
WO 2005/040564 PCT/DK2004/000745  1 CENTRALISED
LUBRICATION OF LARGE DIESEL  ENGINES The present
invention concerns a centralised lubrication system
for lubricating the  5 cylinder faces in large diesel
engines, particularly marine engines, including at
least  one lubricating apparatus with a number of
reciprocating pumps actuated by cams on a  rotating
control shaft which is driven preferably synchronously
with the main shaft of  the diesel engine. 10
Furthermore, the present invention concerns a method
for lubricating the cylinder  faces in large diesel
engines, particularly marine engines, including at
least one  lubricating apparatus with a number of
reciprocating pumps actuated by cams on a  rotating
control shaft which is driven preferably synchronously
with the main shaft of  the diesel engine. 15 The
lubricating apparatuses are traditionally designed as
pump units mounted in close  association with their
respective cylinders, and which are connected to a
supply  reservoir for lubricating oil and with oil
injection nozzles at different positions on the
cylinder lining. Each pump unit includes a plurality
of reciprocating pumps that 20 supply oil to various
lubrication points and are driven by a common rotating
control  shaft with,cams provided thereon. By the
rotation of the shaft, the cams interact with  thrust
heads on respective axially displacing pistons which
are spring loaded in  direction towards the control
shaft, so that by the rotation of the shaft, the
pistons will  perform reciprocating movements for
actuating the pistons of the reciprocating pumps.  25
For many years, lubricating apparatuses have operated
under the operational condition  that the delivery
pressure from the reciprocating pumps did not have to
be very high,  since it is standard that the oil is to
be injected in the cylinder during the upwards  return
stroke of the engine piston, i.e. in the course of the
compression, however 30 before the succeeding work
stroke by the ignited combustion. Operation with
injection  



or pumping pressure in the magnitude of 10 bars has
thus been current. WO 2005/040564 PCT/DK2004/000745  2
In recent years, proposals have been made for making
the lubrication more efficient by  injecting the oil
through atomising nozzles for achieving an oil mist
lubrication during  the upwards movement of the
piston. Hereby the oil is, however, supplied at a far
higher pressure for ensuring fine atomisation through
atomising nozzles, e.g. pressures  5 up to 100 bar or
more. In both systems, the control shaft is driven
through a direct or indirect mechanical  coupling with
the crankshaft of the engine, whereby it becomes
possible to establish  power for pump actuation and
simultaneously to achieve synchronisation between the
10 engine crankshaft and the control shaft of the
lubricating apparatus. A pump unit may e.g. include a
box-shaped apparatus housing carrying a row of
reciprocating pumps on a wall. The unit has a valve
housing with an inlet for  lubricating oil, an
intermediate section for accommodating a piston that
protrudes into 15 the apparatus housing and an outlet
for reciprocating pump thus formed. The outlet is
connected to a connector from which connecting pipes
emanate to the lubrication  points on the associated
engine cylinder, e.g. in a number of 6 - 24. The
pistons are actuated for pressing in by means of
actuation cams/rocker arms on a  20 through-going
control shaft which is rotated synchronously with the
crankshaft of the  engine. The pistons are spring
biased towards the actuation cams. A set screw is
provided, defining the extreme position for an
associated actuation cam. The set  screws may be
operated for determining individual operational
strokes of the pistons  and thereby the associated
yields of the individual reciprocating pumps. 25 With
the mechanical coupling, there is a limitation in the
possibilities of the user for  controlling the
injection time only for synchronised lubrication which
is timed  according to the rotation of the crankshaft.
Furthermore, in the future it may be  considered
realistic that mechanical drives for the lubrication
apparatus will disappear.  30 



In some operational situations, it will be desirable
to establish a non-synchronised  cylinder lubrication,
i.e. a cylinder lubrication which is not dependent on
the rotational  and angular position of the
crankshaft. This is e.g. the case with pre-lubricating
the  cylinders, where the user has the possibility of
interfering by providing a cylinder WO 2005/040564
PCT/DK2004/000745  3 lubrication before starting the
engine, and thereby before the rotation of the
crankshaft  has started. This is also the case for
overruling a so-called slowdown where an error  signal
can cause reduction of the engine revolutions at a
critical time, e.g. when  manoeuvring in a harbour. 5
It is the purpose of the present invention to indicate
a system and a method whereby it  is possible to
establish the cylinder lubrication in such a way that
the user may  optionally establish a synchronised
cylinder lubrication as well as a non-synchronised
cylinder lubrication in operational situations where
desired, and it is particularly the 10 purpose that
this may occur without using mechanical drive between
the main shaft of  the diesel engine and the control
shaft in the lubricating apparatus. According to the
present invention, this is achieved with a centralised
lubrication  system that is peculiar in including: 15
- an AC motor connected with and driving the control
shaft; - means for detecting speed, direction of
movement and position of the engine piston  and for
generating digital or electric signals indicating
these parameters; - a control unit which is adapted
for receiving the digital/electric signals and which
is  connected with and controls the AC motor for
regulating the rotation of the control  20 shaft and
thereby the actuation of the reciprocating pumps. The
method according to the invention is peculiar in that:
- the control shaft is driven by AC motor; - detection
of speed, direction of movement and position of engine
piston is  25 performed; - digital or electric signals
indicating these parameters are generated; 



- the digital/electric signals are transmitted to a
control unit which is connected with  and controls the
AC motor for regulating the rotation of the control
shaft and thereby  the actuation of the reciprocating
pumps. 30 It may be said that the system according to
the invention is based on servo-control  based on a
digital/electronic reference signal that indicates the
speed, direction and  position of the piston, for in
that way to lubricate at the right time in the piston
cycle  and which is used for controlling the AC
motor/servomotor. This motor is used for WO
2005/040564 PCT/DK2004/000745  4 driving the control
shaft of the lubricating apparatus so that lubricating
apparatus and  main shaft may be brought to run timed
(synchronously or asynchronously) via the  control of
the control unit. Control may be performed depending
on what is wanted in  a given operational situation,
and since there is no direct mechanical drive between
the 5 main shaft and the control shaft, these may also
be brought to run asynchronously.  Regarding the
function of the invention, it is secondary where the
signals come from  and from which engine components
they are generated. The signals may thus be  generated
from different parts/functions on the diesel engine.
10 According to a preferred embodiment, the system
according to the invention is  peculiar in - reference
means connected with the main shaft and which directly
or indirectly  indicate the position of the main shaft
and thereby also the position of the piston; 15 -
sensor means detecting the position of the reference
means; and - that the control unit is connected with
and receives signals from sensor means and  includes
means for detecting angular position as well as
angular speed for the  reference means and thereby for
the main shaft/engine piston. 20 According to a
preferred embodiment, the method according to the
invention is  peculiar in - that the digital/electric
signals are established by reference means which are  



connected with the main shaft and which directly or
indirectly indicate the position of  the main shaft
and thereby also the position of the piston, and
sensor means that detect  25 the position of the
reference means; and - that the control unit is
connected with and receives signals from sensor means
and  includes means for detecting angular position as
well as angular speed for the  reference means and
thereby for the main shaft/engine piston. 30 From the
AC motor/lubricating apparatus a reference signal is
returned to the control  unit/servo-control. The
reference signals are compared with a reference signal
from  the main shaft or from a sensor detecting the
position of the piston, and possible  adjustment of
the speed of the AC motor is performed automatically
if necessary to  achieve the desired timed lubrication
of the cylinder. For controlling the servo-control, WO
2005/040564 PCT/DK2004/000745  5 reference signals
from the main shaft/pistons of the diesel engine and
the AC  motor/lubricating apparatus are thus to be
used. A system according to the invention may be based
on standard components. This is  5 advantageous, as
hereby it is possible to perform a relatively simple
rebuilding of  existing lubricating systems in order
to achieve the advantages of the present  invention.
By and large, it is possible to keep lubrication
apparatuses in their present  design, which of course
would be a significant advantage. It is only required
to  provide a drive motor and a control therefor which
can co-ordinate rotation of the  10 control shaft with
the position of the crankshaft/piston of the diesel
engine. According to a particular embodiment, the
system according to the invention is  peculiar in that
the sensors include two reference sensors that are
mutually displaced  in the circumferential direction
of the main shaft. Hereby it is possible to detect  15
whether the main shaft is rotating one or the other
way. In a particularly simple design it is preferred
that the reference means include teeth on  a toothed
rim that is preferably disposed on the flywheel of the
main shaft. The  toothed rim is usually provided
beforehand, and the teeth thus provide well-defined 20
reference means that are evenly distributed along the
entire circumference of the main  



shaft. The tooth pitch will thus determine the
accuracy of the system. For example, by  a tooth pitch
of 3, in the worst case there will be a 3 error at the
injection. The teeth  will normally be disposed with
so small pitch that a possible error will not have any
practical significance for the injection. 25 According
to a further embodiment, the system according to the
invention is peculiar  in that the reference means
include an index reference means, and that the sensor
means include an index sensor for detecting the
position of the index reference means.  Hereby it is
possible to establish a point of origin. From this
point of origin, the teeth  30 with the two reference
sensors are counted. It is the primary task of the
system to ensure that the lubricating apparatuses are
running angularly synchronously with the main shaft of
the diesel engine so that a WO 2005/040564
PCT/DK2004/000745  6 timed cylinder lubrication is
achieved. The timing may be adjusted according to the
need via the control unit. When the diesel engine is
stopped or running, and a pre-lubrication of the
cylinders is  5 wanted, it is possible to perform a
pre-lubrication of the cylinders. This is effected by
controlling the AC motor independently of the
reference signal from the main  shaft/pistons. The
reference signal may be overruled via the control
unit. After  applying the pre-lubrication function,
synchronisation may be attained again  automatically.
In a particular embodiment, this occurs after a 360
rotation of the main  10 shaft. According to a
particular embodiment, there is provided a backup
servo-control and a  switch so that switching to the
backup servo-control is made automatically in case of
an error in the system. This is effected via the
control unit which controls the switch.  15 The backup
servo-control can be timed or not timed. The reference
signals from the main shaft may come from an angle
encoder or  corresponding detecting means. According
to a particular embodiment, it is preferred  that the
angular position is indicated with an accuracy which
is to be no less than 



20 about 4, and which preferably has signal level that
maintains HTL or TTL signal  level. In a particular
embodiment, the reference signals are present in
duplicate  versions that are mutually independent,
also with regard to supply voltage. This is
advantageous with regard to the reliability of the
system. 25 Alternatively, the reference signals from
the main shaft may be established via  inductive
sensors that together provide position, speed and
direction of the main shaft.  The reference signals
from the electric motor/lubricating apparatus are
established  according to a particular embodiment by a
combination of signals. A resolver is built 30 into
the AC motor and from the signal of which the control
can determine the  rotational speed, rotational
direction and relative position of the AC motor. On
the  lubricating apparatus there is mounted an
inductive sensor indicating the timing point  of the
lubricating apparatus, i.e. the position of the
lubricating apparatus. By WO 2005/040564
PCT/DK2004/000745  7 combining theses signals a
well-defined reference signal is attained for the AC
motor/lubricating apparatus. According to a further
embodiment for the system according to the invention,
there is  5 provided a monitoring arrangement which is
arranged for automatic switch to the  backup
servo-control in case of an error. Furthermore, it is
adapted for providing an  error message to a local
operating panel and to the overall control that is
usually found  on the bridge of the ship where the
diesel engine is used. 10 The monitoring arrangement
supervises both master and backup controls with regard
to errors concerning servo-drive, reference signals,
AC motor, supply voltage and  synchronisation between
the reference signals. The system is arranged so that
error messages in the backup system will produce a  15
slow-down signal for the main engine simultaneously
with an error message to the  overall control. If
necessary in the situation, it will be possible to
override this  slowdown signal via the control unit.
The invention is explained in detail in the following
with reference to the drawing,  20 where: 



Fig. 1 shows a sectional view of an embodiment of a
conventional lubricating  apparatus that may be used
in a system according to the present invention;  Fig.
2 shows a longitudinal section of the lubricating
apparatus shown in Fig. 1; 25 Fig. 3 shows a block
diagram of elements forming part of a system according
to the  invention; Fig. 4 shows a partially
perspective view of a flywheel for a diesel engine and
elements used for indicating the angular position of
the flywheel; Fig. 5 shows an example of reference
signals achieved by using the elements shown  30 in
Fig. 4 by a method according to the invention; and
Fig. 6 shows a schematic diagram for a control loop by
the method according to the  invention. WO 2005/040564
PCT/DK2004/000745  8 The apparatus shown in Figs. 1
and 2 has a box-shaped apparatus housing 2 which on  a
front wall 4 carries a row of reciprocating pump units
6, of which only one is shown  in Fig. 1. The unit has
a valve housing 8 with a lower inlet for lubricating
oil, an  intermediate section for accommodating a
piston 10 protruding into the apparatus 5 housing 2
and an upper outlet for reciprocating pump thus
formed. The outlet is  connected to an upper connector
14 via a flow indicator 12, and from the whole row of
these connectors connecting pipes emanate to the
lubrication points on the associated  engine cylinder,
e.g. in a number of 6 - 24. 10 The pistons 10 are
actuated for pressing in by means of actuation cams 16
on a  through-going control shaft 18 which is rotated
synchronously with the crankshaft of  the engine, and
which is seated in bearing cases 30. The pistons are
not actuated  directly, but via thrust pads 20 on
respective rocker arms 22 which are pivoting about  a
fixed journal 24 with eccentric end journals 32 and
have upward extensions 26 that 15 interact at the top
with respective set screws 28 projecting inwards from
the front wall.  The pistons 10 are spring loaded in
direction inwards against the thrust pads 20 which
they will then keep pressed inwards until the
respective upper arms ends engage the  set screws 28.
Hereby, for each pumping unit the initial position is
determined from  



which each of the thrust pads 20 will be pressed
outwards at the passage of the  20 associated
actuating cam 16. In operation, in some situations
there is to be a certain distance between the arm part
26 and the set screw 28 so that the thrust pad 20
during the cam passage will be  pressed outwards for
operating the piston 10, and after this passage it
will travel back 25 to the said initial position under
the action of the spring force by the piston. The set
screws may hereby be operated for determining
individual operational strokes of the  pistons and
thereby the associated yields of the individual pump
units. In Fig. 3 there is shown a block diagram that
illustrates the essential elements forming  30 part of
an embodiment of a system according to the invention.
In order to be  operational, a system has to contain
further elements, e.g. voltage supply, but such
further elements will, however, be within the options
of the skilled in the art in the  light of the present
description. WO 2005/040564 PCT/DK2004/000745  9 Fig.
3 shows a lubricating apparatus 2 with its control
shaft 18 connected to a gear 34  which is driven by an
AC motor. The gear steps down the rotational speed of
the  motor 36 by a ratio selected with regard to a
desired rotational speed of the shaft 18 of  the
lubricating apparatus. A resolver 38 is fitted on the
AC motor 36, adapted for 5 detecting and transmitting
a signal regarding the actual angular position of the
AC  motor to a control unit 40. A reference signal for
the angular position of the main shaft 44 (see Fig. 4)
is  transmitted from the flywheel of the diesel engine
42 (see Fig. 4) to a master servo  10 drive 46 which
via the control unit 40 controls the AC motor so that
the lubricating apparatus may run angularly
synchronously with the main shaft 44. The master servo
drive 46 contains programmable regulator and control
element. A signal converter 48  is used for
converting/adapting the reference signal from the
flywheel and is  connected between the master servo
drive 46 and the control unit 40. 15 Correspondingly,
the system includes backup servo drive 50 and backup
signal  



converter 52. These are used for emergency operation
in case of error in the master  system. 20 The system
includes an index sensor 54 which is disposed in
connection with a drive  shaft 56 connecting the gear
34 and the control shaft 18. This index sensor 54 is
used  for determining the absolute position of the
lubricating apparatus. Since the resolver  38 is
placed on the AC motor and since the gear 34 is
disposed between the AC motor  36 and the control
shaft 18 of the lubricating apparatus, the index
sensor is required 25 for establishing the absolute
position of the control shaft 18 of the lubricating
apparatus. The signal from the index sensor 54 is
transmitted to the control unit 40.  The control unit
40 receives reference signals from sensors regarding
position of the  main shaft 44 and the AC motor
36/lubricating apparatus 18. Furthermore, the control
30 unit 40 monitors the function of the system
elements and may, via a control  changeover switch 56,
switch to the backup system, if an error exists in the
master  system. The control changeover switch 56 will
thus be used for switching between  master servo-drive
46 or backup servo-drive 50 being connected to the AC
motor 36. WO 2005/040564 PCT/DK2004/000745  10 The
system includes a local operating panel 58. This has a
switch 60 for establishing  pre-lubrication and switch
62 for switching between manual or automatic
operation.  Furthermore, it has alarm indicators 64
and status indicators 66. 5 The control unit 40 is
connected to a regulating button 68 for adjusting the
timing for  injection of lubricating oil into the
cylinder. The adjustment capability is between 0  and
360. Fig. 4 shows the flywheel 42 including a toothed
rim 70 which is provided with teeth  10 72 along its
circumference. The teeth 72 are used a reference means
for indicating the  angular position of the main shaft
and thereby also the position of the piston. Two
sensors 74, 76 are provided which are arranged for
detecting the presence of a tooth 72  opposite the
sensor and which are mutually displaced in the
circumferential direction  of the main shaft. By this
it may be detected if the main shaft 44 is turning one
way or  15 the other, based on detection of the time
delay by the sensors 74, 76. 



At the side of the toothed rim 70 there is provided a
0 index reference 78 in the shape  of a projecting pin
which is detected by an index sensor 80. A starting
point for  counting the teeth 72 may hereby be
provided. The position of the index reference 78 20 in
relation to the position of the piston/main shaft is
used for setting the timing point  of the lubricating
apparatus 2. All three sensors 74, 76 and 80 are
preferably inductive  proximity sensors. Fig. 5 shows
two examples 82, 84 of reference signals collected by
the sensors 74, 76  25 and 80. The two examples 82, 84
show the rotation of the main shaft in opposite
directions. The difference in detecting the teeth 72
with the sensors 74 and 76  expresses the direction of
rotation. A control loop, as shown in Fig. 6, includes
an angular position indicator 86 and an  30 angular
speed meter 88. The signal of the angular position
indicator 86 is transmitted  to a first regulator 90
together with the reference signal from the main
shaft/piston.  The regulated signal is then
transmitted to a second regulator 92 together with the
signal from the angular speed meter 88 for possible
compensation/adjustment on the  basis of angular
speed. The resulting signal is transmitted to a
control element 94 WO 2005/040564 PCT/DK2004/000745
11 which performs possible adjustment of the AC motor
36. By using this double control  loop, one may on the
basis of the speed predict the expected future
position of the  reference point and may thereby
control the AC motor very accurately. WO 2005/040564
PCT/DK2004/000745  12  CLAIMS 1. Centralised
lubrication system for lubricating the cylinder faces
in large diesel  engines, particularly marine engines,
including at least one lubricating apparatus with  a
number of reciprocating pumps actuated by cams on a
rotating control shaft which is 5 driven preferably
synchronously with the main shaft of the diesel
engine,  characterised in that it includes: - an AC
motor connected with and driving the control shaft; 



- means for detecting speed, direction of movement and
position of the engine piston  and for generating
digital or electric signals indicating these
parameters; 10 - a control unit which is adapted for
receiving the digital/electric signals and which is
connected with and controls the AC motor for
regulating the rotation of the control  shaft and
thereby the actuation of the reciprocating pumps. 2.
Centralised lubrication system according to claim 1,
characterised by 15 - reference means connected with
the main shaft and which directly or indirectly
indicate the position of the main shaft and thereby
also the position of the piston; - sensor means
detecting the position of the reference means; and in
- that the control unit is connected with and receives
signals from sensor means and  includes means for
detecting angular position as well as angular speed
for the  20 reference means and thereby for the main
shaft/engine piston. 3. Central lubrication system
according to claim 2, characterised in that the
sensors  include two reference sensors that are
mutually displaced in the circumferential  direction
of the main shaft. 25 4. Centralised lubrication
system according to claim 2 or 3, characterised in
that the  reference means include teeth on a toothed
rim that is preferably disposed on the  flywheel of
the main shaft, and an index reference means, and that
the sensor means  include an index sensor for
detecting the position of the index reference means.
30 5. Centralised lubrication system according to any
preceding claim, characterised in  that the AC motor
is connected with a resolver which is adapted for
providing a signal  to the control unit for the actual
angular position of the AC motor. WO 2005/040564
PCT/DK2004/000745  13 6. Method for lubricating the
cylinder faces in large diesel engines, particularly
marine  engines, including at least one lubricating
apparatus with a number of reciprocating  pumps
actuated by cams on a rotating control shaft which is
driven preferably  synchronously with the main shaft
of the diesel engine, characterised in that: 



5 - the control shaft is driven by AC motor; -
detection of speed, direction of movement and position
of engine piston is  performed; - digital or electric
signals indicating these parameters are generated; -
the digital/electric signals are transmitted to a
control unit which is connected with  10 and controls
the AC motor for regulating the rotation of the
control shaft and thereby  the actuation of the
reciprocating pumps. 7. Method according to claim 6,
characterised in that - the digital/electric signals
are established by reference means which are connected
15 with the main shaft and which directly or
indirectly indicate the position of the main  shaft
and thereby also the position of the piston, and
sensor means that detect the  position of the
reference means; and - that the control unit is
connected with and receives signals from the sensor
means  and includes means for detecting angular
position as well as angular speed for the  20
reference means and thereby for the main shaft/engine
piston. 8. Method according to claim 7, characterised
in that reference signals for the position  of the
main shaft are duplicated and provided in at least two
mutually independent  versions, also with regard to
supply voltage. 25 9. Method according to any of
claims 6 - 8, characterised in that the reference
signals  for the AC motor/lubricating apparatus are
provided as a combination of signals for  the speed,
direction and position of the engine and a signal for
the timing point of the  lubricating apparatus. 30 10.
Method according to any of claims 6 - 9, characterised
in that the servo-control is  monitored, and that
switching to the backup servo-control is made
automatically in  case of an error in the system. 


