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LARGE UNIFLOW TWO-STROKE DIESEL ENGINE OF THE CROSSHEAD
TYPE

FIELD OF THE INVENTION

The present invention relates to large slow rﬁnning
uniflow two-stroke diesel engines of the crosshead type,
and in particular to the engine components that relate to

fuel injection and the activation of the exhaust valves.

BACKGROUND OF THE INVENTION

Large two-stroke diesel engines of the cross-head type
are typically used for marine propulsion and as prime
movers in power plants. Not only due to sheer size, these
compustion engines are constructed differently from any
other combustion engines. The two stroke principle and
the use of heavy fuel oil with a viscosity up to 700cSt
at 50°C (the o0il does not flow at room temperatures) make

them a class of their own in the engine world.

In many conventional engines of this type exhaust gas
valves and the fuel injection system are driven with a
rotating cam coupled directly to the engine crankshaft.
Two-stroke engines use scavenge ports to control the
inlet of air into the cylinders, and consequently the
inlet timing is rigidly linked to crank angle.

Fuel consumption, reliability and power output
requirements for this type of engine are extremely high.
In the recent past, environmental requirements have lead
to a demand for a reduction in exhaust gas emissions. In
order to fulfill these sometimes contradicting
requirements it was considered necessary to have flexible

control over the fuel injection timing and dosage as well



10

15

20

25

30

WO 2007/115580 PCT/EP2006/003367

as full and flexible control over the opening and closing
timing and the degree of opening of the exhaust valves as
opposed to the conventional rotating cam driven exhaust

valves and fuel injectors.

A large uniflow two-stroke diesel engine of the crosshead
type is known in the form of the MC-C engine series of
MAN B&W Diesel®. This engine 1is provided with a camshaft
that extends in a camshaft housing along the length of
the engine. The camshaft is provided with cams for fuel

injection and with cams for exhaust valve actuation.

There is one fuel cam for each cylinder on the camshaft.
Each fuel cam acts on a fuel pump of the piston type (one
piston pump for each cylinder) with a wvariable
displacement for regulation of the amount of fuel
injected in each engine cycle. The outlet of the piston
pumps 1is connected via a high-pressure conduit to the
inlet of the injectors associated with the cylinder
concerned. Rate shaping (e.g. the profile and timing of
the amount or pressure of the fuel injected over a period
of time in the engine cycle) is only possible via the cam
profile and the characteristics of the injector, both of
which cannot be readily changed after the engine has been

constructed.

There 1is one exhaust cam for each cylinder on the
camshaft. The exhaust cams act on a so-called "hydraulic
push rod". The opening profile of the exhaust valve, e.g.
the timing of opening of the exhaust valve, the timing of
closing the exhaust valve and the extend of opening the
exhaust valve are all fixed during construction of the

engine and cannot be readily changed thereafter.
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The emission requirements applying to large two-stroke
diesel engines that are operated in oceangoing vessels
are determined by an international organization named
IMO. Furthermore, local authorities may state 1local
demands. These emission requirements are steadily
becoming more restrictive, not always in a fully
predictable manner. The tolerated emission 1levels may
depend on the distance to shore. Thus the engine can be
allowed to do operate with higher emission levels at open

sea as compared to coastline operation.

In order to be able to meet present and future emission
levels, electronically controlled engines were developed

during the 80s and 90s of the 20th century.

The ME engine range by MAN B&W Diesel A/S® are large two
stroke diesel engines of the crosshead type with electro-
hydraulically controlled exhaust valves and electro-
hydraulically activated fuel injection. The hydraulic
system is operated with oil from the engine lubrication
system. The lubrication oil system is operated with a 3
to 4 bar low pressure pump. Another pump of a high
pressure type delivers lubrication oil at about 200 bar
to a common rail. The Ilubrication o0il from the common
rail 1is directed via a hydraulic valve to a fuel oil
booster that boosts the 200 bar pressure in the common
rail up to the required 800 to 1000 bar in the fuel line.
The fuel line 1is heated to ensure that the fuel oil can
flow and has the appropriate viscosity. The lubrication
oil from the common rail is directed via a timing valve
to a hydraulic exhaust valve actuator to operate the

exhaust wvalve.
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The fuel system uses a hydraulic fluid, which is in this
engine identical with the lubrication oil, from a
hydraulic power system to drive pressure boosters that
provide high high-pressure fuel (heavy fuel oil) to the
injectors. One pressure booster is provided per cylinder.
The high pressure side of the ©pressure booster
pressurizes the fuel to the required level of
approximately 800 to 1000 Bar. The electronically
controlled hydraulic proportional valves allow for a rate
shaping and timing of the injected fuel. Changing the
rate shaping and timing is therefore very easy also long
after the engine has been constructed and may even be
applied during engine operation directly in response to

changing conditions, such as load or running speed.

A hydraulic cylinder type actuator is mounted on each of
the exhaust valves and provided with high-pressure
hydraulic medium from a high-pressure hydraulic supply
system via an electronic controlled valve. The exhaust
valve is urged in the closing direction by a gas spring.
The timing of the opening movement of the exhaust valve
and the closing movement of the exhaust valve as well as
the extend of the opening of the exhaust valve can be
controlled with the electronic controlled valve. Changing
the exhaust valve timing and opening extend is therefore
very easy also long after the engine is being

constructed.

Both the fuel injection and the exhaust valve actuation
are controlled by a programmable controller with suitable

software.

The electronically controlled type of engine has

therefore a greater amount of freedom in its settings
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which renders it easier to meet the many and often
contradicting requirements that are posed on an engine.
Operators of these engines require a high specific
output, high fuel efficiency and high reliability at low
construction costs. Emission requirements often limit the
maximum combustion pressures and temperatures and other
aspects that increase fuel efficiency and power output.
This makes the task to determine the optimum operating
settings for such an engine very demanding for the
engineers that develop this type of engines. The
increased freedom in the engine settings, and the
increased flexibility of changing these engine settings
during the operation of the engine or during the lifetime
of the engine gives the electronically controlled engine

a significant advantage over the camshaft engine.

However, the installation costs of the electronically
controlled fuel injection and exhaust valve actuation are
relatively high, and relatively independent of the engine
size. This means that the costs for these components does
not follow the usual pattern of increasing cost with
increasing engine size that is typical for most of the
other components of these engines. In practice this means
that the very largest of these engines with a piston
diameter of more than approximately 90 cm are less
expensive to construct with electronically controlled
fuel injection and exhaust system, whilst the smaller of
these engines with a piston diameter below approximately
60 cm are significantly more expensive when they are
fitted with a electronic fuel injection and exhaust valve

actuating system as opposed to a camshaft operated model.

A competitive and low production cost for the smaller

bore engines is of paramount importance to their success
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on the market. Thus, there is a desire for large two-
stroke diesel engines with a piston diameter below
approximately 60 cm that provide the necessary freedom
and flexibility in operation settings for meeting the
requirements in output, fuel consumption, reliability and
emission restrictions at a cost level that is competitive

with conventional camshaft engines.

In this respect, there is also a need for reducing the
costs and complexity as well as improving the reliability
of the hydraulic systems that are associated with
electronic fuel control systems for large two-stroke

diesel engines.

DISCLOSURE OF THE INVENTION

On this background, it 1is an object of the present
invention to provide a large uniflow two-stroke diesel
engine of the crosshead type that can fulfill the above

indicated desire.

This object is achieved in accordance with claim 1 by
providing a large uniflow two-stroke diesel engine of the
crosshead type comprising a plurality of cylinders with
at least one exhaust valve per cylinder, one or more fuel
injectors per cylinder, a source of high pressure fluid,
a volume of said high pressure fluid in which potential
energy is accumulated by compression and/or an
accumulator in which potential energy is accumulated by
compression, at least one electronically controlled
hydraulic valve, wherein the fuel injection is primarily
driven by said accumulated potential energy and the fuel
injection is controlled by said at least one hydraulic

valve, said engine further comprises at 1least one
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camshaft provided with cams for actuation of the at least
one exhaust valve associated with each of the cylinders,
hydraulic piston pumps, said hydraulic piston pumps being
driven by respective cams on said camshaft, a hydraulic
actuator per exhaust valve for moving said exhaust valve
in the opening direction, a hydraulic conduit per exhaust
valve for connecting the hydraulic piston pumps with the
hydraulic actuators, and a resilient member per exhaust
valve for wurging the exhaust valve in the closing

direction.

The inventors of the present application have realized
that the advantages of the electronically controlled
engine are biased towards the fuel injection aspect.
Electronic fuel injection offers a great amount of
flexibility for determining the optimum operating
parameters for the engine, also in view of fulfilling
present emission requirements and being flexible with
respect to future emission requirements that an engine
may need to comply with during a later stage of its
lifetime. Separating the hydraulic pressure from the
exhaust valve actuating system makes selection of the
fuel injection pressure more free, thereby improving the
possibilities for obtaining the ideal injection pressure
under all circumstances. Further, the presently available
electronically controlled exhaust valve actuating systems
use a substantial amount of hydraulic power, thereby

deteriorating the overall fuel efficiency of the engine.

Due to the exhaust valves being camshaft operated, the
overall hydraulic power need 1is reduced when compared
with engines with electronically controlled injection and
valve actuation. This makes it possible to cover the

hydraulic power needs with smaller pumps that are
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available as industrial standard in the form of electric
driven pumps. Such electrically driven pumps represent a
significant cost down when compared to the installation
costs for large hydraulic pumps that are driven by power

take off from the crankshaft of the engine.

Preferably, the high pressure fluid is a medium different
from the fuel, and separated from the fuel. In this case,
the high pressure fluid and the fuel are separated by at
least one piston device per cylinder, and said high
pressure fluid displaces during the fuel injection said
piston device and said piston device in turn displaces
the fuel into the combustion chamber inside the cylinder

concerned.

The piston device can be a pressure booster and said
piston device preferably comprises a piston with a large
effective area facing the high-pressure hydraulic fluid
and a small effective area facing the fuel. This allows
the use of a hydraulic medium which is operated at a
pressure that is significantly lower than the injection

pressure.

Preferably, the volume of high pressure fluid is
contained in a feed conduit that extends along the length
of the engine. The feed conduit may include a plurality
of compression chambers distributed along the length of
the engine; said compression chambers are provided with
an enlarged volume for said a high-pressure hydraulic
fluid in order to enable a substantial amount of
potential energy to be accumulated by compression of the
hydraulic fluid itself. With this feature, the use of

membrane type accumulators can be avoided, which is an
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advantage since membrane type of accumulators tend to be

prone to failures.

Preferably, one compression chamber is provided for
supplying one pair of neighboring cylinders with high-

pressure hydraulic fluid.

The engine comprises a camshaft housing, in which the
camshaft and said feed conduit are received. Thus, the
feed conduit 1is accommodated in a place where it 1is
shielded from damage and the camshaft housing protects
persons in the vicinity of the feed conduit from the
dangers of a bursting feed conduit filled with high-

pressure fluid.

Preferably, the compression chambers are at 1least
partially disposed inside said camshaft housing. Thus,

the compression chambers do not clutter the engine.

The compression chambers may share at least one wall with
said camshaft housing, so that the amount of material for

the construction of the engine is reduced.

Preferably, the compression chambers are formed by
machining a recess in a solid block of metal, in order to
ensure that the compression chambers can resist the high
and fluctuating pressure to which they are exposed during

their lifetime.

The source of high pressure fluid may be one or more
electrically driven high pressure pumps. The use of
electrically driven high pressure pumps facilitates the
engine start, since there will be no need for separate

startup pumps for the fuel system.
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Preferably, one hydraulic wvalve controls the fuel
injection to two or more engine cylinders. Thus, the
number of electronically controlled hydraulic valves that
are needed to build the engine is reduced. This reduction
of required control capacity is especially relevant for

smaller engines sensitive to size independent cost.

According to a preferred embodiment the high-pressure
hydraulic fluid is the fuel. In this embodiment, the
volume of high-pressure hydraulic fluid is preferably

contained in a common rail.

The hydraulic valves that are wused to control the
injection are preferably proportional valves. The
hydraulic valves are controlled by said one or more
computers. The one or more computers are configured to
adapt timing and/or rate shape of the fuel injection to
the operating conditions of the engine. This feature
renders it easier to optimize engine performance with
respect to power output, reliability, responsiveness and

emissions.

The one or more computers may be configured to advance
the timing of the fuel injection when the engine load is
decreasing. Thus, the maximum combustion pressure can be

maintained at a high level during low load conditions.

Preferably, the rate of fuel injection can be modulated
during the fuel injection in order to obtain a desired
injection profile. This feature allows for increased
freedom in the engine settings and thereby renders it
easier to optimize engine performance with respect to

power output, reliability, responsiveness and emissions.
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The engine may further comprise a cylinder lubrication
system that is also controlled by said one or more
computers. In this case, the high pressure hydraulic
fluid may also power said cylinder lubrication system. An
electronically controlled cylinder lubrication system
allows quick adaptation to changes in the fuel quality
used. Thereby, a substantial amount of cylinder oil,
which poses the second largest variable operating cost
after the fuel consumption, can be saved when the engine
is operating on a higher quality fuels (e.g. fuels with a

low sulfur content).

Preferably, the high-pressure conduits that connect the
hydraulic piston pump to the valve actuator can be
depressurized by electronically controlled valve means
for allowing the exhaust valve to commence its return
stroke in advance of the return stroke timing as defined
by the respective cam on the camshaft. Thus, some
flexibility 1in exhaust valve actuation is obtained,
rendering, thereby increasing the amount of freedom in

engine operation settings.

Preferably, the high-pressure conduits that connect the
hydraulic piston pump to the wvalve actuator can be
selectively obstructed by electronic valve means for
delaying the return stroke until after the return stroke
timing as defined by the respective cam on the camshaft.
Thus, some flexibility in exhaust valve actuation is
obtained, thereby increasing the amount of freedom in
engine operation settings. The one or more computers may
be configured to control the advanced or delayed timing
of the closing of the exhaust valve in relation to the

operating conditions of the engine.
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The camshaft can be provided with a mechanism for
adjusting its angular position relative to the angular
position of the crankshaft, said mechanism preferably
being controlled by said one of more computers to vary
the timing of the opening and closing of the exhaust
valves. Thus, some flexibility in exhaust valve actuation
is obtained, rendering, thereby increasing the amount of

freedom in engine operation settings.

It is a further object of the invention to provide a
large uniflow two-stroke diesel engine of the cross head
type with a hydraulic system that is less expensive to
manufacture. This object is achieved in accordance with
claim 27 by providing a large uniflow two-stroke diesel
engine of the crosshead type comprising a plurality of
cylinders with at least one exhaust valve per cylinder, a
camshaft housing with a camshaft for actuating the
exhaust valves disposed therein, a high-pressure
hydraulic system that delivers high pressure fluid via a
feed conduit to fluid driven engine components that
distributed along the length of the engine, wherein said

feed conduit is disposed inside said camshaft housing.

By placing the feed conduit inside the camshaft housing,
the need for a double walled feed conduit is removed,
since the engine personnel will be shielded from the
dangers of a rupture in the high-pressure feed conduit by

the walls of the camshaft housing.

The feed conduit can be used to deliver high pressure

fluid to an electronic fuel injection system.
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The feed conduit may also be used to deliver high
pressure fluid to an electronic cylinder lubrication

system.

It is yet another object of the present invention to
provide a large uniflow two-stroke diesel engine of the
crosshead type with an electronic fuel injection system
with improved reliability and robustness. This object is
achieved in accordance with claim 30 by providing a large
uniflow two-stroke diesel engine of the crosshead type
comprising a plurality of cylinders with at least one
exhaust valve per cylinder, one or more fuel injectors
per cylinder, a source of high pressure fluid, a volume
of said high pressure fluid in which potential energy 1is
accumulated by compression, at least one electronically
controlled hydraulic valve, said volume being contained
in a feed conduit extending along the engine next to the
cylinders, said feed conduit and comprising a plurality
of compression chambers with an enlarged volume to
increase the amount of potential energy that can be
stored in said volume, wherein the fuel injection is
primarily driven by energy accumulated in said volume and
the fuel injection 1is controlled by said at least one

hydraulic wvalve.

The compression chambers provide an enlarged volume for
storing potential energy in the hydraulic fluid to ensure
that the necessary hydraulic oil peak flow is available
during the whole fuel injection step. The volume of the
fluid inside the feed conduit itself is not sufficiently
large for this purpose. By using compression chambers
with an enlarged volume, the use of membrane type
accumulators with a gaseous medium that accumulates in

the potential energy can be avoided.
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Preferably, one compression chamber is provided for
supplying one pair of neighboring cylinders with high-
pressure hydraulic fluid. Thus, the number of compression
chambers can be minimized and thereby installation costs

reduced.

The compression chambers can be formed by machining a
recess in a solid block of metal, preferably in the form

of a cylindrical recess.

Further objects, features, advantages and properties of
the large uniflow two-stroke diesel engine of the
crosshead type according to the invention will become

apparent from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed portion of the present
description, the invention will be explained in more
detail with reference to the exemplary embodiments shown
in the drawings, in which:

Fig. 1 is a cross-sectional view of an engine according
to the present invention as viewed from the front of the
engine,

Fig. 2 cross-sectional view of one cylinder section of
the engine shown in Fig. 1 viewed from the side of the
engine,

Fig. 3 is a view on a detail of Fig. 1,

Fig. 4 is a view on a detail of Fig. 2,

Fig. 5 is an elevated perspective view on the engine of
Fig. 1,

Fig. 6 is a detail of Fig. 5,
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Fig. 7 shows a cross sectional detail of the exhaust
valve actuating system of the engine of Fig. 1 at a first
position along the camshaft,

Fig. 7A shows a cross sectional detail of the valve
actuating system of the engine of Fig. 1 at a second
position along the camshaft,

Fig. 7B is a cross sectional view throught the camshaft
housing in a plane that is parallel with the longitudinal
axis of the camshaft,

Fig. 7C is a perspective view on a detail of the camshaft
housing,

Fig. 8 1s a diagrammatic representation of the fuel
injection system and the valve actuating system of the
engine of Fig. 1,

Fig. 9 1s a graph showing a rate shaping profile of the
fuel injection of the engine according to Fig. 1,

Fig. 10 is an elevated perspective view on the engine of
Fig. 1 in another embodiment,

Fig. 11 shows a detail of Fig. 10, and

Fig. 12 1is a diagrammatic representation of the fuel

injection system according to the embodiment of Fig. 10.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 and 2 show an engine 1 according to a preferred
embodiment of the invention in cross sectional view from
the front and for one cylinder from the side of the
engine. The engine 1 is a uniflow low-speed two-stroke
crosshead diesel engine of the crosshead type, which may
be a propulsion engine in a ship or a prime mover in a
power plant. These engines have typically from 3 up to 14
cylinders in 1line. The engine 1 is built up from a

bedplate 2 with the main bearings for the crankshaft 3.
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The crankshaft 3 is of the semi-built type. The semi-
built type is made from forged or cast steel throws that
are connected with the main journals by shrink fit

connections.

The bedplate 2 can be made in one part or be divided into
sections of suitable size in accordance with production
facilities. The Dbedplate consists of high, welded,
longitudinal girders and welded cross girders with cast
steel bearing supports - alternatively the bedplate can
be of cast design. The o0il pan, which is integrated into
the bedplate in the cast design, collects the return oil

from the forced lubricating and cooling oil system.

The connecting rod 8 is made of forged or cast steel and
provided with bearing caps (ftor the crosshead and
crankpin bearings. The crosshead and crankpin bearing
caps are secured to the connecting rod 8 by studs and
nuts which are tightened by hydraulic jacks. The
crosshead bearing 22 consists of a set of thin-walled
steel shells, lined with bearing metal. The crankpin
bearing is provided with thin-walled steel shells, lined
with bearing metal. Lubrication oil is supplied through
ducts (not visible in the Figs.) in the crosshead 22 and

connecting rod 8.

The main bearings consist of thin walled steel shells
lined with bearing metal. The bottom shell can, by means
of special tools, and hydraulic tools for 1lifting the
crankshaft, be rotated out and in. The shells are kept in

position by a bearing cap (not shown).
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A welded design A-shaped frame box 4 is mounted on the
bedplate. The frame box can be of cast or welded design.
On the exhaust side, it is provided with relief valves
for each cylinder while, on the camshaft side, it is
provided with a large hinged door for each cylinder. The

crosshead guides are integrated in the frame box.

A cylinder frame 5 is mounted on top of the frame box 4.
Staybolts (not shown) connect the bedplate 2 to the
cylinder frame 5 and keep the structure together. The

staybolts are tightened with hydraulic jacks.

The cylinder frame 5 is cast in one or more pieces with
integrated camshaft housing 25, or it is a welded design.
The camshaft housing 25 1is welded/bolted thereto or

integrally formed with the cylinder frame (as shown).

The cylinder frame 5 is provided with access covers for
cleaning the scavenge air space and for inspection of
scavenge ports and piston rings from the camshaft side.
Together with the cylinder liner 6 it forms the scavenge
alr space. The scavenge air receiver 9, is bolted with
its open side to the cylinder frame 5. At the bottom of
the cylinder frame there is a piston rod stuffing box,

which is provided with sealing rings for scavenge air,
and with oil scraper rings which prevent oil from coming

up into the scavenge air space.

The piston 13 includes a piston crown and piston skirt.
The piston crown is made of heat-resistant steel and has
four ring grooves which are hard-chrome plated on both

the upper and lower surfaces of the grooves.
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The piston rod 14 is connected to the crosshead 22 with
four screws. The piston rod 14 has a central bore (not
visible in the drawings) which, in conjunction with a
cooling oil
pipe, forms the inlet and outlet for cooling oil for the

piston 13.

The crosshead 22 is of forged steel and is provided with
cast steel guide shoes with white metal on the running
surface. A telescopic pipe (not visible) for oil inlet
and the pipe for oil outlet are mounted on the top of the

guide shoes.

The cylinder liners 6 are of the uniflow type and are
carried by the cylinder frame 5. The cylinder liners 6
are made of alloyed cast iron and are suspended in the
cylinder frame 5 by means of a low situated flange. The
uppermost part of the liner is surrounded by cast iron
cooling jacket. The cylinder liners 6 have scavenge ports

7 and drilled holes (not shown) for cylinder lubrication.

The camshaft 28 is embedded in bearing shells lined with
white metal in the camshaft housing 25. The camshaft 28
is made in one piece with, exhaust cams, indicator cams,
thrust disc and chain wheel shrunk onto the shaft. The
exhaust cams are of steel, with a hardened roller race.

They can be adjusted and dismantled hydraulically.

The cylinders 6 is of the uniflow type and has scavenge
air ports 7 located in an airbox 5’, which from a
scavenge air receiver 9 (Fig. 1), 1is supplied with

scavenge air pressurized by a turbocharger 10 (Fig. 1).
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The air intake to the turbocharger 10 takes place
directly from the engine room through an intake silencer
(not shown) of the turbocharger. From the turbocharger
10, the air is led via a charging air pipe (not shown),
air cooler (not shown) and scavenge air receiver 9 to

the scavenge ports 7 of the cylinder liners 6.

The engine is fitted with one or more turbochargers
arranged on the aft end of the engine for 4-9 cylinder
engines and on the exhaust side for 10 or more cylinder

engines.

The engine is provided with electrically-driven scavenge
air blowers (not shown). The suction side of the blowers
is connected to the scavenge air space after the air
cooler. Between the air cooler and the scavenge air
receiver, non-return valves (not shown) are fitted which
automatically close when the auxiliary blowers supply the
air. The auxiliary blowers assist the turbocharger

compressor at low and medium load conditions.

An exhaust valve 11 as shown in greater detail in Fig. 3
is mounted centrally in the top of the cylinder in a
cylinder cover 12. At the end of the expansion stroke the
exhaust valve 11 opens before the engine piston 13 passes
down past the scavenge air ports 7, whereby the
combustion gases in the combustion chamber 15 above the
piston 13 flow out through an exhaust passage 16 opening
into an exhaust receiver 17 and the pressure in the
combustion chamber 15 is relieved. The exhaust valve 11
closes again during the upward movement of the piston 13.
The exhaust valve 11 is driven upwards by a pneumatic

spring 20.
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The exhaust valve 11 is opened by means of the camshaft
28 that is disposed within a camshaft housing 25 that
extends along the length of the engine adjacent to the
cylinder frame 5. A high-pressure feed conduit 30 of the
hydraulic system associated with the fuel injection
system (which will be described in greater detail below)
is also disposed in the camshaft housing 25. The feed
conduit 30 extends substantially along with a whole
length of the engine. Since the feed conduit 30 is
disposed inside the camshaft housing, there is no need
for using a double walled feed conduit 30 that is
otherwise required for protecting engine operators in

case the highly pressurized feed conduit 30 ruptures.

Figs. 3 and 4 illustrate the top of the cylinder liner 6,
the cylinder cover 12 and the exhaust valve housing. The
cylinder cover 12 is of forged steel, made in one piece,
and has bores for cooling water. It has a central bore
for the exhaust valve 11 and bores for two or tree fuel
injectors 23, a safety valve (not shown), a starting
valve (not shown) and indicator valve (not shown). Each
cylinder cover 12 1is equipped with two or three fuel
injectors 23, one starting valve, one safety valve, and
one indicator valve. The opening of the fuel injectors 23
is controlled by the fuel oil high pressure created by
the fuel boosters (described in further detailed below),
and the fuel injector 23 1is closed by a spring. An
automatic vent slide (not shown) allows circulation of
fuel oil through the fuel injector and through the high
pressure pipes that connect the fuel injectors 23 to the
fuel boosters, and prevents the combustion chamber 15
from being filled up with fuel o0il in the event that the

spindle of the injector 23 is sticking when the engine 1
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is stopped. 0il from the vent slide and other drains is

led away in a closed system.

The exhaust valve housing is of cast iron and arranged
for water cooling. The housing is provided with a bottom
piece of steel with hardfacing metal welded onto the
seat. The bottom piece is water cooled. The valve spindle
itself is made of heat resistant steel with hardfacing
metal welded onto the seat. The exhaust valve housing is
provided with a spindle guide. The exhaust valve housing
is tightened to the cylinder cover 12 with studs and
nuts. A hydraulic exhaust valve actuator 21 is mounted on
top of the exhaust valve housing. When pressurized, the
hydraulic actuator 21 urges the exhaust valve in the
downward (opening) direction. The hydraulic actuator 21
comprises a piston in a cylinder with a pressure chamber
therein above the piston. The exhaust valve housing also
includes an air spring 20 that urges the exhaust valve
spindle 11 upward (in the closing direction). The air
spring 20 includes a spring piston with a spring chamber
disposed below the spring piston in a cylinder in the

exhaust valve housing.

The hydraulic exhaust valve actuator 21 of each exhaust
valve is connected via a pressure pipe 35 to a piston
pump 37 (Fig. 6). There is one piston pump 37 and one
exhaust valve 11 per cylinder in the present embodiment,
but there‘could be more than one piston pumps or more

than one exhaust valve per cylinder (not shown).

As shown in Fig. 7, the piston pump 37 is mounted on a
roller guide housing 46. The roller 42 follows the
respective cam 29 on the camshaft 28. The piston pump 37

is thus activated by the camshaft 28.
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Fig. 5 is a perspective view of the engine with several
components are removed for illustration purposes. The
camshaft 28 is driven by a chain drive 26 that connects
the camshaft 28 to the crankshaft 3. The chain drive 26
is provided with a chain tightener (not shown) and guide
bars (not shown) to support the 1long chain lengths.
According to a variation of the present embodiment, the
chain drive powers the hydraulic pumps (not shown) for
the high-pressure hydraulics of the engine. The chain may
also serve to drive second order counterbalance weights.
As an alternative to a chain drive, the camshaft can be

driven by a transmission with gears (not shown).

Fig. 6 shows a section of Fig. 5 with the camshaft
housing 25 and the cylinders 6 in greater detail. In this
figure it can be seen that conduits 31 branch off from
the feed conduit 30. The- conduits 31 connect the feed
conduit 30 to the pressure boosters 39 via distributor
blocks 40 with hydraulic control valves 41, The
distributor blocks 40 are mounted on the top plate of the

camshaft housing 25.

The piston pumps 37 that are actuated by cams 29 of the
camshaft 28 are also disposed on the top plate 25’ of the
camshaft housing 25. The piston pumps 37 are connected to
the hydraulic exhaust valve actuators 21 via pressure

pipes 35.

Each cylinder 6 is provided with two or three injectors23
each connected with conduits (not shown in Fig. 6 but
with ref. numeral 51 in Fig. 8) to the port or ports of

the pressure booster 39.
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Each distributor block 40 carries two proportional
control valves 41 that controls the connection of the
port on top of the distributor block 40 with the return
conduit (65 in Fig. 8) and feed conduit 30 in camshaft
housing 25. A pressure booster 39 is mounted on top of
each distributor block 40 and is in communication with
the port on top of the distributor block 40. Thus, the
distributor blocks 40 serve as a mechanical support for

the hydraulically activated fuel pressure booster 39.

Fig. 7A, 7C and 7C show a compression chamber housing 68
in detail in different cross-sectional views and in a
perspective view. The compression chambers 67 provide an
enlarged volume for storing potential energy in the
hydraulic fluid to ensure that the necessary hydraulic
0oil peak flow 1is available during the whole fuel

injection step.

In the present embodiment one compression chamber housing
68 with two compression chambers 67 is provided for a
pair of neighboring cylinders 6. However, there could be

fewer or more compression chambers per cylinder.

The compression chambers 68 are fed with a high-pressure
hydraulic fluid from the feed conduit 30 via locally
branched off conduits 31. The connection between conduits
31 and conduit 30 is realized by means of a connection
block 30’ that is mounted on the bottom of the camshaft
housing 25.

The compression chamber housing 68 is formed as an
integral part of the top plate of the camshaft housing
25. The top plate of the camshaft housing 25 is

longitudinally divided into sections. One such type of
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section being a metal slab with two cylindrical
compression chambers 67 formed therein, the slab thereby
also forming the compression chamber housing 68. This top
plate also carries the distributor blocks 40 on top of
which the pressure boosters 39 are placed. The
longitudinal axis of the cylindrical compression chambers
67 is arranged in parallel with the longitudinal axis of
the camshaft 28. The compression chambers 67 are
manufactured by machining two parallel bores in the solid
slab of metal. The compression chambers 67 are sealed off
by circular locking plates 69 that are bolted to the
compression chamber housing 68. Upwardly directed bores
(not shown) through the compression chamber housing 68
connect to the compression chambers 67 to the distributor
blocks 40. Since the distributor blocks are mounted
directly on top of the compression chamber housing 68,
the path that the high-pressure hydraulic fluid has to
travel from the compression chambers 67 to the

distributor blocks 40 is very short.

The other type of top plate of the camshaft housing 25
(which 1is shown in cross-sectional view in Fig. 7)

carries the piston pumps 37.

The two types of camshaft housing top plates are
alternatingly distributed along the 1length of the
camshaft housing 25. There is a longitudinal overlap at
the transition between the two types of top plates, and

the top plates are bolted together at this overlap.

Fig. 8 shows the fuel injection system diagrammatically.
The fuel is delivered from the fuel delivery installation
73 to the pressure boosters 39. The fuel delivery

installation 73 is not shown in detail in the drawings.
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The fuel delivery installation 73 is so arranged that
both diesel o0il and heavy fuel o0il can be used. From a
service tank the fuel is led to an electrically driven
supply pump by means of which a pressure of approximately
4 bar can be maintained in the low pressure part of the
fuel circulating system, thus avoiding gasification of
the fuel in a venting box in the temperature ranges
applied. From the low pressure part of the fuel system
the fuel oil is led to an electrically-driven circulating
pump, which pumps the fuel o0il through a heater and a
full flow filter situated immediately before the inlet to
the engine 1, where the fuel is distributed to the

respective pressure boosters 39.

The fuel injection is performed by the electronically
controlled pressure boosters 39 one per cylinder. The
boosters multiply the pressure from the low-pressure
(where the hydraulic fluid is applied) side to the high

pressure side (the fuel side) by a fixed ratio.

The fuel boosters 39 are powered by pressurized hydraulic
fluid, which may be the engine lubrication oil. A
pressure pump 60 delivers high pressure hydraulic fluid,
typically a few hundred bar, via feed conduit 30 to the
cylinders. If the hydraulic fluid is engine lubrication
oil, the pressure pump 60 is not the engine lubrication
pump which operates at a much lower pressure. Return
fluid is transported from the cylinders via conduit 65 to

the tank 61 from which the pump 60 draws its fluid.

Compression chambers 67 are provided for each pair of
cylinders (in case the engine has an odd number of
cylinders, one of the cylinder may be served by a single

compression chamber) . A conduit 69 connects the
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compression chamber 67 to two proportional control valves
41 and to two on/off valves 55. According to a variation
of this embodiment (not shown) gas filled membrane type
accumulators are wused instead of or in addition to

compression chambers.

Each cylinder 6 of the engine 1 is associated with an
electronic control unit 99 which receives general
synchronizing and control signals and transmits
electronic control signals to the proportional control
valves 41, among others, through wires 59. There may be
one control unit 99 per cylinder, or several cylinders
may be associated with the same control unit (not shown).
The control units 99 may also receive signals from an
overall control unit (not shown) common to all the

cylinders.

The control wunit 99 calculates the timing, the rate
shaping and the amount of the fuel injection, in
accordance with the operating conditions of the engine.
Hereto, the control unit receives information about the
rotational position of the crankshaft, the rotational
speed of the crank shaft (which could be derived by the
control unit 99 from the rotational position signal),
ambient temperature, load, temperatures of various engine
fluids. The control units also adapt the timing of the
fuel injection for reversing the engine. The movement of
the spool in the proportional control valve 41 is
controlled by the control unit 99 in a feedback control
loop. The feedback control 1loop can alternatively be
included in the proportional control valve 41 itself.
The opening profile of the proportional valve 41 is

matched to a desired opening profile that has been
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predetermined for optimal rate shaping and is stored in

the control unit 99.

In their rest position the proportional control valves 41
connect the pressure chamber at the low pressure side of
the pressure boosted to tank. When the control unit 99
sends a signal to start the fuel injection for a given
cylinder, one of the proportional control valves 41 opens
to a certain extend and connects thereby the low pressure
side of the pressure booster 39 to the compression
chamber 67 via conduit 69.

The pressure in the low pressure side of the pressure
booster is multiplied, typically to reach an injection
pressure between approximately 400 and 1500 bar. A feed
conduit 51 transports the high pressure fuel to the fuel
injectors 23 which atomizes the fuel by injecting it in

the combustion chamber 15 via its nozzles.

The control unit 99 also controls the on/off valves 55
that control the supply of high pressure fluid to the
cylinder lubricators 57. Based wupon the operating
conditions and on the position the crankshaft, the
control unit 99 determines when and how much lubrication
oil is pumped into the cylinders. In their rest position
the on/off valves 55 connect the cylinder lubricators 57
to tank 61. When a given on/off valve 55 receives a
signal from the control unit 99 to pump lubrication oil
into a particular cylinder, the on/off valves 55 opens up
to thereby connect the <c¢ylinder lubricator 57 to
compression chamber 67 via conduit 69 and the cylinder
lubricator will commence pumping lubrication oil into the
cylinder. The control unit 99 determines the amount of
lubrication oil that is pumped into the cylinder via the

length of the activation of the on/off valve 55.
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Fig. 9 shows an exemplary rate shaping profile of a fuel
injection step. The pressure rise is intentionally smooth
and slow, to obtain a long period with a substantially
even and high combustion pressure, which under full load
is placed <close to the maximum allowable combustion

pressure.

Figs. 10 and 11 show another embodiment of the invention,
in which the electronic fuel injection is of the so-
called common rail type. In this system there is no
separate hydraulic fluid, but instead the fuel is kept at
high pressure and the energy for the injection is stored
by compressing the fuel. The common rail has been divided
into sections 95 that are associated with two cylinders
each. This arrangement has the advantage that the common
rail 1is much better at adapting to the torsional
movements of the engine 1 during engine operation that
the else would deform a very long uninterrupted common

rail tube and could expose it to fatigue.

Fig. 12 shows the common rail injection system
diagrammatically. The engine is typically operated with
heavy fuel oil (HFO) (both water emulsified and non-water
emulsified). The emulsification takes place in a separate
emulsification unit (not shown). The fuel for the
operation of the engine is stored in a heated tank 129.
HFO has a viscosity of 500 to 700 ¢St at 50°C and cannot
flow at room temperature. The HFO in the tank is kept at
about 50°C at all times, i.e. also during engine stops.
Typically ships with the present type of engine are
provided with generator sets (Genset), i.e. smaller
diesel engines that provide electrical power and heat for

the ship and'for the main engine during stops of the main



10

15

20

25

30

WO 2007/115580 29 PCT/EP2006/003367
engine. From the heated tank 129 the HFO is lead to a
filter or centrifuge 130 and to a preheater 131. The
temperature of the HFO 1leaving the preheater 131 is
controlled in accordance with the operating status and
the grade of HFO. During engine stops, when the HFO 1is
circulated at low pressure through the hydraulic system,
the temperature of the HFO is kept in the range of 45 to
60 °C. During engine operation the temperature of the HFO
leaving the preheater 131, is kept between 90 and 150 °C,
depending on the viscosity of the HFO. A sensor (not
shown) measures the viscosity of the HFO just downstream
of the preheater 131 (or another suitable place). The
temperature of the HFO leaving the preheater 131 1is
typically controlled to result in a viscosity at the

measuring point in the range of 10 to 20 cSt.

A forked intermediate conduit 132 connects the preheater
to both a high pressure fuel pump 133 and an auxiliary
low pressure circulation pump 134. Non-return valves 135
are disposed in the conduits downstream of each pump to

prevent back-suction.

During engine operation the high pressure fuel pump 133
is driven by gearwheel 136 on the crankshaft 3 via a
gearwheel 137. Hereby, the high pressure fuel pump 133
produces a nominal pressure of 1000 to 1500 bar, but the
pressure may fluctuate between 600 and 2000 bar in

dependence of the operating conditions.

During engine stops the auxiliary low pressure
circulation pump 134 is driven by an electric motor 138.
Hereby, a pressure of about 3 to 10 bar is delivered for
circulating the HFO through the hydraulic system during

engine stops.
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The common fuel rail 140 extends along all cylinders and
the connections to the cylinders 6 that are not shown in
Fig. 12 are symbolized by the short upward lines that
extend from the common rail. The common rail does not
need to be formed by one long tube extending along the
full length of the engine. Instead, the common rail could
be divided into interconnected sections that each cover a

few cylinders, as shown in Fig. 10 and 11.

A pair of neighboring cylinders is provided with HFO
through a supply conduit 141 that branches off from the
common rail 140 and leads to an inlet port of the
proportional control valve 125. The supply conduit 141 is
provided with a number of fluid accumulators 142 that
deliver most of the fluid volume when the proportional
control valve 125 opens and are post-fed from the common
rail 140 while the proportional control valve 125 1is

closed.

A feed conduit 120 connects one of the two outlet ports
of the proportional control valve 125 to the injectors 23
of one of the two neighboring cylinders. Another feed
conduit 124 connects the other one of the two outlet
ports of the proportional control valve 125 to the
injectors 23 of the other one of the two neighboring
cylinders. The proportional control valve 125 also has
two tank ports connected to the return conduit 143 for

retrun HFO.

The proportional control valve 125 is a solenoid driven
spool valve with three main positions. The solenoid 144
receives a control signal from control unit 99 via wire

128. According to another embodiment (not shown) the
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solenoid 44 is connected to the valve housing via

insulating spacers.

In the center position, in which the solenoid 144 is not
active, the inlet port of the proportional control valve
125 is closed and the two outlet ports of the
proportional control valve 125 are connected to the

return conduit 143.

When the solenoid is activated to urge the valve spool to
the left (left as in Fig. 12) the inlet port of the
proportional control valve is connected to feed conduit
120, so that the injectors 23 inject fuel into combustion
chamber 15 on the one of the two cylinders associated
with the control wvalve 125. In this position pressure

conduit 124 is connected to return conduit 143.

When the solenoid 44 is activated to urge the valve spool
to the right (right as in Fig. 12) the inlet port of the
proportional control valve 125 is connected to the feed
conduit 124, and high pressure HFO is passed to the feed
conduit 124 so that the injectors 23 inject fuel into
combustion chamber 15 of the other one of the two
cylinders associated with the proportional control valve
125. In this position pressure conduit 120 is connected

to return conduit 143.

The fuel injection timing, the volume of fuel injected
and the shape of the injection pattern is controlled with

the proportional valve 125.

According to a not shown variation of the present
embodiment, one proportional control valve with fewer

ports and only two positions is used to control the fuel
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injection for one cylinder. 1In this variation, the
proportional control valve will connect the feed conduit
to the low-pressure circuit in its rest position and
connect the feed conduit to the common rail in the other

of its two positions.

In accordance with another not shown variation of this
embodiment a common rail in its truce ends, without the

gas filled membrane accumulators 142 and 148.

According to a further preferred embodiment, (not shown)
the flow of fuel from the common fuel rail to the

injectors is controlled by an on/off type valve.

A conventional fuel limiter 146 is placed in both feed
conduits 120,124, to avoid excessive amounts of HFO
entering the cylinder should the proportional control

valve 125 erroneously open up too long.

The pressure in the return 1line 143 is kept to an
overpressure of a few bar to avoid penetration of air
into the hydraulic system and to prevent the water
contained in the water emulsified HFO from forming vapor
bubbles. A pressure control valve 147 at the downstream
end to the return conduit 143 ensures that a
predetermined minimum overpressure is maintained in the
return conduit 143. The overpressure in the return
conduit 143 is preferably 3 to 10 bar. An accumulator or
expansion vessel 148 is connected to the return conduit
143 to absorb pressure fluctuations that can occur when

the proportional control valve 125 changes position.

A second return conduit 149 connects the outlet port of

the injectors 23 to return conduit 43. Downstream of
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pressure control valve 147 the return conduit 143 feeds

the used HFO to the preheater 131 to complete the cycle.

The conduits that transport the HFO from the outlet of
the preheater 131 to the common rail 140 and from the
common rail 40 via the proportional control valve 125 to
the injectors 23 are provided with heating means
symbolized by heating coils. The conduits can be heated
along their full length by e.g. steam tracing with or
electric heating elements. The heating of these conduits
serves to reduce heat loss of the hot HFO when it moves
downstream from the preheater. During engine operation
the temperature of the HFO in the conduits towards the
injectors and hydraulic valve actuators is kept close to
150°C, depending however on the viscosity of the HFO
used. Adjacent conduits that run parallel for part of
their length, such as feed conduit 120 and feed conduit
124 can be provided with a common heating means (not

shown) .

Return lines 143 and 149 are also provided with heating
means of the same type as described above. The
temperature of the HFO in the return 1lines 1is less
critical and the heating means are calibrated to ensure

that the temperature of the HFO does not fall below 50°C.

During engine stops the HFO is circulated through the
hydraulic system by circulation pump 134 (at relatively
low pressures of 3 to 10 bar) to avoid air being trapped
in the hydraulic system and to avoid local cooling and

hardening of the HFO.

According to a variation (not shown) of the above

embodiments the high-pressure conduits 35 that connect
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the hydraulic piston pump 37 to the valve actuator 21 can
be depressurized by electronically controlled valve means
(controlled by a control wunit 99) for allowing the
exhaust valve to commence its return stroke in advance of
the return stroke timing as defined by the respective cam

on the camshaft.

According to a further variation (not shown) of the above
embodiments, the high-pressure conduits 35 that connect
the hydraulic piston pump 37 to the valve actuator 21 can
be selectively obstructed by electronic valve means
(controlled by a control unit 99) for delaying the return
stroke until after the return stroke timing as defined by

the respective cam on the camshaft.

The one or more control units 99 can be configured to
control the advanced or delayed timing of the closing of
the exhaust valve in relation to the operating conditions

of the engine.

According to yet another variation (not shown) of the
above embodiments, the camshaft 28 is be provided with a
electro hydraulic mechanism for adjusting the angular
position of the camshaft 28 relative to the angular
position of the crankshaft 3. The mechanism is controlled
by said one of more control units 99 to vary the timing

of the opening and closing of the exhaust valves.

Although the preferred embodiment only show an engine
with the cylinders arranged in line, the invention can
also be used with other cylinder arrangements like a V-

or U-configuration.
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The term "comprising" as used in the claims does not
exclude other elements or steps. The term "a" or "an" as

used in the claims does not exclude a plurality.

The reference signs used in the claims shall not be

construed as limiting the scope.

Although the present invention has been described 1in
detail for purpose of illustration, it is understood that
such detail is solely for that purpose, and variations
can be made therein by those skilled in the art without

departing from the scope of the invention.
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CLAIMS:

1. A large uniflow two-stroke diesel engine of the
crosshead type comprising a plurality of cylinders with
at least one exhaust valve per cylinder, one or more fuel
injectors per cylinder, a source of high pressure fluid,
a volume of said high pressure fluid in which potential
enerqgy is accumulated by compression and/or an
accumulator in which potential energy is accumulated by
compression, at least one electronically controlled
hydraulic valve, wherein the fuel injection is primarily
driven by said accumulated potential energy and the fuel
injection 1is controlled by said at least one hydraulic
valve, said engine further comprises at least one
camshaft provided with cams for actuation of the at least
one exhaust valve associated with each of the cylinders,
hydraulic piston pumps, said hydraulic piston pumps being
driven by respective cams on said camshaft, a hydraulic
actuator per exhaust valve for moving said exhaust valve
in the opening direction, a hydraulic conduit per exhaust
valve for connecting the hydraulic piston pumps with the
hydraulic actuators, and a resilient member per exhaust
valve for wurging the exhaust valve in the closing

direction.

2. An engine according to claim 1, wherein said high
pressure fluid is a medium different from the fuel, and

separated from the fuel.

3. An engine according to claim 2, wherein the high
pressure fluid and the fuel are separated by at least one
piston device per cylinder, and said high pressure fluid

displaces during the fuel injection said piston device
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and said piston device in turn displaces the fuel into

the combustion chamber inside the cylinder concerned.

4. An engine according to claim 3, wherein the piston
device 1is a pressure booster and said piston device
preferably comprises a piston with a large effective area
facing the high-pressure hydraulic fluid and a small

effective area facing the fuel.

5. An engine according any of claims 2 to 4, wherein said
volume of high pressure fluid is contained in a feed

conduit that extends along the length of the engine.

6. An engine according to claim 5, wherein said feed
conduit includes a plurality of compression chambers
distributed along the length of the engine, said
compression chambers are provided with an enlarged volume
for said a high-pressure hydraulic fluid in order to
enable a substantial amount of potential energy to be

accumulated by compression of the hydraulic fluid itself.

7. An engine according to <c¢laim &6, wherein one
compression chamber is provided for supplying one pair of

neighboring cylinders with high-pressure hydraulic fluid.

8. An engine according to any of claims 1 to 7, further
comprising a camshaft housing, in which the camshaft and

said feed conduit are received.

9. An engine according to <claim 8, wherein said
compression chambers are at least partially disposed

inside said camshaft housing.
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10. An engine according claim 9, wherein said compression
chambers share at least part of one wall with said
camshaft housing, preferably, the compression chambers
share or form a part of the top plate of the camshaft

housing.

11. An engine according to any of claims 6 to 10, said
compression chambers are formed by machining a cavity in

a solid block of metal.

12. An engine according to any of claims 1 to 11, wherein
said source of high pressure fluid includes one or more

electrically driven high pressure pumps.

13. An engine according to any of claims one to 12,
wherein one hydraulic valve controls the fuel injection

to two or more engine cylinders.

14. An engine according to claim 1, wherein the high-

pressure hydraulic fluid is the fuel.

15. An engine according to claim 14, wherein said volume
of high-pressure hydraulic fluid is contained in a common

rail.

16. An engine according to any of claims 1 to 15, wherein

hydraulic valves are proportional valves.

17. An engine according to any of claims 1 to 16, wherein
the hydraulic valves are controlled by said one or more

computers.

18. An engine according to claim 17, wherein said one or

more computers are configured to adapt timing and/or rate
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shape of the fuel injection to the operating conditions

of the engine.

19. An engine according to claim 18, wherein said one or
more computers are configured to advance the timing of

the fuel injection when the engine load is decreasing.

20. An engine according to claim 17 or 18, wherein the
rate of fuel injection can be modulated during the fuel

injection in order to obtain a desired injection profile.

21. An engine according to any of claims 1 to 20, further
comprising a cylinder 1lubrication system that is also

controlled by said one or more computers.

22. An engine according to claim 21, wherein said high
pressure hydraulic fluid also powers said cylinder

lubrication system.

23. An engine according to any of claims 1 to 22, wherein
said high-pressure conduits that connect the hydraulic
piston pump to the valve actuator can be depressurized by
electronically controlled valve means for allowing the
exhaust valve to commence its return stroke in advance of
the return stroke timing as defined by the respective cam

on the camshaft.

24. An engine according to any of claims 1 to 23, wherein
said high-pressure conduits that connect the hydraulic
piston pump to the valve actuator can be selectively
obstructed by electronic valve means for delaying the
return stroke until after the return stroke timing as

defined by the respective cam on the camshaft.
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25. An engine according to claim 23 or 24, wherein said
one or more computers are configured to control the
advanced or delayed timing of the closing of the exhaust
valve in relation to the operating conditions of the

engine.

26. An engine according to any of claims 1 to 25, wherein
said camshaft is provided with a mechanism for adjusting
its angular position relative to the angular position of
the crankshaft, said mechanism preferably being
controlled by said one of more computers to vary the

timing of the opening and closing of the exhaust valves.

27. A large uniflow two-stroke diesel engine of the
crosshead type comprising a plurality of cylinders with
at least one exhaust valve per cylinder, a camshaft
housing with a camshaft for actuating the exhaust valves
disposed therein, a high-pressure hydraulic system that
delivers high pressure fluid via a feed conduit to fluid
driven engine components that distributed along the
length of the -engine, wherein said feed conduit is

disposed inside said camshaft housing.

28. An engine according to claim 27, wherein said feed
conduit delivers high pressure fluid to an electronic

fuel injection system.

29. An engine according to claim 28, wherein said feed
conduit delivers high pressure fluid to an electronic

cylinder lubrication system.

30. A large uniflow two-stroke diesel engine of the
crosshead type comprising a plurality of cylinders with

at least one exhaust valve per cylinder, one or more fuel
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injectors per cylinder, a source of high pressure fluid,
a volume of said high pressure fluid in which potential
energy 1s accumulated by compression, at least one
electronically controlled hydraulic valve, said volume
being contained in a feed conduit extending along the
engine next to the cylinders, said feed conduit and
comprising a plurality of compression chambers with an
enlarged volume to increase the amount of potential
energy that can be stored in said volume, wherein the
fuel injection is primarily driven by energy accumulated
in said volume and the fuel injection is controlled by

said at least one hydraulic valve.

31. An engine according to <claim 30, wherein one
compression chamber is provided for supplying one pair of

neighboring cylinders with high-pressure hydraulic fluid.

32. An engine according to claim 30 or 31, wherein said
compression chambers are formed by machining a recess in

a solid block of metal.
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