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DESCRIPTION

[0001] The present invention relates to an oil filtration unit according to claim 1 for removal of 
solid contaminants from contaminated oil.

[0002] Furthermore, the present invention relates to an oil filter according to claim 12 for 
removal of solid contaminants from contaminated oil and a method according to claim 13 for 
removal of solid contaminants from contaminated oil.

[0003] Air and/or solid contaminants may be present in e.g. hydraulic oil used in various types 
of machinery or in lubrication oil used in e.g. gears and bearings. Air may be incorporated into 
the oil used in the gearbox system of a wind turbine, when the wind turbine is operating. Air 
may also be incorporated into oil, in e.g. a suction line, due to an unintended leakage in the 
line which may have arisen as a result of lack of maintenance ofthe line, vibrations, or a defect 
in the mounting of the line. The risk of an unintentional leakage arising increases with time of 
operation without maintenance. When filtering the oil for contaminants, the air is known to 
cause filtration problems.

[0004] US 2007/0241040 A1 defines a filter assembly with a filter medium, which is enclosed at 
its ends by a top and a bottom end cap. An adaptor is attached at one of the ends and filters 
elements which have not already been removed by the filter medium.

[0005] EP 2103336 A1 relates to a method and device for removal of solid contaminants from 
an air-containing, contaminated oil by leading the oil to the filter inlet separating the 
contaminated oil in a solid phase, which is retained by the filter, and a liquid phase, which 
passes the filter and leaves as a filtrate through the filter outlet. An increased pressure is 
added on the filtrate outlet.

[0006] The gearbox in a wind turbine is lubricated with an oil having a relatively high viscosity. 
EP 2103336 A1 discloses that when the wind turbine is working, air is incorporated in the oil in 
amounts of typically 5 to 20 vol/vol %. These amounts of air are present as smaller and larger 
bubbles of free air. Typically, the oil also contains 8 to 12 vol/vol % air dissolved in the oil at 
atmospheric pressure. These amounts are not included in the 5 to 20 vol/vol % of air bubbles. 
Further, EP 2103336 A1 discloses that the incorporated air bubbles in the gearbox are agitated 
to form very fine bubbles giving turbid oil appearing as froth. The suspended air bubbles may 
have a diameter down to 1 μm.

[0007] In EP 2103336 A1 it was ascertained that the filtration problems were due to the 
content of air bubbles in the oil, the air bubbles thus having to be removed before the filtration.

[0008] However, especially when the air bubbles are very fine as is the case for the froth of 
lubrication oil with very small air bubbles from the gearbox of wind turbines, such separation of 
air bubbles from high viscosity oil is very troublesome and time consuming.



DK/EP 3334512 T3

[0009] Providing a pressure of the filtered oil in the outlet, i.e. a back pressure, which is after 
the filter, ensures that all air remains dissolved in the oil. Thus, no free air bubbles are formed 
when the oil passes through the filter. In EP 2103336 A1, the increased back pressure was 
obtained by positioning a conventional back pressure valve downstream of the oil filter. It was 
found that the filtration efficiency was improved, when an increased back pressure was applied 
to the filtrate side of the filter. Without the back pressure, the pressure drop through the filter 
would cause the air bubbles in the oil to expand into a larger volume and maybe also release 
dissolved air. This expansion of air would pull solid particles to be filtered through the pores or 
openings ofthe oil filter and release already trapped solid contaminants.

[0010] However, providing a back pressure e.g. by use of a back pressure valve downstream 
of the oil filter, means that not only the oil filter, but also the back pressure valve have to be 
amended/replaced if the application, operational conditions, type of oil, viscosity, temperature 
etc. change. This would also require that the back pressure valve should be calibrated. Also, a 
defect in the back pressure would be difficult to locate as you have to control both the oil filter, 
the back pressure valve and the interconnecting tubing.

[0011] Thus, known systems for filtering contaminated oil by providing a back pressure are 
difficult and time-consuming to amend if required due to e.g. a change in operating conditions.

[0012] In accordance with the invention, there is provided an oil filtration unit according to 
claim 1 for removal of solid contaminants from contaminated oil.

[0013] The size of the first pressure may be defined by inter alia the flow rate at which the 
contaminated oil is released into the inner opening of the housing, the temperature and 
viscosity of the contaminated oil, the porosity of the material of the oil filter, and the size of the 
second pressure. The size ofthe second pressure may be defined by inter alia the flow rate at 
which the filtered oil is released into the inner filter volume, the temperature and viscosity ofthe 
filtered oil, the size of the hydraulic resistance, and the size of the third pressure. The size of 
the third pressure may e.g. depend on whether the housing outlet is connected to e.g. a pump 
for returning the filtered oil to the machinery, and on the pumping rate of said pump. Increasing 
the size of the third pressure, may increase the size of the first and second pressure, and 
increasing the size of the second pressure, e.g. by increasing the size of the hydraulic 
resistance, may increase the size of the first pressure. Thus, the first, second and third 
pressure may be interrelated.

[0014] Within the present application, the term "back pressure" may be understood as the 
increase in the second pressure caused by the hydraulic resistance at the filter outlet 
compared to if the filter outlet does not comprise a hydraulic resistance.

[0015] The operating conditions of an oil filtration unit may alter in time due to a change in e.g. 
the type of oil used, the viscosity or temperature of the oil or a change in the amount of air 
contained in the oil. The alteration of the operating conditions may also be caused by a 
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relocation ofthe oil filtration unit relative to the system/engine/machinery (the oil of which is to 
be filtered), thus inter alia resulting in changed static and/or dynamic back pressures 
downstream of the oil filter. Thus, providing an oil filtration unit, where the hydraulic resistance 
may be arranged at the filter outlet, has the advantage that the user does not have to make 
amendments to e.g. the housing or tubes of the oil filtration unit, but only to the oil filter in order 
to meet the altered operating conditions. This is easily and quickly done by replacing the oil 
filter with a new type of oil filter providing a different back pressure. Furthermore, as only the oil 
filter is amended/changed, the risk of introducing contaminants in the oil due to defaults, such 
as leaks, in e.g. the tubing of the oil filtration unit, is minimised. The back pressure follows the 
oil filter, not the housing ofthe oil filtration unit.

[0016] As the filter outlet comprises the hydraulic resistance, the construction of the housing of 
the oil filtration unit and tube leading to and from the oil filtration unit may be independent of 
the specific operating conditions required, such as oil type, temperature or flow, application of 
the oil filtration unit, back pressure etc. Therefore, the oil filtration unit may be installed at the 
system/engine/machinery, without initially being adjusted to the required operating conditions. 
Instead, an oil filter, which meets the required operating conditions, simply has to be selected.

[0017] As the filter outlet comprises the hydraulic resistance, already existing and installed oil 
filtration units, which do not comprise a back pressure, may be altered to comprise a back 
pressure without amending/redesigning the housing or e.g. the housing inlet and outlet tubes 
ofthe oil filtration unit, but simply by replacing the oil filter.

[0018] Wear on the hydraulic resistance or irregularities in the functioning of the hydraulic 
resistance do not have a significant and/or permanent effect as the oil filter comprises the 
hydraulic resistance, and the oil filter is replaced regularly, such as once a year. Furthermore, 
irregularities or a defect in the back pressure is easily localised and fixed as the oil filter 
provides both the filtering and the back pressure function, and a change of oil filter would 
therefore eliminate the irregularity or defect.

[0019] The contaminated oil may come from various types of machinery such as gears or 
bearings, e.g. of a wind turbine, and may be a lubricating oil or a hydraulic oil.

[0020] The back pressure may be at least 0.3 bar, such as at least 0.4 bar, 0.5 bar or 0.6 bar, 
or may be above 0.8 bar such as above 1.0 bar, 1.2 bar, and may not be more than 5 bar, or 
not more than 2 bar, or not more than 1.8 bar.

[0021] The pressure difference between the first pressure and the second pressure may 
advantageously be between 0.2 and 2.0 bar. The pressure difference between the first 
pressure and the third pressure may advantageously be between 2.2 and 4.0 bar.

[0022] Thus, a flexible and long-lasting solution, which is less complicated to produce, is 
provided.
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[0023] In an embodiment, the oil filtration unit can be suitable for removal of solid 
contaminants from air-containing, contaminated oil.

[0024] In the present application, the term "air-containing" oil may be understood as oil 
comprising an amount of non-dissolved free air bubbles of at least 0.2 vol/vol %, normally 
appearing as froth.

[0025] Applying a back pressure on the oil filter may be advantageous as the pressure 
ensures that all air remains dissolved. Thus, no free air bubbles are formed when the oil 
passes through the oil filter.

[0026] By applying a back pressure on the filter, all air bubbles or at least a substantial part 
thereof is believed to be dissolved in the oil. Since an air bubble, which is subjected to sub­
saturated oil, will slowly dissolve into this oil. The period, which the oil is exposed to the 
increase in pressure, should be of such a length that the air bubbles dissolve into the oil.

[0027] Normally, the skilled person would not provide an increased pressure on an oil filter 
deliberately. However, it has been surprisingly found that the filtration efficiency is substantially 
improved, when such increased pressure is applied.

[0028] Without applying back pressure on the oil filter, which maintains the air in a dissolved 
state, the pressure drop through the filter causes the air bubbles to expand to a larger volume 
and probably also releases dissolved air. This expansion of air tends to pull the solid particles 
to be filtrated through the pores or openings of the filter. In this way, a large amount of 
contaminating solid particles is not separated efficiently from the oil and thus remains in the 
filtrate. Solid contaminants trapped in the filter during filtration in conditions without air bubbles 
also tend to be released once air bubbles are added to the oil again.

[0029] In an embodiment, the filter outlet can comprise natural or synthetic polymer. The oil 
filter may also comprise natural or synthetic polymer, and the oil filter and the filter outlet may 
therefore comprise similar material facilitating easy and fast manufacturing. Thus, the filter 
outlet and/or the oil filter may comprise cellulose material.

[0030] The filter outlet is produced as part of the oil filter such that the oil filter comprises said 
filter outlet after production, and said filter outlet and oil filter form part of the same unit.

[0031] An end plate of the oil filter comprises the filter outlet. In case the oil filter has a 
cylindrical shape, the inner filter volume may extend along its longitudinal axis such that one of 
the oil filter ends relative to the longitudinal axis may comprise the filter outlet. Thus, the filter 
outlet may form part of a circularly shaped end plate of the oil filter.

[0032] It is foreseen that the end plate ofthe oil filter may have a non-circular shape.

[0033] The filter outlet may form part of a circularly shaped end plate of the oil filter, where the
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end plate comprises a porous material, such as natural or synthetic polymer.

[0034] In an embodiment, the hydraulic resistance can comprise a valve device, a porous 
material or an orifice arrangement.

[0035] The valve device may comprise a spring-loaded valve arrangement and/or may as such 
be a check valve, a clack valve, a non-return valve or a one-way valve normally allowing a fluid 
to flowthrough in only one direction. Valve devices are advantageous as they provide a reliable 
and constant flow and thus a constant back pressure.

[0036] The porous material may comprise a structure and a size of the pores facilitating the 
filtered oil to move through it (such as by diffusion and/or flow), such that the filtered oil may be 
released to the housing outlet of the oil filtration unit but at the same time, the porous material 
may provide a back pressure on the oil filter. In case an end plate relative to the longitudinal 
axis of the oil filter comprises the filter outlet, the entire or at least part of said end plate may 
comprise the porous material. The porosity of the material of the filter outlet may be similar to 
or different from the porosity of the filtering material of the oil filter. In case an end plate 
comprises the filter outlet, at least the part of said end plate being coincident with the extension 
of the inner filter volume may form the filter outlet and thus comprise the desired porous 
material of the filter outlet. The remainder part of said end plate may either comprise a similar 
porous material, the filtering material ofthe oil filter, or a non-porous material such as a plastic 
or a metal.

[0037] In case an end plate of the oil filter comprises the filter outlet, the part of said end plate 
being coincident with the extension of the inner filter volume may comprise an orifice 
arrangement. The orifice arrangement may comprise one or more orifices.

[0038] Valve devices, porous material and orifice arrangements are all reliable and efficient in 
providing a back pressure, and are all suitable for being used in an oil filter.

[0039] In an embodiment, the porous material and/or the orifice arrangement can comprise 
natural or synthetic polymer.

[0040] Thus, the porous material and/or the orifice arrangement can comprise cellulose 
material, and may as such take part in the filtration of the oil. Having the porous material 
and/or orifice arrangement comprising natural or synthetic polymer, such as cellulose material, 
facilitates production of the oil filter as the materials required are the same for the entire oil 
filter, and there is no need for determining how to combine the different materials of the 
different elements ofthe oil filter which may be difficult.

[0041] In an embodiment, the orifice arrangement can comprise one or more holes.

[0042] The one or more holes may be arranged in an end plate ofthe oil filter in case said end 
plate comprises the filter outlet. Thus, the sides of the holes may comprise the material of the
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end plate. This would result in an easy and low-cost way of producing the holes.

[0043] In order to ensure the stability ofthe structure ofthe holes, the holes formed in the end 
plate may also be supported by a stable tubular structure, such as a cylinder, where the outer 
periphery of the stable tubular structure may be similar in size and form as the inner periphery 
of the holes so that the holes and the stable tubular structures fit closely. A stable tubular 
structure may be produced for differently shaped holes, e.g. where the cross section of the 
sides are many sided, square etc.

[0044] Number and size, i.e. width, diameter, cross-sectional area, of the one or more holes 
may depend on the required back pressure. This means that where the operating conditions 
require a high back pressure, a low number of holes and/or holes with a small size may be 
optimal, and vice versa where the operating conditions require a low back pressure. The 
material of the end plate may at least partly comprise a porous material, e.g. natural or 
synthetic polymer, or a non-porous material, e.g. a polymer or a metal. In case the end plate 
comprises a porous material, which allows oil to move through, the porous material may form 
part of the filter outlet. Thus, the back pressure may be easily and efficiently adjusted by 
varying the number and size of the holes and the material of the end plate.

[0045] The one or more holes may have straight and parallel edges which facilitate easy 
production of the holes, e.g. in case the holes are produced by drilling or cutting. The one or 
more holes may also have a frustoconical shape. The end with the lowest diameter may be 
directed towards the inner filter volume which would facilitate an effective distribution of the 
filtered oil after being released from the inner filter volume. In an embodiment, the one or more 
holes ofthe orifice arrangement can be through-going.

[0046] In case an end plate of the oil filter comprises the orifice arrangement, each of the 
holes may extend from an inner end surface to an outer end surface of the end plate. 
Providing through-going holes facilitates easy production ofthe holes and easy identification of 
the number and position of the holes and thus of the back pressure if in doubt. The estimation 
ofthe size ofthe back pressure may also be less complicated.

[0047] In an embodiment, the one or more holes ofthe orifice arrangement can be blind.

[0048] In case an end plate ofthe oil filter comprises the orifice arrangement, the holes may 
extend from an outer end surface towards an inner end surface of the end plate of the oil filter 
without penetrating the inner end surface of said end plate, or vice versa. Said end plate may 
comprise a porous material through which the oil can move so that the oil can move through 
both the porous material and the blind hole or only through the porous material by bypassing 
the blind hole. However, the blind holes allow the oil to move faster through the filter outlet and 
thus reduces the back pressure. Thus, the porous material surrounding the holes also form 
part of the filter outlet. Thus, in case the end plate comprises a natural or synthetic polymer 
such as cellulose, the filter outlet also participates in the filtering ofthe oil.
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[0049] The through-going and/or blind holes may have varying sizes. However, 
advantageously there is a symmetry in the size, type and position of said holes relative to the 
longitudinal axis of the oil filter and thus of the longitudinal axis of the end plate of the oil filter 
such that e.g. the pressure and mechanical stress are evenly distributed across the first end 
plate.

[0050] In an embodiment, the orifice arrangement can comprise 1, 3, 8, 10, 15, 20, 25, 30, 40 
or 50 holes.

[0051] The inventors have found these numbers of holes to be particularly advantageous as 
these numbers facilitate that the holes may be evenly distributed across the end plate and thus 
across the filter outlet which result in the pressure and mechanical stress being evenly 
distributed at the filter outlet.

[0052] In an embodiment, an outer surface of the end plate of the oil filter can comprise 
grooves extending in a direction orthogonally and/or radially to a longitudinal axis of said end 
plate.

[0053] The outer end surface of the oil filter may comprise a combination of substantially linear 
and circular grooves. Said outer end surface may comprise one or more substantially linear 
ridges and grooves which may be arranged adjacent to each other. The linear ridges and 
grooves may extend orthogonally to the longitudinal axis of the oil filter. A circular groove may 
surround the linear ridges and grooves and may as such extend circularly/radially to the 
longitudinal axis of the oil filter, with a constant radius. The circular groove and the linear 
grooves may be level with each other. In case part of the outer end surface, e.g. at the 
periphery ofthe end plate, does not comprise ridges and grooves, the ridges may be level with 
said part of the outer end surface. Said linear grooves may be mutually connected via the 
circular groove thus facilitating distribution ofthe filtered oil, which has been released from the 
inner filter volume, so that the filtered oil may flow freely and be released through the housing 
outlet to the surroundings. However, it is foreseen that said linear grooves may also be 
mutually connected themselves. Furthermore, it is foreseen that the linear grooves may be 
non-linear, such as curved or extend in zigzags.

[0054] Thus, when the oil filter has been inserted into the inner opening of the housing, the 
outer end surface comprising the filter outlet may come into contact with an inner end surface 
of the housing comprising the housing outlet. As the ridges may be level with the part of the 
outer end surface at the periphery of the end plate, the ridges may also come into contact with 
the inner end surface ofthe housing and therefore provide support for the end plate. This may 
be advantageous to prevent/minimise mechanical deformation ofthe end plate due to the back 
pressure.

[0055] In an embodiment, the holes of the orifice arrangement can be arranged at one or 
more ofthe grooves ofthe end plate ofthe oil filter.
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[0056] Providing the holes at the linear and circular grooves has the advantage that the filtered 
oil may be released directly into the grooves which distribute the filtered oil evenly from the 
filter outlet so that the filtered oil may flow freely and be released effectively through the 
housing outlet to the surroundings.

[0057] The holes may be distributed evenly in said linear and circular grooves so as to 
distribute pressure and mechanical stress evenly across the outer end surface ofthe end plate 
and so as to facilitate the flow of the filtered oil to the housing outlet.

[0058] The present invention further relates to an oil filter according to claim 12 for removal of 
solid contaminants from contaminated oil.

[0059] The present invention further relates to a method according to claim 13 for removal of 
solid contaminants from contaminated oil.

[0060] In an embodiment, the method can be suitable for removal of solid contaminants from 
air-containing, contaminated oil.

[0061] The structure and function of the oil filtration unit and the method of using it will be 
described in more detail below with references to exemplary embodiments shown in the 
drawings wherein,

Fig. 1 shows an embodiment of a cross section of an oil filtration unit comprising an oil filter, 
seen from the side.

Fig. 2 shows an embodiment of an oil filter comprising a hydraulic resistance, seen from the 
side.

Fig. 3 shows an embodiment of a cross section of the oil filter of Fig. 2, seen along the 
longitudinal axis of the oil filter.

Fig. 4 shows an embodiment of 
resistance.

a perspective view of an oil filter comprising a hydraulic

Fig. 5 shows an embodiment of 
axis ofthe end plate.

cross section of an end plate, seen along the longitudinal

Fig. 6 shows an embodiment of 
axis ofthe end plate.

cross section of an end plate, seen along the longitudinal

Fig. 7 shows an embodiment of 
axis ofthe end plate.

cross section of an end plate, seen along the longitudinal

Fig. 8 shows an embodiment of 
axis ofthe end plate.

cross section of an end plate, seen along the longitudinal

Fig. 9 shows an embodiment of cross section of an end plate, seen along the longitudinal

a

a

a

a

a
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axis of the end plate.

[0062] In the figures, the oil filter is shown describing having a cylindrical shape. However, it 
should be understood that other shapes of oil filters are also intended within the scope of the 
present invention.

[0063] Fig. 1 shows an embodiment of a cross section of an oil filtration unit comprising a 
housing and an oil filter, seen from the side.

[0064] The oil filtration unit 1 may comprise a housing 2 which comprises a housing inlet 3 
adapted to receive contaminated oil from the surroundings and feeding the oil at a first 
pressure p1 to an inner opening 4 of the housing 2 of the oil filtration unit 1 as illustrated by the 
arrow 5.

[0065] The oil filtration unit 1 may comprise an oil filter 6 for filtering the contaminated oil, the 
oil filter 6 being arranged in the inner opening 4 of the housing 2. The oil filter 6 may comprise 
an outer surface 7 defining a filter inlet and an inner filter volume 8 adapted to receive filtered 
oil at a second pressure p2. The second pressure p2 may be lower than the first pressure p1. 
Furthermore, the oil filter 6 may comprise a filter outlet inside the housing 2 providing 
fluid/liquid communication between the inner filter volume 8 and the surroundings of the oil 
filter 6, and the filter outlet may thus be adapted to release the filtered oil from the inner filter 
volume 8, where the filter outlet may be arranged at an end plate 9 of the oil filter 6.

[0066] A sealing 10 may be arranged between the end plate 9 of the oil filter 6 and an inner 
end surface 11 of the housing 2, as is illustrated in Fig. 1. The sealing 10 may comprise an 
elevation. The elevation may form a closed path and may form a circle on the inner end 
surface 11 of the housing 2. Thus, when the oil filter 6 is inserted into the inner opening 4 of 
the housing 2, the elevation may come into contact with the end plate 9 of the oil filter 6 and 
protrude or cut into the oil filter 6. Thus, sealing is provided between the housing 2 and the oil 
filter 6 resulting in the oil to be filtered being prevented from flowing directly from the housing 
inlet 3 to a housing outlet 12 and thus from bypassing the oil filter 6.

[0067] Instead, contaminated oil, which has been introduced into the inner opening 4 of the 
housing 2 and been exposed to the outer surface 7, i.e. filter inlet, of the oil filter 6, may flow 
through the filter inlet. During passage of the oil filter 6, as indicated by the arrows 13, the 
contaminated oil may be divided into solid contaminants retained by the oil filter 6 and filtered 
oil released into the inner filter volume 8 at a second pressure p2 being lower than the first 
pressure p1 due to the flow resistance through of the oil filter 6.

[0068] The filtered oil may be released from the inner filter volume 8 to the surroundings via 
firstly the end plate 9 comprising the filter outlet and secondly via the housing outlet 12 of the 
oil filtration unit 1, as illustrated by the arrow. The filter outlet may comprise a hydraulic 
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resistance providing a fluid/liquid flow restriction between the inner filter volume 8 and the 
housing outlet 12 in order to increase the second pressure (p2) inside the inner filter volume 8. 
The hydraulic resistance results in the filtered oil being released from the inner filter volume 8 
at a third pressure p3 being lower than the second pressure p2. As a consequence of a 
hydraulic resistance at the filter outlet, the second pressure p2 in the inner filter volume 8 is 
larger than would be the case if no hydraulic resistance was present at the filter outlet. Thus, a 
back pressure is provided which ensures that air in the oil remains dissolved and does not 
affect the filtration efficiency.

[0069] Fig. 2 shows an embodiment of an oil filter comprising a hydraulic resistance, seen from 
the side. For similar features, similar reference numbers have been used.

[0070] The oil filter 6 may have a substantially cylindrical shape and consist of several plates 
and inter alia a first 14 and a second end plate 15 and one or more centre plates 16, where the 
first 14 and second end plate 15 may each comprise an outer end surface 17,18, respectively. 
Furthermore, the oil filter 6 may comprise at least one side surface 19, where at least part of 
said outer end surfaces 17,18 and said at least one side surface 19 constitute the filter inlet.

[0071] In the embodiment of Fig. 2, the side surface 19 is illustrated as being uneven and 
comprising e.g. several grooves, but other shapes of the side surface 19, such as an even side 
surface 7, are foreseen within the present invention. Furthermore, it is foreseen within the 
present invention that the oil filter 6 may e.g. be produced in one uniform piece instead of from 
several plates.

[0072] The oil filter 6 may comprise a longitudinal axis A. The oil filter 6 and/or the end plate 14 
of the oil filter 6 may comprise natural or synthetic polymer and may comprise a cellulose 
material.

[0073] Fig. 3 shows an embodiment of a cross section of the oil filter 6 of Fig. 2, seen along 
the longitudinal axis A of the oil filter 6. For similar features, similar reference numbers have 
been used.

[0074] The oil filter 6 may comprise an inner filter volume 8 for receiving filtered oil, which has 
been filtered from solid contaminants retained in the filter material, when the contaminated oil 
moves from the inner opening 4 of the housing 2 to the inner filter volume 8.

[0075] The oil filter 6 may comprise a filter outlet comprising a hydraulic resistance adapted to 
release the filtered oil from the inner filter volume 8 at a third pressure p3. In Fig. 3, the first 
end plate 14 of the oil filter 6 is illustrated as comprising a filter outlet in the form of an orifice 
arrangement comprising one through-going hole 20 with a cross section being smaller than the 
cross section ofthe inner filter volume 8. However, within the present invention it is understood 
that other types of the hydraulic resistances are foreseen and may e.g. comprise a porous 
material or a valve device such as a check valve or nonreturn valve.
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[0076] The size of the hydraulic resistance, which may comprise the valve device, the porous 
material or the orifice arrangement, depend on a number of factors such as the temperature, 
the viscosity of the oil, the flow of the oil through oil filter, the total cross sectional area of the 
holes and pores in the filter outlet and the size of the holes and pores.

[0077] In case the first end plate 14 in Fig. 3 comprises a porous material through which the oil 
may flow, at least part of the first end plate 14 may also form part of the filter outlet. Fig. 4 
shows an embodiment of a perspective view of an oil filter comprising a hydraulic resistance. 
For similar features, similar reference numbers have been used as in the previous Figs.

[0078] The oil filter 6 is shown as comprising a first end plate 14 comprising an outer end 
surface 17. The first end plate 14 may comprise a hydraulic resistance in the form of an orifice 
arrangement comprising one through-going hole 20.

[0079] The outer end surface 17 may comprise one or more substantially linear ridges 21 and 
grooves 22 which may be arranged adjacent to each other. The linear ridges 21 and grooves 
22 may extend orthogonally to the longitudinal axis A of the oil filter 6. A circular groove 23 may 
surround the linear ridges 21 and grooves 22 and may as such extend circularly around the 
longitudinal axis A of the oil filter 6 with a constant radius. The circular groove 23 and the linear 
grooves 22 may be level with each other. The ridges 21 may be level with a part 24 of the 
outer end surface 17 at the periphery 14' of the end plate 14 which is illustrated as being 
planar in Fig. 4. Said linear grooves 22 may be mutually connected via the circular groove 23. 
However, it is foreseen that said linear grooves 22 may also be mutually connected 
themselves. Furthermore, it is foreseen that the linear grooves 22 may be non-linear, such as 
curved or extend in zigzags.

[0080] The through-going hole 20 may protrude the outer end surface 17 ofthe first end plate 
14 in one of said linear 22 or circular grooves 23 and is illustrated in Fig. 4 as being positioned 
in one of the linear grooves 22 and may extend substantially linearly with the longitudinal axis A 
ofthe oil filter 6.

[0081] When the oil filter 6 has been inserted into the inner opening 4 of the housing 2, at least 
one of the outer end surfaces 17,18 may come into contact with an inner end surface of the 
housing 2. Thus, the outer end surface 17 of the first end plate 14 may come into contact with 
the inner end surface 11 ofthe housing 2, and as the ridges 21 may be level with the part 24 of 
the outer end surface 17 at the periphery 14' of the first end plate 14, the ridges 21 and said 
part 24 of the outer end surface 17 may come into contact with the inner end surface 11 of the 
housing 2. Thus, the ridges 21 may rest on said inner end surface 11 and provide support for 
the first end plate 14 on the inner end surface 11 which may be advantageous in order to 
prevent/minimise mechanical deformation of the first end plate 14 due to the difference in 
pressure between before (i.e. p2) and after (i.e. p3) the filter outlet.

[0082] As said linear 22 and circular grooves 23 may be mutually connected, said linear 22 
and circular grooves 23 may distribute the filtered oil, which has been released from the inner 



DK/EP 3334512 T3

filter volume 8, so that the filtered oil may flow freely and be released through the housing 
outlet 12 to the surroundings.

[0083] Fig. 5 shows an embodiment of a cross section of an end plate, seen along the 
longitudinal axis of the end plate. For similar features, similar reference numbers have been 
used.

[0084] In the embodiment of Fig. 5, the first end plate 14 is illustrated as comprising at least 
three through-going holes 25 each extending from an inner end surface 17' towards the outer 
end surface 17 and protruding the outer end surface 17 in one of the linear grooves 22. The 
three through-going holes 25 may have a substantially similar size, i.e. a similar length, width 
and cross-sectional area.

[0085] The at least three through-going holes 25 may each be tubular with a constant radius, 
such as cylindrical, and/or with a constant cross-sectional area, such as a square cross 
section, and may be mutually parallel.

[0086] Fig. 6 shows an embodiment of a cross section of an end plate, seen along the 
longitudinal axis of the end plate. For similar features, similar reference numbers have been 
used.

[0087] In the embodiment of Fig. 6, the first end plate 14 is illustrated as comprising at least 
seven through-going holes 25 each extending from an inner end surface 17' towards the outer 
end surface 17, and six of which each protrudes the outer end surface 17 in one of the linear 
grooves 22, and one of which protrudes the outer end surface 17 in the circular groove 23. 
The seven through-going holes 25 may have a substantially similar size, i.e. a similar length, 
width and cross-sectional area.

[0088] The at least seven through-going holes 25 may each be tubular with a constant radius, 
such as cylindrical, and/or with a constant cross-sectional area, such as a square cross 
section, and may be mutually parallel.

[0089] Fig. 7 shows an embodiment of a cross section of an end plate, seen along the 
longitudinal axis of the end plate. For similar features, similar reference numbers have been 
used.

[0090] In the embodiment of Fig. 7, the first end plate 14 is illustrated as comprising at least 
seven through-going holes 26 each extending from an inner end surface 17' towards the outer 
end surface 17, and six of which each protrudes the outer end surface 17 in a linear groove 
22, and one of which protrudes the outer end surface 17 in the circular groove 23. The seven 
through-going holes 25 may have a substantially similar size, i.e. a similar length, width and 
cross-sectional area.

[0091] The at least seven through-going holes 26 may each be tubular with a radius varying 
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along their length, such as frustoconical, and/or with a non-circular cross-sectional area, such 
as a square cross section. The radius and/or cross-sectional area may be largest downstream 
of the filter outlet.

[0092] Thus, as said holes 25,26 may be through-going, the first end plate 14 may comprise a 
non-porous material, such as e.g. a plastic or metallic material, or may comprise a porous 
material, such as natural or synthetic material, through which the filtered oil may move so that 
the first end plate 14 may form a part of the filter outlet. The material of the first end plate 14 
may be chosen depending on the wanted back pressure.

[0093] Fig. 8 shows an embodiment of a cross section of an end plate, seen along the 
longitudinal axis of the end plate. For similar features, similar reference numbers have been 
used.

[0094] In the embodiment of Fig. 8, the first end plate 14 is illustrated as comprising at least 
seven blind holes 27, six of which each extends from a linear groove 22 towards the inner end 
surface 17' ofthe end plate 14, and one of which extends from the circular groove 23 towards 
the inner end surface 17'. The seven blind holes 27 may have a substantially similar size, i.e. a 
similar length, width and cross-sectional area.

[0095] The at least seven blind holes 27 may each be tubular with a constant radius, such as 
cylindrical, and/or may have a non-circular cross-section, such as a square cross section, 
and/or may be mutually parallel. However, it is foreseen that the at least seven blind holes 27 
may also have a varying radius or cross-sectional area along their length.

[0096] Thus, in the embodiment of Fig. 8, the filtered oil may be released from the inner filter 
volume 8 by moving through the material of the first end plate 14 starting from the inner end 
surface 17' ofthe first end plate 14 and may flowthrough the at least seven blind holes 27 the 
remaining distance to the outer end surface 17 of the first end plate 14 when reaching said 
blind holes 27 in the first end plate 14. Thus, the first end plate 14 may comprise a porous 
material and may comprise natural or synthetic polymer so as to facilitate the movement ofthe 
filtered oil through the first end plate 14.

[0097] It is foreseen that the through-going holes 25,26 and/or blind holes 27 may have 
varying sizes and the number may vary. However, advantageously, there is a symmetry in the 
size of said holes 25,26,27 relative to the longitudinal axis A of the oil filter and thus of the 
longitudinal axis ofthe first end plate 14 such that the pressure and mechanical stress on the 
first end plate 14 is evenly distributed on the first end plate 14.

[0098] Letting said holes 25,26,27 protrude in the linear 22 and/or circular grooves 23 
facilitates that the filtered oil is evenly distributed across the first end plate 14 after being 
released from the inner filter volume 8.

[0099] For example, in the case where the end plate 14 comprises three holes 25,26,27, said 
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three holes 25,26,27 may be arranged in the three linear grooves 22 closest to the longitudinal 
axis of the end plate 14, or one in the linear groove 22 closest to said longitudinal axis and two 
in the linear grooves 22 third-closest to said longitudinal axis.

[0100] Fig. 9 shows an embodiment of a cross section of an end plate, seen along the 
longitudinal axis of the end plate. For similar features, similar reference numbers have been 
used.

[0101] In the embodiment of Fig. 9, the first end plate 14 is illustrated as not comprising any 
holes 25,26,27. Thus, in order for the filtered oil to be released from the inner filter volume 8, 
the first end plate 14 may comprise a porous material so as to facilitate the movement of the 
filtered oil through the pores of the first end plate 14. The first end plate 14 may at least partly 
comprise a natural or synthetic material so that the first end plate 14 may participate in filtering 
the oil.

[0102] It is foreseen that the hydraulic resistance may comprise at least one valve device, such 
as a back pressure valve, which may be a check valve or a non-return valve, and the valve 
device may be spring loaded. The number of valve devices and the cracking pressure, i.e. the 
inlet pressure at which the first indication of flow occurs, may be determined depending of the 
desired back pressure.

[0103] Therefore, the filter outlet may comprise various features and have various shapes 
depending on e.g. the viscosity of the filtered oil, the type of oil, the flow, specific operational 
conditions, the desired back pressure, the air content in the oil etc.
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Patentkrav

1. Oliefiltreringsenhed (1) til fjernelse af faste forurenende stoffer fra forurenet 

olie, hvilken oliefiltreringsenhed (1) omfatter:

- et hus (2), som omfatter et husindløb (3), der er indrettet til at modtage 

forurenet olie fra omgivelserne og udlevere den forurenede olie til en indre 

åbning (4) i huset (2) ved et første tryk (p1) og et husudløb (12), som er 

indrettet til at udlevere filtreret olie til omgivelserne, og

- et oliefilter (6) til filtrering af den forurenede olie, idet oliefilteret (6) er an­

bragt i husets (2) indre åbning (4) og omfatter et filterindløb, som er afgræn­

set ved hjælp af en ydre overflade (7) på oliefilteret (6), et indre volumen (8), 

som er indrettet til at modtage filtreret olie ved et andet tryk (p2), hvor det 

andet tryk (p2) er lavere end den første tryk (p1), og et filterudløb inden i 

huset (2), og som tilvejebringerfluidum-Zvæskeforbindelse imellem det indre 

filtervolumen (8) og husudløbet (12) med henblik på at udlevere den filtre­

rede olie fra det indre filtervolumen (8),

kendetegnet ved, at

- en endeplade på oliefilteret (6) omfatter filterudløbet, hvor hele endepladen 

omfatter et porøst materiale, hvorigennem olien kan strømme, således at i 

det mindste en del af endepladen danner en del af filterudløbet,

- og at filterudløbet omfatter en hydraulisk modstand, som danner en del af 

oliefilteret, hvilken hydrauliske modstand tilvejebringer en fluidum-Zvæske- 

strømningsbegrænsning imellem det indre filtervolumen (8) og husudløbet 

(12) med henblik på at øge det andet tryk (p2) inden i det indre filtervolumen

(8),  og at udlevere den filtrerede olie fra det indre filtervolumen (8) til husud­

løbet (12) ved et tredje tryk (p3), hvor det tredje tryk (p3) er lavere end det 

andet tryk (p2).

2. Oliefiltreringsenhed (1) ifølge krav 1, kendetegnet ved, at filterudløbet om­

fatter naturlig eller syntetisk polymer.
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3. Oliefiltreringsenhed (1) ifølge ethvert af de foregående krav, kendetegnet 
ved, at den hydrauliske modstand omfatter en ventilindretning, et porøst materi­

ale eller et åbningsarrangement.

4. Oliefiltreringsenhed (1) ifølge krav 3, kendetegnet ved, at det porøse mate­

riale og/eller åbningsarrangementet omfatter naturlig eller syntetisk polymer.

5. Oliefiltreringsenhed (1) ifølge krav 3-4, kendetegnet ved, at åbningsarran­

gementet omfatter et eller flere huller (20; 25; 26; 27).

6. Oliefiltreringsenhed (1) ifølge krav 5, kendetegnet ved, at et eller flere af 

åbningsarrangementets huller (20; 25; 26) er gennemgående.

7. Oliefiltreringsenhed (1) ifølge krav 5, kendetegnet ved, at et eller flere af 

åbningsarrangementets huller (27) er lukkede.

8. Oliefiltreringsenhed (1) ifølge krav 5-7, kendetegnet ved, at åbningsarran­

gementet omfatter 1,3,8,10,15, 20, 25, 30, 40 eller 50 huller (20; 25; 26; 27).

9. Oliefiltreringsenhed (1) ifølge krav 1 eller 3-8, kendetegnet ved, at den 

ydre overflade på oliefilterets (6) endeplade har riller (22, 23), som strækker sig i 

en retning vinkelret på og/eller radialt mod en langsgående akse i endepladen.

10. Oliefiltreringsenhed (1) ifølge krav 9, kendetegnet ved, at hullerne (20; 25; 

26; 27) i åbningsarrangementet er anbragt ved en eller flere af rillerne (22, 23) i 

oliefilterets (6) endeplade.

11. Oliefilter (6) til fjernelse af faste forurenende stoffer fra den forurenede olie, 

hvilket oliefilter (6) omfatter

- et filterindløb, som er afgrænset ved hjælp af en ydre overflade (7) på olie­

filteret (6) indrettet til at modtage den forurenende olie ved et første tryk (p1),
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- et indre filtervolumen (8), som er indrettet til at modtage filtreret olie ved et 

andet tryk (p2), som er lavere end det første tryk (p1), og

-etfilterudløb, som tilvejebringerfluidum-Zvæskeforbindelse imellem det in­

dre filtervolumen (8) og omgivelserne med henblik på at udlevere den filtre­

rede olie fra det indre filtervolumen (8),

kendetegnet ved, at

- en endeplade i oliefilteret (6) omfatter filterudløbet, hvor hele endepladen 

omfatter et porøst materiale, hvorigennem olien kan strømme, således at i 

det mindste en del af endepladen danner en del af filterudløbet,

- og at filterudløbet omfatter en hydraulisk modstand, som danner en del af 

oliefilteret, hvilken hydrauliske modstand tilvejebringer en fluidum-Zvæske- 

strømningsbegrænsning imellem det indre filtervolumen (8) og omgivelserne 

med henblik på at øge det andet tryk (p2) inden i det indre filtervolumen (8) 

og udlevere den filtrerede olie fra det indre filtervolumen (8) ved et tredje tryk 

(p2), hvor det tredje tryk (p3) er lavere end det andet tryk (p2).

12. Fremgangsmåde til fjernelse af faste forurenende stoffer fra forurenet olie, 

hvilken fremgangsmåde omfatter trinnene

- tilvejebringelse af en oliefiltreringsenhed (1), som omfatter et hus (2), der 

har et husindløb (3) og et husudløb (12),

- tilvejebringelse af et oliefilter (6) i en indre åbning (4) i huset (2), hvilket 

oliefilter (6) omfatter et filterindløb, som afgrænses ved hjælp af en ydre 

overflade (7) på oliefilteret (6) og et filterudløb,

- indføring af forurenet olie fra omgivelserne via husindløbet (3) til husets (2) 

indre åbning (4) ved et første tryk (p1), således at den forurenede olie ud­

sættes for filterindløbet og under passagen af oliefilteret (6) opdeles i faste 

forurenende stoffer, som tilbageholdes ved hjælp af oliefilteret (6) og filtreret 

olie, som udleveres til et indre filtervolumen (8) ved et andet tryk (p2), hvor 

det andet tryk (p2) er lavere end det første tryk (p1), og

- udlevering af den filtrerede olie fra det indre filtervolumen (8) via filterudlø­

bet, som tilvejebringer fluidum-Zvæske-forbindelse imellem det indre filtervo­

lumen (8) og husudløbet (12),
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kendetegnet ved, at

- en endeplade på oliefilteret (6) omfattende filterudløbet tilvejebringes, hvor 

hele endepladen omfatter et porøst materiale, hvorigennem olien kan strøm­

me, således at i det mindste en del af endepladen danner en del af filterud-

5 løbet,

- og at en hydraulisk modstand, som tilvejebringer en fluidum-Zvæskestrøm- 

ningsmodstand imellem det indre filtervolumen (8) og husudløbet (12) og 

danner en del af oliefilteret, er tilvejebragt ved filterudløbet med henblik på 

at øge det andet tryk (p2) inden i det indre filtervolumen (8), og at udlevere

10 den filtrerede olie fra det indre filtervolumen (8) til husudløbet (12) ved et 

tredje tryk (p3), hvor det tredje tryk (p3) er lavere end det andet tryk (p2).

13. Fremgangsmåde ifølge krav 12, kendetegnet ved, at fremgangsmåden er 

velegnet til fjernelse af faste forurenende stoffer fra luftindeholdende forurenet 

15 olie.
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