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( 57 ) ABSTRACT 
A monitoring device of an oil flow mixed with air , including 
a tubular element coupled with at least one first and one 
second photoelectric sensor that emit a radiation along a first 
and a second optical line respectively , the tubular element 
being at least partially transparent to the radiation , the first 
and the second photoelectric sensor being mounted on the 
tubular element so that the first and the second optical line 
are mutually angled . 
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MONITORING DEVICE AND METHOD OF 
AN OIL FLOW MIXED WITH AIR 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIELD OF THE INVENTION 
[ 0001 ] The present invention relates to device and to a 
method to monitor an oil flow mixed with air . 
[ 0002 ] In particular , it relates to a photoelectric sensor oil 
monitoring device . m 

PRIOR ART 

[ 0003 ] As is known in air / oil lubrication systems , a flow of 
pressurised oil is mixed with a flow of compressed air . The 
flow of air mixed with oil is conveyed on a mechanical 
component , thus obtaining a combined effect of lowering the 
temperature of the component and a particularly effective 
lubrication . 
[ 0004 ] Although the components of the current lubrication 
systems are extremely reliable , in some critical situations it 
is necessary to monitor “ in line ” the oil flow mixed with air 
delivered by the lubrication system because , especially 
when the oil flow rates are very small ( minimal lubrication ) , 
malfunctions may happen . 
10005 ] To this end , monitoring devices of the oil flow have 
been designed that through a photoelectric sensor , may 
detect the oil flow inside a conduit . 
[ 0006 ] These devices work quite well in the presence of a 
continuous oil flow , without air , but they are hardly adapt 
able to air / oil systems . 
[ 0007 ] In particular , if the oil flow rates are very low , as is 
the case in the context of minimal lubrication , the perfor 
mance of known devices is not acceptable . 

[ 0016 ] With reference to the above figures , an oil moni 
toring device , suitable to monitor an oil flow mixed with air , 
is shown , indicated as a whole with reference numeral 1 . The 
oil flow , it is in particular a minimal oil flow . In this text , by 
minimal oil flow it is meant a very low flow , ranging from 
10 mm cubes per minute to 100 mm cubes per minute , but 
preferably between 30 and 40 mm cubes per minute ( one 
drop per minute ) . 
[ 0017 ] The device comprises a housing 4 or frame , sup 
porting a plurality of elements arranged therein . Specifically , 
housing 4 has a hollow body 4B and a cover 4A attached to 
the hollow body 4B with appropriate screws or other suit 
able means . A seal 4C may be interposed between the hollow 
body 4B and cover 4A . 
[ 0018 ] As can be seen in FIG . 1 , the hollow body has two 
through holes 20 where a pair of couplings 6A , 6B are 
fastened , advantageously of the automatic type , and config 
ured to be coupled with a traditional air / oil lubrication line . 
10019 ) Between the two couplings , inside the hollow body 
4B , a tubular element 2 is provided . 
[ 0020 ] When the couplings are coupled to a lubrication 
line on which device 1 is installed , an air / oil flow flows 
through the tubular element 2 , which is sealably inserted into 
the line itself ( in series ) . 
[ 0021 ] An example of a lubrication system 40 where 
device 1 can be effectively used is shown in FIG . 4 . It may 
comprise a lubricant tank 30 , for example oil , and means for 
raising the oil pressure 31 ( such as a pump ) . 
10022 ] . In some embodiments , tank 30 may be placed 
under pressure ( such as through a pneumatic system ) , and so 
the oil can be pressurised already at the outlet of the tank 
itself . 
[ 0023 ] At least one oil flow regulator 32 is further pro 
vided ( advantageously with a needle valve ) and at least one 
mixer 33 of the oil with an air flow . The mixer mixes the air 
and the oil in order to obtain a good distribution of the oily 
particles in the air flow , directed from conduit 34 towards a 
utility U ( such as a bearing ) . 
10024 ] In system 40 shown in FIG . 4 , the pressurised air 
is supplied by a compressor 35 ( such as of the alternating 
type with compressed air tank attached ) , which introduces 
air under pressure , optionally regulated by a valve 36 , into 
mixer 33 . 
[ 0025 ] In some cases , various parts of the system can be 
integrated into a single modular element M , such as 
described in the patent document EP2333395 A1 , incorpo 
rated herein as a reference . 
[ 0026 ] Device 1 may be placed in series to conduit 34 , 
through couplings 6A and 6B , to detect the presence of a 
flow of air mixed with oil that flows into conduit 34 itself . 
[ 0027 ] Going back to the description of device 1 , it is seen 
that at least a first and a second photoelectric sensor 3A , 3B 
are coupled to the tubular element 2 . The two photoelectric 
sensors are substantially identical , but are mounted on the 
tubular element ( so as to be able to read an air / oil flow 
present into the same ) in an axially spaced manner ( L ) , and 
at different angles with respect to the axis of the tubular 
element . 
[ 0028 ] Specifically , each sensor comprises an emitter E 
directly ( or indirectly ) facing towards a receiver R . The 
emitter may be of the LED type and may emit an infrared 
radiation with a wavelength of between 0 . 7 um and 1 mm , 

SUMMARY OF THE INVENTION 
[ 0008 ] The object of the present invention is to provide an 
oil monitoring device and method to monitor an oil flow 
mixed with air which overcomes the technical drawbacks of 
the prior art . 
[ 0009 ] A further object of the present invention is to 
provide a monitoring device and a method that is able to 
accurately detect an oil flow in an air / oil lubrication line . 
[ 0010 ] These and other objects are achieved by a device 
and a method implemented according to the technical teach 
ings of the appended claims . 

BRIEF DESCRIPTION OF THE FIGURES 
[ 0011 ] Further features and advantages of the invention 
will become apparent from the description of a preferred but 
non - exclusive embodiment of the device , shown by way of 
a non - limiting example in the accompanying drawings , in 
which : 
[ 0012 ] FIG . 1 shows a simplified exploded perspective 
view of a device according to the present invention ; 
[ 0013 ] FIG . 2 shows a simplified sectional view of the 
device in FIG . 1 when assembled ; 
[ 0014 ] FIGS . 3A - 3C show schematic views illustrating the 
operating principle of the device in FIG . 1 ; 
[ 0015 ] FIG . 4 shows a schematic view of an air oil 
lubrication system in which the device of the present inven 
tion can be installed . 
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preferably between 0 . 7 um and 3 um ( but even more 
preferably between 0 . 8 um and 1 um ) . In any case , the 
emitter must emit a radiation to which the tubular element 2 
is at least partially transparent . Advantageously , the tubular 
element is made of a nearly transparent plastic ( such as PA 
6 , marketed under the tradename Rilsan , by Arkema ) . These 
tubular elements are also known as clear tubes . As an 
example , the tubular element may have an outer diameter of 
between 1 . 5 mm and 7 mm . 
[ 0029 ] Receiver R may be a phototransistor . 
[ 0030 ] According to the present invention , the first 3A and 
the second photoelectric sensor 3B are coupled to the tubular 
element so that the first and the second optical line A , B of 
the sensors are mutually angled . The first and the second 
optical line A , B may be radially angled with respect to the 
tubular element . 
[ 0031 ] In the present text , the term optical line of the 
photoelectric sensor ( line of sight ) means axis A , B of that 
spatial region where the emitter is directly or indirectly ( if it 
is a reflective sensor ) facing the receiver . 
[ 0032 ] FIGS . 3A to 3C schematically show the positioning 
of the photoelectric sensors 3A , 3B with respect to the 
tubular element . As can be easily seen , the first optical line 
A ( of the first photoelectric sensor 3A ) is aligned with a first 
diameter D1 of the tubular element while the second optical 
line B ( of the second photoelectric sensor 3B ) is aligned with 
a second diameter D2 of the tubular element . The first and 
the second diameter D1 , D2 being mutually angled by an 
angle a > 0 , and advantageously of 90° + 5° . Angle a , how 
ever , may be between 30° + 5° and 90° - 5° . 
[ 0033 ] If there are more than two sensors , such as three , 
angle a may advantageously be 30° + 5° . 
[ 0034 ] The sensors may be mounted on the tubular ele 
ment 2 without interference or with minimal interference , 
and may be supported directly or indirectly by housing 4 . 
[ 0035 ] The arrangement of the sensors on the tubular 
element 2 is particularly advantageous as it has been verified 
that the micro - amounts of oil ( usually small drops P ) pushed 
by air are arranged in the tubular element 4 along a band F 
which has a height of about 1 / 4 the diameter of the tubular 
element 2 . 
[ 0036 ] The particle distribution does not have a constant 
pattern along the tubular element and the latter can also 
proceed as a spiral along the walls of the tube . The posi 
tioning of band F may also depend to a great extent on the 
spatial orientation of the tubular element ( and thus of device 
1 ) or the air velocity and pressure within the latter , and so it 
is difficult to determine in advance which part of the tube 
wall is affected by the flow of oil particles . 
100371 . The particles are distributed in a non - predictable 
manner especially when the tubular element is installed in a 
vertical position ( which happens often in lubrication sys 
tems ) , this causing , in conventional monitoring devices , 
many reading errors . 
[ 0038 ] The presence of a double ( or triple , etc . ) photo 
electric sensor allows detecting the oil trail that travels along 
the tube wall , in any position it is . 
[ 0039 ] FIGS . 3A - 3C show some configurations that the 
flow of oil particles P can take place into the tubular element 

accurate reading of the presence of oil inside the tubular 
element . The second sensor 3B instead detects a lower or 
absent oil passage . 
10041 ] In fact , the beam of radiations emitted by emitter E 
of the first sensor is mitigated by the presence of the oil 
particles P ( which deviates the radiations or absorbs them ) . 
Receiver R of the first sensor , therefore , receives a much 
smaller amount of radiations than those emitted and thus 
detects a quantity of oil that flows into the tubular element 
2 . This does not happen for the second sensor , in this 
configuration . 
[ 0042 ] Only the reading provided by the first sensor 3A is 
then considered . 
10043 ] . When particles P are distributed according to the 
configuration shown in FIG . 3B , i . e . along one side of the 
tubular element , the correct reading will be the one provided 
by the second sensor 3B . 
[ 0044 ] In a situation such as that shown in FIG . 3C , a 
reading will be obtained from both sensors , and the reading 
obtained from the sensor that detects a higher oil flow will 
be considered . 
[ 0045 ] Basically , with the presence of at least two photo 
electric sensors arranged as described above , a reading can 
be obtained that is always well indicative of the flow of oil 
particles pushed by the air inside the tubular element 2 . 
[ 0046 ] Advantageously , therefore , the sensors work in 
" OR ” mode , then the sensor that provides the highest 
reading is considered while the other one is disregarded . 
10047 ] In the example shown , the photoelectric sensors 
3A , 3B are interfaced with a control unit that manage the 
readings thereof . 
[ 0048 ] The control unit 7 may be directly housed on a 
printed circuit 50 provided into the housing , or it may be 
connected to device 1 through a socket with electrical 
connectors 51 . 
[ 0049 ] In any case , the control unit 7 may be configured 
to : 
[ 0050 a ) obtain a first parameter indicative of an amount 
of oil present in the tubular element detected by the first 
sensor , 
10051 ] b ) obtain a second parameter related to the amount 
of oil present in the tubular element detected by the second 
sensor , 
[ 0052 ] c ) determine the presence or the absence of an 
air / oil flow in the tubular element based on the first and / or 
second parameter . 
[ 0053 ] In essence , device 1 works according to a method 
for detecting the flow of air / oil inside a tubular element 2 
comprising the steps of : 
[ 00541 obtaining a first parameter indicative of an amount 
of oil present in the tubular element detected by the first 
sensor with a first optical line A , 
100551 obtaining a second parameter related to the amount 
of oil present in the tubular element detected by the second 
sensor with a second optical line B angled from the first 
optical line A radially with respect to the tubular element , 
[ 0056 ] determining the presence or the absence of an 
air / oil flow in the tubular element based on the first and / or 
second parameter . 
[ 00571 The determination of the presence or absence of an 
oil flow inside the tubular element may be based on the 
parameter obtained from that sensor which detects the 
greatest amount of oil flowing in the tubular element . 

[ 0040 ] When the oil particles pushed by air are distributed 
in the configuration in FIG . 3A , i . e . at the bottom of the 
tubular element , the first photoelectric sensor 3A provides an 
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[ 0058 ) Specifically , the parameter may be obtained on the 
basis of a series of readings made on a single sensor in a 
predefined time . 
[ 0059 ] According to a particularly advantageous embodi 
ment the parameter is obtained based on the sum of the 
absolute values of the differences of multiple consecutive 
readings on the same sensor , in a predefined time interval 
( such as 10 seconds ) . 
[ 0060 ] In essence , the algorithm provided for the opera 
tion of device 1 can alternate the reading on a sensor or the 
other every 10 seconds . The same detection algorithm can be 
executed on each of the two sensors , which specifically can 
provide for : 
[ 0061 ] calculating the sum of the absolute values of the 
differences of 100 consecutive readings ( one every 100 ms , 
suitably filtered ) in 10 seconds 
[ 0062 ] if the result is greater than that calculated 10 
seconds before on the other sensor , the value is updated with 
the newly calculated one 
[ 0063 ] switch on the other sensor 
[ 0064 ] In this way , the resulting value will always be the 
higher of the two sensors and that value can be compared 
with the minimum thresholds values set ( for example three 
values ) , in order to generate an alarm when the value is less 
than the threshold . 
[ 0065 ] The algorithm described above allows detecting 
also the case in which the oil changes path along the tubular 
element . In this case , the path change is detected at most 
within 10 seconds ( that correspond to the predetermined 
time interval ) . 
[ 0066 ] According to a different algorithm , it is possible to 
make a sum of the readings of the two sensors , but in the 
tests carried out this algorithm was less performing than the 
previous one , since in practice it seems that the oil always 
goes on one or the other sensor . 
[ 0067 ] Various embodiments of the invention have been 
described but others may be conceived using the same 
innovative concept . 

1 . An oil flow monitoring device suitable to monitor a 
minimal oil flow mixed with air , comprising a tubular 
element coupled with at least one first and one second 
photoelectric sensor , each of the first and the second pho 
toelectric sensor comprising one emitter of a radiation and 
one receiver , the emitter directly or indirectly facing the 
receiver , the first and the second photoelectric sensors 
having a first and a second optical line respectively , the 
tubular element being at least partially transparent to said 
radiation , the first and the second photoelectric sensor being 
mounted on the tubular element so that the first and the 
second optical line are radially angled with respect to the 
tubular element . 

2 . The oil flow monitoring device according to claim 1 , 
wherein the first optical line is aligned to a first diameter of 
the tubular element and the second optical line is aligned to 
a second diameter of the tubular element , the first and the 
second diameter being mutually angled in a sectional view 
of the tubular element . 

3 . The oil flow monitoring device according to claim 1 , 
wherein the first and the second diameter are mutually 
angled by an angle comprised between 30° - 5° and 90° - 5° . 

4 . The oil flow monitoring device according to claim 1 , 
wherein the first and the second diameter are axially spaced 
on the tubular element . 

5 . The oil flow monitoring device according to claim 1 , 
wherein the tubular element is arranged in a housing that 
contains the first and the second photoelectric sensor , the 
tubular element being provided with an inlet and an outlet 
associated with connections for the insertion of the tubular 
element in an air / oil lubrication line , said connections being 
constrained to the housing . 

6 . The oil flow monitoring device according to claim 1 , 
wherein the photoelectric sensors are interfaced with a 
control unit , configured so as to 

a ) obtain a first parameter indicative of an amount of oil 
present in the tubular element detected by the first 
sensor , 

b ) obtain a second parameter related to the amount of oil 
present in the tubular element detected by the second 
sensor , 

c ) determine the presence or the absence of an air / oil flow 
in the tubular element based on the first and / or second 
parameter . 

7 . Method A method for detecting the flow of air / oil inside 
a tubular element comprising the steps of : 

obtaining a first parameter indicative of an amount of oil 
present in the tubular element detected by a first sensor 
with a first optical line , 

obtaining a second parameter related to the amount of oil 
present in the tubular element detected by a second 
sensor with a second optical line radially angled form 
the first optical line with respect to the tubular element , 

determining the presence or the absence of an air / oil flow 
in the tubular element based on the first and / or second 
parameter . 

8 . Method The method according to claim 7 , wherein the 
determination of the presence or absence of an oil flow 
inside the tubular element is based on the parameter 
obtained from that sensor which detects the greatest amount 
of oil flowing in the tubular element . 

9 . The method according to claim 7 , wherein the param 
eter is obtained based on a series of readings taken during a 
predefined time interval . 

10 . Method The method according to claim 7 , wherein the 
parameter is obtained based on the sum of the absolute 
values of the differences of multiple consecutive readings on 
the same sensor , in a predefined time interval . 

11 . An air / oil lubrication system comprising an oil tank , 
means for raising the oil pressure , at least one oil flow 
regulator , at least one mixer for mixing the oil with a 
pressurised air flow to obtain an air / oil flow , a conduit 
adapted to convey the air / oil flow to a user , said conduit 
comprising an oil flow monitoring device according to claim 

the other sensor 

1 . 
12 . The oil flow monitoring device according to claim 1 , 

wherein the first and the second diameter are mutually 
angled by an angle comprised of 90° - 5° . 

* * * * * 


