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Introduction

This paper deals with the application and selection of Diesel engines for
marine propulsion and auxiliary purposes with particular reference to the
special requirements for naval applications.

Details are given of the various means which have been developed for dealing
with airborne and structure-borne noise, for reducing the effects of external
shock, and for checking the quality of lubricating oils during service. Auto-
matic control and protection equipments, including fluidic, are described and,
finally, the paper deals with the means adopted to improve reliability and to
reduce maintenance.
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STANDARD ENGINE RANGE

The Admiralty Standard Range of engines was introduced in 1950. It con-
sisted of five different engine designs covering a range of powers from 3 to
2000 bhp. In selecting engines, the following general requirements were con-
sidered :—

Reliability

High power/weight ratio
Small space, including height
Ease of operation

Ease of manufacture

Ease of maintenance
Resistance to shock.

The largest engine, the ASR1, was designed by the MOD(N) and was built
by Chatham Dockyard and by five commercial firms. The remaining engines
were of commercial design, modified as necessary to meet naval requirements.

The Standard Range of engines has been in use for about 20 years and nearly
4000 engines have been completed. When the choice of engine is restricted in
this way and if it is rigidly applied for too long there is a danger of stagnation
in design; changes have therefore been made as the necessity has arisen. The
present list contains six power ranges with a maximum bhp of 8000 and of
the original engines selected in 1950 only the ASRI1 is included, the others all
having been replaced either by improved models of the original engine or by
new engines of improved performance. The development of the ASR1 has been
such that its bmep in service has been increased from 132 Ibf/sq in. to nearly
200 Ibf/sq in. and running at the Admiralty Engineering Laboratory to 280
Ibf/sq in.

The advantages of having a restricted range of engines are:

() One can be selective.

(i) Logistic support in the form of spare gear and technical documen-
tation is reduced to a minimum.

(iii) A policy of refit by replacement of the smaller engines can be intro-
duced with a minimum of expenditure on spare engines.

(iv) A modification procedure can be introduced giving the user complete
control over the introduction of modifications which may affect
interchangeability of complete engines or spare gear.

» The requirements for the training of operators and maintainers
are reduced to a minimum.
(vi) Preparation, issue and modification of Instruction Books, Spare

Gear Identification Lists, etc., are kept to a minimum.

(vii)  Line overhaul of engines is practical thus reducing overall costs to a
minimum.

TYPE TESTING OF ENGINES

After selection an engine undergoes a Type Test procedure either at the
manufacturer’s works or, more usually, at the Admiralty Engineering Laborat-
ory. The test is in two parts. During part I the engine is run at four or five
constant speed loops up to the limit of a number of parameters including fuel
consumption, maximum cylinder pressure, exhaust temperature and shade,
turbo supercharger speed, vibration, noise level, etc., after which is determined
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the Admiralty Test Rating (ATR). At the test rating the engine is run for 72
hours at 95 per cent rating, 12 hours at 100 per cent, ending with 2 hours at
110 per cent. This short endurance run is carried out to confirm the results
obtained from the loops and to check their repeatability over a reasonable
time. It also confirms that the ATR is reasonable and that lubricating oil
consumption is acceptable.

Part 11 is carried out after satisfactory completion of part I. This consists of
an endurance run on a test cycle and because wear rate of components is meas-
ured the engine is stripped and gauged before the test. The test cycle varies
with the proposed service application but is normally not less than 1000 hours.

Special tests such as cold starting and shock testing, if within the capabilities
of existing facilities at AEL, are also carried out.

On completion the engine is stripped for examination and gauging.

STRUCTURE-BORNE NOISE AND SHOCK

F. The introduction of sensitive listening devices, acoustic mines and homing
torpedoes has necessitated a great deal of research into the reduction of noise
from machinery in warships. Another problem that arose during the 1939-45
war and which must be taken into account is underwater shock. An explosion
in the sea at a distance from a ship may not rupture the hull but the shock
wave can distort the hull sufficiently to cause damage to the machinery and
equipment inside the hull.

The vibration levels measured on a Diesel engine are probably among the
highest which are observed on warship machinery and all engines must be
isolated from the ship’s structure by vibration mountings. Unfortunately
vibration mountings on their own are effective only against minor shock forces
and will fail or even be ampli-
fied under the action of a severe
shock unless additional shock
protection is provided. The
Navy therefore uses a com-
posite system of shock and
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vibration mountings beneath
Diesel engines.

The mountings are designed
to function as vibration mount-
ings over specified frequency
ranges and to provide a
measure of shock protection
for the mounted engine. Until
very recently they were in-
variably of rubber and allowed
a considerable relative move-
ment between engine and the
ship’s seating under shock con-
ditions.  Additional  shock
mountings must be installed to
limit this movement and also
to limit movement under engine
starting and stopping, ship
rolling and pitching, rake and
ramming. Because the addi-
tional shock mountings are too
hard to isolate the ship’s struc-
ture from the vibrations of an
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engine they must not be in con-
tact under normal running con-
ditions. A typical arrangement
using 5,000 lb mountings fitted
under an ASR1 16-cylinder engine
(38 000 1b) is shown in FiG. 1.
F1G. 2 shows the arrangement of a
600 Ib mounting wused under
smaller engines, which has the
shock mountings built in. Other
standard mountings varying in
capacity down to 100 1b are
available.

To obtain the optimum effect
from a mounting system it is
essential that the mountings
should be loaded to their designed
load within a tolerance of +5 to
—15 per cent, and to obtain this
in a long Diesel generating set
requires an accurate assessment of
the weight and position of the
centre of gravity.

A recent development which at
the time of writing is undergoing
evaluation beneath a 12A0
Ruston engine is the Constant
Position Mounting System
(CPMS) developed by the Yarrow
Admiralty Research Department
(Y-ARD). The CPMS is an active
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F1G. 3—DIAGRAMMATIC SECTION THROUGH CMP POSITIONING VALVE, MOUNT AND SHOCK STOP

mounting system with very sensitive position control of the mounted item at
low frequencies and exceptionally high damping at the natural frequency. It is
capable of limiting vertical relative movement to 4 0-050 in. under a 10-degree
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roll or 10-degree pitch condition which makes the system very attractive for
propulsion engines.

The mount itself, shown in FIG. 3, is an air mount, the air being sealed by a
fabric backed rubber diaphragm. Position control valves sense the position of
the mounted item relative to its seating, varying the pressure in the mount
such that the force applied by the mount to the mounted item automatically
counteracts any tendency to depart from the design relative position. Both
hydraulic and pneumatic control systems have been developed.

Because first initial cost and maintenance of the CPMS are higher than
those of the conventional rubber mountings, it is very unlikely that this CPMS
will be used under generating sets.

The arrangements shown in FiGs. 1, 2 and 3 provide very littie shock pro-
tection to the engine. Transmission of shock inwards to an engine may be
reduced by fitting a mounting between the engine and the ship’s structure
capable of storing the energy generated by the movement of the structure and
releasing it at a relatively slow rate, absorbing as much as possible in the process
as internal hysterisis or in the deformation of metal parts.

A great deal of industrial research has been carried out into protection
against shock, particularly by the Packaging Industry where flexible materials
are used. Very little of this work is suitable for naval application because the
accelerations resulting from the external shock waves are usually far too high
(60 g minimum) to be wholly absorbed by a flexible material. The only alterna-
tive 1s to build the shock resistance into the Diesel engine itself. The larger
Diesel engines are usually installed on or very near to the bottom of a ship
where the shock intensity is greatest and invariably must have fabricated or
cast steel structures. The lighter engines are usually fitted much higher up
with a fair amount of ship’s structure between them and the outer bottom and
are therefore less likely to be subject to high shock loadings and cast aluminium
and possibly nodular cast iron could therefore be acceptable. Governors,
pumps, super-chargers, etc., mounted off the main engine structure must be
supported by brackets made of a ductile material.

A flexibly mounted piece of equipment cannot rely on the rigidity of the
ship’s seating to provide the longitudinal rigidity necessary to maintain align-
ment between important parts of the equipment, and a rigid underbase is there-
fore essential. The design of this beam must take into account the variations in
shock loading throughout the length of the equipment. The provision of the
underbase adds to the weight of the equipment and, unless it is very stiff, a
flexible coupling must be fitted between the engine and its generator in large
generating sets, thus adding further to the length and weight. A logical step
forward with large generating sets is to flange-mount the generator on to the
engine to give a short very stiff unit of minimum weight. This has been recently
employed for three standard generating sets of 500, 700 and 1000 kW capacity
(F1G. 4).

When an item is installed on flexible mountings any pipe, shaft or cable
connection to it must also be flexible as well as a noise insulator. This is not a
problem with self-contained equipments but it can be with a flexibly mounted
engine and rigidly mounted gearbox; e.g., with the mounting system shown in
F1G. 1 the engine can move about 4 in. under full shock with a possibility of up
to 50 per cent of this becoming a permanent misalignment. Also under starting
conditions or with the vessel rolling, the amplitude of movement of the top of
the engine is about + 2 in. Finally because rubber slowly deteriorates in use,
engines are usually set up above the correct alignment position and the rubber
mountings are not changed until the engine has dropped to about § in. below.
This means that any connection between the engine and gearbox must be in
the form of a cardan shaft flexibly connected at each end. If the cardan shaft
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Fig. 4—1000 xW VENTURA GENERATING SET
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is a flexibly mounted hydraulic
coupling, the coupling acts as a
dead weight on the end of the
crankcase and problems arise
with excessive crankweb deflec-
tions which cannot be cor-
rected by the normal method of
adjusting the height of the engine
relative to that of the gearbox.
Static crankweb deflections up to
0-0035 in. have had to be accepted
on a 9% in. bore x 10} in. stroke
engine because of this.

The alignment of a flexibly
mounted engine can only be
checked with the engine in the
running condition. This can be a
problem if a heavy coupling is
fitted between the engine and
gearbox. The only satisfactory
way is to align the bare engine on
solid chocks and measure the
height between engine and seating
at a number of positions. Setting
the engine in the running con-
dition to these heights will ensure
correct alignment.
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FiG. 6—OUTLINE OF 1-5 MW DIESEL GENERATOR MODULE

AIRBORNE NOISE

Much greater emphasis has recently been given to reducing airborne noise
from Diesel engines. In a steam driven warship it is logical to use steam turbine
driven generators for base load generating duties, using a small number of
Diesel driven generators for emergency and salvage duties. With the advent of
the gas turbine driven ship, as the gas turbine in the generator role is not econom-
ical in fuel, particularly at part loads, Diesel generators have been selected for
base load duties.

The noise level in main machinery spaces adjacent to Diesel main engines or
high performance Diesel generators invariably exceeds NR85, the generally
accepted aural damage limit for continuous exposure (1). Octave levels measured
on board one of H.M. ships in the compartment containing a Paxman Ventura
16YJCAZ resiliently mounted Diesel generator at full power are shown in
FiG. 5.

Since these high noise levels originate from vibration of the engine surfaces,
it is not surprising that this poses particular problems in naval applications,
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Fic. 7—CLADDED DELTIC ENGINE

where both airborne noise and seating vibration are transmitted through the
hull into the sea.

Various means have been investigated to reduce the intensity of noise reach-
ing a ship’s structure. At first, attempts were made to deal with the various
noise emissions at the source. This has been investigated by a number of inves-
tigators (2) but requires an engine to be designed and manufactured as a
‘special’ and with a range of engines would require an enormous amount of
development. The alternative, which has proved to be easier from a develop-
ment point of view, is to contain the noise by completely enclosing the engine
in such a manner that the sounds radiating from it are attenuated. Two types of
acoustic envelope have been developed:

(i) An acoustic enclosure, which is isolated from the engine and is wide
enough to permit routine maintenance being carried out inside it, and

(ii) Acoustic cladding which is in close contact with the engine.

The vibration attenuation advantages of a well designed compound mounting
system over a conventional single-stage system are well known, the main
disadvantage being the weight of the intermediate sub-frame required for
effective isolation. However, when combined with an acoustic enclosure, the
intermediate sub-frame conveniently forms the base of the enclosure, which is
sufficiently isolated from the engine by the primary mounts. FiG. 6 shows the
outline of a 1.5 MW Diesel generator module under development by the Navy.
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This ‘modular’ approach has the advantage that the set and all auxiliaries are
integrated into a ‘package unit’ with clearly defined boundaries, inspection and
maintenance spaces, replacement routes and built-in top-overhaul facilities.

Acoustic cladding has been developed for Deltic (Fig 7), Foden and Ventura
engines. A number of these installations are being evaluated at present. Acous-
tically, it is very successful in that reductions of up to 30 dB have been measured,
it does not take up much space and is fairly light, e.g., 2000 1b for the Deltic.
From the engineering point of view however the first sets of cladding were
made in far too many pieces and not enough thought was given to the design of
those portions which had to be portable for routine servicing and maintenance.
A modified design is under development.

Present thoughts are that the acoustic cladding method will be retained for
the smaller engines and the Deltic which are refit-by-replacement engines and
the acoustic enclosure will be used where space permits for the larger engines
(Ventura, etc.) which require top and possibly major overhauls iz situ.

LUBRICATING OIL

The Royal Navy uses oils produced to comply with its own specifications for
all Diesel engines. The oil in general use is OMD-112, but an improved oil,
OMD-113, was introduced several years ago to cover highly rated engines. The
specification for OMD-113 has recently been revised with the object of im-
proving its availability and it is intended that eventually, OMD-113 will be
used for all engines.

Both OMD-112 and OMD-113 are SAE 30 grade oils and the difference is
in the quantity and types of additives needed to comply with the specification
performance requirements. The higher quality oil (OMD-113) while not being
necessary for some engines nevertheless gives longer periods between oil changes
and the logistic advantages of using only one oil in the Navy are obvious.

Under very cold conditions, boat and other small engines likely to be exposed
to the weather, the Army SAE 10 engine oil OMD-40 is used. Frequency of
oil changes would be increased if necessary under these conditions.

It is the Navy’s policy not to specify periods for oil change. A test kit has
been developed by the Admiralty Oil Laboratory which enables operators to
determine by four simple tests the condition of the lubricating oil in any engine.
The test kit contains apparatus for estimating the following properties of the
oil:—

(i) Development of acidity

(ii) The quantity of free carbon present

(iii) Viscosity change (fuel dilution, oxidation, presence of carbon).

For some years the limit for (if) has been set at 1-3 per cent, but recently it has
been increased to 3-0 per cent. Fuel dilution is limited to 5 per cent maximum.

Additionally oil can be tested for water contamination using the Speedy
Moisture Test Kit which was originally developed for determining the moisture
content of foundry core sands.

OIL-CUSHIONED PISTON

The oil-cushioned piston was developed by the Admiralty Research Labora-
tory during a general investigation into the noise produced by the various
components in a Diesel engine. F1G. 8 shows the differences between the standard
piston and its oil-cushioned counterpart for the Admiralty Standard Range I
engine (ASR1). It will be seen that the standard piston has a conventional
ring complement of three gas sealing rings and a two-slotted oil control ring.
The oil-cushioned version retains the three gas sealing rings and the upper
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slotted oil control ring, but has an extra taper-faced down-passing ring between
the slotted scraper and the gudgeon pin bore. At the lower end of the skirt, the
normal slotted scraper ring is replaced by an up-passing taper-faced ring.

The action of the piston is such that, providing sufficient oil is deposited
on the cylinder liner wall after a short period of running, the piston skirt is
surrounded by a full oil belt, and this acts as a damping medium to stop the
piston from moving from side to side and to keep it parallel with the axis of the
bore. The time taken to fill the annulus and the usual hollow gudgeon pin is
from 5 to 15 minutes depending on size of engine and speed, but experience
has shown that once the annulus is filled, the oil will stay round the piston for
quite long periods after shut-down. It has been found that the oil throw from the
big-end bearing is usually not quite sufficient for this purpose. In the ASRI1
engine, a +5 in. diameter hole drilled in the top of the connecting rod to com-
municate with the pressure fed small end bearing was found to be completely
effective.

The oil-cushioned piston was originally developed to counter the effect of
waterside attack, but in addition to improving piston lateral control and re-
ducing cylinder liner vibration, it also has many other beneficial effects in
an engine, namely :(—

(a) Waterside cavitation of the cylinder liners can be avoided accompanied

by minimal wear on pistons, rings and ring grooves and liner bores.

(b) Transverse vibratory stresses in the connecting rod, which arise because
of piston impacts, are significantly reduced and should lead to a reduc-
tion of fretting corrosion sometimes found on the backs of big-end
bearing shells.

(¢) Gas blow-by is reduced; reductions of 20:1 in volume on a given engine
have been measured.

(d) Lubricating oil life is improved.

(e) Oil control is not a problem and may be varied as with standard pistons.

Oil consumption of under one per cent of the fuel consumption can be
obtained without risk of piston seizure.

Many detailed tests and experiments have been carried out, including com-
parisons between oil-cushioned pistons and standard ones in the same engine.
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FiG. 9 shows liner vibration records obtained in such a comparison. Each is a
double-trace record, the upper trace showing crank angle, while the lower one
shows liner vibration in terms of velocity, using variable reluctance probes
inserted through the water jacket.

In the case of the standard piston, the highest peaks of vibration occur just
after TDC on the working stroke and during the upward exhaust stroke. With
the cushioned piston, the high peaks have disappeared, but there remains a
high frequency residue around the TDC working stroke position. This residue
has been found to be water jacket vibration, due to combustion, and not that
of the liner itself. The probes measure relative movement between the jacket
and liner, and a small high frequency vibration is seen on both records at the
position of valve closure impact (especially that of the inlet valve on the com-
pression stroke). These impact forces are transmitted via the engine frame.

Several thousand hours’ development running have been built up at the AEL
and more by engines in ships and locomotives.

CRANKSHAFT DEVELOPMENT

Problems associated with heavy wear on the ASR1-16 VMS crankshafts have
focused attention on the possibility of obtaining surface hardened shafts. Three
alternative processes have been investigated, viz:—

(i) Chromium plating

(ii) Induction hardening

(iif) Nitriding.

Using the two rigs described by Barton (3), a programme of testing chromium
plated and induction hardened fatigue specimens has been in progress at
AEL.

Four bending test specimens with plating thicknesses of (a) 0-005 in., (b) 0-010
in., (¢) 0-020 in, and. (d) 0-025 in. were first tested and it was found that the
fatigue strength tended to fall off with increasing thicknesses of chromium.

It has been estimated that the fatigue stresses at the point of cracking for
each of these specimens were (a) £ 214 tons/sq in., (b) 4+ 18-1 tons/sq in.,
(¢) 4 11 tons/sq in., (d) 4 9-7 tons/sq in. Too much should not be read into
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the results of such a limited number of tests, especially when subsequent ex-
amination revealed that specimens (c) and (d) had numerous weld repair spots
where excessive hydrogen evolution during plating had affected the deposition
of chromium.

Later bending fatigue tests confirmed that 0-005 in. chromium plating of
crankpins had no detectable effect on the crankshaft’s fatigue strength, provided
the plating is kept clear of the maximum stress points in the crankpin fillets.
Torsional fatigue testing commenced in November, 1969, on 0-005 in. thick
chromium plated specimens and early indications are that this thickness of
plating has no adverse effect.

Lately facilities have become available for induction hardening and nitriding
of crankshafts of the ASRI size. The material used for the existing shafts is
suitable for induction hardening and a number of specimens cut from damaged
shafts have been treated and will be tested when the chromium plating tests are
completed. A nitrided shaft in EN29 has also been ordered.

Subject to satisfactory test results existing shafts will be removed at a major
overhaul and reclaimed either by induction hardening or plating with 0-005
in. chromium. New shafts will be nitrided.

ENGINE COOLING SYSTEMS

In all liquid cooled engines naval practice is to use distilled water containing
20 per cent inhibited ethylene glycol to BSS 3150/59 in arctic, temperate and
tropical waters.

Extensive investigations have been carried out at the Admiralty Engineering
Laboratory to find an alternative inhibitor which could be used in distilled
water in temperate and tropical waters—and which would be compatible
with the inhibited ethylene glycol without requiring extensive flushing when a
ship is required at short notice to operate in arctic waters. No alternative has
yet been found to the satisfactory protective qualities and latitude in mixing
obtained with glycol. Soluble oil inhibitors appear to have satisfactory protec-
tive qualities with the wide variety of metals in the cooling systems of the various
types of engines but their concentration must be controlled to close limits if
heat transfer is not to be affected, and this involves methods of testing which
the author considers to be unsuitable for shipboard use. Also service tests on
16VMS engines have shown a tendency for soluble oil inhibitors to separate
out after as little as 50 hours’ running. This is being investigated.

ENGINE PROTECTION EQUIPMENT

Engine protective equipment or Automatic Watchkeepers are fitted to all
Diesel generating sets so that under normal peace-time conditions, human
surveillance is limited to periodic visiting. Two types have been developed
(a) electrical (b) fluidic (4). Both monitor lubricating oil pressure and temperat-
ure, primary coolant temperature (and pressure if required) and generator
air temperature.

Should a temperature rise or a pressure fall to an undesirable value a warning
light and audible alarm are actuated. If the condition causing the warning
worsens, shut-down and circuit-breaker trips are operated. The fluidic equip-
ment also incorporates a remote start sequence.

Both equipments are applicable to propulsion engines without auto shut
down facility; shut down is left to the discretion of the watch-keeper.
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MAINTENANCE

Maintenance work on naval Diesel engines is carried out at specified intervals
depending on the type of engine, e.g., a boat engine of 60-100 bhp will have a
top overhaul at 1000 hours and a major at 2000 hours. An engine of 1500 bhp
would have a top overhaul at 5000 hours and a major at 10 000 hours. Injector,
supercharger changes and other usual maintenance routines are also scheduled.
All engines above 350 bhp are or will be fitted with running-hour meters to
provide accurate records. Development is in hand on a partial-load meter which
will show the hours run in the 0-25, 25-50, 50-75, and 75-100 per cent load ranges.
The use of this meter may make it possible to link maintenance periods to the
type of service.

Smaller engines are ‘refit by replacement’ for major overhaul or breakdown
but top overhauls are carried out on board. This policy is being extended to
larger engines, e.g., the 16-cylinder Ventura generator engines in the Type 42
frigates. Engines that are too large for refit by replacement must be overhauled
in situ but to reduce downtime to a minimum a policy of component refit by
replacement is being adopted. Reconditioning of R by R engines and compon-
ents is carried out at nominated dockyards. This will involve initial additional
cost in providing spare engines and components but must show a long term
gain in the reduction of maintenance time on board and enhanced reliability
of items reconditioned at specialist overhaul centres.

A review of maintenance schedules has highlighted the inclusion of far too
many items which may be classed as ‘let’s have a look and see’ inspections. Some
of these involve frequent removal of inspection doors which eventually result in
complaints of oil leaks with the result that unnecessary work has made necessary
work. Differential pressure indicators are used to indicate when air and oil
filter elements need to be changed.

Reliability is not the sole criterion for choosing an engine. Accessibility
is equally important when considering maintenance of an engine on board.
Far too many good engines are cluttered with auxiliary equipment that the
maintainer has to remove before he can carry out his planned maintenance.
The man-hours required to do a particular piece of maintenance must be the
minimum.

In the design stage of an engine a detailed ‘Maintenance Evaluation’ should
be carried out to determine the correct procedure for maintenance and the
design of any special tools and equlpment to enable the maintainer to do his
work most effectively.

SERVICE PROBLEMS

ASR1 Engines

In 1947 design work was put in hand on a 92 in. bore 10} in. stroke engine
designated the ASR1 (Admiralty Standard Range One). It was a range of engines
with 6, 8, 12 and 16 cylinders, turbo supercharged for surface applications and
mechanically supercharged for submarines. The first engines entered service in
1954 in frigates, submarines and a number of other vessels for propulsion and
generator duties. About 250 engines have been manufactured.

A number of defects or problems have occurred with these engines.

Liners

Liners are of steel, chromium plated in the bore. Bore wear was not a problem
until 1968 when reports were received of serious wear in less than 4000 hours’
running in liners in 6, 8 and 16-cylinder generator and propulsion engines
of three frigates. The wear was in the form of a well defined band at the top
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of the stroke which extended through the chromium into the steel backing
(F16. 10). In addition, a large number of badly corroded Y alloy piston crowns
were found in liners with the heaviest wear. Worn liners and corroded pistons
were random in any engine and fewer than half the engines in any one ship
were affected. A thick layer of powder discovered on one piston crown was
found on analysis to be mainly aluminium oxide with traces of copper, sodium
and sulphur compounds. The two main exhausts on each ship are shared by
four propulsion and two generator engines with an isolating valve fitted in each
individual engine exhaust, and under cruising conditions only half of the main
generator engines are used. It became evident that the cause of the trouble was
exhaust gases from running engines leaking back through the isolating valve
down the exhaust of a stationary engine into the engine induction manifolds,
allowing sulphur compounds in the gases to attack the copper fins of the air
after-coolers and causing severe corrosion. When that engine was run the copper
corrosion products plus salt from the atmosphere or incipient leaks in some of
the aftercooler elements entered the cylinders and accelerated the corrosion
of the piston crowns. The resulting aluminium oxides were deposited on to
the top compression rings and were hard enough to lap away the chromium
plating.

Crankshafts

The ASRI1 16-cylinder mechanically supercharged engine (16 VMS) has
by far the most arduous operating conditions of any Diesel engine in naval
service. Its net bmep is 134 Ib/sq in. and with the power required to drive the
supercharger, the gross bmep is 156 1b/sq in. Its speed range is 750 to 920 rpm.
Under certain operational conditions it must be shut down immediately from
full power and, because neither the turning gear nor the lubricating oil priming
pump may be used, heat soaking can be a problem. Cases of boiling in the
cylinder jackets have been reported and temperatures of 150 degrees C or more
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have been measured on the outside of the fork rod large-end blocks. Severe
corrosion of the copper-lead large-end and main bearing shells has occurred
and a number of large-end bearings have failed completely resulting in heavy
wear of crankpins.

In addition to the arduous operating conditions mentioned above, serious
contamination of the lubricating oil has occurred from:

(a) Fuel dilution — leaks, etc.
(b) Ethylene glycol from cooling water leaks.

(¢) Salt. The air supply to the engine is usually saturated with sea water and
as the engines exhaust beneath the sea water surface, it is possible for
it to leak back through the exhaust system.

(d) Large-end bearing temperatures of 150 degrees C or more can result in a
reduction in lub. oil film thickness and a breakdown in the quality of
the oil left in the bearings.

To ensure that the protective tin-lead flash is retained on the copper lead
bearing surfaces the finish of the crankpins and journals must not be allowed to
deteriorate and the efficiency of the full-flow lub. oil filters must not be allowed
to fall off.

The existing crankshaft material is hardened and tempered to a VPN of
250/275 and under the operating condition imposed on them the surface finish
of the pins deteriorates. We are therefore faced with changing bearing shells
every 4000 hours with a possible reclamation of surface finish of crankpins
every 8000/12 000 hours. Experimental work has been carried out on polishing
and grinding pins in situ but it is considered that the long term solution will be
to use surface hardened crankshafts with a surface finish of 8¢ maximum in
these engines, as already described.

Viscous Torsional Vibration Dampers

Randon damper failures have occurred due to seizure or due to large changes
in the viscosity of the silicone fluid. Why these large changes occur is not at
present completely known. It appears that the viscosity falls off first and then
increases rapidly and that the increase may be due to particles worn from
the bush material when the viscosity is low, promoting a catalytic action on the
fluid. Any further evidence on this matter would be welcomed.

All ASR1 engines are fitted with viscous dampers and because in some
installations a damper failure, if undetected, could possibly result in a crank-
shaft failure, regular torsional vibration (TV) checks are necessary. The con-
ventional methods of carrying out a TV check require the services of a specialist
and, even when only a routine check is involved, are time consuming. The
design of a simple tester was investigated by the Admiralty Engineering Lab-
oratory and a prototype instrument produced and successfully tested on an
ASRI engine at the Laboratory. Subsequent service testing in a frigate having
shown that it could be conveniently used by ships staff, 100 have been produced
and distributed throughout the Fleet and Naval Bases. The unit has since
been adapted for use on the Ventura engines in service and has been instru-
mental in detecting a number of potential damper failures.

Routine tests are made every 1000 hours and prior to the ship coming in for
a refit.

Fuel Injection Equipment

Probably the most frequent complaint from sea is the failure of some com-
ponent in the fuel injection equipment of a Diesel engine. Some of these
failures may be considered to be of a minor nature by the engine maker or
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supplier of the fuel equipment, but any defect, however minor, that requires an
engine to be stopped before it can be rectified must be classed as an engine
failure.

It would appear that the outputs of existing types of block fuel injection
pumps have been stretched beyond the limits of reliability with the result that
plungers seize, delivery valves break up, flexible pump drives fail or the cambox
lubricating oil becomes so diluted with fuel that cams and camshaft bearings
suffer. To change a block type pump or even to check the quality of the lub-
ricating oil in the cambox when the pump» assembly is buried between the
heads of a Vee engine is not an easy operation and is very unpleasant when one
is forced to do it before the engine has cooled down. Fuel injection pipes fail
far too frequently, often because the pipe is badly formed behind the nipple.

The author considers that engine builders and fuel injection equipment
manufacturers should institute a programme of research aimed at improving
the reliability of fuel injection equipment and suggests that as a target this
equipment should be sufficiently robust that, except for injector nozzle changes,
it should last the period between top overhauls without failure. Fuel injection
pipes should last until a major overhaul when they could be replaced.

CONCLUSION

Work continues on improving the reliability of engine components and there-
fore reducing the maintenance work on Diesel engines. Development in hand at
present includes:—

(i) Electrostatic precipitators for crankcase vents (5)

(i) Centrifugal superchargers for 16 VMS engines

(iii) Electronic governing

(iv) Rigs for fatigue-testing connecting rods

(v) Wireless telemetry of engine piston and connecting rod parameters (6).
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