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MONITORING DEVICE AND MONITORING METHOD FOR MONITORING A
STATE OF WEAR OF A COMPONENT OF A RECIPROCATING INTERNAL
COMBUSTION ENGINE

The invention relates to a monitoring apparatus, as well as to a monitoring
method for monitoring a state of wear of a component of a reciprocating
piston internal combustion engine in accordance with the preamble of the

independent claim of the respective category.

Large diesel engines are frequently used as drive aggregates for ships or
also In stationary operation, for example, for the drive of large generators
for the generation of electrical energy. In this respect the motors run as a
rule over considerable time periods in continuous mode of operation which
represents high demands on the operational safety and the availability.
For this reason, in particular long maintenance intervals, low wear and an
economic handling of fuel and operation media are central criteria for the
operators for the operation of the machines. Amongst other things the pis-
ton running behavior of such large bore slow running diesel engines is a
decisive factor for the length of the maintenance intervals, the availability
and via the lubricant consumption also directly for the operational costs
and thereby for the profitability. Thereby an always greater significance is

given to the complex problem of the Iubrication of large diesel engines.

In large diesel engines, however, not only for these, the piston lubrication

occurs via lubrication devices present in the piston moving to and fro or
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within the cylinder wall, by means of which lubrication oil is applied to the
running surface of the cylinder wall to minimize the friction between the
piston and the running surface and therefore to minimize the wear of the
running surface and the piston rings. For example, the wear of the run-
ning surface currently lies at less than 0.05 mm for an operational time of
a 1000 hours for modern machines such as e.g. the RTA motors of Wart-
sila. The quantity of lubricant conveyed for such engines lies at approxi-
mately 1.3 g/kHh and less and at least for reasons of cost should still be
reduced as far as possible, wherein the wear should be minimized at the

same time.

Very different solutions are known as lubrication systems for lubricating
the running surfaces, both with regard to the specific design of the lubri-
cation device itself and also with regard to the method of lubrication. For
example, lubrication devices are known in which the lubrication oil is ap-
plied through a plurality of lubricant openings onto a piston running past
the lubricant openings which are arranged in the circumferential direction
in the cylinder wall, wherein the lubricant is distributed through the pis-
ton rings both in the circumferential direction and also in the axial direc-
tion. In this method, the lubricant is not applied on a large scale onto the
running surface of the cylinder wall, but more or less point-wise between

the piston rings on the side surfaces of the piston.

Independent of which method is used to apply the lubrication oil onto the
counter running partner, specific problems in connection with the cylinder
lubrication and, in particular in connection with the wear of the compo-
nents of cross-headed large diesel engines exist which up until today have

remained unresolved.
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In this respect it is known to at least coarsely determine the state of wear
of pistons, piston rings, gas exchange valves, such as e.g. the outlet valve,
the running surface and other components of the internal combustion in
that specific properties of the lubrication oil used in the internal combus-
tion engine are investigated. For this purpose the Iubrication oil which, for
example, collects at the bottom of the piston bottom side space in the case
of longitudinal scavenged two-stroke large diesel engines, is collected in a
container and the collected lubrication oil is investigated, for example, on
the presence of iron particles. When a certain quantity of iron is then de-
termined in the thereby collected lubrication oil this permits certain crude
conclusions on the state of wear of the aforementioned cylinder compo-
nents. In this respect the measurement of the iron content occurs in a

manner known per se by means of a magnetic method.

These known methods, however, have a series of disadvantages which fre-

quently severely distort the measurement results in practice.

For example, the lubrication oil which has settled, for example, at the floor
of the piston bottom side space, is contaminated with many other materi-
als which did not originally emerge from the combustion space of the in-
ternal combustion engine. For example, contaminants are transported into
the receiver space from the turbo charge system which additionally con-
taminates the lubrication oil. Naturally, a certain quantity of contami-
nated lubrication oil is also always conveyed from the crankshaft space
into the piston bottom side space through the stuffing boxes. Moreover,
the lubrication oil stored in the receiver space is always a mixture of con-
taminated lubrication oil which is composed of very many past engine cy-
cles, so that the lubrication oil settled in the receiver space never repre-
sents a current composition of the lubrication oil, as it corresponds to the

current real composition of the lubrication oil in the cylinder liner.
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This means that the lubrication oil settled in the receiver space includes a
whole series of residues which either do not stem from the corresponding

cylinder liner and/or do not correspond to the current situation.

A further grave disadvantage of the known measurement methods lies
therein that the magnetic measurement systems used have a far too small
a sensitivity. This has the effect that a comparatively large quantity of lu-
brication oil has to be collected. The lubrication oil is typically collected in
a container which has a volume of a few 10 cm?® which has to be more or
less completely filled before a measurement can actually be carried out.
The lubrication oil consumption of, for example, a modern large diesel en-
gine has been strongly minimized as was initially mentioned, so that it
typically takes many hours until a sufficient quantity of lubrication oil has
been collected, which can then be investigated in the known measurement

systems.

The disadvantages are obvious. Real online measurements in the sense
that a current state of wear of the engine components can be determined
are not at all possible, as a measurable sample of lubrication oil has to be
collected over a long period. This has the effect that, for example, a start-
ing seizure of the piston at the cylinder running surface, i.e. the feared
scuffing, is frequently only noticeable too late. Frequently only so late that
massive damage at the cylinder components can no longer be avoided. The
result is that a cylinder liner has to frequently be taken out of operation

and be replaced.

For this reason it is an object of the invention to provide an improved
monitoring apparatus for monitoring a state of wear of the component of a

reciprocating piston internal combustion engine with which a state of wear
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of components of the internal combustion engine can be monitored relia-
bly and fast, preferably in a real online measurement method, possibly in
real time, so that corresponding measures, such as, for example, mainte-
nance measures or a corresponding matching of the control of the ma-

chine or the cylinder in question can be carried out without unnecessary

time delays.

The subject matter of the invention satisfying this object are characterized

by the features of the independent claims 1, 14, 15, 32 and 37.

The dependent claims relate to particularly advantageous embodiments of

the invention.

The invention therefore relates to a monitoring apparatus and to a moni-
toring method for monitoring a state of wear of a component of a recipro-
cating piston internal combustion engine including a cylinder having a
cylinder cover and a running surface provided at a cylinder wall of the cyl-
inder in which cylinder a piston is arranged movable to and fro in an axial
direction along the running surface between a bottom dead center and a
top dead center such that the piston, the cylinder cover and the cylinder
wall form a combustion space in the cylinder for the combustion of a mix-
ture of fuel and air wherein an oil collection device is provided for the col-
lection of lubrication oil from the cylinder, so that a predetermined meas-
ured quantity of lubrication oil is suppliable from the cylinder to a meas-
urement device. In accordance with the invention the measured quantity
of Iubrication oil is directly supplied from the running surface of the cylin-
der and/or is directly suppliable from the combustion space and/or is di-
rectly suppliable from a piston ring package of the piston to the collection

device.
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The fact that the measurement quantity of lubrication oil no longer con-
sists of lubrication oil settled and collected in the receiver space, but only
lubrication oil is used for the measurement which directly and currently
stems from the cylinder space and therefore is not contaminated with for-
eign materials means that the lubrication oil collected in accordance with
the invention substantially only includes such information which reflects
the current state of wear of the cylinder components, such as pistons, pis-

ton rings, cylinder running surface, gas exchange valve etc.

For this reason it is possible for the first time to monitor the current state
of wear of the motor components, without interfering foreign influences,
such as, for example, contaminations which do not directly stem from the
cylinder liner or do not correlate with the point in time of the measure-

ment.

To carry out real time measurements as far as possible, it is preferred to
preferably use a fast measurement method as is disclosed by the claims.
The fastest measurement method in accordance with the invention is
therefore suitable to carry out measurements on a motor, in particular
also such that measurements can be carried out on a motor which is cur-
rently in the transient operating state, wherein the transient operating
state relates to an engine number of rotations which changes during the
measurement or to an engine load which changes during the measure-
ment or to a combination of engine numbers of rotations and engine load

changing during the measurement.

A particularly advantageous embodiment of a fast measurement method
which is also cost-effective and simple from the apparatus point of view
and which, in particular only requires very small quantities of lubrication

oil for a measurement, essentially uses a measurement capacitor which is
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geometrically designed such that the quantity of lubrication oil collected
during a single or at least during a very few number of combustion cycles
is sufficient to fill the capacitor with a measurable quantity of lubrication

oil.

For example, a capacitor, e.g. a plate capacitor, having a small plate sepa-

ration distance can be used.

A cylindrical plate capacitor can also be used very advantageously which
comprises two spiral-like metal surfaces wound into one another which

are arranged as close as possible to one another.

The collected lubrication oil can then be blown into the cylindrical plate
capacitor for the measurement and a measurement can thenbe carried
out. Following the conclusion of the measurement, the cylindrical capaci-
tor can be cleaned, for example with pressurized air, so that in a next cy-
cle newly collected lubrication oil can be blown into the cylindrical capaci-

tor for a further measurement.

Using a measurement bridge as known per se, for example, the complex
conductance, can then be measured, preferably still in dependence of fre-
quency and/or of temperature or in dependence of the applied electrical
voltage, of the temperature or of the variation of other parameters. Con-
clusions can thenbe directly drawn on the contaminants, such as water,
metals such as iron, chromium, vanadium or other metals from the
measurement values, for example, by means of a comparison with calibra-
tion measurements or by means of the evaluation of suitable mathemati-
cal functions. Conclusions can also be drawn on chemical contaminants,
in particular on irons forming contaminants or components, such as acids

or bases etc. so that also changes in the chemical composition are acces-
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sible and, for example, element concentrations of sulfur, phosphor or oth-

er chemical elements or components can be determined.

The capacitor can be used, for example in an electric circuit in a manner
known per se, which electric circuit also includes a coil of predefined con-
ductivity and thereby forms an oscillating circuit of predetermined reso-
nant frequency beside other electric components for increasing the meas-
urement accuracy and thus ultimately also for the reduction of the re-

quired measurement volume of lubrication oil.

Such arrangements react to a change of the inductivity of the coil or of the
dielectric constant of the capacitors extremely sensitively by means of a
change of the resonance frequency. Thereby an extremely sensitive meas-
urement instrument is made available by means of which a very high
measurement accuracy can be achieved also in regard to different ingredi-
ents and also with a very small sample volume by means of the present
invention having such an arrangement, wherein also a plurality of oscillat-

ing circuits of different resonant frequencies can be coupled.

In this respect it is naturally understood that the lubrication oil can also
be filled into a suitable constructed coil which leads to a change of the in-
ductivity in dependence on the contamination. Natﬁrally, also a corre-
spondingly prepared capacitor or a correspondingly prepared coil can be

combined in a measurement circuit.

Furthermore, also other dimensions, such as, for example the measure-
ment frequency or the measurement amplitude can be suitably used, to
e.g. increase the measurement accuracy or to utilize certain phenomena
such as, for example, resonance appearances. Thus, for example, an elec-

tric or a differently operated heating can be provided at the measurement
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body, i.e. for example, a capacitor filled with oil so that a measurement
can be carried out with a defined temperature, in which, for example, a
certain relaxation process can be measured particularly well. Further cor-
responding methods of manipulation are known to the person of ordinary
skill in the art by means of whose use interesting dimensions can be par-

ticularly well determined.

It is naturally understood that for improving the measurement accuracy,
for example, also other dimensions can be determined by means of suit-
able sensors which are generally known per se. Thus, for example, sensors
can be provided which monitor the temperature during the measurement
or which automatically monitor the quantity of lubrication oil which is
available for a current measurement, so that the direct measurement size

can be correspondingly corrected if necessary.

The lubrication oil is preferably collected through suitable openings in the
cylinder wall, so that samples can be taken in dependence of position
and/or of time. This can occur, for example thereby, that lubrication oil is
supplied through the openings in the cylinder wall to a collection system
and/or measurement system due to the over-pressure present in the cyl-
inder and/or the ring package with regard to the environment. The men-
tioned over-pressure present in the ring package with regard to the envi-
ronment results both for a reciprocating piston engine according to the
two-stroke construction type and also in accordance with the four-stroke
construction type, so that the measurement principle in accordance with
the invention can be used both for two-stroke reciprocating piston motors

and also for four-stroke reciprocating piston motors.

However, also an extraction of lubrication oil via the scavenging slits is

advantageously possible. When the piston passes the scavenging slits
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which open into the receiver space on its movement in the direction to-
ward the bottom dead center, the lubrication oil from the piston ring
grooves and/or from the piston ring packages, in which a certain quantity
of lubrication oil is always stored, are blown into the receiver space in the
form of a lubrication oil cloud, by means of the over-pressure present in
the piston ring package, the lubrication oil is then collected in the receiver
space from the lubrication oil cloud by means of a suitable collection de-

vice.

As is known to the person of ordinary skill in the art the gas pressure
runs through the piston ring package like in a labyrinth seal and is stored
there together with the lubrication oil present in the piston ring package
and can then practically not escape as long as the piston ring package lies
sealingly at the running surface of the cylinder wall. If the piston then
passes the scavenging slits on its decompression movement in the direc-
tion toward the bottom dead center UT, then the gas stored in the piston
ring package together with the lubrication oil stored in the piston ring
package can escape abruptly into the receiver space via the scavenging
slits in the form of a lubrication oil cloud, whereby the receiver space is

naturally massively contaminated with lubrication oil.

This generally negative side effect can thereby be positively exploited by

means of the invention.

However, the condition can arise that the gas pressure in the piston ring
package no longer lies substantially above the environmental pressure at
the end of the expansion stroke following the combustion for non-
turbocharged reciprocating piston engines in accordance with the two-
stroke construction type and the four-stroke construction type and thus

no sufficiently large quantity of oil would arise with the oil collection de-
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vice in accordance with the invention. This circumstance can be remedied
in that an under-pressure can be plastically applied from the outside
which can, for example, be brought about by a blower on the exit air side
of the used oil/air separator. From this a sufficiently large pressure differ-
ence again results between the ring package and the exit air side of the
used oil/air separator, whereby the function of the oil collection system
and the measurement system is also ensured for non-turbocharged recip-

rocating piston motors.

In a preferred embodiment of a monitoring apparatus in accordance with
the invention the oil collection device includes an oil collection opening

which is provided at the cylinder wall between the bottom dead center of
the piston and the cylinder cover. In this respect the oil collection device,

in particular includes an oil collection valve actuatable by a control device.

In this respect the reciprocating piston internal combustion engine can be
both a longitudinally scavenged internal combustion engine with scaveng-
ing slits, in particular a slow running two-stroke large diesel engine,
wherein the oil collection opening is preferably arranged in the region of
the scavenging slits such that lubrication oil exiting via the scavenging
slits is collectable to the oil collection opening. In this respect it is natu-
rally understood that the reciprocating piston internal combustion engine
can also be an internal combustion engine which is operated on the four-

stroke principle.

When the reciprocating piston internal combustion engine is a four-stroke
reciprocating piston internal combustion engine the oil collection openings
are preferably arranged at the cylinder between the piston of a crown of
the piston in the top dead center and the position of a bottom side of a

piston in the bottom dead center, such that lubrication oil is collectable
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from the cylinder through the oil collection opening. Suitable oil openings
of the oil collection device at the cylinder particularly preferably lie be-
tween the position of the piston crown in the top dead center and the low-
est ring of the piston ring package of the piston in the bottom dead center.
[t can, in particular be ensured that lubrication oil is collectable essen-
tially from the overall running surface of the piston rings of a four-stroke
engine relevantly wetted through the oil collection device by means of such
an arrangement of the openings of the oil collection device of the cylinder
wall.

The oil collection device particularly preferably includes an oil collection
space which is preferably an integral part of the cylinder wall, wherein the
Iubrication oil collected in the oil collection space is suppliable to the

measurement apparatus via the oil collection opening.

Frequently at least two oil collection openings are provided which are ar-
ranged at the cylinder displaced from one another in the circumferential
direction and/or with regard to the axial direction, wherein the oil collec-
tion opening is designed such that a lubrication oil flow rate is settable in

a particular embodiment.

In this respect the measurement system advantageously includes an elec-
tromagnetic measurement unit, in particular a measurement unit for the
amplitude dependent and/or the frequency dependent and/or the fre-
quency independent determination of a capacitance, of a magnetic perme-
ability, of an electric conductivity and/or of an AC conductivity and/or of
a complex electric conductivity and/or of a complex electric resistance of
the collected measured quantity of lubrication oil, wherein the monitoring
apparatus can preferably be provided miniaturized directly in the cylinder
wall.
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In a different embodiment of the present invention, the measurement de-
vice includes an X-ray measurement unit, in particular for the determina-
tion of a transmission property and/or of an absorption property and/or
of a reflection property and/or of a fluorescence property of the collected

measured quantity of lubrication oil.

In a further embodiment the measurement system includes an optical
measurement unit for the determination of an optical transmission prop-
erty and/or of an optical absorption property and/or of an optical reflec-
tion property and/or of an optical fluorescence property of the collected
measured quantity of lubrication oil, wherein the optical measurement
unit is preferably an infrared measurement unit and/or an ultraviolet

measurement unit.

In practice, the measurement system can, in particular, be a chemical
measurement device for the determination of a chemical composition of
the collected measured quantity of lubrication oil, wherein the measure-
ment system includes a measurement device for the determination of a
content of water and/or of a content of metal, in particular of iron and/or
or chromium and/or of vanadium, and/or for the determination of a con-
tent of phosphor and/or of sulfur of the collected measured quantity of

lubrication oil.

The invention further relates to a reciprocating piston internal combustion

engine, in particular to a two-stroke large diesel engine or to a four-stroke
engine having a monitoring apparatus in accordance with the invention,
as well as to a monitoring method for monitoring a state of wear of a com-

ponent of a reciprocating piston internal combustion engine.
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The monitoring method in accordance with the invention relates to a mon-
itoring method for monitoring a reciprocating piston internal combustion
engine including a cylinder having a cylinder cover and a running surface
provided at a cylinder wall of the cylinder, in which cylinder a piston is
arranged movable to and fro in an axial direction along the running sur-
face between a bottom dead center and a top dead center such that the
piston, the cylinder cover and the cylinder wall form a combustion space
in the cylinder for the combustion of a mixture of fuel and air. In this re-
spect an oil collection device is provided for the collection of lubrication oil
from the cylinder and, in the operating state, a predetermined measured
quantity of lubrication oil is supplied from the cylinder to a measurement
device. In accordance with the invention the measured quantity of lubrica-
tion oil is directly supplied from the running surface of the cylinder
and/or is directly supplied from the combustion space and/or is directly
supplied from a piston ring package of the piston to the oil collection de-

vice.

For carrying out the monitoring method in accordance with the invention,
the oil collection device preferably includes an oil collection opening which
is provided at the cylinder wall between the bottom dead center of the pis-

ton and the cylinder cover.

The oil collection device, in particular includes an oil collection valve ac-
tuatable by a control device, so that in the operating state a predefined

quantity of lubricant can be led away out of the cylinder.

In this respect the reciprocating piston internal combustion engine, for
example, is a longitudinally scavenged internal combustion having scav-
enging slits, in particular is a slow running two-stroke large diesel engine

and the oil collection opening is arranged in the region of the scavenging
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slits such that lubrication oil exiting via the scavenging slits is collected
through the oil collection opening in the operating state. It is naturally
understood that the monitoring method in accordance with the invention
can naturally also be successfully used for an internal combustion engine

which is operated in accordance with the four-stroke principle.

The oil collection device particular preferably includes an oil collection
space for carrying out the monitoring method in accordance with the in-
vention, which oil collection space is preferably an integral part of the cyl-
inder wall, so that lubrication oil collected in the oil collection space is
suppliable to the measurement device, in particular can also be supplied

via the oil collection openings.

In practice generally at least two oil collection openings are provided which
are arranged at the cylinder displaced from one another in the circumfer-
ential direction and/or with regard to the axial direction, so that samples
of lubrication oil can be taken from different positions in the cylinder,
wherein the oil collection opening is preferably designed such that a lubri-
cation oil flow-rate can be set, preferably such that a lubrication oil flow-

rate can be set automatically.

For carrying out the monitoring method in accordance with the invention,
the measurement system particularly preferably includes an electromag-
netic measurement unit so that, in particular an amplitude dependent
and/or a frequency dependent and/or a frequency independent determi-
nation of a capacitance, of a magnetic permeability, of an electric DC con-
ductivity and/or of an AC conductivity, and/or of a complex electric con-
ductivity and/or of a complex electric resistance of the collected measured

quantity of lubrication oil is carried out.
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In a further embodiment, the measurement system includes an X-ray
measurement unit so that, in particular a determination of a transmission
property and/or of an absorption property and/or of a reflection property
and/or of a fluorescence property of the collected measured quantity of

lubrication oil is carried out.

In a further specific embodiment, the measurement system includes an
optical measurement unit, so that in particular a determination of an op-
tical transmission property and/or of an optical absorption property
and/or of an optical reflection property and/or of an optical fluorescence
property of the collected measured quantity of lubrication oil can be car-
ried out, wherein an infrared measurement unit and/or an ultraviolet

measurement unit is preferably used as the optical measurement unit.

In practice the measurement system frequently includes a chemical
measurement unit, so that a determination of a chemical composition of
the collected measured quantity of lubrication oil can be carried out,
wherein a content of water and/or a content of metal, in particular of iron
and/or of chromium and/or of vanadium and/or a content of phosphor
and/or of sulfur of the collected measured quantity of lubrication oil is

particularly preferably determined with the measurement unit.

The data recorded with the measurement device are evaluated, in particu-
lar are evaluated by means of a look-up table and/or by means of a prede-
termined mathematical function and/or by means of a calibration, where-
in, in particular a state of wear of a component of the reciprocating piston
internal combustion engine, in particular the state of wear of the piston
and/or of a piston ring and/or of the running surface of the cylinder wall
and/or of a gas exchange valve and/or of a different engine component is

determined.
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An evaluation of the measurement of the collected measured quantity of
lubrication oil is particularly preferably carried out for each engine cycle,
wherein a predetermined measured quantity of lubrication oil is particu-
larly preferably collected during a predetermined number of engine cycles
and a measurement is carried out and evaluated on the predetermined

measured quantity of lubrication oil.

Through an evaluation of the complete measurement data, for example, a
maintenance point in time for the maintenance of a predefined engine

component is preferably automatically determined.

The reciprocating piston internal combustion engine can naturally also be
controlled and/or regulated in dependence on a measurement result of

the collected measured quantity of lubrication oil.

A specific embodiment of the present invention which is particularly rele-
vant for practice is a "self-regulating lubrication system", i.e. an essen-
tially electronically regulated lubrication system which ensures very ho-
mogeneous and efficient properties of the oil film, which at the same time
reduces the loads on the oil film and prevents a degradation of the oil film,
both in the circumferential direction and also in the axial direction of the

cylinder liner and indeed under all operating conditions.

The present invention thereby focuses on the constant new adjustment of
the operating parameters of the lubrication system, such as, for example,
the lubrication oil feed rate, the vertical and/or horizontal distribution of
the lubrication oil, the injection frequency etc. if the corresponding tubri-
cation film properties no longer correspond to or fall below or above prede-

fined parameter boundaries. Furthermore, the quality and/or the per-
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formance of the lubrication and the lubrication oil film is dependent on
the operating conditions under which the internal combustion engine is
operated, such as, for example, the load, the humidity of the scavenging
air, the sulfur content in the fuel, the fuel quality, the quality of the lubri-

cation oil etc.

If, for example, two or more oil collection openings are provided at the cyl-

inder which are displaced from one another in an axial direction and/or in

"a circumferential direction then it is possible to, for example, collect lubri-

cation oil directly from the piston main package or from the running sur-
face of the cylinder liner at different position of the cylinder, to analyze the
lubrication oil and from that to generate a type of "map" of the distribution
of the properties of the lubrication oil film over the overall running surface
of the cylinder by means of the measurement device in accordance with
the invention. The supply of lubrication oil onto the running surface of the
cylinder can then be controlled and/or regulated in dependence of time
and/or of position from the thereby obtained measurement data via a
suitable control and/or regulation, such that a uniform performance and
quality of the lubrication oil film is permanently and automatically en-

sured over the overall running surface of the cylinder.

As is schematically shown with reference to Fig. 1, lubrication oil 9 is
preferably separately collected from an upper region OB at a first oil col-
lection opening 81 and at a lower region UB at a second oil collection
opening 81 of a cylinder 3 and the properties of the thereby collected 1u-
brication oil 9, such as, for example, alkalinity (BN-value), the iron con-
tent, the water content etc. can be separately analyzed in the two meas-
urement devices M1 and M2 and be supplied to a data processing plant
DV having the data acquisition unit. In the present example the lower sec-

ond oil collection opening 81 lies in the region of the scavenging slits 11,
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so that lubrication oil 9 is collected from the piston ring package through
the lower second oil collection opening 81, while the upper first oil collec-
tion opening collects lubrication oil directly from the running surface of

the cylinder 3.

In this respect the cylinder 3 has a plurality of lubrication oil nozzles pro-
vided in a manner known per se, which for reasons of clarity are not illus-
trated in Fig. 1, by means of which fresh lubrication oil can be applied on-
to the running surface 51 of the cylinder 3 in a predefined scheme. In this
respect the plurality of lubrication oil nozzles are provided both in the cir-
cumferential direction and also in the vertical direction at the cylinder 3

spaced apart from one another.

The data processing plant DV determines new supply parameters ZP for
the lubrication oil, such as, for example, the quantity of lubrication oil,
the frequency of supply of the lubrication oil into the cylinder etc., from
the separately measured properties of the lubrication oil 9 of the piston
ring package of the piston 6 in the cylinder liner 3 in dependence on the
position of the cylinder liner 3, whereby a deviation of the lubrication oil
film from the predefined nominal value parameters are compensated
again, so that the lubrication oil film can be optimized at every point in
time and at every position on the running surface 51 of the cylinder 3 by
means of the invention. The so newly determined new supply parameters
ZP are further provided to a lubrication oil controller SK, which sets the
further supply of the Iubrication oil 9 via the plurality of lubrication noz-
zles, so that the lubrication oil film is optimized on the overall running

surface 51 of the cylinder 3 as described before.

It is important in the specific embodiment in accordance with Fig. 1 that

lubrication oil 9 is separately collected and analyzed from the upper region
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OB of the cylinder 3 and from the lower region UB of the cylinder 3. The
lubrication oil 9 which is collected in the upper region OB of the cylinder
3, for example, directly stems from the running surface 51. Thereby it can
be ensured that the oil collection opening 81 in the upper region OB of the
cylinder 3 takes a sample of lubrication oil 9 when the piston 6 does not
pass the upper oil collection opening 81. By contrast the lower oil collec-
tion opening 81 at the scavenging slits 11 then collects exactly a sample of
lubrication oil 9 then when the piston 6 passes the scavenging slits 11.
Thereby the sample of lubrication oil 9 which is collected in the lower re-
gion UB of the cylinder 3 directly stems from the piston ring package of
the piston 6, as the over-pressure in the piston ring package is discharged
through the scavenging slits 11 and thus, lubrication oil 9 collected in the
piston ring package is blown out of the piston ring package, so that a
sample of lubrication oil 9 can be taken from the lubrication oil 9 then
blown out of the piston ring package through the oil collection opening 81

in the lower region UB.

If, for example, the BN-value of the lubrication oil in the cylinder should
be optimized, this can be achieved in the following manner. The BN-value
of the Iubrication oil is, as is well known to the person of ordinary skill in
the art, a measure of the alkaline behavior of the lubrication oil, i.e. a
measure for its alkalinity. In this respect the lubrication oil must have a
certain alkalinity, since very aggressive acids can arise in the cylinder, for
example, due to the combustion process, which acids have to be neutral-
ized as much as possible, so that these acids do not attack the individual
components in the cylinder, such as piston, running surface, piston rings,

outlet valve etc. as far as possible.
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For this reason a minimum BN-value of the lubrication oil in the cylinder
is required which can depend on the specific motor, the operating condi-

tions and other operating parameters.

In this respect in a specific embodiment of the monitoring method in ac-
cordance with the invention, the BN-value, for example, for the lubrication
oil collected in the piston ring package is initially regulated to a predefined
minimum BN-value which, for example, can have the predefined nominal
value BN=5. This predefined nominal value BN=5 can naturally have a
very different value than BN=5 in a different motor or for different operat-

ing conditions.

In this respect the predefined minimum nominal value of, for example,
BN=5 should essentially not be exceeded if possible, as the nominal value
is also a measure for the quantity of supplied lubrication oil, which for
reasons of cost alone should simultaneously be optimized and/or mini-
mized. As the lubrication oil present in the piston ring is collected over the
overall height of the cylinder liner from the running surface on an expan-
sion stroke, the BN-value represents a specific mean value of a distribu-
tion of the BN-values over the height of the running surface in the axial

direction of the lubrication oil stemming from the piston ring package.

For this reason, the BN-value can essentially be uniformly set over the
height of the cylinder liner in the vertical direction along the cylinder axis,
in that it is attempted to set the BN-value of the lubrication oil, which
stems from the upper region of the cylinder as identical as possible to the
BN-value of the lubrication oil which is blown out from the piston ring
package in the region of the scavenging slits. Ideally the BN-value of the
lubrication oil from the upper region of the cylinders is equal to the BN-

value of the lubrication oil from the piston ring package as it is measured
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in the region of the scavenging slits. In this case the BN-value along the

cylinder axis must be essentially equal.

In this respect the regulation of the BN-value occurs through the setting of
the supply parameters, i.e. through the regulation of the supply of the lu-
brication oil via the lubrication oil nozzles, which are preferably actuatable

individually or separately in respective specific groups.

[t is naturally understood that because a plurality of oil collection open-
ings are also provided in the circumferential direction of the cylinder liner,
the BN-value can also be set uniformly, i.e. homogeneously, in the circum-

ferential direction.

Thus, it is possible for the first time that the BN-value of the lubrication
oil can be uniformly set to essentially the same value on the overall run-
ning surface of the cylinder, both in the circumferential direction and also
in the vertical direction by means of the invention, wherein a minimization
and an optimization of the lubrication oil consumption is additionally
achieved, since it is also simultaneously regulated to a predefined opti-

mum BN-value of, for example BN=5.

It is naturally understood that also other parameters of lubrication oil can
be optimized completely analogously to a predefined value in an analog
manner, by means of the invention homogeneously over the running sur-

face.

Furthermore, it is naturally immediately clear to the person of ordinary
skill in the art that the above-described steps of the optimization method
are to be understood merely by way of example and that, in particular the

steps can also occur in a different sequence, or that additional steps can
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be introduced, or that in other simple cases specific optimization steps

can also be omitted.

The invention further relates to a measurement device for determining a
composition of a fluid, in particular of an oil, specifically of a lubrication
oil or a fuel for a reciprocating piston internal combustion engine. In this
respect the measurement device in accordance with the invention includes
an electromagnetic measurement unit, in particular a measurement unit
for the amplitude dependent and/or the frequency independent determi-
nation of a capacitance, of a magnetic permeability, of an electric DC con-
ductivity and/or of ann AC conductivity, and/or of a complex electric con-
ductivity and/or of a complex electric resistance of a predefined measured

quantity of the fluid.

In a different embodiment the measurement device can include an X-ray
measurement unit, in particular for the determination of a transmission
property and/or of an absorption property and/or of a reflection property

and/or of a fluorescence property of the measured quantity of fluid.

In a further embodiment the measurement device can include an optical
measurement unit for the determination of an optical transmission prop-
erty and/or of an optical absorption property and/or of an optical reflec-
tion property and/or of an optical fluorescence property of the measured
quantity of fluid, wherein the optical measurement unit is preferably an

infrared measurement unit and/or an ultraviolet measurement unit.

In practice the measurement device frequently includes a chemical meas-
urement unit for the determination of a chemical composition of the col-
lected measured quantity of the fluid, wherein, in a specific embodiment,

the measurement system is a measurement device for the determination of
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a content of water and/or of a content of metal, in particular of iron
and/or of chromium and/or vanadium, and/or is a measurement device
for the determination of a content of phosphor and/or sulfur of a collected

measured quantity of the fluid.

The invention further relates to a measurement method for determining a
composition of a fluid, in particular of an oil, specifically of a lubrication
oil or of a fuel for a reciprocating piston internal combustion engine. In
this respect in accordance with the invention a measurement device is
used which measurement device includes an electromagnetic measure-
ment unit, so that in particular an amplitude dependent and/or a fre-
quency dependent and/or a frequerncy independent determination of a ca-
pacitance, of a magnetic permeability, of an electric DC conductivity
and/or of an AC conductivity and/or of a complex electric conductivity
and/or of a complex electric resistance of the collected measured quantity

of lubrication oil can be carried out.

In a different embodiment of the measurement method in accordance with
the invention the measurement device includes an X-ray measurement
unit, so that, in particular a determination of a transmission property
and/or of an absorption property and/or of a reflection property and/or of
a fluorescence property of the measured quantity of fluid can be carried

out.

In a further embodiment, the measurement device includes an optical
measurement unit as an electromagnetic measurement unit so that, in
particular a determination of an optical transmission property and/or of
an optical absorption property and/or of an optical reflection property
and/or of an optical fluorescence property of the measured quantity of flu-

id can be carried out, wherein an infrared measurement unit and/or an
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ultraviolet measurement unit is preferably used as the optical measure-

ment unit.

In an embodiment particularly relevant for practice, the measurement de-
vice includes a chemical measurement unit, so that a determination of a
chemical composition of the measured quantity of fluid can be carried out,
wherein a content of water and/or a content of metal, in particular of iron
and/or of chromium and/or of vanadium, and/or a content of phosphor
and/or of sulfur of the collected measured quantity of fluid is particularly

preferably determined with the measurement device.

Specifically the data recorded with the measurement device is evaluated,
in particular is evaluated by means of a look-up table and/or by means of
a predetermined mathematical function and/or by means of a calibration
and consequently a state of wear of a component with the reciprocating
piston internal combustion engine is determined therefrom, in particular
the state of wear of the piston and/or of a piston ring and/or of the run-
ning surface of the cylinder wall and/or of a gas exchange valve and/or of

a different engine component is determined.

In a preferred embodiment an evaluation of the measurement of the col-
lected measured quantity of fluid is carried out for each engine cycle or,
however, a predetermined measured quantity of fluid is collected during a
predetermined number of engine cycles and a measurement is carried out

and evaluated on the predetermined measured quantity of fluid.

On use of a measurement method of the present invention, for example, a
maintenance point in time for the maintenance of a predefined engine
component, can also be preferably automatically determined, or the recip-

rocating piston internal combustion engine can also be controlled and/or
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regulated in dependence on a measurement result of the collected meas-

ured quantity of lubrication oil.

In the following the invention will be explained in more detail with refer-

ence to further drawings. There is shown in schematic illustration:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Pig. 7

Fig. 8

an apparatus for optimizing the lubrication oil film on

the cylinder running surface;

a first simple embodiment of a monitoring apparatus

in accordance with the invention,;

a second embodiment in accordance with Fig. 2 having
an additional oil collection opening in the upper region

of the cylinder;

a different embodiment in accordance with Fig. 2 hav-
ing a plurality of oil collection openings in the region of
the scavenging slits;

iron content of a lubrication oil sample in ppm;

remaining alkalinity of a lubrication oil sample in mil-

ligrams KOH per gram of lubrication oil sample;

a first example of a water content of a lubrication oil

sample in percent of the sample mass;

a second example of a water content of a lubrication oil

sample in percent of the sample mass.
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As Fig. 1 has already been discussed above in detail one can proceed di-

rectly with the description of Fig. 2 in the following.

A first simple embodiment of a monitoring apparatus in accordance with
the invention is schematically illustrated with reference to Fig. 2 which

will be referred to overall using the reference numeral 1 in the following.

The monitoring apparatus 1 of Fig. 2 for monitoring a state of wear of a
component of a reciprocating piston internal combustion engine 2 in-
cludes a cylinder 3 having a cylinder cover 4 and a cylinder running sur-
face 51 provided at a cylinder wall 5 of the cylinder 3. A piston 6 is ar-
ranged movable to and fro in an axial direction A along the running sur-
face 51 between a bottom dead center and a top dead center, such that
the piston 6 the cylinder cover 4 and the cylinder wall 5 form a combus-
tion space 7 for the combustion of a mixture of fuel and air in the cylinder
3. In this respect an oil collection device 8 is provided for the collection of
lubrication oil 9 from the cylinder 3, so that a predetermined measured
quantity 91 of lubrication oil 9 is suppliable from the cylinder 3 to a
measurement device 10. In this respect only one oil collection device 8 is
exemplary provided in a lower region UB of the cylinder 3 in the region of
the scavenging slit 11 in the present simple embodiment of Fig. 2. In Fig.
2 the piston 6 is currently in the region of the scavenging slit 11. As can
clearly be seen the cloud of lubrication oil 9 which is blown out from the
piston ring package of the piston 6 through the scavenging slits 11 into
the space of the cylinder mantle ZM, which space of the cylinder mantle
ZM is accessible via the inspection door IT in a manner known per se. The
reference numeral KU refers to the vertical region of the piston bottom
side. Here the measured quantity 91, i.e. a lubrication oil sample 91 of

lubrication oil 9 is directly supplied from the piston ring package of the
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piston 6 to the oil collection device 8 and is analyzed by an analysis and
control system, as is, for example, explained with reference to Fig. 1 and
with the aid of the results of this analysis the lubrication oil supply into
the cylinder 3 can then be regulated and/or controlled.

Fig. 3 shows a second embodiment in accordance with Fig. 2 having an
additional oil collection opening 81 in the upper region OB of the cylinder
3. The example of Fig. 3 is therefore almost identical to that of Fig. 1.
Therefore lubrication oil 9 can be collected both in the lower region OB of
the cylinder and also in the upper region OB of the cylinder with the aid of

an embodiment in accordance with Fig. 3.

In this respect it must be explicitly noted at this point that the oil collec-
tion openings 81 in the lower region UB do not necessarily have to be ar-
ranged in the region of the scavenging slits 11, but in specific cases, for
example, can also be arranged above the scavenging slits 11. It is, in par-
ticular also possible that the monitoring apparatus 1 in accordance with
the invention can be provided at a motor without scavenging slits. For ex-
ample, at a two-stroke motor or at a four-stroke motor having an inlet

valve.

A different embodiment in accordance with Fig. 2 having a plurality of oil
collection openings 81 in the region of the scavenging slits 11 is schemati-
cally illustrated with reference to Fig. 4, wherein two lubrication oil points
ST are also explicitly illustrated exemplary in the upper region OB of the
cylinder 3 in this example, whose illustration has been done without for
reasons of clarity in the remaining Figures. When, as is the case in the
embodiment of Fig. 4, a plurality of oil collection openings 81 are provided
in the circumferential direction a homogeneous distribution of the lubrica-

tion oil quality and/or the lubrication oil parameters can then be realized,
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in particular in the circumferential direction, by means of the present in-
vention, particularly well also then when a plurality of lubrication oil
points ST are provided and distributed in the circumferential direction at

the cylinder 3.

The following Figs. 5 to Fig. 8 show a few specific measurement results
which were achieved with the aid of monitoring apparatuses in accordance

with the invention in different laboratory experiments.

Fig. 5 shows the iron content EG of a Iubrication oil sample in ppm (parts
per million) which was collected at an oil collection opening 81 of a cylin-
der wall WPN of the cylinder 3. In this respect MP1 is a measurement po-
sition 1 which was provided at the scavenging slit 11 in the piston stroke
direction not below a lubrication stub. MP2 is a measurement position 2
at the scavenging slit which is located in the piston stroke direction below
a lubrication nozzle. And MP3 is a measurement position 3 which is lo-
cated at a scavenging slit in the piston stroke direction not below a lubri-

cation nozzle.

The measurement points referred to by KURA correspond to a piston lower

side space drainage.

Fig. 5 also shows how for a specific motor type equipped with a specific
lubrication system and a specific system of piston rings and a cylinder lin-
er processing matching thereto, which has been run in over a specific time
of a few thousand operating hours at specific settings of the lubrication
system, as well as a specific combination of engine number of rotations
and engine load, how the iron content in the lubrication oil sample de-
pends on from where the sample was taken at the motor. The iron content

in the lubrication oil sample represents a combination of abrasive and cor-
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rosive wear arising during the motor operation. The sample taken at the
piston lower side space drainage KUEA has the lowest iron content, while
all samples from the measurement positions MP1 to MP3, indicated in Fig.
5 by three crosses in the diagram, taken at the respective scavenging slits
have a significantly higher value, and the sample taken from the extrac-
tion opening in the cylinder wall has the highest value. The measurement
accuracy in the example of Fig. S lies at approximately 5 ppm. This is in-
terpreted such that the sample from the extraction opening directly in the
¢ylinder wall corresponds best to the condition of the lubrication oil on the
cylinder wall, while the samples taken from the measurement positions
MP1 to MP3 at the respective scavenging slits are already mixed with a
certain quantity of unused oil which is transported with every piston
stroke through the piston rings from the lubrication points, which are lo-
cated in the upper third of the cylinder liner, downwardly to the scaveng-
ing slits and for this reason have a lower iron content, as fresh lubrication
0il has an iron content of only approximately 7 ppm. The different iron
contents at the measurement positions MP1, MP2 and MP3 show that the
lubrication oil has a different quality in dependence on how the measure-
ment position behaves relative to the position of the lubrication points in
the cylinder liner for the case considered. The sample from the piston low-
er side space drainage has the lowest iron content which indicates an even
stronger mixing with fresh unused lubrication oil and the sample can also

be further contaminated with lubrication oil from neighboring cylinders.

In Fig. 6 a measurement of the remaining alkalinity VA of a lubrication oil

sample in milligrams KOH per gram lubrication oil sample is illustrated.

In this respect VA is the remaining alkalinity (base number) of the oil
sample in milligram KOH per gram oil sample, WPN is the wall sample ex-

traction by means of an oil collection device in the wall of the cylinder.
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MP1 is the measurement position 1 in a piston stroke direction which is
not located below a lubrication nozzle, MP2 is the measurement position 2
in a piston stroke direction located below a lubrication nozzle and MP3 is
the measurement position 3 in a piston stroke direction not below a lubri-
cation oil nozzle. MP1, MP2 and MP3 are illustrated in the diagram of Fig.
6 similar to that of Fig. 5 likewise by means of crosses. In this example

KURA is also the piston lower side space drainage.

Fig.-6 shows, how for a specific motor type, configured with a specific lu-
brication system and a specific system of piston rings and a thereto
matching cylinder liner processing, which has been run in over a specific
time of a few thousand operating hours at certain settings of the lubrica-
tion system and also for a specific combination of motor numbers of rota-
tion and motor loads, how the remaining alkalinity in the lubrication oil
sample depends on from where the sample was taken in the motor. The
alkalinity added to the lubrication oil as an additive in the example of Fig.
6 amounts to 70 milligram KOH per gram of lubrication oil and serves for
the neutralization of the sulfuric acid H2SO4 arising during the motor op-
eration for the combustion of strongly sulfur-containing fuel. The remain-
ing alkalinity in the lubrication oil sample represents the still inherent
property of the oil to neutralize sulfuric acid. If the value of the remaining
alkalinity in the lubrication oil sample has sunk to zero or towards zero,
no or insufficient neutralization takes place and the material of the cylin-
der liner starts to corrode, whereby the iron content in the lubrication oil
sample is increased. The sample taken at the piston lower side space
drainage shows the highest still remaining alkalinity, while all samples
taken from the measurement positions 1 up to 3 at the respective scav-
enging slits have a significantly lower value and the samples from the ex-
traction opening in the cylinder wall have a value at approximately zero.

The measurement accuracy for the example of Fig. 2 lies at approximately
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1.5 milligrams KOH per gram lubrication oil. This result is interpreted
such that the sample from the extraction opening directly in the cylinder
wall comes closest to the condition of the lubrication oil on the cylinder
wall and thereby indicates the danger of corrosion of the cylinder surface,
while the sample taken from the measurement positions 1 to 3 at the re-
spective scavenging slits have already been mixed with a certain quantity
of unused oil, which is transported with every piston stroke by the piston
rings from the lubrication points, which are located in the upper third of
the cylinder liner, downwardly to the scavenging slits and for this reason
show an increased content of remaining alkalinity. The different contents
of remaining alkalinity at the measurement positions 1, 2 and 3 shows
that the lubrication oil has a different quality in dependence on how the
measurement position behaves relative to the position of the lubrication
point in the cylinder liner for the case considered. The sample taken from
the position bottom side space drainage has the highest content of re-
maining alkalinity which indicates a still stronger mixing of fresh, unused
lubrication oil and can also be further contaminated with lubrication oil of

the neighboring cylinders.

Fig. 7 shows a first example of a water content of a lubrication oil sample

in percent of the sample mass.

In this respect the denominations in Fig. 7 have the following meaning:

WG = water content of the oil sample in percent of the sample mass
S1 = ship motor combination 1
S2 = ship motor combination 2
S8 = ship motor combination 3
S4 = ship motor combination 4

V1 = cylinder lubrication variant 1
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V2 = cylinder lubrication variant 2
V3 = cylinder lubrication variant 3
V4 = cylinder lubrication variant 4

V5 = cylinder lubrication variant 5

Fig. 7 clearly shows that the water content in the lubrication oil sample is
formed from the mean value of the samples of the measurement positions
MP1 to MP3 described in Figs. 1 and 2 correlates with the humidity of the
environmental air used for the operation of the reciprocating piston inter-
nal combustion engine and indeed independent of the ship selected for the
measurement (in total four different ones) and independent of the cylinder
lubrication variant installed on the motor of the selected ship comprising a
specific lubrication system, a specific system of piston rings and a thereto
matching cylinder liner processing, as well as the setting of the lubrication
system. Apart from the case "S3 V4" the combination of motor number of
rotations and motor load was similar for all cases shown in Fig. 7, where-
by a load dependence of the water content in the lubrication oil sample

could be shown.

Finally, a measurement of a second example of a water content of a lubri-
cation oil sample in percent of the sample mass is illustrated in Fig. 8,
wherein WG is again the water content of the oil sample in percent of the
sample mass. ZS1 is unused cylinder lubrication oil, ZS2 is cylinder lubri-
cation oil in the stationary operating state and ZS3 is lubrication oil in the

transient operation state with increasing load.

Fig. 8 impressively shows that the water content in the lubrication oil
sample formed from the mean value of the samples of the measurement
positions MP1 to MP3 described in Figs. 1 and 3 correlates with the type

of the motor load which is applied to the motor for constant humidity of
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the surrounding air for the operation of the reciprocating piston internal
combustion engine. A measurement is carried out (cylinder lubrication oil
in stationary operating state) for constantly maintained settings of the lu-
brication system, where the motor was loaded from 25 % to 50 % of a
nominal load in accordance with the propeller law, where the load was
then maintained for 40 minutes and the motor was then loaded from 50 %
to 75 % of the nominal load in accordance with the propeller law and the
load was then maintained for 40 minutes and finally was loaded to 100 %
of the nominal load which took a total of four hours. The motor was load-
ed continuously from 25 % to 100 % of the nominal load which took ap-
proximately 40 minutes for a different measurement with the same motor
and the same settings (cylinder lubrication oil in transient operating state
with increasing load) at the same day. It is shown that the faster loading
of the motor leads to a higher water content in the lubrication oil sample
which is considered to be disadvantageous for the wear properties of the

cylinder liner.

It is naturally understood that all embodiments described in the frame-
work of this application are to be understood merely by way of example
and, in particular also each suitable combination and/or each expansion
obvious to the person of ordinary skill in the art are covered by the claims

of the invention.
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Patent Claims

A monitoring apparatus for monitoring a state of wear of a compo-
nent of a reciprocating piston internal combustion engine (2) includ-
ing a cylinder (3) having a cylinder cover (4) and a running surface
(51) provided at a cylinder wall (5) of the cylinder (3), in which cylin-
der (3} a piston (6) is arranged moveable to and fro in an axial direc-
tion (A) along the running surface (51) between a bottom dead center
and a top dead center such that the piston (6), the cylinder cover (4)
and the cylinder wall (5) form a combustion space (7) in the cylinder
(3) for the combustion of a mixture of a fuel and air, wherein an oil
collection device {8) is provided for the collection of lubrication oil (9)
from the cylinder (3) so that a predetermined measured quantity (91)
of lubrication oil (9) is suppliable from the cylinder (3) to a meas-
urement device (10}, characterized in that the measured quantity
(91) of Iubrication oil (9) is directly suppliable from the running sur-
face (51) of the cylinder (3) and/or is directly suppliable from the
combustion space (7) and/or is directly suppliable from a piston

ring package of the piston (6) to the oil collection device (8).

A monitoring apparatus in accordance with claim 1, wherein the oil
collection device (8) includes an oil collection opening (81) which is
provided at the cylinder wall (5) between the bottom dead center of
the piston (6) and the cylinder cover (4).

A monitoring apparatus in accordance with claim 1 or claim 2,
wherein the oil collection device (8) includes an oil collection valve

actuatable by a control device.
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A monitoring apparatus in accordance with any one of the preceding
claims, wherein the reciprocating piston internal combustion engine
(2) is a four-stroke reciprocating piston internal combustion engine
(2) and the oil collection opening (81) is arranged at the cylinder (3)
between the position of a crown of the piston (6) in the top dead cen-
ter and the position of a bottom side of the piston (6) in the bottom
dead center such that lubrication oil (9) is collectable from the cyl-

inder (3) through the oil collection opening (81).

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the reciprocating piston internal combustion engine
(2) is a longitudinally scavenged internal combustion engine (2) hav-
ing scavenging slits (11}, in particular is a slow running two-stroke
large diesel engine (2) and the oil collection opening (81) is arranged
in the region of the scavenging slits (11) such that lubrication oil (9)
exiting via the scavenging slits (11) is collectable through the oil col-

lection opening (81).

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the cil collection device (8) includes an oil collection
space (92) which is preferably an integral part of the cylinder wall (5)
and lubrication oil collected in the oil collection space (92) is suppli-

able to the measurement device (10).

A monitoring apparatus in accordance with any one of the preceding
claims, wherein at least two 0il collection openings (81) are provided
which are arranged at the cylinder (3) displaced from one another in
the circumferential direction and/or with regard to the axial direc-

tion (A).
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A monitoring apparatus in accordance with any one of the preceding
claims, wherein the oil collection opening (81) is designed such that

a lubrication oil flow-rate is settable.

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the measurement device (10) includes an electro-
magnetic measurement unit, in particular includes a measurement
unit for the amplitude dependent and/or the frequency dependent
and/or the frequency independent determination of a capacitance,
of a magnetic permeability, of an electric DC conductivity and/or of
an AC conductivity, and/or of a complex electric conductivity
and/or of a complex electric resistance of the collected measured
quantity (91) of lubrication oil (9), wherein the monitoring apparatus

is preferably provided miniaturized directly in the cylinder wall (5).

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the measurement device (10) includes an X-ray
measurement unit, in particular for the determination of a trans-
mission property and/or of an absorption property and/or of a re-
flection property and/or of a fluorescence property of the collected

measured quantity (91) of lubrication oil (9).

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the measurement device (10) includes an optical
measurement unit for the determination of an optical transmission
property and/or of an optical absorption property and/or of an opti-
cal reflection property and/or of an optical fluorescence property of

the collected measured quantity (91) of lubrication oil (9), wherein
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the optical measurement unit is preferably an infrared measurement

unit and/or an ultraviolet measurement unit.

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the measurement device {10) includes a chemical
measurement unit for the determination of a chemical composition

of the collected measured quantity (91) of lubrication oil (9).

A monitoring apparatus in accordance with any one of the preceding
claims, wherein the measurement device (10) includes a measure-
ment system for the determination of a content of water and/or of a
content of metal, in particular of iron and/or of chromium and/or of
vanadium, and/or for the determination of a content of phosphor
and/or of sulfur of the collected measured quantity (91) of Iubrica-
tion oil (9),

A reciprocating piston internal combustion engine, in particular a
two-stroke large diesel engine or a four-stroke engine having a moni-
toring apparatus (1) in accordance with any one of the preceding

claims.

A monitoring method for monitoring a state of wear of a component
of a reciprocating piston internal combustion engine (2) including a
cylinder (3) having a cylinder cover (4) and a running surface (51)
provided at a cylinder wall (5) of the cylinder (3), in which cylinder
(3) a piston (6) is arranged moveable to and fro in an axial direction
(A) along the running surface (51) between a bottom dead center and
a top dead center such that the piston (6), the cylinder cover (4) and
the cylinder wall (5) form a combustion space (7} in the cylinder (3)

for the combustion of a mixture of a fuel and air, wherein an oii col-
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lection device (8) is provided for the collection of Iubrication oil (9)
from the cylinder (3) and in the operating state a predetermined
measured quantity (91) of lubrication oil (9) is supplied from the cyl-
inder (3) to a measurement device (10), characterized in that the
measured quantity (91) of lubrication oil (9) is directly supplied from
the running surface (51) of the cylinder (3) and/or is directly sup-
plied from the combustion space (7) and/or is directly supplied from

a piston ring package of the piston (6) to the oil collection device (8).

A monitoring method in accordance with claim 15, wherein the oil
collection device (8) includes an oil collection opening {81) which is
provided at the cylinder wall (5) between the bottom dead center of

the piston (6} and the cylinder cover (4).

A monitoring method in accordance with one of the claims 15 or 16,
wherein the oil collection device (8) includes an oil collection valve
actuatable by a control device, and in the operating state a prede-

fined amount of lubricant (9) is led away out of the cylinder (3).

A monitoring method in accordance with any one of the claims 15 to
17, wherein the reciprocating piston internal combustion engine (2)
is a longitudinally scavenged internal combustion engine (2) having
scavenging slits (11}, in particular is a slow running two-stroke large
diesel engine (2) and the oil collection opening (81) is arranged in the
region of the scavenging slits (11} such that lubrication oil (9) exiting
via the scavenging slits (11) is collected through the oil collection

opening (81).

A monitoring method in accordance with any one of the claims 15 to

18, wherein the oil collection device (8) includes an oil collection
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space (92) which is preferably an integral part of the cylinder wall (5)
and lubrication oil collected in the oil collection space (92) is sup-

plied to the measurement device (10).

A monitoring method in accordance with any one of the claims 15 to
19, wherein at least two oil collection openings (81) are provided
which are arranged at the cylinder (3) displaced from one another in
the circumferential direction and/or with regard to the axial direc-
tion (A), so that samples of lubrication oil (9) can be taken from dif-

ferent positions in the cylinder (3).

A monitoring method in accordance with any one of the claims 15 to
20, wherein the oil collection opening (81) is designed such that a
lubrication oil flow-rate can be set, preferably such that a lubrica-

tion oil flow-rate can be set automatically.

A monitoring method in accordance with any one of the claims 15 to
21, wherein the measurement device (10} includes an electromag-
netic measurement unit and, in particular an amplitude dependent
and/or a frequency dependent and/or a frequency independent de-
termination of a capacitance, of a magnetic permeability, of an elec-
tric DC conductivity and/or of an AC conductivity, and/or of a com-
plex electric conductivity and/or of a complex electric resistance of
the collected measured quantity (91) of lubrication oil (9) is carried

out.

A monitoring method in accordance with any one of the claims 15 to
22, wherein the measurement device (10} includes an X-ray meas-
urement unit and, in particular a determination of a transmission

property and/or of an absorption property and/or of a reflection
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property and/or of a fluorescence property of the collected measured

quantity (91) of lubrication oil (9) is carried out.

A monitoring method in accordance with any one of the claims 15 to
23, wherein the measurement device (10) includes an optical meas-
urement unit and, in particular a determination of an optical
transmission property and/or of an optical absorption property
and/or of an optical reflection property and/or of an optical fluores-
cence property of the collected measured quantity (91) of lubrication
0il (9) is carried out, wherein an infrared measurement unit and/or
an ultraviolet measurement unit is preferably used as the optical

measurement unit.

A monitoring method in accordance with any one of the claims 15 to
24, wherein the measurement device (10) includes a chemical
measurement unit and a determination of a chemical composition of
the collected measured quantity (91) of lubrication oil (9} is carried

out.

A monitoring method in accordance with any one of the claims 15 to
25, wherein a content of water and/or a content of metal, in particu-
lar of iron and/or of chromium and/or of vanadium, and/or a con-
tent of phosphor and/or of sulfur of the collected measured quantity
(91) of lubrication oil (9) is determined by the measurement device
(10).

A monitoring method in accordance with any one of the claims 15 to
26, wherein the data recorded with the measurement device (10) are
evaluated, in particular are evaluated by means of a look-up table

and/or by means of a predetermined mathematical function and/or
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by means of a calibration and consequentially a state of wear of a
component of the reciprocating piston internal combustion engine
(2) is determined, in particular the state of wear of the piston (6)
and/or of a piston ring and/or of the running surface (51) of the cyl-
inder wall (5) and/or of a gas exchange valve and/or of a different

engine component is determined.

A monitoring method in accordance with any one of the claims 15 to
27, wherein an evaluation of the measurement of the collected
measured quantity (91) of lubrication oil (9) is carried out for each

engine cycle.

A monitoring method in accordance with any one of the claims 15 to
28, wherein a predetermined measured quantity (91) of lubrication
oil (9) is collected during a predetermined number of engine cycles,
and a measurement is carried out and evaluated on the predeter-

mined measured quantity (91} of lubrication oil (9).

A monitoring method in accordance with any one of the claims 15 to
29, wherein a maintenance point in time for the maintenance of a
predefined engine component is preferably automatically deter-

mined.

A monitoring method in accordance with any one of the claims 15 to
30, wherein the reciprocating piston internal combustion engine (2)
is controlled and/or regulated in dependence on a measurement re-

sult of the collected measured quantity (91) of lubrication oil (9).



