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INTRODUCTION 

It is the policy for all future major surface warships in the Royal Navy to use 
gas turbine propulsion. This policy has been decided upon in order to achieve 
greater availability, a better weapon payload, simplicity in operation and a 
reduction in manpower afloat. 

The gas turbines are marinized versions of well proved aero engines. These 
engines are not reversible. 

The transmission, gearing, shafting and ancilliaries, has to convert the engine 
characteristics to those of the propeller in the best possible manner, provide 
the reversing capability, fit the ship layout, meet the requirement of the ship 
command and be reliable and maintainable. 

This paper, from the section within the Ship Department of the Ministry of 
Defence responsible for propulsion transmission systems, describes how the 
various components of the system are chosen, and considers the problems 
associated with the transmissions of warships driven by gas turbines. 

TRANSMISSlON REQUIREMENTS 

In order to carry out his task, the designer must bear a number of considera- 
tions in mind. Some of these are listed below, not in any order of importance 
since this may vary depending on the particular design. 

Operator Requiren?ents-speeds (maximum, slow, cruising), acceleration, 
stopping distance. 
Military requirements-noise, habitability, shock. 
Characteristics-of prime movers, hull, propulsors. 
Costs-development, initial and through costing. 
Time-scales-for development, testing and production. 
Reliability-effect of breakdowns, time between refit. 
Maintenance-requirements and accessibility. 
Manning-the manpower to operate and maintain. 
Training-specialist operator and refitting knowledge. 
Logistics-requirements for spares, etc. 
Standardization-similarity throughout the Fleet. 

In order to  establish the system parameters a simulation is carried out of the 
machinery driving the hull in all the operating modes and various failure 
states. From this study the design requirements for each component in the 
system may be stated and used as a basis of equipment selection. 



SYSTEM SELECTION 

With unidirectional gas turbines tlze major decision to be made is on the best 
way of achieving astern power, with a controllable-pitch propeller or a reversing 
gearbox. These are compared under a number of headings below. Alternatives, 
such as electrical systems, are not discussed since, at this time, they have not 
been developed sufficiently for use in warships. 

Operational 
Controllable-pitch propellers in naval ships change from ahead to astern 

pitch by rotating the blades through zero pitch. This means that there can be no 
overlapping of the blades and hence blade pressures are higher than for the 
equivalent fixed-pitch propeller. The hub diameter is larger than that of a f-p 
propeller and the blade roots need to  have thicker sections in order to  take the 
bending moment while blending into a swivelling circular palm. The net result 
of these limitations is that a c-p propeller has an inferior form compared with 
a f-p propeller, leading to lower efficiency with the possibliity of cavitation. 

To manoeuvre with a c-p propeller, engine power and pitch can be matched 
to meet the operator requirements by suitable controls. Controllable-pitch 
propellers have a design pitch and operation off this pitch reduces efficiency and 
further promotes cavitation. It is, therefore, desirable to operate the propeller 
as a f-p propeller over the whole ship speed range for normal operation and use 
the variable pitch facility only for reversing. This type of operation is made 
possible with a free power turbine which at low ship speeds can operate below 
its unloaded idling speed to  match the full pitch characteristics of the propeller. 
For rapid manoeuvring, however, better response can be achieved by varying 
propeller pitch with changing engine power. FIG. l shows an example of each of 
these operating modes. 

The Royal Navy has 25 
reversing gearboxes at sea in 
major warships. These have been 
satisfactory in service, although 
they are complicated to  operate 
and require user skill and tech- 
nique; under very difficult con- 
ditions maloperation could 
occur. 

Manoeuvr~ng mode 
Reversing is achieved by a 

separate manoeuvring train in- 
corporating fluid couplings. In 
order t o  limit the size of the 
couplings and the oil quantity, 

- ~ e s l g n  pitch mode the power transmitted through 
the coupling must be limited. 

A new design is being 
developed which incorporates 
in-line fluid couplings for man- 

J 
/ oeuvring and reversing and lock- 

/ 
I / up clutches in parallel which can 
/ be arranged to short out the 

/ 
I ------l couplings. The fluid couplings 

ShiJ's speed will only be used at  lower 
FIG. 1-TYPICAL SPEED/RPM CHARACTERISTIC FOR A and less heat generated 
C-P PROPELLER INSTALLATION SHOWING ALTERNATIVE 

OPERATING MODES by coupling slip has to be 



Reversing gearbox Unidirect ional  gearbox 

FIG. 2-ILLUSTRATION OF SIZE DIFFERENCE FOR A DESTROYER COGOG DESIGN 

dissipated. At higher powers the couplings are emptied and the drive is taken 
through the clutch. 

In this design, the fluid coupling oil could have its own circuit and coolers 
so that sharp oil temperature transients will not affect gear lubrication. Further- 
more, there would be no unloaded gears during any operation of the gearbox. 
Simplification of the design, attention to detail at the design stage and compre- 
hensive interlocks will prevent damage by maloperation. 

Manoeuvring 
Although computer simulations have been carried out, without two ships, 

identical except for their reversing mechanisms, it is difficult to compare 
c-p propellers and reversing gearbox installations on manoeuvrability and stop- 
ping distances. Ships with either system are, however, satisfactory. 

The capability for stopping a c-p propeller ship depends upon matching of 
the engine torque build up with the ability of the propeller to transmit the thrust 
into the water. Much depends on the response of the blades and hydraulic 
system and the loads that can be accepted in the hub. A problem peculiar to c-p 
propellers is that when the blades go to zero pitch they form a disc which can 
effectively blanket a in-line rudder. 

With reversing gearboxes, the stopping distance is a function of the torque 
that can be transmitted through the fluid couplings when the two halves of the 
coupling are rotating in opposite directions. It is possible to use the natural 
braking of the ship so that correct choice of the phasing of the application of 
the couplings has a marked effect on the coupling size. 

Size 
As a straight criterion, size is not always valid, for the aim is to make the best 

use of the space available. 
Controllable-pitch propeller systems incorporate smaller gearboxes but 

separate hydraulic pumps, coolers and tanks. 
Reversing gearboxes require extra oil for couplings and this too may involve 

extra pumps, coolers and tanks. These gearboxes are generally larger than 



those for c-p propellers as shown in FIG. 2. Occasionally in a multi-engine 
installation this difference in size is very small, since the positioning of the engines 
often dictates the gearbox size. 

Maintenance 
For c-p propeller installations the gearbox is simple and unidirectional. It 

is never stalled under heavy torque and there is no risk of slow speed scuffing. 
The hydraulic system has to be sealed where the oil passes into the shaft. If 
the hub requires maintenance the ship has to be docked. 

The reversing gearbox contains more rotating parts and extra complexity 
from high speed clutches and couplings. 

It is not possible to suggest which is the more inherently reliable, but it is to 
be expected that either, properly designed and produced, will perform satisfac- 
torily. 

Cost 
Through cost studies have been made for both systems, taking into account 

capital cost, transmission and propulsive efficiency, refit and breakdown costs. 
These studies show that, for warships, there is little to choose between either 
system. 

Training, Logistics, Standardization 
These constrain the designer from making a purely technical choice. Tf the 

Fleet is to  consist of a mixture of c-p propeller ships and ships with reversing 
gearboxes, then there is a penalty in extra training for ships staffs, extra spares 
holdings and lack of standardization. 

The Choice 
A large number of points have to be taken into account before committing 

a class of ship to one or other design of transmission system. Each case must be 
judged on its merit and by systematically examining each of the requirements, 
the logical solution appears. 

COMPONENT SELECTION 

The selection of components depends upon the requirement for each within 
the system, experience with similar designs in service and the results of research 
and development. These are in fact all tied very closely. The impetus for research 
and development stems basically from the projected needs of the future coupled 
with the experiences with and limitations of machinery in service. 

The organization of the Ministry of Defence is such that a specialist section is 
involved in the problems of the running fleet as well as new design work and 
research and development. With a large number of ships in service with a variety 
of prime movers and transmissions, it is possible that any one-guided missile 
destroyer, Leander Class frigate or even coastal minesweeper, may provide 
information or reveal a problem potentially relevant to new designs. Provided 
operating conditions in terms of the basic engineering properties, stress, pressure 
etc., are used, there is no danger in reading across from one ship design to  
another. 

Research and development is carried out for two reasons : to  solve problems 
in the Fleet and to  provide the design rules and equipments for the future. For 
the former much is necessarily rapid and ad hoe. For the latter, work is to a more 
defined plan in order to  provide sufficient confidence to design whatever type 
of transmission is required when it is needed. 



The number of options in terms of prime mover combinations and propulsors 
makes it economically impossible to cover the field in depth. In an attempt to 
overcome this the research and development is split into two categories. The 
first of these is common research and development, work which will be of 
benefit whatever type of machinery is to be used. In the case of specialized items 
of research and development, which may only have a possible use, spending is 
carefully restricted until certain decision points have been reached. During this 
restrictive period much of the thinking and planning of the project is done so 
that when an affirmative decision is taken the work can be pursued quickly and 
efficiently. If the decision is not to proceed, then the amount of wasted effort 
is kept to a minimum. Jn practice it does not always work so neatly since the 
decisions are rarely timed to suit the transmission designer. 

In many industries where components are small and cheap, a 'suck it and see' 
approach to development may well be the most economical way of deriving the 
best product. In marine engineering, testing and development of equipments at 
full scale is expensive. Economy of testing can be achieved by breaking the work 
down into three phases: the theoretical analysis, small scale testing (not always 
essential) and full scale testing. With the analytical tools now available it is 
possible to gain a good theoretical understanding of most components and 
systems at a reasonably low cost. The result of this analysis does the initial 
sorting to reduce the number of physical tests to be conducted, and then 
defines the parameters for the tests. 

Although a comprehensive research, development and trials programme has 
been drawn up, it is only possible here to highlight some of the more important, 
and. it is hoped, more interesting projects and the service experience on which 
they are based. 

Propellers 
The hydrodynamic design of propellers is conducted by the Admiralty 

Experiment Works based on tunnel and tank testing. The propellers are cast 
in a manganese aluminium bronze alloy and finished to a high degree of accuracy. 

The achievement of the necessary accuracy is expensive and time consuming 
as it is at present done by means of hand chipping for the larger propellers or 
by copy milling for the smaller sizes. A profiling machine of adequate versatility 
to  meet the Navy's needs would be very expensive and could cause a production 
bottleneck. Instead, a development programme is underway to increase the 
accuracy of casting so that only light hand polishing will be necessary. Tech- 
niques for predicting casting distortions are being developed so that moulds can 
be biased. The methods of prediction are a fusion of the latest analytical 
techniques with measured results taken over a large number of years. 

Controllable-Pitch Propellers 
There are few c-p propeller ships in the Royal Navy due to the preponderance 

of steam ships with reversible turbines. Controllable-pitch propellers are fitted 
to some Diesel frigates, survey ships and tugs and H.M.S. Exmouth, the first 
all gas turbine ship. The propeller in H.M.S. Exmouth is the first highly loaded 
one in service and is dealt with separately. In the Diesel ships the c-p propeller 
has permitted better bmepispeed matching, the pitch being variable from full 
ahead to astern through zero pitch. Problems have been experienced in the 
accurate setting of pitch, particularly important being the zero thrust position 
required for ship stopped condition with the shaft rotating. Accurate calibration 
with temperature compensation is required to eliminate this error. 

The c-p propeller type favoured is that with the hydraulic piston in the hub 
since this does not require load carrying cranks or rods down the tail shaft. 



The hub diameter is generally smaller and there is less mechanical problem than 
having the piston in the main shaft. 

Reduction in hub diameter would lead to increased efficiency and lower 
blade loading if more of the disc area could be used for blades. The meclzanical 
components of the hub are being critically examined to see where size can be 
reduced and the feasibility of increasing hydraulic operating pressures without 
causing sealing problems is being studied. 

Shafting 
The design rules used by the Royal Navy consider steady state bending and 

shear stress separately, and take account of reductions of both diameter and 
fatigue limit by corrosion; these have proved adequate for present designs. 
More valid design rules are being formulated to take account of all tlle stresses 
in the shafting and a study is in hand to produce such a criterion based on 
full operating stresses. Some work is in progress to establish the actual conditions 
of loading, taking into account the effect of wake pattern, eccentric thrust, 
bearing weardown, vibration and the manoeuvring transients. 

The greater weight of c-p propeller imposes increased bending loads on the 
main shaft. With warship configuration with long outboard shafts supported by 
'A' brackets, the high alternating bending stress can be in an area where the 
material fatigue limit is reduced by corrosion effects, so that the design must 
accommodate the combined effects of torsion and bending in an area liable to 
corrosion. 

Experience with oil lubricated stern tube and rubber 'A' bracket bearings has 
not been satisfactory. Leakage into the oil has caused premature failure of the 
former and destruction of the latter has occurred if the shaft is not periodically 
turned when in dock. The present policy is to  use sea-water lubricated asbestos 
reinforced phenolic resin bearings. These give satisfactory service if designed to 
the correct hydrodynamic criteria, encompassing lengthidiameter ratio, pro- 
jected area pressure and rubbing velocity. In cases where the shaft is deflected 
to a steep angle, the bearing is bored to match. 

Face type stern seals are now invariably used. An emergency seal is, however, 
incorporated to  allow maintenance without docking. Research is being conduc- 
ted to produce better mating materials, such as ceramics, to  increase overhaul 
life of seals in service. A longer term study into the fundamentals of sealing is 
being conducted in order to meet the sealing requirements of the future. Final 
testing of seals is carried out in a Ministry of Defence establishment. 

Main thrust blocks have been integral with the gearbox in recent designs in 
order to conserve space. This construction poses problems of access, mainten- 
ance and the transfer of thrust through the gearcase structure. Designs are being 
formulated for separately mounted thrust blocks incorporating facilities for 
absorbing propeller excited noise and axial vibrations. Such units could be 
mounted well aft where the ship's lines are finer, so permitting better gearbox 
mounting such that ship dynamic movements do not affect the meshing of the 
gear elements. 

Inboard slzafting has to be supported and watertight integrity at bulkheads 
must be assured. A simple combination of plummer block and bulkhead gland 
is being developed but the use of such a component is not always possible, since 
the position of the shaft components is dictated by the shaft deflected line and 
the vibration characteristics. 

Checks are carried out to  determine the acceptability of any shafting design. 
Using Clapeyron's equation and influence coefficients, the optimum shaft line, 
to achieve satisfactory bearing loadings, bending moment and bending stress 
curves are produced. A typical set is shown in FIG. 3. Shaft axial, torsional and 
transverse natural frequencies are also checked. 
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There has been an increasing use of hydraulics in transmission systems in 
the last few years. Development work on hydraulic components and systems is 
carried out on Ministry of Defence sponsored rigs and work is in progress to 
improve reliability, efficiency and system silencing. 

The use of similar components in all the hydraulic systems, developed for the 
Royal Navy requirements but applicable commercially, simplifies logistics and 
operator training. They require standards of cleanliness and maintenance which 
were, until recently, rare in marine engineering. However, the concurrent 
introduction of other sophisticated equipments and controls has brought about 
tlie necessary change of attitude and training. 

For c-p propeller hydraulic systems, the aim is to produce a compact power 
pack using axial piston pumps and flow controlled systems since this has the 
greatest potential for increased pressure and efficiency. This will permit the 
engineering of pumps, header tanks, coolers, system valves and piping into a 
unit small enough to  be integral with the main gearing. This will ease the 
machinery layout, by reducing the amount of piping and drive shafts, simplify 
local control, fault finding and feedback arrangements, and permit proper 
repair by replacement by flushed and tested units. 

Gearing and Ancillaries 
The Ministry of Defence has maintained a full-scale shore transmission test 

facility of a County Class destroyer gearbox driven by two G6 gas turbines. It 
has been possible to conduct on this rig a number of independent proving 
trials to back up the testing done at  manufacturers' works and to reproduce the 
correct environment for developing and uprating in-service components. 



Drive shafts and c~ouylings 
In the Leander Class frigates, the fine tooth flexible couplings between steam 

turbine and gearing have experienced severe fretting caused by misalignment. 
The misalignment is a result of differential growths, static deflections of the ship 
structure under different conditions of payload, and dynamic movement of the 
hull being transmitted to the gear box and turbine seatings. Palliatives have 
been strict alignment procedures and also the use of nitrided and sulphinused 
material combinations and oil retainment collars in the couplings. As a result 
of satisfactory service of membrane flexible couplings in Tribal Class frigates 
and County Class destroyers, a trial is to be carried out in 1970 wit11 this type 
of coupling in a Leander. 

In the Tribal Class frigate gearing power is transmitted through a long jack 
shaft from the steam turbine. It has been found that only by accurate alignment 
and careful balance can the level of vibration, due to the slenderness of the shaft 
and the disposition of the masses on it, be kept within acceptable limits. This 
has indicated the need for accurate location and matchmaking of all parts during 
assembly, for all components and assemblies to be rigorously balanced to a fine 
tolerance and for accurate alignment of the axes of centres of gravity. It is 
nevertheless necessary to check that the vibration is below a level indicating a 
danger of mechanical damage. To do this, accelerometers are attached to 
bearing caps and an analyser can indicate the plane of correction such that 
metal can be removed from torque tube flanges to achieve smooth running. A 
design of coupling flange incorporating balance correction weights is being 
developed. 

In cases where a large engine to gearbox separation is necessary and a con- 
ventional torque tube could whirl, a supercritical shaft has been designed and 
evaluated. In this case the shaft is allowed to run through its first critical at 
low input speeds, being restrained in damped bearings while it does so. 

Clutches 
Self-synchronizing clutches are used for the County Class destroyer and 

Tribal Class frigate gas manoeuvring drives. These clutches incorporate an 
automatic disengagement and a lock-in facility to permit various machinery 
states. 

Damage has been caused by inadvertant selection of engagement of the clutch 
when the input is running faster than the output, resulting in broken pawl and 
ratchet ring noses. Such damage has occurred with operators inexperienced 
with this complex gearbox and no interlocks can be incorporated to prevent it. 
The policy is to simplify the clutch so that the failure regime is not present. 
Thus, when the automatic disengagement is not required in a unidirectional 
transmission it will not be fitted. Simplification of the clutch and its controls 
can also be achieved by removal of the lock, which is only required when there 
is sufficient reverse torque over a long enough period of time to disengage the 
clutch against its dashpot. 

Fluid Couplings 
The fluid couplings for the County Class destroyer and Tribal Class frigate 

designs have given satisfactory service and provided precise and simple manoeuv- 
rability. In  the Type 82 destroyer the two G6 gas turbines of the County Class 
are replaced by a single Olympus engine so that twice the power must pass 
through a single manoeuvring train. The couplings used in previous designs 
were uprated by a develpoment programme which included decreasing the 
coupling back pressure to get an increased oil flow through at 100 per cent slip, 
improving the runner and impeller attachments to permit higher stresses in the 
limited space, improving production techniques to remove stress raisers, and 



FIG. 4-LUBRICATING OIL TANK DESIGN FOR TYPE 42 

checking the natural frequencies and modal shapes of the blades and carrying 
out modifications accordingly. 

Brakes 
Brakes are required for assisting clutch engagement on certain reversing 

transmissions and for arresting the continuously rotating shafting of gas turbine 
c-p propeller transmissions to  prevent wires entangling the screws when berthing, 
and for other emergencies. 

The energy to  be dissipated in stopping a shaft system, gearing, propeller and 
el~trained water, and power turbine is such that in order to  keep the brake to 
a suitable size, early single disc designs could only be used with the ship stopped 
in the water. A design study is in progress to  develop an aircraft type multi-disc 
brake using inorganic pad materials. Having a larger heat sink this will have 
greater energy dissipation capacity for the same space and should be suitable 
for use when under way. 

Lubricating Oil Systen~s 
The Whitby and early Leander Class gearboxes were plagued with com- 

missioning problems due to dirt being left in the system during assembly. 



Modifications to the gearcase for the later Leander Class allowed all internal 
piping to be straightened and blind ends removed. Proper flushing procedures 
and thorough inspection has reduced the number of initial and post-refit 
bearing failures. 

Since it is only possible to have small drain tanks in warships, the effect of 
lubricating oil aeration is noticeable. Steps are now taken in the system design 
to reduce aeration at source where possible, and to improve drain tank layout 
to  give the best flow conditions to allow the air to be removed by baffles and 
perforated plates. An example is shown in FIG. 4. This is part of a major study 
into all aspects of lubricating oil system design which is in progress. 

Since the scuffing experienced in the early W/~itby Class frigates, OEP69 
(extreme pressure oil) has been used in all later classes. However, material 
changes and improved standards of production have made the use of Ihis oil 
less necessary. As a result of shipboard trials, the Navy Department Fuels and 
Lubrication Advisory Committee are now assessing alternative oils to OEP69 
for use in present and future ships. 

Gearing 
There have been no recent material problems with gears in the Fleet. Since 

the introduction of carburized and hardened pinions and through hardened 
wheels, the Leander Class have been free from tooth deterioration. The County 
Class destroyers' and Tribal Class frigates' reversing gearboxes, which contain 
mainly carburized gear elements (with nitrided and induction hardened elements 
in certain cases) working at K loadings of 500 ahead and 820 when running 
astern, have also been completely satisfactory. This is adequate proof that these 
materials are suitable for present designs and the research in progress will 
permit even higher loadings with the utmost reliability in the future. 

It is recognized that, due to the dynamic conditions felt by the gears in a 
ship at sea, localized loading results so that in effect the gears are subjected to 
a much higher K value than the nominal design figure. A number of steps have 
been taken to minimize this :- 

(i) Gearcases for the later Leander frigates have been stiffened by the use 
of a double wall box construction; 

(ii) The correct tip, root and end relief is applied as a result of full scale 
back-to-back loading trials; 

(iii) Seatings have been improved. The Leanders have three area support, 
one area round the thrust block and smaller areas at the forward end. 
The Type 82 destroyer has gearboxes supported by a hydraulic constant 
position mounting system developed by Y-ARD. Investigations are in 
progress to permit the use of anticlastic bearings, as used in bridges, 
as three-point supports. 

The object of all this is to  divorce the gearing from its environment and 
remove those externally applied loads which upset the meshing, so that the 
factor of ignorance applied to full-scale load trials results may be reduced. 

In addition fundamental research is being carried out by the Navy and Vickers 
Gearing Research Association (NAVGRA) where the three principal suppliers 
of naval gearing co-operate to improve naval gear performance and quality. A 
comprehensive article describing the work of NAVGRA appeared in Vol. 18, 
No. 2 (June, 1969). (Ref. l l .) 

Epicyclic Gearing 
The NAVGRA research is applicable to  both parallel shafted and epicyclic 

gearing. Epicyclic gearing shows to  advantage particularly in the single engine 



per shaft configuration. However, in a multi-engine installation the advantages 
of its small size cannot always be utilized. 

The Brave Class fast patrol boats have two epicyclic stages in series which use 
the well established Stoeckicht principle. These boats have been in service 
now for ten years under very severe conditions, and although there have been a 
number of transmission problems, the epicyclic stages have given no trouble. 

The recent innovation of the flexible planet pin has permitted an increase 
in the number of mesh points and hence a reduction in gearbox size. This has 
recreated interest in epicyclic gearing within the Royal Navy. 

The principle is being tested first on two auxiliary gearboxes in service at  
sea, a 30 kW (40 hp) electric driven compressor with high starting inertia and a 
520 kW (700 hp) total energy gas turbine alternator where the gearbox space is 
very limited. 

A design study is in progress for a frigate main propulsion gearbox which may 
be back-to-back tested in order to confirm the criteria for this type of design. 

The Overall Programme 
It has been necessary to deal only briefly with selected components in the 

transmission in the sections above. It has not been possible in the space allotted 
to  describe the integrated programme necessary for all research and development 
or to indicate the relative importance of each item, the interdependence or the 
timescale. 

Two recent designs, that of H.M.S. Exmouth the all gas turbine conversion and 
for the Type 42 destroyer, now being built at  Barrow-in-Furness, are discussed 
below to  show how the results of the work outlined above are put into practice. 

H.M.S. EXMOUTH 
In 1965 the Navy Board took the decision to convert H.M.S. Exmoutl~ into 

the first all gas turbine powered major warship in the Royal Navy, where the 
gas turbines were to be marinized versions of aero engines. The ship was not 
to  be simply a trials ship but was to be able to take her place among the British 
Fleet in order to give operator experience with the gas turbines, the associated 
transmission, a large c-p propeller and control system. 

This paper is intended to describe how a transmission system is chosen to 
fit a ship design. However, in many cases some constraint is laid on the designers 
and H.M.S. Exmouth is a case in point. The ship was originally built with 
steam turbine machinery on a single shaft. In order to meet a short time-scale 
and keep to a suitable cost the conversion required that the new machinery 
should not take any greater machinery volume. The gas turbines are unidirec- 
tional and as reversing gearboxes are larger than the simpler unidirectional 
gearbox, a c-p propeller was chosen. 

The machinery is a single shaft COGOG (combined gas or gas) arrangement. 
Two marinized Proteus engines may be used singly or together as cruise and 
low power engines, and for high power operation an Olympus engine is used. 

Manoeuvring may be performed in any of the engines states, the transmission 
system permits changes from one to  another without constraining the ship 
command. 

With a short time-scale it was considered that conversion of a gearbox 
in service would be more acceptable than the development of a new design. 
The Leander Class gearbox (a variant of the original gearbox fitted to H.M.S. 
Exmouth) was suitable for adaptation. 

The input pinion is driven by the Olympus engine through a torque tube 
and self synchronizing (SSS) clutch. The two Proteus engines drive through 
integral epicyclic gearboxes via torque tubes and SSS clutches to pinions 



Pro teus  input 

FIG. 5-H.M.S. 'EXMOUTH' PROPULSlON GEARBOX-SCHEMATIC LAYOUT OF GEAR TRAIN 

which mesh with the main wheel, as 
shown in FIG. 5. 

A transmission brake is fitted to 
a secondary pinion line at the after 
end of the gearbox. This brake has 
a single disc of chromium plated 
copper and two air operated caliper 
units each with two pairs of organic 
pads. It stops the transmission and 
free power turbine rotor in under 
15 seconds with engine at  idling, 
propeller at  zero thrust pitch and no 
way on the ship. 

Experience has shown that coin- 
plete action reliance cannot be 
placed on the supply of electrical 

FIG. ~ (~) -S INGLE ACTING C-P  PROPELLER power and so lubricating oil pulnps 
HUB-H .M .S. 'EXMOUTH' driven from the transmission are a 

requirement. H.M.S. Exmouth has a 
gear driven positive rotary lubricating 

oil pump and two electrically driven pumps of the same type. These pumps 
may be connected either in parallel or in series. When in series the discharge 
of the motor driven pumps feeds the suction of the shaft driven pump to keep 
the total flow approximately constant at  varying shaft speeds; the motor driven 
pumps are unloaded a t  high powers. 

The controllable-pitch propeller is the commercial single-acting piston type 
shown in FIG. 6(a). A double-acting actuator is preferred for naval service but 
the time available for the conversion of this ship was shorter than that required 
to develop a new design. 

The propeller hydraulic system is powered by two electrically driven screw 
pumps and one gear driven screw pump. The system is basically a constant 
pressure type operating at  345kN/m2 (500 lb f/in2) with valve control and an 



open circuit. The supply and return oil to the hub is fed into the shaft via an oiI 
distribution box at the forward end of the gearbox. This position for the oil 
entry is chosen since it permits input on the smaller diameter and therefore 
reduces the sealing problem. 

The engine throttle demand is programmed with the propeller pitch. The 
pitch is increased with engine power up to 1490 kW (2000 bhp) when the propeller 
reaches design pitch and it remains set for f~lrther power increases. 

The shafting has to accommodate the larger overhung weight of the cp- 
propeller and it has to have a sufficient bore to take the hydraulic fluid tubes. 
The shafting was redesigned to bending and shear stress criteria and the ship 
converted to take the increased size. The layout, however, has conventional 
plummer blocks and bulkhead glands, a water lubricated 'A' bracket bearing 
and a face type stern seal. 

After conversion H.M.S. E X I I I O L ~ ~ ~  did a long series of trials from Arctic to 
Mediterranean conditions. The object was to gain experience with the Olympus 
engine but it produced some worthwhile feedback from the transmission as well. 
The most important points are recorded below since they have affected subse- 
quent design work. 

Controllable-Pitch Propeller and System 
To prevent the possibility of loss of engines due to overspeeding, the control 

system is arranged so that the throttle demand is slaved to, and always follows, 
pitch demand on rising power. 

With decreasing power, pitch and engine demands were simultaneously 
reduced. During early trials it was found that the system was not entirely satis- 
factory. Because of the effects of the hydrodynamic forces on the propeller 
blades on pitch reduction from maximum, the pitch angle reduced at a faster 
rate than that demanded by the controls, initially, and consequently the engine 
speed could rise t o  a level causing operation of the overspeed trip. 

A modification to the control system was effected which cured the trouble. 
This comprised a low signal selection logical system which ensured that engine 
power was reduced in advance of pitch. 

The c-p propeller hydraulic oil temperature was low, particularly at start u p  
since much lower engine room temperatures are experienced in gas turbine ships 
than in steam turbine ships. Since the hydraulic pump was initially 'on line' 
started, this resulted in severe pressure surges which resulted in damaged pump 
seals. A period of running at  low discharge pressure, as a temporary palliative, 
indicated that the system was working too close to the minimum possible 
pressure for satisfactory service; it was in fact possible to  stall the system and 
this was partially responsible for the pitch reduction noted above. 

As a result of the pressure surges and a sluggish relief valve the hydraulic 
system pressure peaked at over 690kN/m2 (1000 lb f/in2). This caused stretching 
of some of the bolts in the hub, loosening of the piston nut and some damage 
to  the seals in the distribution box. While this allowed some leakage from the 
hub and a knock on changing pitch it did not affect the operation of the mech- 
anism. 

The accuracy of the feedback mechanism presented problems in H.M.S. 
Exmouth. It appeared that the effect of ambient temperature and oil temperature 
changes after manoeuvring could alter the pitch by up to  14 degrees. This was 
particularly noticeable when berthing and, while temperature compensation 
would have been possible, the late inclusion of extra complexity would not have 
have been welcomed. The ability to apply the transmission brake enables the 
captain to prevent his ship creeping and can alleviate the problem. With ex- 
perience the ships staff can overcome the problem by anticipation and carefuI 
adjustment of the controls. However, this cannot be considered the complete 



7-MANOEUVRING TRACE FROM H . M . S .  'EXMOUTH' DURING FULL-POWER TRIAL AHEAD 
TO ASTERN 

solution. The simplest solution results from accurate specification of the 
setting up procedure so that, knowing the thermal effects from a number of 
tests, a bias may be applied to design zero thrust position. 

Gearing and Ancillaries 
During ship trials the gears were deliberately over-torqued by 15 per cent for 

30 min. Subsequent inspections have shown that there have been no ill effects. 
This was the culminating act of a very creditable performance as the gearbox was 
designed, manufactured, delivered and installed in less than one year. This 
accolade is due to all the suppliers of the equipments in H.M.S. Ex-n?outli. 

It  is considered essential that all gearboxes are given a spin test after assembly. 
Instrumenting the high speed bearings and certain casing positions can indicate 
malfitting, eccentricities, component unbalance, etc. As a result of the short 
time-scale this spin test had to be done with some components not in place, so 
it was not until the complete line was spun under turbine power in the ship 
that heavy vibration was discovered. This was traced to  swash on a distance 
piece and was quickly corrected. I t  was however adequately convincing for 
probe tubes to be built into the gearcase to  allow easier access to  the high speed 
bearing for vibration checking. This was found to  be invaluable at a later stage. 

The original clutches were of the automatic disconnecting, lockable type. 
The automatic disconnection was retained since barring of the power turbine 
is necessary. Had the clutch remained in the one way over-running condition 
on an engine being barred the clutches would have engaged if the shaft was 
stopped. This would cause burn out of the barring motors on overtorque. 
The simplicity of removing the lock was recognized however, and the ship was 
instrumented for trials and the results of these showed that the torque did 
become negative but the value was low (see FIG. 7). The spare main clutch was 
modified to inhibit the lock, strengthen the dashpot, and provide alternative 
methods of producing the inputs to the machinery control and surveillance 



system. This was fitted and subjected to searching trials and appeared to be 
satisfactory although at  sea there were indications of slight axial movement, 
under crash astern manoeuvres. The clutch was later stripped and was found to 
be in excellent condition. 

Damage to the cruising engine epicyclic gearbox was traced to reverse 
torque such that the planet wheels could move across their pins blocking their 
bearing lubricating oil supply. This gearbox was designed for the engine in its 
aero role and had to be modified to accommodate the reverse torques. 

Finally there has been bearing fatigue on the main gearing input line from 
the Olympus which has highlighted a phenomenon not previously experienced. 
During the trials H.M.S. Exmoutlz conducted pitch optimization experiments 
when she ran on reduced pitch and high shaft speed; such a condition, though 
less severe, also occurs when manoeuvring. This low torque state can effect the 
concentricity of the self-synchronizing clutch, as this is basically an involute 
toothed gear coupling, and the running position of the pinion in its bearings. 
If there is additional unbalance, serious vibration can result. The bearing load 
is dependent on torque as well. Thus in the reduced pitch condition the bearings 
may experience a high alternating load, superimposed on a low steady load and 
fatigue conditions can exist. Vibration monitoring has been used to check 
acceptable conditions and it has been found that in H.M.S. Exmoutl~, provided 
the alignment of the axes of the centres of gravity of all high-speed assemblies 
is satisfactory, in-place balancing has not been necessary. 

H.M.S. Exmouth may appear to have been plagued with problems, and this 
is to some extent true. Nevertheless, the object of the ship's conversion was to 
find out problems in order that change in propulsion policy could be 
implemented. These problems have been found and corrected and the lessons 
learned in H.M.S. Exmouth have been incorporated in the Type 42 destroyer. 

THE TYPE 42 DESTROYER 
In November, 1968, the Royal Navy ordered the first of a new class of 

guided missile destroyer designated the Type 42. The requirement was for an 
all gas turbine ship of high speed to provide air defence of the Fleet with 
secondary requirements in the anti-submarine and surface gunnery roles. 
The ship was to be an effective unit in war yet still be capable of the many 
peace-time roles the Navy is called upon to carry out. 

The technical requirements were for a machinery system to achieve maximum 
speed rapidly and to have a good endurance, while providing a significant 
saving in weight, space and technical manpower. Equipment was to be, where 
possible, removable for overhaul. 

The initial feasibility studies showed that the required performance could be 
met using two shafts with one Olympus per shaft, but that a cruise engine would 
also be necessary. The marinized Tyne was selected and the engines are arranged 
to run separately, i.e., COGOG. The mode of operation is that the Olympus 
is used for high powers and that the Tyne can be connected instead for cruising 
without constraint to the command. The machinery is controlled from a 
machinery control room, although some control is also available on the bridge. 
Necessary surveillance of systems is provided to produce a reduction in the 
watchkeeping task. 

The two possible solutions of the reversing problem were considered: a 
reversing gearbox with fixed-pitch propeller or a unidirectional transmission 
with a reversible pitch propulsor, and detailed preliminary studies were carried 
out with two of the schemes. In the ship design space was at a premium, 
particularly if the overhaul by replacement philosophy was to be adhered to, 
and the decision was taken to design the transmission with a unidirectional 
gearbox and a reversible-pitch propeller. The transmission has therefore to 



solve the outstanding problems in 
the best possible manner so that the 
operator is not inhibited in any 
way. 

The next section explains how this 
was done and describes the machi- 

FIG. 6(b)-DOUBLE ACTING C-P PROPELLER 
HUB-TYPE 42 

nery selected for one shaft set. 

The Propeller 
At the time the Type 42 destroyer 

was being designed the manufacturer 
of some 90 per cent of the naval pro- 
pellers produced a new double acting 
piston layout and this is shown in 
FIG. 6(b). This design has a small hub 
diameter, which reduces the efficiency 
loss, and simplified internal design. 

Furthermore it subjects the blade palm pins to pure torque giving lighter loads 
in the palm bearings and simplifying the sealing arrangements. 

Although completely new, this design was accepted for the Type 42 since it 
was based on sound engineering principles and a considerable background of 
experience in this field. Smaller versions of the design are being evaluated at 
sea in Ministry of Defence tugs. 

The piston is operated by hydraulic pressure passed down the shaft in tubes. 
The inlet to the shaft tubes is through a transfer box at the forward end of the 
main gear wheel shaft as in H.M.S. Exmouth. The selection of which tube is 
pressurized, and hence in which direction the blade moves, is achieved in the 
external hydraulic circuit. There is no volume change in the hub during operation 
so that the seals will not experience pressure variation. 

The hub is continually pressurized from a header tank in the machinery spaces 
to prevent water ingress. Water contamination of the main circuit, however, is 
unlikely since the main hub casting is separated from the main hydraulic 
circuit. Hub sampling is possible by overpressurizing the system which lifts the 
relief valve in the hub and this allows oil to pass back inboard for inspection. 

A hand-operated pitch locking device is fitted and access to this is through 
the first inboard flange. The pitch locking is achieved by manually winding one 
tube in the shaft which moves a nut to lock the piston in the full ahead position. 

The blades have been designed by the Admiralty Experiment Works. They 
will be cast in manganese aluminium bronze, profile machined and hand polished 
to a high accuracy. The maximum principal stress has been limited to 9 ,: 107 
N/m2 (6 ton/in2) to take account of the very rigorous operating conditions. The 
blades are to be attached by bolts to the hub and the whole hub will be faired 
off to give a good hydrodynamic shape. 

The Hydraulic System 
The propeller pitch hydraulic system is flow controlled with a variable 

displacement pump supplying fluid power to the actuator via a closed/boosted 
circuit. 

This system was chosen as it has the following advantages :- 

(i) The system pressure is only that demanded to perform a particular 
operation. During the majority of the time the system is only holding 
the pitch against the hydrodynamic forces and the pressure is likely to 
be of the order of 1 38kN/m2 (200 lb f/in2). 
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FIG. 8(b)-CLOSED CIRCUIT C-P PROPELLER SYSTEM 

With the majority of running at low pressures the system reliability will 
be high and the cooling requirements will be low. 

(ii) The effect of the hydrodynamic forces on rapid reduction of pitch can 
be accommodated better than with an open circuit. FIG. 8(a) shows a 
simplified open circuit. It is clear that if the regenerative forces are high 
enough the actuator piston will be accelerated and if the pump flow is 
not adequate the demanded rate of change of pitch will not be achieved. 
FIG. 8(b) shows a simplified version of the closed boosted flow controlled 
circuit being fitted to the Type 42. Under negative power conditions it 
it will be seen that the low pressure leg of the circuit automatically 
switches to become the high pressure leg and vice versa. Provided that 
the relief valve is set high enough then the amount of fluid in the circuit 
(neglecting leakage) and its rate of flow, and hence the rate of pitch 
change, is determined solely by the pump speed and stroke and is 
independent of external forces. 

The complete hydraulic circuit is shown in FIG. 9. Two main pumps are 
fitted, one gear driven, the other electric driven for start up and low shaft rev/ 
min running. Boost pumps are driven off the main pumps. Each boost pump 
takes suction from the header tank and feeds the main pump via a filter and 
combined valve block, relieved oil returning to the header tank via the main 
pump casing and an oil cooler. Within the header tank return oil and supply 
oil are separated by a fine mesh gauze which extracts entrained air as oil passes 
through it. 

The oil used is OM 33, a naval patternized hydraulic oil, but provision is made 
for running on OEP 69, the gearbox lubricant, in emergency. Due to the higher 
viscosity of the EP oil some system complication was necessary such as the 
fitting of a separate valve block for each pump. System safety and isolation is 



FIG. %-TYPE 42 C-P PROPELLER-SIMPLIFIED DIAGRAM OF HYDRAULIC SYSTEM 

achieved by having automatic shut-off valves in each pump circuit at the 
transfer box, held open by boost pressure. 

Some leakage from the working circuit is inevitable, since the seals on the 
transfer box are more reliable with no back pressure and their drains are led 
back to a bottom ready-use tank. Make-up to the header tank is achieved by 
an auxiliary pump controlled by a float switch. Fluid cleanliness is assured by 
supplying oil to  the ready-use tank from storage tanks through a centrifuge. 

Normal cruising will be done on the gear driven pump. The electrically 
driven pump is automatically cut in on loss of boost pressure and may also be 
started from the machinery control room when high pitch changing rates are 
required. 

The pumps are controllable swash axial piston type, commercial variants of 
a National Engineering Laboratory design. This type of unit has been in service 
with the Navy for a number of years, although in this size only as a motor. 
Since a hydraulic motor experiences variations of speed and pressure at full 
swash more arduous than its equivalent pump, this unit was selected, subject 
to rig testing under controlled conditions in the necessary orientation. 

A hand pump is provided for emergency pumping across of the hub. The 
swash plates are also manually operable on failure of the control system. 

It is not intended to describe in detail the control system; sufficient to say 
the c-p control function is integrated into the engine control system. A desired 
pitch output is achieved from single lever control of the complete engine and 
propeller system. This desired value is compared with the actual value which is 
fed back up the shaft by a compensated axial movement of the two hydraulic 
tubes. The error is used to actuate a stepper motor on the swash plate control. 

The Shafting 
The Type 42 shafting is shown in FIG. 3. Forged from 51/57 X 107 N/m2 

(34138 tons f/in2) UTS steel, it is dimensioned to shear stress limits of 8.9 and 
7.9 X 107 N/m2 (1 3 000 and l l 500 lb f/in2) and bending stress limits of 3.45 and 



2.07 X 107 N/m"5000 and 3000 Ib f/in2) for inboard and outboard shafts 
respectively, including stress concentration factors. 

The shaft is held in two inboard pivoting pad plummer bearings and spherical 
glands are fitted at bulkheads. 

Outboard the shaft is held in water lubricated bearings in two 'A' brackets. 
No stern tube bearing is required due to the proximity of the aftermost plummer 
bearing. 

The bearing positions were established for the ship layout but each span was 
checked for vibration. Bearing heights were chosen from consideration of 
influence coefficients and shaft deflection. 

The water-lubricated bearings are designed to the hydro dynamic criteria 
which keeps the length to diameter ratio of the bearing below 2.5, the ratio of 
full-speed surface velocity to projected area pressure above 0.3 15 S1 ( 5  Imperial) 
and the projected area pressure below 60kN/m2 (80 Ib f/in2). In the case of the 
Type 42 the shaft dimensions in way of the bearings were adequate to meet these 
requirements. Shrunk-on gunmetal liners act as the mating surface with the 
bearings. The 'A' bracket bearing is bored to the shaft deflected line. 

The shaft is in four sections, two inboard intermediates, one outboard 
intermediate and a tail shaft. Inboard connections are by solid forged flanges 
and bolts. The aft intermediate to tail shaft connection is outboard and an oil 
injected coupling is used. This coupling replaces two conventional loose couplings 
to make fitting easier and is of such a shape that it will have minimum effect 
on the wake pattern. The outboard shafting is protected by a resin bandage. 
The c-p propeller is bolted to a flange on the tail shaft. 

The stern seal is a face type seal and incorporates an emergency inflatable 
seal. This emergency seal is also suitable for limited running as a 'get you home' 
device. 

Shaft vibration characteristics have been checked for torsional and axial 
modes and no critical resonances are expected. Nevertheless a resonance 
changes device is to be fitted to the thrust block for the first of class. 

The Gearing 
The gearing design has to solve the problems associated with the position and 

the speed of the prime movers. The top speeds of the prime movers are widely 
different, the Tyne at 13 500 rev/min and the Olympus at 5600 revlmin. Rather 
than a single complex gearbox it was decided to  have a main gearbox and a 
separate primary gearbox associated only with the Tyne engine which brings 
its speed down to a level acceptable to the main gearing. 

The Primary Gearbox 
It was decided to place the gearbox on the same mounting frame as the Tyne 

power unit as a module, the bed plate being mounted flexibly from the ship's 
structure. The Tyne free power turbine drives into the gearbox via a torque tube 
and flexible couplings. The output is taken to the main gearbox via a torque 
tube and membrane couplings which have to  accommodate misalignment 
between the flexibly mounted engine module and the rigidly mounted main 
gearbox. 

Unlike the Olympus, the Tyne power turbine is not handed so that an 
alteration of the sense of rotation for port and starboard main shafts has to  be 
achieved in the primary gearbox. This is done by placing an idler in the train for 
one primary gearbox without altering the disposition of the input and output 
axes. 

The gearing is arranged as a single reduction train with the pinion meshing 
directly with the wheel for the starboard set and via the idler for the port set 
although the boxes appear the same externally. The gears are double helical, 



basically of involute form, hob- 
bed and ground to a standard 
better than BS 1807 Class Al .  
The gearing is shown in FIG. 10. 

The pitch line velocities of 
these gears are outside normal 
naval practice being of the order 
of 117m/s (23 000 ftlmin). Con- 
siderable thought was therefose 
given to the dynamic conditions. 
This resulted in special design 
criteria for the gear case (to 
avoid oil churning and impact 
effects), the bearings and the 
appropriate tip, root and end 
reliefs. The reliefs are applied to 
the pinion in the starboard box 
and to the idler in the port box. 

The gearcase is of single wall 
welded steel construction, de- 
signed for maximum rigidity. 
The bearings are of medium 
thickness white metal held in a 
steel backing ring. 

FIG. 1 0-TYNE GEARBOX Certain module auxiliaries are 
driven from an auxilliary spur 

tooth train; these include speed signal and tacho generators and a barring motor 
for the power turbine. The barring motor in this case is an air operated dia- 
phragm type where a pecker engages with a toothed wheel. This device can be 
stalled without damage, cannot be oversped and is very simple with a short axial 
length. The provision for stalling is required since in normal operation the 
self-synchronizing clutch can overrun in one direction only, it will therefore 
engage when the main gearing is stationary and the Tyne engine is barred in 
the forward direction. 

Lubrication is supplied through a single connection with a fine control 
valve from the main forced lubrication system to rails. A single rail supplies all 
bearings of the same speed, and a rail also supplies the 'into mesh' sprays. A 
large bore drain is provided to prevent oil level build up. 

Main Gearbox 
In order to  fit the shaft positions the gears have been 'rolled' around the 

main wheel as shown in FIG. 11. The gear designers have put both inputs into 
the same pinion. In this case, having matched the input speeds by the gear 
ratio in the primary gearbox, the main gearbox is not affected by which prime 
mover is driving and none of the gears rotate unloaded. 

The gearing is a double reduction, dual tandem, locked train arrangement. 
The common input primary pinion meshes with two primary wheels located 
either side of it. Each primary wheel is connected to  a secondary pinion through 
a quill shaft, and each secondary pinion meshes with the main wheel. The 
primary train is located aft of the secondary train. 

The gears are double helical, all gears being finished to a standard better than 
BS 1807 Class Al.  The pinions are solid En 36a carburized, hardened and finish 
ground. The primary wheel rims are En 40b nitrided, but, since this is a low 
distortion method of hardening, they are not ground. The rims are welded to 
side plates which in turn are welded to  the shafts. The main wheel rim is hobbed 



of through hardened En 30b and is bolted to side plates which are bolted to 
flanges on the shaft. 

Tip, root and end relief will be applied to the pinions. Helix correction is 
not required since at this level of loading the axial movement and subsequent 
redistribution of load from one helix to another is adequate. Had the gears been 
single helical there would have been a problem of torsional wind-up of the prim- 
ary pinions since, if helix correction was applied to suit the Olympus input, it 
would have been the wrong way round for the Tyne input. 

The rotating elements are held in medium wall white metal bearings, each 
carried in a separate steel sleeve and made in halves. To permit alignment 
modification, provision is made to adjust the position of one bearing per mesh. 
This facility is not used during manufacture but is available if required during 
refit or maintenance operation. The primary pinion is offset from the line of 
the wheel centres in order to  stabilize the pinion in its bearings. 

The quill shafts between primary wheels and secondary pinions pass through 
each, coupled rigidly at the forward end to  the secondary pinions and via a 
fine tooth coupling to  the primary wheels. The ends of the quill shafts are used 
to drive various auxiliaries. 

Torque tubes wit11 sealed ends and non-lubricated flexible membrane 
couplings take the drive from the Olympus engine and the Tyne module to  
the gearbox. The permitted angular misalignment of these couplings of 20 
minutes of arc continuously and one degree transient is adequate for the 
dynamic deflections of the input lines. 

The thrust block is integral with the gearbox, and by having the primaries 
aft and placing the thrust block below them, a saving in gearbox length is possible. 
The thrust block is a conventional tilting pad type with drowned lubrication 
and ahead and astern hydraulic thrust measuring equipment is fitted. 
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The gearcase is of welded steel construction to give maximum rigidity with 
minimum weight. I t  is split at the plane of the main shaft and the plane of the 
quill shafts, the major part being of double wall box construction. Light alloy 
inspection plates are fitted above each mesh and clutch .All plates are designed 
to  avoid critical resonances in the running range. Three area support is provided 
for good isolation, with the main group of bolts round the thrust block and 
areas either side in the plane of the main wheel. The ring main piping is inside 
the gearcase where possible and provision is made for visual inspection. A 
rail supplies each set of bearings at the same speed and a separate rail supplies 
each spray. Tuning is possible by fine control minimum closing valves. 

In order to  permit the engines to be connected or changed over without 
constraint to  the ship's operation, self-synchronizing clutches are fitted in each 
input line. The principle of these has been explained elsewhere, but in normal 
operation these clutches when disengaged remain in a one way overrunning 
condition, since with unidirectional shafts there is no requirement for automatic 
disconnection. Two rows of pawls are fitted, one high-speed set on the input 
side which centrifugally engage and a low-speed set on the output side which 
centrifugally disengage. Both, sets of pawls are inert when the clutch output is 
at  h g h  speed and the input is stopped or at low speed. Engagement is achieved 
by the low-speed set of pawls to  start the shaft from rest and by the high-speed 
set at  synchronism when the shaft is rotating under the action of the other 
engine. A manual method of complete disconnection is available to permit 
engine test without rotating the gearing. 

In order t o  simplify the clutch and its controls, it has been designed for, but 
not with, a lock as shown in FIG. 12. It is difficult to predict precisely the amount 
of reverse torque likely in a new design of LWO-shafted ship, particularly during 
turns. Evidence from H.M.S. Exmoutlz and other applications indicates that with 
a properly designed dashpot disengagement is not likely with short transients. 
The Type 42 is being fitted initially without lock but for the first-of-class provi- 
sion is made to accommodate a lock mechanism which can be added simply 
should trials indicate that this is necessary. An advantage of omitting the lock is 
that the line vibration will be reduced as the clutch locking sleeve, not being a 
torque loaded member, is not self-centring such that it could run out of true 
within the manufacturing tolerances of its sliding clearances. 



A-low speed shaft turning gear is provided to turn the gearing and shafting, 
driving into one quill shaft. On the other quill shaft the brake is mounted. 
The torque requirement in the Type 42 is higher than that of H.M.S. Exmoutlt 
so, as there is a limit to the brake disc diameter due to the proximity of the 
Olympus torque tube, three pairs of calipers are fitted around a chrome plated 
copper disc of the same size as in H.M.S. E.xmouth. The control system builds 
the brake torque up slowly preventing pad burn out when first applied at the 
highest rubbing velocity. The brake can dissipate 4.7 X 106 J (3 X l06 ftllb) of 
energy, stopping the shaft in less than 15 seconds with a torque build up time of 
4 seconds. 

It is a requirement of the Type 42 to be capable of full propulsion macl~inery 
operation in the event of loss of electrical supply to propulsion auxiliaries. 
A main lubricating oil pump, c-p propeller hydraulic pump and a sea water 
circulating pump are driven from quill shaft ends through shafts and bevel 
drive gearboxes. Electrical driven stand-by pumps are also fitted for when the 
shaft is stopped or at low revimin. 

There is a problem in sizing gear driven pumps to cover the speed range of 
the ship. In the case of the lubricating oil pumps the gear driven one, which is 
positive displacement, has been sized so that at low rev,imin an electrically 
driven centrifugal pump is matched to run with it to give adequate output. In 
the event of electrical failure at low revlmin an emergency air motor will 
automatically cut in to drive the centrifugal pump until the electrical supply is 
re-established. If at high shaft rev/min it is found that the surplus flow from the 
gear driven pump, when discharged through the relief valve, causes excessive 
aeration, then a hydrostatic variable speed drive may be fitted. 

The c-p propeller pump and sea water circulating pumps are not so critical. 
The effect on pitch changing times of the gear driven c-p propeller pump running 
alone at lower powers is imperceptible since with variable delivery pumps it is 
permissible to have them oversized. The sea water pump has the ship's salt water 
main in reserve. 

The complete gearbox will be tested at light load up to  full speed after manu- 
facture, the vibration level being checked to ensure all components are correctly 
assembled. Vibration checks will also be taken when the complete line is assem- 
bled in the ship, driving on gas turbines with the propeller in zero thrust con- 
dition and also during sea trials. A provisional vibration acceptance level of 
0.76 mm/sec (0.03 in/s)RMS has been set but this may well be modified due to 
the interactions of the stiffness of the seatings which can have a large effect on 
the vibration response. 

The lubricating oil system has two pumps in parallel supplying EP oil 
through a cooler and filters. The cooler is single pass with the water in the tubes 
and a thermostatic oil side by-pass. There are three filters in parallel, each with 
a felt cartridge with a nominal filtration rating of 8.75 X 10-4 mm (35 micro 
inches). The supply then splits to the main and Tyne gearboxes and the Olympus 
power turbine, the Olympus gas generator and Tyne engine using a synthetic oil 
from separate systems. Separate drains are led back to the drain tank (shown in 
FIG. 4). The drain tank is 'L' shaped, round the c-p tank which also has to be 
positioned in this area to fit the pump position and the gearbox off-take drives. 
The returns from the main gearbox, the Olympus power turbine and the system 
reliefs are led into the large volume and the Tyne gearbox into the wing. The 
flows pass through air restraining baffles before they combine and pass through 
another baffle to the pump suctions. Air vents are placed by each baffle. Despite 
the limitation of tank sizing, giving less than three minutes dwell time, the flow 
pattern which is set up is expected to  reduce the air carry-over to  the pump 
suctions. 

Each component will be flushed and sealed before delivery to the shipyard. 
The completed system will be flushed, using a portable pump and filter unit, in 



sections to give the maximum oil velocity, while by-passing the major compon- 
ents by flexible hose. The system has been designed to have no dead ends 
during flushing. 

A de-humidifier is fitted on the main gearcase to  prevent corrosion. It takes 
suction from the vent pipe and passes de-humidified air into the base of each 
gearbox. Controlled by a humidistat, it will be in use during the ship building 
stage and at refits. While the ship is in service the de-humidifier will be in use 
whenever the lubricating oil pumps are stopped. 

General 
The design of the Type 42 transmission system has attempted to solve in the 

best way the problems associated with a warship propelled by gas turbines. 
Although much new thinking has been necessary the selection of each equipment 
and sub-system has been based on a knowledge of what its requirements are, 
and what previous experience there has been in service or in the research and 
development field. Many new philosophies have emerged, some as a direct 
result of the trials in H.M.S. E x ~ ~ o ~ i t h .  It has been necessary to consider a 
complete system, taking into account the interaction of each component or 
sub-system on the whole. 

CONCLUDING REMARKS 

Although this paper is written about warships it is hoped that the content 
will be of interest to those engaged in the commercial field confronted with 
similar studies. It is regretted that, due to the allocation of space, only superficial 
treatment of some aspects has been possible. 

The authors wish to  state that although Ministry of Defence permission has 
been granted to give this paper, the opinions are those of the authors and do 
not necessarily constitute naval policy. 

The authors wish to  acknowledge the influence of the previous Heads of 
their Section and to  thank the various members of the staff of the Director 
General Sl~ips and the following for their assistance in the production of this 
paper and over the last four years: W. H. Allens, Boulton Paul Aircraft, 
British Ship Research Association, Crane Packing, David Brown Gear Indus- 
tries, Dowty Group, Dunlop Aviation Division, English ElectricIAEI, Flexibox, 
Fluidrive, Hawker Siddeley Dynamics, Navy and Vickers Gearing Research 
Association, Rolls Royce, SSS Gears, Stone Manganese Marine, Vickers and 
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