more compact reversing gearbox is
considered necessary.

The proposed new design is based on the gear layout used by GEC (then
AEID in their gearing for the CAH. The great attraction of this scheme is
that it achieves its purpose with a minimum number of components—there
is no separate direct-drive line as required by the DBGI scheme, nor is there
the complexity of internal flexible couplings with the inevitable increase in
length that these involve. The key feature of the design, and the only one
which requires development, is the intermediate-speed line comprising the
primary wheel, the secondary pinion, the self-draining fluid coupling and the
in-line SSS inverted clutch. The arrangement provides the facility to accom-
modate inputs from a number of positions as the clutch and coupling
assembly can be situated at either end of the gears.

There are however a number of detailed changes from the original GEC
proposal. perhaps among the most important of which are improvements in
the detailed design of the SD coupling. Although for a vessel as large as the
CAH a double-circuit coupling would probably still be needed, it seems
likely that for destroyers and frigates adequate manoeuvring performance
could be provided by a single-circuit coupling directly attached to one of the
gear elements. This provides a considerable saving in gearbox length.

A second change would be to use double-helical gears on the primary
mesh whilst retaining the single helix on the main wheel. This appears to
be an optimum arrangement in that the axial movement of the propeller shaft
is taken care of by the single helix, whilst the use of double-helical gears on
the primaries, where axial location rather than axial freedom is required,
removes the need for a thrust bearing on the primary pinion. This is par-
ticularly valuable as the high speed of that component makes the design of
an adequate thrust bearing doubly difficult.

Two intermediate speed lines of this design, one with and one without
the in-line clutch, can accommodate either handing of turbine from any of
the input positions shown in Fi1G. 12, and can accommodate a range of
different propeller speeds by changing the ratio of the final drive, without
alteration to the speeds of the reversing elements. The improved design of
intermediate-speed line, incorporating these features, is shown in FiG. 13.

A slight increase in complexity is required to provide for the tandem
(common pinion) scheme (Scheme 3, FiG. 12) as twice the engine power now
has to be transmitted through a single set of gears. This problem can be
overcome by providing a second ahead intermediate line below the input
pinion. The second ahead line is fitted with a slave dog clutch which ensures
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the correct alignment of the two ahead power paths so that they always
share the load as a proper locked train. This alternative scheme involves
additional constraints on the positioning and handing of the turbine and also
requires a larger astern fluid coupling, but it does provide a further applica-
tion for the basic intermediate-speed line. An end view of both arrange-
ments, showing the basic scheme and the dual tandem alternative, is given
in FiG. 14,

Qualifications

The last section of this article is necessarily speculative and should not
be considered as in any way a final answer. An optimum solution can only be
identified with confidence when all the elements of a problem have been
defined, and there is little doubt that new requirements and additional con-
straints will arise before the next generation of ships is built The subject
of CP propellers has not been discussed and the difficult question of whether
to develop this system in parallel with or as an alternative to a reversing
gearbox must, of course, be answered before any money is committed.

Reliable reversal of 50000 bhp is currently available but the gearbox
itself is too large for a frigate or destroyer. Significant size reductions do
appear to be feasible but careful development work will be needed if the
potential gains are to be realized without jeopardizing the high levels of
ship availability which are now being achieved.
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Many of the judgements made in this article are open to question and
another person, presented with same information, might well have reached
a different conclusion. This is an inevitable feature of the design and selec-
tion process, and in this situation all the information that reaches the Ship
Department will have an influence on the multitude of design decisions which
are continually being made. Widespread and informed debate of important
technical issues is therefore an essential part of the design process and if this
article serves to stimulate such debate it will have achieved its purpose.
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