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A method for controlling the outlet temperature of an oil
injected compressor or vacuum pump and o0il injected

compressor or vacuum pumnp implementing such method.

This invention relates to a method for controlling the
outlet temperature of an olil injected compressor or vacuum
pump comprising a compressor ©r vacuum element with a gas
inlet, an element outlet, and an o¢il inlet, said method
comprising the steps of: measuring the ocutlet temperature
at the element ocutlet; and controlling the position of a
regulating valve in order to regulate the flow of oil
flowing through a cooling unit connected to said oil

inlet.

The need of keeping the temperature at the outlet of an
0il injected compressor or vacuumr pump tc above a minimum

limit is known.

Existing systems typically use a fixed temperature
thermostat and a fixed speed fan making part of a cooling
unit such that when the outlet temperature reaches the
minimum limit, the system stops the fan until the outlet

temperature increases.

If these systems would allow the outlet temperature to
drop below such a limit, condensate would form within the
system, which would negatively affect the cooling or
lubrication capacity of the oil and would also have a

corrosive effect, reducing the life span of the system.
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At the same time, the outlet temperature should not be
allowed to increase above an upper limit because damages
can occcur within the system, such as the quality of the
0il can be deteriorated or even different components of

the system can suffer deformations.

Tests have shown that, when using a fixed temperature
thermostat and a fixed speed fan, the implemented sclution
is not always energy efficient. Even 1f the outlet
temperature would not significantly exceed the upper
Limit, the fan would still be started at 1its fixed and
maximum speed, causing the temperature to drop rapidly,
typically below the minimum limit, bringing the system in

a situaticon with increased risk of condensate formation.

Furthermore, because fthe fan would not have tc function
for an extensive period of time, such a fan would be
switched on and off rapidly, affecting the motor driving

it.

Other existing systems use a proportional integral
derivative (PID) controller and a variable speed fan. Such
systems applying separate control loops for controiling

the thermostat and the fan.

Tests have shown that such systems can have an erratic and
oscillating behavior because the two control loops
interfere with one another. The conseguence o©f such a
behavior being the occurrence of emergency shut-downs,
damages of the mechanical components and early wear of

different system components.
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Another drawback of systems using a PID controller is the
fact that such a solution is suitable for one input - one
output type of analysis, whereas tests have shown that the

analysis performed on such systems can be mocre complex.

Taking the above mentioned drawbacks into account, 1t 1is
an obiect of the present invention to provide a method for
controlling the outlet temperature of an oil injected
compressor Or  vacuum - pump and avoiding condensate
formation while avoiding at the same time an erratic and

oscillating behavior.

The method according to the present invention aims at
providing an energy efficient and easy to implement
solution, even for existing oll injected compressors or

vacuum pumps.

Moreover, the proposed solutien 1s suitable to be
implemented for multiple inputs - multiple outputs type of

analysis.

The present invention aims at providing a solution
continucusly adapting to the changing environmental
conditions and at the same time applicable to compressors

or vacuum pumps located in any part of the world.

The present invention further aims at providing a
compressor or vacuum pump having a minimum number of
components, a minimum number of fittings and pipes, such

that the maintenance process can be performed much easier.
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The present inventiocon solves at least one of the above
and/or other problens by providing a method for
controlling the outlet temperature of an o0il injected
compressor Or vVacuul pump comprising a compressor  or
vacuum element provided with a gas inlet, an element
ocutlet, and an oil inlet, said method comprising the steps

of:

- measuring the outlet temperature at the element

outlet;

- ¢ontrolling the pesition o©f a regulating wvalve in
order to regulate the flow of o0il flowing through a

cooling unit connected to said oil inlet;

whereby the step of c¢ontrolling the position of the
regulating valve involves applying a fuzzy logic algorithm
on the measured ocutlef temperature; and in that the method
further comprises the step of controlling the speed of a
fan cooling the o0il flowing thrcocugh the cooling unit by
applying the fuzzy leglc algorithm and further based on

the position of the regulating wvalve.

By controlling the position of the regulating valve based
on a fuzzy loglc algorithm, the method is continuously
adapting the path of the o0il within the compressor or
vacuum pump such that the cooling capacity 1is actively
adapted in order to prevent condensate formation therein.
Moreover, due to applying such a fuzzy logic algorithm

taking into account the measured outlet temperature, the
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risk of condensate formation i1s minimized 1f not even

eliminated.

Because the speed of the fan cooling the o0il flowing
through the cooling unit is also contrclled by applylng
the fuzzy logic algorithm and based on the position of the
regulating wvalve, such fan is started only when oil is
reaching the cooling unit and the speed is controlled such
that the compressor or vacuum pump is functioning at its
highest efficiency, optimizing the energy consumption and
at the same time continucusly adapting to the current

state of the compressor or vacuum pump.

Since the method is using a fuzzy logic algorithm having
as input the measured outlet temperature for controlling
the position of the regulating valve and the speed of the
fan cooling the oil flowing through the cooling unit, the
method according to the present invention 1is easily
implementable on existing systems without the need of a
substantial intervention and without massively impacting
the user of such a compressor or vacuum pump. Such inlet
and/or outlet temperature and/or pressure sensors being

typically mounted within a compressor or vacuum pump.

Furthermore, since the method is using outlet temperature
measurement, the method according toc the present invention
is continuocusly adapting to changing environmental
conditions, eliminating the risk of condensate to appear
within the compressor or wvacuum pump and prolonging the

lifetime of the oil used therein.
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Moreover, if a user of the compressor or vacuum pump would
transport the unit from one geographical location to
another, he would be able to immediately use it, without
the need of an intervention from a speclialized engineer or
a manual input of certain parameters, since the compressor
or vacuum pump would immediately and automatically adapt

to the specificities of the new location.

Another advantage of the present method is the fact that
it uses a simple mwultiple input and multiple output
algorithm that does not reguire a high computational power

or specialized components.

Moreover, because Lhe speed of the fan is controlled based
on the position of the regulating wvalve and the measured
outlet temperature, the risk of interferences between the
control of the position of the regulating walve and the

control of the speed of the fan is eliminated.

Preferably the step of controlling the position of said
regulating wvalve involves regulating the flow of o©il
flowing through said cooeoling unit and through a bypass
pipe fluidly connected to said oil inlet, for bypassing

the cooling unit.

Because the path of the o0il is chosen between a bypass
pipe and the cooling unit, such cooling unit is only used
when the temperature increases to a value at which a risk
for the degradation of the o0il or the degradation of the
components part of the compressor or vacuum pump appears,

Consequently, the method of the present invention is
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allowing for a prolonged lifetime of the components and is
maintaining the frequency for performing maintenance

interventions and the costs associated therewith very low.

Furthermore, because the path of the oil is chosen between
a bypass pipe and a cooling unit before reaching the oil
inlet, approximately the same veolume of o0il is being re-
injected into the compressor or vacuum element at all
times, maintaining constant lubrication and sealing

properties.

The present invention is further directed to an oil

injected compressor or vacuum pump comprising:

- a compressor or vacuum element having a gas inlet ,

an element outlet and an oil inlet;

~ an olil separator having a separator inlet fluidly
cecnnected to the element outlet, a separator outlet
and an oil outlet fluidly connected to an oil inlet
of the compressor or vacuum element by means of an

oll conduit;

- a cooling unit connected to the oil outlet of the oil
separator and the o0il inlet of the compressor or

vacuum element;

- a bypass pipe fluidly connected to the oil outlet and

to said oil inlet for bypassing the cooling unit;

- a regulating wvalve provided on the o0il outlet

configured to allow 01l to £flow from the oil
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separator through the cooling unit and/cr through the

bypass pipe:;

- an outlet temperature senscr positioned at the

element outlet;

- a controller unit c¢ontrolling the position of said

regulating valve;

whereby the cooling unit is provided with a fan and in
that the controller unit is further provided with a fuzzy
logic algorithm for controlling the speed of the fan based
on the position of the regulating wvalive and measured
outlet temperature, for maintaining the outlet temperature

at approximately a predetermined target value.

Because the o0il injected compressor or vacuum pump has
such a structure, a minimum number of components, of pipes
and fittings is wused to obtain an efficient overall

system.

The present invention is also directed to a controller
unit for controlling the outlet temperature of an oil
injected compressor or vacuum pump comprising a compressor
or wvacuum element provided with a gas inlet, an element
outlet, and an o0il inlet, said centroller unit

comprising:

~ @& measuring unit comprising a data input configured

to receive outlet temperature data;

- a communication unit comprising a first data link for

controlling the position of a regulating valve;
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- the communication unit further comprises a second
data link for controlling the rotational speed of a
fan cooling the o0il flowing through said cooling

unit; and wherein

~ the controller unit further comprises a processing
unit provided with a fuzzy logic algorithm
determining the speed of the fan based on the
positien of the regulating valve and the measured

outlet temperature.

In the context of the present invention it should be
understood that the benefits presented with respect to the
method for maintaining the temperature at an outlet of the
compressor or vacuum pump above a predetermined target
value also apply for the coil injected compressor or vacuum

pump and for the controller unit.

Furthermore, it should be understood that the benefit
presented with respect toe the o0il injected compressor or

vacuum pump also applies for the controller unit.

With the intention of better showing the characieristics
of the invention, some preferred configurations according
to the present invention are described hereinafter by way
of an example, without any limiting nature, with reference

to the accompanying drawings, wherein:
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figure 1 schematically represents a Ccompressor or
vacuum pump according to an embodiment of the present

invention;

figure 2 schematically represents a compressor or
vacuum pump according to another embodiment of the

present invention;

figure 3 schematically represents a regulating valve

according to an embodiment of the present invention;

figure 4 schematically represents a regulating valve

according to an embodiment of the present inventiocn;

figure 5 schematically represents the graphical
representation of the membership functions associated
with the error according tc an embodiment of the

present invention;

figure 6 schematically represents the graphical
representation of the membership functions associated
with the evolution of the error according to an

empodiment of the present invention;

figure 7 schematically represents the graphical
representation of the membership functicns associated
with the change of the angle of the regulating valve
(Delta RV) according tc an embodiment of the present

invention;

figure 8 schematically represents the graphical

representation of the membership functions associated
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with the position of the regulating valve (RV)

according Lo an embodiment of the present invention;

figure 9 schematically represents the graphical
representation of the menbership functions associated
with the position of the regulating wvalve (RV)
according to another embodiment of the present

invention;

figure 10 schematically represents the graphical
representation of the membership functions assocociated
with the change of the speed of the fan (Delta FAN)
according to an embodiment of the present invention;

and

figure 11 schematically represents a control loop of
the fuzzy logic algerithm according to an embodiment

of the present invention.

Figure 1 illustrates an cil injected compressor or wvacuum

punp 1 comprising a process gas inlet 2 and an outlet 3.

The compressor or vacuum pump 1 comprises a compressor oxr
vacuum element 4 having a gas inlet 5 fluidly connected to
the process gas inlet 2 and an element outlet 6 fluidly

connected to the outlet 3.

In the context of the present invention the oil injected
compressor or vacuum pump 1 should be understood as the
compliete compressor or vacuum punmp installation, including
the compressor or vacuum element 4, all the typical

connection pipes and valves, the housing of the compressor
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or vacuum pump 1 and possibly the motor 7 driving the

compressor oOor vacuum element 4.

In the context of the present invention, the compresscr or
vacuum element 4 should be understood as the compressor or
vacuum element casing in which the compression or vacuum
process takes place by means of a rotor or through a

reciprocating movement.

In the context of the present invention, said compressor
or vacuum element 4 can be selected from a group
comprising: a screw, a toothed, a rotary vane, a piston,

etc.

If the system comprises a compressor element, the process
gas inlet 2 is typically connected to the atmosphere and
the outlet 3 is fluidly connected to a user’s network (not

shown) through which c¢lean compressed gas is provided.

If the system comprises a wvacuum pump, the process gas
inlet 2 1is typically connected to a user’s network (not
shown) and the outlet 3 1is typically connected to the
atmosphere or to an external network (not shown), through

which clean gas is evacuated and possibly reused.

The compressor or vacuum element 4 is driven by a motor 7
which c¢an be a fixed speed motor or a variable speed

motor.

The gas leaving the compressor or vacuum element 4 1is
directed through an o0il separator 8 having a separator

inlet 9 fluidiy connected to the element outlet 6 and
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wherein the o©il previously injected within the compressor
or vacuum element 4 1s separated from gas, before clean
gas 1is being guided through a separator outlet 10 fluidly
connected to the outlet 3 of the compressor or vacuum pump
1.

After the oil has been separated and collected within said
oil separator 8, it is preferably allowed to flow through
an oil outlet 11 fluidly connected to an oil inlet 12 of
the compressor or vacuum element 4 by means of an oil
conduit, through which said oll is re-injected within the

compressor or vacuum element 4.

Typically, due to the compression or vacuum process, heat
is generated, raising the temperature of the o0il used for
injection. Consequently, for c¢ooling the o0il when such
temperature reaches or 1s ralsing above a predetermined
target wvalue, Tiarget, the compressor or vacuum pump 1
further comprises a cooling unit 13 connected to the oil
outlet 11 of the o0il separator 8 and the oil inlet 12 of

the compressor or vacuum element 4.

Because the o011 1is reaching the predetermined target
value, Trarget, only after a period of time in which the
compressory or vacuum element 4 is functioning, a bypass
pipe 14 is also provided. Said bypass pipe 14 being
fluidly connected to the ¢il outlet 11 and to the oil
inlet 12 of the compressor or wvacuum element 4 and
allowing the flow of ©il to bypass the ccooling unit 13 and
be directly re-injected within the c©il inlet 12.
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In the context of the present invention it should be
understood that the bypass pipe 14 and the fluid conduit
allowing oil to reach the cooling unit 13 are two similar
pipes, fluidly connected to the oil outlet 11 through for
ezample a T type of fitting, or said oil outlet 11 can
comprise two separate pipes, one of them being the bypass
pipe 14 and the other cne being the fluid conduit allowing

0il to reach the cooling unit 13.

Similarly, it should not be excluded that said oil inlet
12 can comprise two fluid conduits (not shown) or two
injection points for the o©il flowing through the oil
outlet 12, one injection point allowing the ocil flowing
through the cooling unit 13 to be re-injected in the
compressor or vacuum element 4, and an additional
injection point allowing the o0il flowing through the
bypass pipe 14 to be re-injected in the compressor or

vacuum element 4.

The compressor or vacuum pump 1 is further provided with a
regulating wvalve 15 provided on the o0il outlet 11
configured to allow o0il to flow through the cooling unit
13.

Depending on how the modulating valve 15 is mounted within
the compressor or vacuum pump 1, it can be further
configured to allow o0il to flow through the bypass pipe
14.

In another embodiment according to the present invention,

and since the volume of o0il flowing through the o0il outlet



11 shoul d be preferably maintai ned constant, the vol une of
oil flowing through the bypass pipe 14 is automatically
regul ated based on the volune of oil allowed to flow

t hrough the cooling unit 13.

Preferably, the regulating valve 15 is configured to
control the path such oil is flowng through, before
reaching the oil inlet 12.

Accordingly, the regulating valve 15 can be a three way
valve allowng a fluid connection between the oil inlet 12
and the bypass pi pe 14 and/or between the oil inlet 12 and
the fluid conduit allowing oil to reach the cooling unit
13.

Consequently, the regulating valve 15 is allowing oil to
flow fromthe oil separator 8 either through the cooling
unit 13 or through the bypass pipe 14 or is sinmultaneously
splitting the flow of oil: partially through the cooling
unit 13 and partially through the bypass pipe 14.

For an accurate control of the path of the oil, the
conpressor or vacuum punp 1 is further provided with an
outl et tenperature sensor 18, positioned at the el enent

outlet 6 for measuring the outlet tenperature, Tout.

Preferably, but not limting thereto, the conpressor or
vacuum punp 1 further conprises an inlet tenperature
sensor 16 and an inlet pressure sensor 17 positioned at
the gas inlet 5 for neasuring the inlet tenperature and
the inlet pressure of the gas, and outlet pressure sensor
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19 positioned at the element outlet 6 flow conduit and

measuring the outlet pressure of the gas.

Typically, for controlling the position of the regulating

valve 15, a controller unit 20 is provided.

Such controller wunit 20 preferably being part of the
compressor or vacuum purp 1. It should be however not
excluded that such controller unit 20 can be located
remotely with respect to the compressor or vacuum pump 1,
communicating with a local control unit part of the
compressor or vacuum pump 1 through a wired or wireless

connection.

In the context of the present invention, the position of
the regulating valve 15 should be understood as the actual
physical position such that the oil is allowed to flow
through the bypass pipe 14 and/or through the cooling unit
13.

Depending on the type of regulating wvalve 15 used, such a
position can modified through a rotating movement, a
blocking or actuating type of action or through any other
type of action allowing a flow to be controlled as

previously explained.

For efficiently cooling the oil flowing through the
cooling unit 13, a fan 21 is preferably provided in the

vicinity of said cooling unit 13.

Furthermore, for maintaining the energy efficiency of the

compressor or vacuum pump 1 and for maintaining the ocutlet
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temperature, Tow, at approximately a predetermined target
value, Ttarget, such that the risk of condensate formation
is minimized or even eliminated, the controller unit 20 is
further provided with a fuzzy logic algerithm for
controlling the speed of the fan 2Z1 based on the position
of the regulating valve 15 and measured outlet

temperature, Tout.

In a preferred embodiment according to the present
invention, the controller unit 20 further comprises a data
link 22 for recelving measurements from each of said:
inlet temperature sensor 16, inlet pressure sensocr 17,
outlet temperature sensor 18 and outlet pressure sensor
19, said controiller unit 20 being further provided with an
algorithm for calculating the predetermined target wvalue,
Ttarget, by considering a calculated atmospheric dew point,

ADP, based on the received measurements.

In the context of the present invention, said data link 22
should be understood as wired or wireless data link
between the contreller unit 20 and each of said: inlet
temperature sensor 16, inlet pressure sensor 17, outlet

temperature sensor 18 and outlet pressure sensor 19,

In an embodiment according to the present invention, for
an even more accurate calculation of the ceonditions of the
compresscr or vacuum pump 1, a reiative humidity sensor 23
is positiconed at the gas inlet 5, the measurements of
which are preferably being sent to said controller unit 20

through a data link 22.
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Alternatively, the controller unit 20 can comprise means
to approximate the relative humidity, RH, of the gas
flowing through the gas inlet 5 or the data input of said
controller unit 20 can be further configured to receive a
measurement of relative humidity, RH, from an external
relative humidity sensor not part of the compressor or

vacuum pump 1 or from an external network.

In a preferred embodiment according to the present
invention, but not limiting thereto, the controller unit
20 comprises means for controlling the speed of the fan 21
based on the current pcsition of the regulating valve 15
and a first error, e1, calculated by subtracting the
predetermined target wvalue, Tiarger, from a first measured

outlet temperature, Tour,1, from:
el = Tout,l - Ttarget (equation }.) .

In the context of the present invention, said means for
controlling the speed of the fan 21 should be understood
as an electrical signal generated by said controller unit
20 through a wired or wireless connection between the
controller unit 20 and the fan 21. The electrical signal
allowing for an increase or decrease oI 1ts rotational

speed.

For an easier and more accurate control of the speed of
the fan 21, said fan 21 is provided with a wvariable speed

motor Z4.
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More specifically, said controller unit 20 is generating
an electrical signal through the second data link 33 to a
frequency converter (not shown) of the motor driving said
fan 21. The motor comprising a shaft connected to the
shaft of the fan 21 or said shaft being the shaft of said
fan 21.

Accordingly, the frequency converter translates the
electrical signal from the controller wunit 20 into a
signal generating an increase or decrease of speed for the
motor, which signal influences the rotational speed of the
shaft and consequently the rotational speed with which the

fan is rotating.

Preferably, the controller unit 20 comprises a memory
module {(not shown! for storing the current position of the

reguiating valve 1b.

The controller unit 20 retrieving the last saved current
position of said regulating wvalve 15 from the memory
module, uses such a current position in the fuzzy logic
algorithm and controls the speed of the fan 21 such that
the outlet temperature (Tout) is maintained at

approximately a predetermined target value (Ttarget) .

If the position of the regulating valve 15 is changed, the
controller unit 20 preferably saves the changed positiocn
as the last current position of said regulating valve 15

onto said memory module.
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It should be understocd that other wvariants are also
possible, such as for example and not limiting thereto,
the controller unit 20 can further comprise a positicn
senscr or a servomotor or other means for determining the

current position of the regulating valve 15.

In another embodiment according to the present invention
and as 1illustrated in figure 2, for reusing the heat
generated through the compression or wvacuum process, the
compressor or vacuum pump 1 further comprises an energy
recovering unit 25 connected to the o0il outlet 11 and the

0ll inlet 12.

Such  energy recovering unit 25 being capable of
transferring the heat captured by the o0il to another
medium such as for example: a gaseous or liquid medium or
te a phase change material and use the transferred heat or
generated energy for heating an object or for heating
water, within the heating system o¢f a room, or for

generating electric energy, or the like.

By including said energy recovering unit 25, the energy
footprint of the compresscr or vacuum pump 1 is even more
reduced since instead of immediately starting a fan, the
heat transfer between two mediums 1is implemented and
further used, making the compressor or vacuum pump
according to the present invention environmentally

friendly.

For explanatory purposes only, and not limiting thereto,

the regulating wvalve 15 according to the present invention
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is a rotating wvalve, as illustrated in figure 3. Such
regulating wvalve 15 having four channels and a central
rotating element 26 allowing for two or more channels to
be blocked or partially blocked, such that fluid is not
allowed teo flow therethrough or is partially allowed to
flow therethrough.

Such a layout for & regulating valve 15 should however not
be considered limiting and it should be understood that
any other type of wvalve capable of blocking or partially

blocking two or more fluid channels could be used herein.

If the compressor or vacuum pump 1 comprises an energy
recovering unit 25, the regulating wvalve 15 can have the
layout as illustrated in figure 3. If the compressor or
vacuum pump 1 does not ceomprise an energy recovering unit
25, then the regulating valve 15 can have the layout as
illustrated in figure 4, wherein one of the four channels

is preferably blocked by a plug 27.

Returning now to figure 3, a first channel 28 is in fluid
connection with the o0il inlet 12, a second channel 29 is
in fluid connection with the bypass pipe 14, a third
channel 30 is in fluid connection with the cooling unit 13
and a fourth channel 31 is in fluid connecticn with the

energy recoevering unit 25.

In another embodiment according to the present invention,
for a more accurate control of the position of the
regulating wvalve 15, the controller unit 20 is further

provided with means for calculating an evolution of the
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error, d{error)/d4dt. Such evolution of the error,
d{error)/dt, determining if the error is decreasing or

increasing within a predetermined time interval.

In the context of the present invention, said means of
calculating the evolution of the error, d{error}/dt,
should be understood as an algorithm with which said

controller unit 20 is provided.

Accordingly, for calculating said evolution of the error,
di{error)/dt, the controller unit 20 preferably receilves
two subsequent outlet temperature measurements, Tou,1 and
Tout,2, determines two subsequent errors: a first error, e:,
and a second errcor, ez, by subtracting the predetermined
target wvalue, Tiarget, from the first measured outlet
temperature, Tout,1r {e1) and by subtracting the
predetermined target wvalue, Trarget from the subsequent
measured outlet temperature, Tout, 2, {(ez) . Further, the
controller unit 20 subtracts the calculated first error,
e1, from a subseqguent calculated second error, e and
divides it over the time interval, At, determined between
the moment, ti, when the first outlet temperature, Tout, i,
is measured and the moment, tz, when the subseguent cutlet

temperature, Tout,2, 15 measured:

ez = Tout,2 — Ttarget (equation 2);

€x—&y

d{error) /dt = Y

(equation 3);

At = ta—t4 {equation 4).
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Consequently, based on the measured outlet temperature,
Touwt, and an evolution of the error, d{error)/dt, the
controller unit 20 comprises means to modify the position
of the regulating wvalve 15 such that oil is allowed to

flow through the energy recovering unit 25.

In the context of the present invention, 1t should bhe
understood that said controller unit 20 is capable of
receiving measurements, performing calculations, possibly
sending calculated parameters to other components part of
the compressor or wvacuum pump 1 or to an external
computer, and generating electrical signals for
influencing the working conditions of other components

part of the compressor or vacuum pump 1.

Accordingly, the controller unit 20 can comprise a
measuring unit comprising a data input configured to
receive: inlet temperature data inlet pressure data, and
outlet pressure data from the respective: inlet
Lemperature sensor 16, inlet pressure sensor 17 and outlet

pressure sensor 19.

The controller unit 20 can further comprise a
communication unit having a first data link 32 for
controiling the position of a regulating valve 15 such
that o¢il 1s allowed to flow through the o0il cooling unit
13 and/or through a bypass pipe 14 and/or through the

energy recovering unit 25.
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The controllier unit further comprises a second data link
33 for contreclling the rotatiocnal speed of the fan 21

cooling the o0il flowing through said cooling unit 13,

In the context of the present invention it should be
understood that said second data link 33 can communicate
with an electronic module (not shown) positioned at the
level of the fan 21 or can communicate directly with the
motor 24 or with an electronic module (not shown) at the

level of the motor 24 driving such fan 21.

Preferably, the controller unit 20 further comprises a
processing unit provided with a fuzzy logic algorithm for
determining the speed of the fan 21 based on the position
of the regulating valve 15 and the measured inlet and/or

outlet temperature {Tin, Tou) and/or pressure (Pin, Pour).

Further, the processing unit can be provided with an
algorithm for calculating the predetermined target wvalue,
Ttrarget, by considering a calculated atmospheric dew point,
ADP, based on the measurements recelved from the measuring

unit,.

In another embodiment according to the present invention,
the processing unit 1s further being provided with an
algorithm for determining the first error, ei1, by applying

equation 1.

Further, for determining the atmospheric dew point, ADP,
the prccessing unit can use a predetermined relative

humidity, RH, valiue or a relative humidity, RH,
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measurement provided by the relative humidity sensor 23

positioned at the gas inlet 5.

In ancther embodiment according to the present invention
the controller unit 20 can apply a predetermined time
interval, At, otherwise known as sampling rate, between
two subsequent measurements of temperature, pressure

and/or relative humidity.

In the context of the present invention it should be
understood that the sampling rate, At, can be chosen to be
the same for all the parameters, or can be different Zfor
one or more of the measured parameters, depending on the
requirements of the user’s network and the needed

responsiveness for the compressor or vacuum pump 1.

Depending con the capabilities of the controller unit 20,
such sampling rate, At, can be any value selected between
1 miliisecond and 1 second. Preferably, the sampling rate,
A%, 1s selected to be less than 60 milliseconds, more

preferably less than 50 milliseconds.

Even more preferabkly, the measuring unit applies a
sampling rate of approximately 40 milliseconds between two

subseguent measurements.

Tests have shown that 1f the measured ocutlet temperature,
Tout s is maintained at approximately the determined
atmospheric dew point, ADP, or if such a value is exceeded
by a relatively small value, the oil injected compressocr

or vacuum pump 1 is still functioning efficiently and the
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guality and lifetime of the ©0il or its components is not

affected.

Accordingly, the controller unit 20 is preferably choosing
the predetermined target value, Trarget, by adding a
predetermined tolerance, Totfser, to the determined

atmospheric dew point, ADP.

Such predetermined tolerance, Toffset, can be chosen
depending on the requirements of the o0il injected
compressor or vacuum pump 1 and can ke further manually
inserted into the controller unit through for example a
user interface (not shown) or can be sent through a wired
or wireless connection to said controlier unit 20 from an

on-site or off-site computer.

It should be further understcod that the wvalue of the
predetermined tolerance, Togfser, and implicitly of the
predetermined target value, Ttarget, can be changed
throughout the lifetime of the compressor or vacuum pump

1, depending on the requirements of the user’s network.

The method for controlling the outlet temperature, Touw, of
the o0il injected compressor or vacuum pump 1 1is very

simple and as follows.

Said predetermined target wvalue, Tiarger, can be either a
pre-calculated wvalue which can be introduced or sent to
the o0il injected compressor or wvacuum pump 1, or can be

determined by the system.
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In another embodiment according fo the present invention,
said predetermined target value, Tiarger, can be determined
by measuring the inlet temperature, Tin, and the inlet
pressure, Pin, through an inlet temperature sensor 16 and
an inlet pressure sensor 17 and measuring the outlet
temperature, Tou, and the outlet pressure, Pouw, at the
element outlet & through an outlet temperature sensor 18

and an outlet pressure senscor 19,

The method according to the present invention aims to
maintain the temperature at an outlet 3 of the oil
injected compressor or vacuum pump 1 at approximately the
predetermined target value, Trargee, ky controlling the
position of the regulating valve 15 in order to regulate

the flow of o0il through the cooling unit 13.

Whereby the step of c¢ontrolling the positien o©of the
regulating wvalve 15 involves applying a fuzzy logic
algorithm on the measured outlet temperature, Towe, and
possibly on one or more of the following: measured inlet
temperature, Ting measured inlet pressure, Pin, and

measured outlet pressure, Pout.

In one embcediment according to the present invention and
not limiting thereto, the predetermined target wvalue,
Tearger, <an ke determined by calculating the atmospheric

dew point, ADP.

One method of calculating said atmospheric dew point, ADP,

is by applying the following formula:
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m

ADP =
——————— ],
Loglo(gﬂ%¥35>

] {equation 5}.

Wherein, A, m and Tn are enmpirically determined constants
and can be chosen from Table 1, according to the specific

temperature range at which the compressor or vacuum pump 1

functions.
Table 1:
max
A m Th error Temperature range
6.116441 7.591386 240.7263 0.083% (~20°C to +50°C)
6.004918 7.337936 229.3975 0.017% (+50°C to +100°C)
water 5.856548 7.27731 225.1033 0.003% (+100°C to +150°C)
6.002859 7.290361 227.1704 0.007% (+150°C to +200°C)
9.980622 7.388931 263.1239 0.395% {(+200°C to +350°C)
| 6.089613 7.33502 230.3921 0.368%  (0°C to +200°C)
ice |6.114742 9.778707 273.1466 0.052%  (~70°C to 0°C)

Such empirically determined constants having the following

measurement units:

vapor pressure at

1: hectopascal

a measurement

constant having degrees Celsius

A for

example

represents the water

09C and has as measurement unit in Table

(hPa), m is an adjustment constant without

unit, whereas

Ta

is

{oc)

also

an adjustment

as measurement unit.

Pupres Lrom equation 5 represents the water vapor pressure

converted to atmospheric conditions and can be calculated

by applying the following formula:

Pout
Pin

Pupres ~

RH

PWS

{(equation ©);
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whereby Pour 18 the measured outlet pressure, Pin is the
measured inlet pressure, RH 1s the relative humidity
either approximated or measured (if the system comprises a
relative humidity sensor 23) and pws represents the water

vapor saturation pressure.

If the system does not comprise a relative humidity sensor
23, the approximated relative Thumidity, RH, can be

selected as approximately 100% or lower.

Alternatively, the compressor or vacuum pump 1 can receive
a relative Thumidity, RH, measurement from a sensor
positioned in the vicinity of the compressor or vacuum
pump or can receive such measurement from an external

network.

Preferably, 1f the system comprises a compressor, the
relative humidity, RH, is the relative humidity of the
ambient air 1f the gas 1inlet 2 1s connected to the
atmosphere or is the relative humidity characteristic for
an external network if the gas inlet 2 is connected to

such external network.

Further preferably, if the system comprises a vacuum pump,
the relative humidity, RH, is the relative humidity o©f the
process the gas inlet 2 is connected to, the process being

the user’s network.

The water vapcr saturation pressure, pus, can be calculated

by applyving the following formula:
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m-Tin,
pus = A - 10TintTn (equation 7);

wherein Tin is the measured inlet temperature and A, m and
Ty, are the empirically determined constants found in Table

1.

In the context of the present invention, the above
identified method of calculating the atmospheric dew
point, ADP, should not be considering limiting and it
should be understood that any other method of calculation
can be applied without departing from the scope of the

present invention.

In another embodiment according to the present invention,
the predetermined target value, Tiarger, 15 determined by
considering a maximum temperature at which different
components part of the oil injected compressor or vacuum
pump 1 can function in normal parameters, such maximun
remperature depending on the materials used for their
manufacture or their properties and how such properties

change with the increase in temperature.

Such maximum temperature can be for example: the maximum
temperature of the o0il at which its viscosity, oil
stability and degradation over time are maintained within
desired values, or the maximum temperature at which the
regulating wvalve «c¢an function without the risk of
deformation due to the material used for its manufacture,
or the maximum temnperature the housing of the compressor

or vacuum element 4 or the compressor or vacuum element 4
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itself c¢an withstand without the risks of material
deformations, or the maximum temperature that any bearings
or seals mounted within the compresscr or vacuum pump can
withstand, or the maximum temperature at which the
temperature and/cr pressure sensors can function without
the 1risk of degradation, or a maximum temperature
characteristic for a normal functicning of the pipes and
fittings part of the compressor or vacuum pump 1, or the

like.

In vyet another embodiment according to the present
invention and not limiting thereto, the method further
comprises the step of comparing the caiculated
predetermined target value, Trarget, with the lowest of the
maximum temperatures characteristic for the different
components, as defined above, and 1f the «calculated
predetermined target wvalue, Trarget, 1is higher than said
lowest maximum temperature, then the method will consider
sald lowest maximum temperature as the calculated

predetermined target wvalue, Triarget-

Alternatively, the method will use for further comparisons
and calculations, the calculated predetermined target

value, Tiarget.

Depending on the reguirements and responsiveness of the
compressor or vacuum pump 1, the calculated predetermined
target wvalue, Tearget, can be chosen to be egual to the
calculated atmospheric dew point, ADP, or the method

according to the present invention further comprises the
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step o0f adding a tolerance, Tosfset, L0 sald calculated

atmospheric dew point, ADP.

Such tolerance, Tortsert, can be any value selected between
1°C and 10°C, more preferably between 19C and 7°C, even

more preferably, between 2°C and 5°C.

Tests have shown that if the tolerance does not exceed the
above mentioned values, the efficiency of the compressor
or vacuum pump 1 is maintained, the c¢il quality and the

stability of the overall system is assured.

Preferably, but not limiting thereto, for further aveiding
the condensate formation and maintaining the energy
efficiency of COMPressor or vacuumn pump 1, the
predetermined target value, Trarget, is preferably
maintained between a minimum limit, Ttarget,min, and a

maximum limi%, Ttarget,max-

Accordingly, the predetermined target value, Tiarger, 15
compared with the minimum limit, Tiacget,min, and 1if the
predetermined target value, Tiarget, 13 lower than the
minimum limit, Tiarget,min, the predetermined target wvalue,
Ttarget, 13 selected as being equal to the minimum Iimit,
Trarget,min. Similarly, 1f the predetermined target value,
Ttarget, 15 higher than the maximum limit, Trarget,mex, the
predetermined target wvalue, Trarget, 18 selected as being

equal to the maximum limif, Trarget,max.

As an exanple, if the system comprises a vacuum element,

the minimum limit, Tiarget,min, Can be selected as any value
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comprised between 60°C and 80°C, preferably between 70°C
and 809%C, even more preferably, the minimum limit can be
selected at approximately 75°C or lower and the maximum
limit, Tearget,max, Can be selected at approximately 1000C or

lower.

Further, if the system comprises a compressor element, the
minimum limit, Trarget,min, can be selected as any value
comprised between 50°C and 70°%, preferably between 550C
and 65%, even more preferably, the minimum limit can be
selected at approximately 60°C or lower and the maximum
limit, Tearget,max, can be selected at approximately 110°C or

lower.

Further, the fuzzy logic algorithm implemented by the
method accerding to the present invention comprises the
step of determining a first error, e, by subiracting the
predetermined target value, Tiarget, from a first measured

outlet temperature, Tout,1.

Further, the fuzzy logic algorithm comprises the step of
determining a second error, ez, by subtracting the
predetermined target value, Ttarget, from a subsequent

measured outlet temperature, Tout.z.

For an accurate determination of the condition of the
overall system, the fuzzy logic algorithm further
comprises the step of calculating the evolution of the
error, d{error)/dt, over the sampling rate, by calculating
the derivative of the error over time. Accordingly, the

second error, e2, is subtracted from the first error, el,
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and the result is divided over the sampling rate, At. Said
sampling rate, At, should be understcod as & time
interval, At, calculated between the moment, t:, when the
first outlet temperature, Tout,1, 15 measured and the
moment, t:, when the subseguent outlet temperature, Tout, 2,

is measured.

Preferably but not limiting thereto, the sampling rate is

chosen at 40 milliseconds.

Preferably, the fuzzy logic algorithm further comprises
the step of determining the direction towards which the
position of the regulating wvalve 15 should change
according to the first error, ei, or the second error, e,

and the evolution of the error, dl{error)/dt.

Further preferably, the fuzzy logic algorithm further
comprises the step of determining the speed rate with
which the position of the regulating wvalve should be
changed based on the first error {(el) or the second error

{e2), and the evoluticn of the error {(d{error)/dt).

In another embodiment according to the present inventicn,
for achieving a more stable compressor or wvacuum pump 1,
the fuzzy logic algeorithm can further comprise at least
one filter, such as for example a Low Pass Filter (LPF),

for filtering short time fluctuations of temperature.

Such LPF being designed to disregard temperature
fluctuations lasting for example for less than one second

or less than approximately five seconds, more preferably
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the LPF is designed to disregard temperature fluctuations
lasting for less than two seconds, even more preferably,
the LPF is designed to disregard temperature fluctuations

lasting for less than approximately three seconds.

In vyet ancther embodiment accerding to the present
inventicen, the fuzzy logic algorithm assigns membership
functions for determining the logical output and for
further using the calculated first error, e, or second

error, ez, and of the evolution of the errcr, d{error)/dt.

An example for & graphical representation of such
membership functions 1is illustrated in figure 5, for the
error and in figure 6, for the evolution of the error,
d(error)/dt. The e@rror being represented as a
corresponding fuzzy value as a function of temperature, T,
having degrees Celsius (°C) as measurement unit. Whereas
the evolution of the error, di{error)/dt, being represented
as a corresponding fuzzy wvalue as a function of
temperature, T, over seconds, s, having degrees Celsius
over seconds (°C/s) as measurement unit. Such membership
functions being identified as N, 2 and P for the graphs
illustrated in figure 5, wherein N stands for Negative, 2
stands for Zero, for which the measured cutlet
temperature, Teouw, 1s equal or approximately equal to the
predetermined target value, Trarget, and P stands for

Positive.

In the same manner, the membership functions are being

identified as N and P for the graphs illustrated in figure
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6, wherein N stands for negative and P stands for

positive.

The temperature interval [-AT; +  AT] is chosen in
accordance with the specificities of the compressor or

vacuum pump 1 and such a parameter can be changed. As an

example and not limiting thereto, -AT can be any value
selected between
-10% and -1°, more preferably, -AT can be any value
selected between -8°C and ~59%C, even more preferably, -4T

can be selected as approximately -89C.

In the same manner, +AT can be any value selected between
+19C and +10°, more preferably, +AT c¢an be any value
selected between +5%C and +8°C, even more preferably, +AT

can be selected as approximately +5°C,

In the context of the present 1invention the wvalues
selected for -AT and +AT should be considered as an
example only and the present invention should not be
limited to these particular values, any other wvalues can
be selected without affecting the logic o¢f the method

according to the present invention.

Accordingly, if the calculated error has a negative value,
such wvalue 1is to be represented within the N graph of
figure 5 at the corresponding outlet temperature. If the
calculated error is approximately equal to zero and the
measured outlet temperature, Teuw, 13 approximately equal
to the predetermined target value, Trarger, such a value is

to be represented within the 2 graph at the corresponding
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temperature. Alternatively, 1f the calculated error is
positive, such a value 1s to be represented within the P

graph, at the corresponding temperature.

In the same manner, 1f the evolution of the error 1is
negative, such value 1is to be represented within the N
graph of figure 6, whereas if the evolution of the error
is positive, such a wvalue is to be represented within the
P graph. Such values being represented at a corresponding

temperature Tout,2 - Tout,1 over the time difference At.

Accordingly, the determined fuzzy values with respect to
the error and the evolution of the error, d(error)/dt, are
further used by the fuzzy logic algorithm for determining
the direction in which the regulating valve 15 is to be
changed. Such fuzzy values being any real number selected
within the interval [0:;1] and in accordance with the

calculated error or evolution of the error, d{error)/dt.

Accordingly, if the second error, ez, is negative, N, or
if the second error, ez, is approximately equal to zero,
being represented on the Z graph as previously explained,
and the evolution of the error, d{error)/dt, 1s negative,
N, meaning that the temperature of the o0il is decreasing,
such that it can be re-injected within the compresscr or
vacuum element, the direction in which the position of the
regulating valve 15 is to be changed is such that more oil

is to be allowed to flow through the bypass pipe 14.

Alternatively, if the second error, ez, 1s positive, P, or

if the seccond errocr, ez, 18 approximately equal to zero,
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being represented on the Z graph, and the evolution of the
error, d(error)/dt, is positive, P, meaning that the
temperature of the oil is showing an increase between two
subsequent outlet temperature measurements, Tout,1 and
Tour,2, the direction in which the position o©f the
regulating valve 15 is to be changed is such that more oil

is flowing through the cocling unit 13.

In another embodiment according to the present invention,
the fuzzy logic algorithm determines the speed rate with
which the position of the regulating valve 15 is to be
changed. Depending on the error and the evolution of the
errcr and depending on the required responsiveness of the
overall system, the fuzzy logic algorithm might consider
different speed rates for changing the position of the
regulating valve 15. Egual speed rates should however not

be excluded.

Accordingly, if the second error, ez, 1s negative, N, and
the evolution of the error, d{errcr)/dt, is negative, N,
the position of the regulating wvalve 15 can be changed at
a first predetermined speed rate, ~L; or if the second
error, e2, 1s negative, N, and the evelution of the error,
d{error)/dt is positive, P, the position of the regulating
valve 15 can be changed at a second predetermined speed
rate, -M; or if the second error, ez, is approximately
equal to zero, Z and the evoclution of the error,
d{error)/dt, is negative, N, the position of the
regulating valve 15 can be changed at a third

predetermined speed rate, -$; or if the second error, ey,
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is approximately equal to zero, Z, and the evolution of
the error, di{error)/dt, is positive, P, the position of
the regulating wvalve 15 can be changed at a fourth
predetermined speed rate, +S; or 1if the second error, e»,
is vpositive, P, and the evolution of the error,
d(error) /dt, is negative, N, the position of the
regulating valve 15 can be changed at a fifth
predetermined speed rate, +M; or if the second error, ez,
is  positive, P, and the evolution of the error,
d(error)/dt, is positive, P, the position of the
regulating valve 15 can be changed at a sixth

predetermined speed rate, +L.

As an example and not limiting thereto, the direction in
which the regulating valve 15 is to be changed and the
speed with which such & change should be performed, can be
governed by Table 2, wherein Pl to P6 are the membership
functions as illustrated in figure 7. BSuch membership
functions being represented in figure 7 as the
corresponding fuzzy values and as a function of the speed
with which the change should be performed, represented in
percentage per second, %/s, whereby the percentage

represents the angle of rotation.

Table 2:

erroxr

Delta RV

N P1 {(~L) {P3 (=S) | P5 (+M)
P P2 (-M) | P4 (+8) | P6 (+L)

d{error) /dt
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In an embodiment according to the present invention, the
membership functions Pl to P& can be chosen such that, for
example, Pl to P3 can be assigned for the situation in
which the temperature of the o0il 1is not high enocugh such
that no additional volume of oil should be allowed to flow
through the c¢ooling unit 13, whereas P4 to P6 can be
assigned for the situation in which the temperature of the
0il is high enough to justify an additional volume of oil

to be allowed to flow through the cooling unit 13.

Conseqguently, the membership functions Pl to P3 can be
assoclated with c¢hanging the position of the regulating
valve 15 such that oil is allowed to flcw through the
bypass pipe 14, whereas the membership functions P4 to P6
can be associated with changing the position of the
regulating wvalve 15 such that oil is allowed to flow

through the cooling unit 13.

In the particular example illustrated 1in £figure 4, the
changing of the position of the regulating valve 15 should
be understood as rotating the central rotating element 26,

but such an example should not be considered limiting.

In vyet another embodiment according to the present
inventicn, the absolute wvalue of the first predetermined
speed rate, -L, is egual with the absolute value of the
sixth predetermined speed rate, +L, the absolute value of
the second predetermined speed rate, -M, is equal with the
absolute value of the fifth predetermined speed rate, +M,

the absoclute value of the third predetermined speed rate,



10

15

20

25

41

-3, 1s equal with the absclute wvalue of the fourth

predetermined speed rate, +5.

In yet another embodiment, the absolute value of the first
predetermined speed rate, -1, can be lower than the
absolute value of the sixth predetermined speed rate, +L,
and/or the absolute wvalue of the second predetermined
speed rate, -M, can be lower than the absolute value of
the fifth predetermined speed rate, +M, and/or the
absolute value of the third predetermined speed rate, -85S,
can be lower than the absclute value of the absolute value

of the fourth predetermined speed rate, +S.

As an example, and not limiting thereto, the absolute
value of the first predetermined speed rate, -L, and/or
the absolute wvalue of the sixth predetermined speed rate,
+L, can be selected as any value within the interval [0.5;
1.5] %/s, such as for example approximately 0.8 %/s, or
approximately 0.9 %/s, or even approximately 1.4 %/s.
Similarly, the absolute wvalue of the second predetermined
speed rate, -M, and/ocr the abksolute wvalue of the fifth
predetermined speed rate, +M, can be selected as any value
within the interval {0; 1] %/s such as for exanple
approximately 0.2 %/s, or approximately 0.3 %/s, or even
approximately 0.8 %/s. Similarly, the absolute wvalue of
the third predetermined speed rate, -3, and/or of the
fourth predetermined speed rate, +53, c¢an be selected as
any wvalue within the interval (0:; 0.5] %/s such as for
example approximately 0.1 %/s, or approximately 0.2 %/s,

or even approximately 0.4 %/s.
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In the context of the present invention, such examples
should not be considered limiting in any way, and it
should be understood that other vaiues for the respective
speed rates can be selected, without departing from the

scope of the present invention.

For determining with how much the opening degree of such
regulating valve 15 should be changed, towards the bypass
pipe 14 or the cooling unit 13, or for the particular
example of figure 4, for determining the angle with which
the position of the regulating wvalve 15 is to be changed,
the fuzzy logic algorithm applies a first control
function, CTR valve, and determines the minimum between
the wvalue 1 and the result of adding the fuzzy wvalue
associated with the second error, ez, mnmultiplied by a
first coefficient, fl, to the fuzzy value associated with
the evolution of the error, d{error)/dt, multiplied by a

second coefficient, £2:

CTR valve=MIN[fl-FV(ez) + f2-FV(d(error)/dt); 1] (equation
8),

whereby FEV(e2) stands for the fuzzy value associated with
the second error, e?, and FV(d(error)/dt) stands for the
fuzzy value associated with the evolution of the error,

d{error)/dt.

Said first coefficient, fl, and said second coefificient,
f2 can Dbe chosen such that the controller unit 20 can
respond more rapidly or less rapidly to changes in error

and/or in the evolution of the error, d{error)/dt.
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Accordingly, if the second coefficient, f2, is selected as
a relatively bigger value than the first coefficient, £f1,
the fuzzy logic algorithm will instruct the controller
unit 20 to change the position of the regulating valve 15
whenever a relatively small change of ocutlet temperature,
Teout, is detected. A compressor or vacuum pump 1
implementing such a method would be very responsive to
small changes in outlet temperatures, Teu, but would also

be less stable.

On the other hand, if the second coefficient, £2, 1is
selected as a relatively smaller value than the first
coefficient, f1, the fuzzy logic algorithm will instruct
the controller unit 20 to change the position of the
regulating valve 15 whenever a more significant change of
the outlet temperature, Tout, 15 detected. A compressor or
vacuum pump 1 implementing such a method would be less
responsive to small changes in outlet temperatures, Tout,

but would be more stable.

In another embodiment according to the present invention,
the first coefficient, fl, and the second coefficient, £f2,
can be any real number selected between the interval (0;

i7.

Preferably, but not limiting thereto, the first
coefficient, fl, can be any real number selected between
[0.5; 1], and the second coefficient, f£2, can be any real

number selected between (0; 0.51.
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As an example, but not limiting theretco, for achieving a
very efficient and stable compressor or vacuum pump 1,
said first coefficient f1 can be selected as being equal
to the wvalue one, and the second coeoefficient, £f2, can be
selected as being egqual to the value zero point two (0.2).

Accordingly, equation 8 becomes:

CTR valve=MIN{[1-FV(ez) + 0.2-FV(d{error)/dt); 1]

(equation 9).

In another embodiment according to the present invention,
for determining the angle with which the positicn of the
regulating valve 15 is to be changed, the fuzzy logic
algorithm determines the maximum between the result of
multiplying the fuzzy value associated with the second
error, e, and a first coefficient, fl, and the result of
multiplying the fuzzy value associated with the evolution

of the error, d(error)/dt, and a second coefficient, £2:

CTR valve=MAX[fl-FV(ez); f£2-FV(d{error}/dt)] {equation
10).

In the context of the present invention, if the regulating
valve comprises a c¢entral reotating element 26, then by
determining the angle with which the position of the
modulating valve 15 is to be changed, should be understood
as determining the angle with which the central rotating

element 26 is to be rotated.

In vyet another embodiment according to the present

invention, the fuzzy logic algorithm determines the angle
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with which the position of the regulating valve 15 is to
be changed, by either determining the minimum between the
fuzzy wvaiue asscciated with the second error, ez, and the
fuzzy wvalue associated with the evolution of the error,
dl{error)/dt, or by determining the maximum between the
fuzzy value associated with the second error, ez, and the
fuzzy value associated with the evolution of the error,
d({error)/dt. Tests have shown that such an approach would
lead to either a less respcnsive but stable compressor or
vacuum pump 1, o©or a very responsive and less stable

compressor or vacuum pump 1, respectively.

Returning now to figure 7, it would be preferred that each
membership functien Pl fo P& 1is assigned for one
combinaticon between the error and the evolution of the

error, d{error)/di.

Accordingly, if the second error, ez, is negative, N, and
the evolution of the error, d{error)/dt, is negative, N,
the result of the first control function, CTR valve, is to
be represented within the Pl graph; whereas, 1f the seccnd
error, €2, 1s negative, N, and the evolution of the error,
d{error)/dt, is positive, P, the result of the first
control function, CTR wvalve, is to be represented within
the P2 graph; whereas 1f the second error, ez, is
approximately equal toe zero, Z, and the evolution of the
error, d{error)/dt, 1is negative, N, the result of the
first control function, CTR valve, 1is toc be represented
within the P3 graph; whereas, if the second error, ez, 1is

approximately equal to zero, Z, and the evolution of the
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error, d{error)/dt, is positive, P, the result of the
first control function, CTR valve, is to be represented
within the P4 graph; whereas, if the second error, ez, 1is
positive, P, and the evolution of the error, d(error)/dt,
is negative, N, the result of the first control function,
CTR valve, 1is to be represented within the P5 graph;
whereas, 1f the second error, ez, is positive, P, and the
evolution of the error, d{error)/dt, is positive, P, the
result of the first control function, CTR valve, 1s Lo be

represented within the P6 graph.

Further, for determining one angle with which the
regulating wvalve 15 should be changed, the fuzzy logic
algorithm preferably comprises the step of determining the
center of gravity of the graph determined after the result
of the first control function, CTR valve, 1is interposed
with the respective membership function of figure 7, such

center of gravity being further projected on the %/s axis.

Said %/s axis representing the angle with which the

reguiating valve 15 should be changed over one second.

If the center of gravity projected on the %/s axis falls
in the range between (0; +x] or higher, the angle of the
regulating valve 15 should be c¢hanged such that a bigger
volume of oil is allowed to flow through the cooling unit
13 and at a speed rate corresponding to the respective

membership function.

If the center of gravity projected on the %/s axis falls

in the range between [-x; 0) or less, the angle o¢f the



10

15

20

25

47

regulating wvalve 15 should be changed such that a bigger
volume of oil is allowed to flow through the bypass pipe
14 and at a speed rate corresponding to the respective

membership function.

In an embodiment according to the present invention,
depending on the reguired responsiveness of the overall
system, the values of -x and +x can be any value selected
between for exampie [-0.5; -20] and [+0.5; +20]
respectively, more preferably, the wvalues of -x and +x can
pe any value selected between [-1; -10] and [+1; +10]
respectively: even more preferably, -x c¢an be selected as
being approximately -5, whereas +x can be selected as

being approximately +5.

Further depending on the designer’s specifications, the
intermediate wvalues -x1, -x2 can be defined within the
interval [-x; 0} and +xl1l, +4+x2 can be defined within the

interval (0; +xi.

As an example, and not limiting thereto, -x1 can be
selected as approximately -1, whereas -x2 can be selected
as approximately -2. Similarly, +x1 can be selected as
approximately  +1, whereas +x2 can  be selected as

approximately +2.

It should be understood that such wvalues can Dbe
experimentally determined, and the present invention
should not be limited to the particular examples defined

above.
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In another embodiment according to the present invention
the fuzzy logic algorithm further comprises the step of
determining a position of the regulating wvalve 15 by
applying the calculated angle, or the center of gravity
projected on the %/s axis, to a current position of the
regulating valve 15 preferably at a speed rate

corresponding to the respective membership function.

Accordingly, figure 8 illustrates the current position of
the regulating wvalve 15 to which the result determined

previously with respect to figure 7 is applied.

The membership functions of figure 8 being represented as
the corresponding fuzzy values and as a function of the

0,

angle of rotation, represented in percentage, %.

Preferably, but not limiting thereto, if by applilying the
result determined with respect to figure 7, the modulating
valve 15 reaches a position in which the oil is flowing
mainly through the bypass pipe 14, the result should be
represented within the graph Ql.

Further, if by applying the result determined with respect
to figure 7, the modulating valve 15 reaches a position in
which the o0il is flowing partially through the bypass pipe
14 and partially through the cocling unit 13, then the
result should be represented within graph Q2.

Whereas, if by applying the result determined with respect

to figure 7, the modulating valve 15 reaches a position in
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which the oil is flowing mainly through the cooiing unit

13, the result should be represented within graph Q3.

In another embodiment according to the present invention,
the responsiveness of the system can Dbe influenced by
controlling when the fan 21 is started. Accordingly, for a
more responsive system, if either one of or even all the
graphs QI to @3 are shifted towards the left hand side, on
the % axis in figure 8, the fan 21 is started sooner,
whereas 1f either one of or even all of the graphs Q1 to
Q3 are shifted towards the right hand side, on the % axis
in figure 8, the fan 21 is started later.If the compressor
Or vacuum pump comprises an energy recovering unit 25, the
current position of the regulating valve 1% to which the
result determined previously with respect to figure 7 1is

applied, is represented within figure 9.

The membership functions of figure 9 being represented as
the corresponding fuzzy values and as a function of the

angle of rotation, represented in percentage, %.

Accordingly, if by appiying the result determined with
respect to figure 7, the modulating valve 15 reaches a
position in which the oil is flowing mainly through the
bypass pipe 14, the result should be represented within
the graph Q1'.

Further, 1f by applying the result determined with respect
to figure 7, the modulating valve 15 reaches a position in

which the oil is flowing partially through the bypass pipe
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the result shcould be represented within the graph Q27.

Similarly, if by applying the resuit determined with
respect tco figure 7, the modulating wvalve 15 reaches a
position in which the o0il is flowing mainly through the
energy recovering unit 25, the result should Dbe

represented within the graph 03’.

If by applying the result determined with respect to
figure 7, the modulating wvalve 15 reaches a position in
which the c¢il is flowing partially through the energy
recovering unit 25 and partially through the cocling unit

13, the result should be represented within the graph Q4'.

Whereas, if by applying the result determined with respect
to figure 7, the modulating vaive 15 reaches a position in
which the o©il is flowing mainly through the cocoling unit

13, the result should be represented within the graph Q%'.

Preferably, when the compressor or vacuum pump 1 is
started, the regulating wvalve 1% 1is preferably 1in a
default positicn characterised by a zero rotation angle,
as illustrated in figure 3 and in figure 4, case in which
the o©il is preferably mainly flowing through the bypass
pipe 14. As the temperature of the oil gradually
increases, the rotaticon angle 1s modified, gradually
allowing a partial flow of oil through the bypass pipe 14
and a partisl flow of oil through the c¢ooling unit 13,

until reaching a maximum rotation angle of one hundred
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percent, case 1in which o0il is mainly flowing thorough the

cooling unit 13.

If the compressor or vacuum pump 1 does not comprise an
energy recovering unii 25, then the one hundred percent
rotation angle 1is preferably corresponding to a 90¢
physical rotation of the regulating wvalve 15. As
illustrated in figure 4, the 90° physical rotation of the
regulating valve 15 would correspond to a rotation of the
central rotating element 26 according to arrow AA’, by
bringing axis I over axis II. Consequently, for returning
to the initial position of zere rotation angle the central
rotating element 26 would need to rotate accoerding to
arrow AA’ but in the opposite direction, by bringing axis

IT over axis I.

In other words, for allowing oil to flow partially through
the bypass pipe 14 and partially through the cooling unit
13 or mainly though the cooling unit 13, the central
rotating element 26 should be rotated according to arrow
AR’ in a counter-clockwise direction, whereas if from such
a position the central rotating element 26 would need be
brought in an intermediary position or in the initial zero
rotating angle, said central rotating element 26 should be

rotated according to arrow AA’ in a clockwise direction.

If the compressor or vacuum pump 1 comprises an energy
recovering unit 25, then the one hundred percent rctation
angle is corresponding toe an 180° physical rotation angle

of the regulating wvalve 15. As illustrated in figure 3,
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the 180° physical rotation angle of the regulating valve
15 would correspond to a rotation of the central rotating
element 26 according to arrow BB’', by bringing axis I over
axis III. Conseguently, for returning to the initial
position of =zero rotation angle the central rotating
element 26 would need to rotate according to arrow BB" but
in the opposite direction, by bringing axis 1I1 over axis

I.

In other words, for allowing oil to flow partially through
the bypass pipe 14 and partially through the energy
recovering unit 25, or mainly through the enerqgy
recovering unit 25, or partially through the cooling unit
13 and partially through the energy recovering unit 25, or
mainly through the cooling unit 13, the central rotating
element 26 should be rotated according to arrow BB’ in a
counter-clockwise direction, whereas if from such a
position the central rotating element 26 would need be
brought in an intermediary position or in the initial zero
rotating angle, said central rotating element 26 should be

roetated according to arrow BB’ in a clockwise direction.

It should be further understood that when the position of
the regulating wvalve 15 is changed, the calculated angle
is applied to the current angle of the regulating valve
15, acceording to arrow AA’ or BB’ and either modifying the
rotation of the central rotating element 26 in a clockwise

direction or in a counter-clockwise direction.
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In another embodiment according to the present invention,
the fuzzy logic algorithm is determining if the speed of
the fan 21 should be increased or decreased based on the
determined positicn of the regulating valve 15, the second

error, &2, and the evoluticn of the error, dlerror)/dt.

Because the fuzzy logic algorithm has as input parameter
the position of the regulating wvalwe 15, the speed of the
fan 21 is modified in accordance with the volume of fluid
reaching the cooling wunit 13, increasing the energy
efficiency of the compressor or vacuum pump 1 and

prolonging the lifetime of the fan 21 and of the motor 24.

Depending on the second error, ez, and the evclution of
the error, d{error)/dt, the speed of the fan 21 wculd
possibly have to be changed at a faster or at a slower

rate.

Accordingly, in one embodiment according to the present
invention, the fuzzy logic algorithm further determines
the rate at which the speed of the fan 21 is to be changed
by applying one or more ¢f the following steps and checks:
if the error is negative, N, and the evolution of the
error, d{error)/dt, is negative, N, then: if the position
of the regulating wvalve 15 1is such that oil is allowed fo
flow mainly through the bypass pipe 14, then the speed of
the fan is to be decreased at a first speed rate, S; or if
the position of the regulating wvaive 15 is such that c¢il
is allowed to flow partially through the bypass pipe 14
and partially through the cocling unit 13, fthen the speed
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cf the fan 21 is to be decreased at a second speed rate,
MS; or if the position of the regulating wvalve 15 is such
that o1l is allowed to flow mainly through the cooling
unit 13, then the speed of the fan 21 is to be decreased

at a second speed rate, MS.

Further, if the error is negative, N, and the eveolution of
the error, dlerror)/dt, is positive, P, then: if the
position of the regulating wvalve 15 is such that oil 1is
allowed to flow mainly through the bypass pipe 14, then
the speed of the fan 21 is to be decreased at a first
speed rate, S5; or if the position of the regulating valve
15 is such that ¢il i1s allowed tc flow partially through
the bypass pipe 14 and partially through the cocling unit
13, then the speed of the fan 21 is to be changed at a
third speed rate, M; or i1f the position of the regulating
valve 15 is such thaet o0il is allowed to flow mainly
through the cooling unit 13, then the speed of the fan 21
is to be changed at a third speed rate, M.

Further, if the error is approximately egual to =zero, Z,
and the evolution of the error, di{error)/di, is negative,
N, then: if the position of the regulating valve 15 is
such that oil is allowed to flow mainiy through the bypass
pipe 14, then the speed of the fan 21 is to be decreased
at a first speed rate, S; or 1f the position of the
regulating wvalve 15 is such that oil 1s allowed to flow
partially through the bypass pipe 14 and partially through
the cooling unit 13, then the speed of the fan 21 is to be

decreased at a first speed rate, 8; or 1f the peosition of
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the regulating wvalve 15 is such that o0il is allowed to
flow mainly through the cooling unit 13, then the speed of

the fan 21 is to be decreased at a first speed rate, S.

Further, if the error is approximately equal to zero, Z,
and the evolution of the error, d{error)/dt, 1is positive,
P, then: if the position of the regulating valve 15 is
such that e¢il is allowed to flow mainly through the bypass
pipe 14, then the speed of the fan 21 is to be decreased
at a first speed rate, S; or if the position of the
regulating valve 15 is such that oil is allowed to flow
partially through the bypass pipe 14 and partially through
the cooling unit 13, then the speed of the fan 21 is to be
increased at a fourth speed rate, F; or if the position of
the regulating wvalve 15 1is such that oil is allowed to
flow mainly through the coeling unit 13, then the speed of

the fan 21 is to be increased at a fourth speed rate, F.

Further, if the error is positive, P, and the evolution of
the error, d{error)/dt, is negative, N, then: if the
position of the regulating valve 15 is such that oil is
allowed to flow mainly through the bypass pipe 14, then
the speed of the fan 21 1is to be decreased at a first
speed rate, S; or if the position of the regulating valve
15 is such that oil 1s allowed to flow partially through
the bypass pipe 14 and partially through the cooling unit
13, then the speed of the fan 21 is to be changed at a
third speed rate, M; or if the position of the regulating

valve 15 1is such that o0il is aliowed to flow mainly
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through the cooling unit 13, then the speed of the fan 21
is to be changed at a third speed rate, M.

Further, if the error is positive, P, and the evolution of
the error, d{error)/dt, is positive, P, then: if the
position of the regulating wvalve 15 is such that oil is
allowed to flow mainly through the bypass pipe 14, then
the speed of the fan 21 is to be decreased at a first
speed rate, 3; or if the positicn of the regulating wvalve
15 is such that oil is allowed to flow partially thrcugh
the bypass pipe 14 and partially through the cooling unit
13, then the speed of the fan 21 is to be increased at a
fourth speed rate, F; or if the position of the regulating
valve 15 1is such that oil is allowed to flow mainly
through the cooling unit 13, then the speed of the fan 21

is to be increased at a fifth speed rate, MF.

As an example and not limiting thereto, the rate at which
the speed of the fan 21 is to be changed is governed by
the Table 3, wherein RV represents the position of the
regulating valve and F1 to F5 are the membership functions

as illustrated in figure 10.

Table 3:
delta FAN : : [error;d(error)/fit} - :
[N;N [N;P] [ZiN] [Z;P] {P;N] [P;P]
Ql(2) F2 {S) F2 (S) F2 (S) F2 (S} F2(S) F2(5)
RV | Q2(M) | F1(MS) | F3(M) F2 (S} F4 (F) F3 (M) F4 (F)
Q3 (L) FL(MS) | F3(M) F2 (S) F4 {F) F3 (M) F5 (MF)

In another embodiment according to the present invention,

if the compressor or vacuum pump 1 comprises an energy
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recovering unit 25, the fuzzy logic algorithm further
determines the rate at which the speed of the fan 21 is to
be changed by applying one or more of the feollowing steps
and checks: if the error is negative, N, and the evolution
of the error, d(error)/dt, is negative, N, then: if the
position of the regulating wvalve 15 is such that oil is
allowed to flow mainly through the bypass pipe 14, then
the speed of the fan 21 1is to be decreased at a first
speed rate, S; or if the position of the regulating valve
15 is such that oil is allowed to flow partially through
the bypass pipe 14 and partiaily through the energy
recovering unit 25, then the speed of the fan 21 is to be
decreased at a first speed rate, S5; or if the position of
the regulating wvalve 15 is such that oil is allowed to
flow mainly through the energy recovering unit 25, then
the speed of the fan 21 is to be decreased at a first
speed rate, S:; or if the position of the regulating valve
15 is such that oil is allowed tc flow partially thrcugh
the energy recovering unit 25 and partially through the
cooling unit 13, then the speed of the fan 21 is to be
decreased at a second speed rate, MS; or if the position
of the regulating valve 15 is such that oil is allowed to
flow mainly though the cocling unit 13, then the speed of

the fan 21 is to be decreased at a second speed rate, MS.

Further, if the error is negative, N, and the evolution of
the error, dlerrcr)/dt, is positive, P, then if the
position of the regulating wvalve 15 is such that cil is

allowed to flow mainly through the bypass pipe 14, then
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the speed of the fan 21 1is tc be decreased at a first
speed rate, S§; or if the position of the regulating valve
15 is such that oil is allowed to flow partially through
the bypass pipe 14 and partially through the energy
recovering unit 25, then the speed of the fan 21 is to be
decreased at a first speed rate, S; or if the position of
the regulating wvalve 15 1s such that oil is allowed to
flow mainly through the energy recovering unit 25, then
the speed c¢f the fan 21 is to be decreased at a first
speed rate, 5; or if the position of the regulating wvalve
15 is such that o0ii is allowed to flow partially through
the energy recovering unit 25 and partially through the
cooling unit 13, then the speed of the fan is to be
changed at a third speed rate, M; or 1if the position of
the regulating wvalve 15 1is such that o¢il is allowed to
flow mainly though the cocling unit 13, then the speed of
the fan 21 is to be changed at a third speed rate, M.

Further, if the errcr 1s approximately equal to zero, Z,
and the evolution of the error, d{error)/dt, is negative,
N, then: if the position of the regulating valve 15 is
such that o0il is allowed tc flow mainly through the bypass
pipe 14, then the speed of the fan 21 is to be decreased
at a first speed rate, S$; or 1if the position of the
regulating wvalve 15 is such that oil is allowed to flow
partially through the bypass pipe 14 and partially through
the energy recovering unit 25, then the speed of the fan
21 is to be decreased at a first speed rate, S8; or if the

position of the regulating walve 15 is such that oil is
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allowed to flow mainly through the energy recovering unit
25, then the speed of the fan 21 is to be decreased at a
first speed rate, S; or if the position of the regulating
valve 15 1s such that oil is allowed to flow partially
through the energy recovering unit 25 and partially
through the cooling unit 13, then the speed of the fan 21
is to be decreased at a first speed rate, S; 1f the
position of the regulating wvalve 15 is such that oil 1is
allowed to flow mainly though the cocling unit 13, then
the speed of the fan 21 is to be decreased at a first

speed rate.

Further, if the error is approximately equal to zero, 2,
and the evolution of the error, d(error)/dt, is positive,
P, then: if the position of the regulating valve 15 is
such that oil is allowed to flow mainly through the bypass
pipe 14, then the speed o0of the fan 21 is to be decreased
at a first speed rate, S; or 1if the position of the
regulating wvalve 15 is such that c¢il is &allowed to flow
partially through the bypass pipe 14 and partially through
the energy recovering unit 25, then the speed of the fan
2% i1s to be decreased at a first speed rate, S; or if the
position of the regulating wvalve 15 1is such that oil 1is
allowed to flow mainly through the energy recovering unit
25, then the speed of the fan 21 is to bhe decreased at a
first speed rate, $; or if the position of the regulating
valve 15 is such that oil is allowed to flow partially
through the energy recovering unit 25 and partially

through the ccoling unit 13, then the speed of the fan 21
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is to be increased at a fourth speed rate, F; or if the
position of the regulating wvalve 15 is such that oil is
allowed to flow mainly though the cooling unit 13, then
the speed of the fan 21 is to be increased at a fourth

speed rate, F.

Further, i1f the error is positive, P, and the evolution of
the error, dlerror)/dt, is negative, N, then: if the
position of the requlating valve 15 is such that oil is
allowed to flow mainly through the bypass pipe 14, then
the speed of the fan 21 is fo be decreased at a first
speed rate, S; or if the position of the regulating valve
15 is such that oil is allowed to flow partially through
the bypass pipe 14 and partially through the energy
recovering unit 25, then the speed of the fan 21 is to be
decreased at a first speed rate, S5; or if the pesition of
the regulating wvalve 15 is such that oil is allowed to
fiow mainly through the energy recovering unit 25, then
the speed of the fan 21 is to be decreased at a first
speed rate, S; or 1f the position of the regulating valve
15 is such that oil is allowed to flow partially through
the energy recovering unit 25 and partially through the
cooling unit 13, then the speed of the fan 21 is to be
changed at a third speed rate, M; or if the position of
the regulating wvalve 15 is such that oil is allowed to
flow mainly though the cooling unit 13, then the speed of
the fan 21 is to be changed at a third speed rate, M.

Further, if the error is positive, P, and the evolution of

the error, d(error)/dt, is positive, P, then: if the
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position of the regulating wvalve 15 1s such that oil is
allowed tc flow mainly through the bypass pipe 14, then
the speed of the fan 21 is to be decreased at a first
speed rate, S; or if the positicn of the regulating valve
15 is such that oil is allowed to flow partially through
the bypass pipe 14 and partially through the energy
recovering unit 25, then the speed of the fan 21 is to be
decreased at a first speed rate, S; or if the position of
the regulating wvalve 15 is such that o¢il is allowed to
flow mainly through the energy recovering unit 25, then
the speed of the fan 21 is to be decreased at a first
speed rate, S; or if the position of the regulating wvalve
15 is such that oil is allowed to flow partially through
the energy recovering unit 25 and partially through the
cooling unit 13, then the speed of the fan 21 is to be
increased at a fourth speed rate, F; or if the positicn of
the regulating wvalve 15 1s such that o0il is allowed to
flow mainly though the cocling unit 13, then the speed of

the fan 21 is to be increased at a fifth speed rate, MF,

As an exampie and not limiting thereto, if the compressor
Or vacuum pump comprises an energy recovering unit 25, the
rate at which the speed of the fan 21 is te be changed is
governed by the Table 4, wherein RV represents the
position of the regulating wvalve and Fl1 to Fb are the

membership functions as illustrated in figure 10.

Table 4:

{error;d{error)/dt]
EEEEE RS

delta_FAN (ER)
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Qrivz | F2(s) F2(S) | F2(8) | E2(8) | E2(5) F2 (S)
Q' (2) F2 (S) F2(S) | F2(S) | F2(S) | F2(S) F2 (5)
RV | Q3’ (M) F2 (S) F2(S) | F2(S) | E2(S) | E2(5) F2(S)
Qa' (L) F1(MS) | F3(M) | F2(S} | FA(F) | F3{M) F4 (F)
Qs’ (VL) | FL{MS) | F3(M) | F2(S) | F4(F) | F3{M) | F5(MF)

In another embodiment according to the present invention,
but not limiting thereto, the absolute wvalue of the second
speed rate, MS, 1is smaller than or equal to the absolute
value of the first speed rate, 5, the absclute value of
the first speed rate, 8, is smaller than or egual to the
absclute wvalue of the third speed rate, M, the absolute
value of the third speed rate, M, is smaller than or egual
to the absolute value of the fourth =speed rate, F, the
absolute wvalue of the fourth speed rate, F, 1is smallerx
than or equal tc the absolute value of the fifth speed
rate, MF.

In the context of the present invention it should be
understood that other relations between the first speed
rate, S, the second speed rate, MS, the third speed rate,
M, the fourth speed rate, F, and the fifth speed rate, MF,
are still possible without departing from the scope of the

present invention.

Further, in another embodiment according to the present
invention, such speed rates can be egual. Accordingly, MS

= 35 =M= F = MF,

In vyet another embodiment according to the present
invention, the absolute wvalue of the second speed rate,

MS, can be equal with the absolute value of the fifth
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speed rate, MF, and/or the absolute wvalue of the first
speed rate, 5, can be equal with the absolute value of the

fourth speed rate, F.

In a further embodiment according to the present
invention, the second speed rate, MS, can be equal in
module with the fifth speed rate, MF, and/or the first
speed rate, S, can be equal in module with the fourth

speed rate, F.

Preferably, but not limiting thereto: |-MS${ = |MF| and/or
=51 = |FI.

In vyet another embodiment according to the present
invention, the third speed rate, M, can very small or even
negligible. More preferably, the third speed rate, M, is

approximately zero.

Preferably, but not limiting thereto, the second speed
rate, MS, and/or the first speed rate, 3, is/are negative,
which would mean that the actual speed of the fan 21 would
de decreased; whereas the fourth speed rate, F, and/or the
fifth speed rate, MF, is/are positive, which would mean

that the actual speed of the fan 21 would be increased.

As an example, but not limiting thereto, if we consider
that the speed of the fan 21 can vary between zero and one
hundred revelutions per minute over one second (RPM/s),
the first speed rate, S, and the second speed rate, MS can
be chosen as any value comprised between -1 and -1C0

RPM/s; whereas, the fourth speed rate, F, and the fifth
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speed rate, MF, can be chosen as any value comprised

between +1 and +100 RPM/s.

More preferably, the first speed rate, 5, and the second
speed rate, MS can be chosen &s any value comprised
between -5 and -50 RPM/s:; whereas, the fourth speed rate,
¥, and the fifth speed rate, MF, can be chosen as any
value comprised between +5 and +50 RPM/s, or more

preferably between +5 and +40 RPM/s.

Even more preferably, the first speed rate, 5, and the
second speed rate, MS can be chosen as any value comprised
between -10 and -30 RPM/s; whereas, the fourth speed rate,
F, and the fifth speed rate, MF, can be chosen as any

value comprised between +10 and +30 RPM/s.

As an example, but not limiting thereto, the first speed
rate, S, can be chosen as being approximately =15 RPM/s,
the second speed rate, MS, cann be chosen as being
approximately -40 RPM/s, the fourth speed rate, F, can bes
chosen as being approximately +5 RPM/s, and the Ffifth
speed rate, MF, can be chosen as being approximately +15

RPM/ 5.

In another embodiment according to the present invention,
the fuzzy legic algorithm comprises The step of
determining the actual speed with which the fan should be
changed by applying a second control function, CTR fan,
and determining the wvalue o©f: the fuzzy value assoclated
with the actual angle of the position of the regulating
valve 15 multiplied by the result of: the fuzzy wvalue
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coefficient, £3, to which the fuzzy value associated with
the evolution of the error, d{error)/dt, multiplied by a

fourth ceoefficient, f4, is added:

CTR fan=FV(RV):[f£3-FV(error) + f4-FvVi{d(error)/dt})]

{equation 11).

The third cceoefficient, £f3, and the fourth ccoefficient, £f4
being selected in the same manner  as the fFirst
coefficient, fi, and the second coefficient, £f2, of
eguation 7, and depending if the controller unit 20 should
respond more rapldly or less rapidiy fto changes in the

error and/or the evolution of the error, d{error)/dt.

Accordingly, the third coefficient, £3, and the fourth
coefficient, f4, can be selected as any real value

comprised within the intexrval (0; 11.

Preferably, but not limiting thereto, the third
coefficient, £3, can be selected as any real value
comprised within the interval [0.5; 1], whereas the fourth
coefficient, £f4, «can be selected as any real wvalue

comprised within the interval (0;0.5].

As an example, and nct limiting thereto, the third
coefficient, f£3, can be selected as approximately =zero
peint seven (0.7) and the fourth coefficient, f4, can be
selected as approximately zero point three {0.3).

Accordingly, equation 11 kecomes:
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CTR_fan=FV(RV)-[0.7-FV{error} + 0.3-FV(d(error) /dt) ]

{equation 12).

The result of such equaticon 1s preferably further
interposed with the graph o¢f figure 10, wherein, the
membership funcitions F1 to Fb are preferably assigned for
one combination between the error and the evolution of the
error, d(error)/dt, and further considering the actual

position of the regulating valve 15.

Accordingly, if the error is negative, N, the evolution of
the error, d{error}/d:t, is negative, N, and if the
regulating wvalve 15 allows a flow of o0il mainly through
the bypass pipe 14, then the result of the second control
function, CTR fan, is to be represented within the F2
graph; whereas, if the regulating wvalwve 15 allows a fiow
of oil either partially through the bypass pipe 14 and
partially through the cooling unit 13 or mainly through
the cooling unit 13, then the result of the second control
function, CTR fan, 1is to be represented within the ¥l

graph.

If the error is negative, N, the evolution of the error,
d(error)/dt, is positive, P, and if the regulating valve
15 allows a flow of o0il mainly though the bypass pipe 14,
then the result of the second control function, CTR fan,
is to be represented within the F2 graph; whereas if the
reguiating valve 15 allows a flow of o0ill either partially
through the bypass pipe 14 and partialily through the

cooling unit 13 or mainly through the cooling unit 13,
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then the result of the second control function, CTR fan,

is to be represented within the F3 graph.

If the error 1s approximately egual to =zero, Z, the
evolution of the error, d{error})/dt, is negative, N, and
the regulating wvalve 15 allows a flow of oil either mainly
through the bypass pipe 14, or partially through the
bypass pipe 14 and partially through the cooling unit 13,
or mainly through the cooling unit 13, then the result of
the second control function, CTR fan, is to be represented

within the F2 graph.

If the error i1is approximately egqual to =zero, <4, the
evolution of the error, d(error)/dt, is positive, P, and
if the regulating vaive 15 allows the flow of o0il mainly
through the bypass pipe 14, then the result of the second
control function, CTR fan, is to be represented within the
F2 graph; whereas if the regulating wvalve 15 allows the
fiow of o©il either partially through the bypass pipe 14
and partiaily through the cooling unit 13 or mainly
through the cooling unit 13, then the result of the second
control function, CTR fan, is to be represented within the

F4 graph.

If the error 1is positive, P, the evolution of the error,
d(error)/dt, is negative, N, and the regulating wvalve 15
is allowing a flow of o0il mainly through the bypass pipe
14, then the result of the second control function,
CTR_fan, 1is to be represented within the F2 graph;

whereas, 1f the regulating valve 15 is allowing a flow of
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oil either partially through the bypass pipe 14 and
partially through the cooling unit 13 or fully through the
cooling unit 13, then the result of the second control
function, CTR_fan, is to be represented within the F3

graph.

If the error is positive, P, the evolution of the error,
d{error)/dt, 1s positive, P, and if the regulating wvalve
15 is allowing & flow of o0il mainly through the bypass
pipe 14, then the result of the second control function,
CTR _fan, 1is to Dbe represented within the F2 graph;
whereas, 1f the regulating wvalve 15 is allowing a flow of
0il partially through the bypass pipe 14 and partially
through the cooling unit 13, then the result of the second
control function, CTR fan, is to be represented within the
F4 graph; whereas if the regulating valve 15 is allowing a
flow of o0il mainly through the cooling unit 13, then the
result of the second control function, CTR fan, is to be

represented within the F5 graph.

In another embodiment according to the present invention,
if the o0il injected compressor or Vacuum pump 1 comprises
an energy recovering unit 25, then the result of the
second control function, CTR fan, 1is preferably further
interposed with the graph of figure 10, wherein, the
membership functions Fl1 to F5 are preferably assigned for
a combination between the error and the evcolution of the

error, d{error)/dt, as will be further explained.
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If the error is negative, N, the evoluticn of the error,
dl(error)/dt, is negative, N, and the regulating valve 15
is allowing a flow of o0il either mainly through the bypass
pipe 14, or partially through the bypass pipe 14 and
partially through the energy recovering unit 25, or mainly
through the energy recovering unit 25, then the result of
the second control function, CTR fan, is to be represented
within the F2 graph; whereas, if the regulating wvalve 15
is allowing a flow of o0il either partially through the
energy recovering unit 25 and partially through the
cooling unit 13, or mainiy through the cooling unit, then
the result of the second control function, CTR _fan, is to

be represented within the Fl graph.

If the error is negative, N, the evolution of the error,
d(error)/dt, is positive, P, and if the regulating valve
15 allows a flow of o0il either mainly through the bypass
pipe 14, or partially through the bypass vpipe 14 and
partially through the energy recovering unit 25, or mainly
through the energy recovering unit 25, then the result of
the second control function, CTR fan, is to be represented
within the F2Z graph; whereas, 1if the regulating wvalve 15
is allowing a flow of o0il either partially through the
energy recovering unit 25 and partially through the
cooling unit 13 or mainly through the cooling unit 13,
then the result of the second control function, CTR fan,

is to be represented within the F3 graph.

If the error 1s approximately egqual to zero, 4, the

evolution of the error, d{error)/dt, is negative, N, and



10

15

20

25

70

the regulating valve 15 allows a flow of oil either mainly
through the bypass pipe 14, or partially through the
bypass pipe 14 and partially through the energy recovering
unit 25, cor mainly through the energy recovering unit 25,
or partially through the energy recovering unit 25 and
partially through the cooling unit 13, or mainly through
the cooling unit 13, then the result of the second control
function, CTR fan, 1s to be represented within the F2

graph.

If the error is approximately equal to zero, Z, the
evolution of the error, d{error)/dt, is positive, P, and
if the regulating wvalve 15 is allowing a flow of oil
either mainly through the bypass pipe 14, or partially
through the bypass pipe 14 and partially through the
energy recovering unit 25, or mainly through the energy
recovering unit 25, then the result of the second control
functien, CTR fan, 1is to be represented within the F2
graph; whereas, 1f the regulating valve 15 is allowing a
flow of o0il either partially through the energy recocvering
unit 25 and partially through the cooling unit 13 or
mainly through the cocoling unit 13, then the result of the
second control function, CTR fan, is to be represented

within the F4 graph.

If the error is positive, P, the evolution of the error,
d{error)/dt, is negative, N, and if the regulating valve
15 1is allowing a flow of o©0il either mainly through the
bypass pipe 14, or partially through the bypass pipe 14

and partially through the energy recovering unit 25, or
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mainly through the energy recovering unit 25, then the
result of the second control function, CTR fan, is to be
represented within the F2  graph; whereas, if the
regulating wvalve 15 is allowing a flow of o0il either
partiatly through the energy recovering unit 25 and
partially through the ccoling unit 13, or mainly through
the cooling unit 13, then the result of the second control
function, CTR fan, 1is to be represented within the F3

graph.

If the error is positive, P, the evolution of the error,
d(error)/dt, is positive, P, and the regulating valve 15
is allowing a flow of o0il to either mainly through the
bypass pipe 14, or partially through the bypass pipe 14
and partially through the energy recovering unit 25, or
mainiy through the energy recovering unit 25, then the
result of the second control function, CTR fan, is to be
represented within the F2 graph:; whereas, if  the
regulating valve 15 1is allowing a flow of oil partially
through the energy recovering wunit 25 and partially
through the cooling unit 13, then the result of the second
control function, CTR fan, is to be represented within the
F4 graph; whereas, 1f the regulating valve 15 1is allowing
a flow of 0il mainly through the cooling unit 13, then the
result of the second control function, CTR fan, is to be

represented within the F5 graph.

In a further embodiment according to the present
invention, after the second control function, CTR fan, has

been interposed with the graph of figure 10, the fuzzy
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logic algorithm is preferably calculating the center of
gravity of the resulting graph and projects it on the

RPM/s (revolutions per minute/second) axis.

Consequently, the fuzzy logic algorithm determines the
actual speed with which the speed of the fan 21 is to be
changed.

If such a speed would need to be decreased, the center of
gravity projected onto the RPM/s axis would be a wvalue
comprised between Zero and a minimum value, Min.
Preferably such wvalue is comprised within the interval [-
100; 0) RPM/s.

If the speed would need to be increased, the center of
gravity projected onto the RPM/s axis would be a value
comprised Dbetween zero and a maximum value, Max,
Preferably such a wvalue 1is comprised within the interval

(0r 100] RPM/s.

Consequently, the controller unit 20 is increasing or
decreasing the speed of the fan 21 according to the result
0f the determined actual speed and according to the speed
rate associated to the respective membership function
corresponding to the second control function, CTR fan,

when interposed with the graph of figure 10.

In the context of the present invention, the center of
gravity of a graph should be understood as the mean
pesition of all the points part of =said graph and in all

the coordinate directions. In other words, the center of
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gravity of a graph represents the balance point of such
graph, or the point at which an infinitesimally thin
cutout of the shape could be in perfect balance on a tip
of a pin, assuming a uniform density of the cutout, within

a uniform gravitational field.

It should be further understood that the fuzzy logic
algorithm can apply any method for determining such center
of gravity, and the present invention should not be

limited to any such particular method.

As an example, but without limiting thereto, the center of
gravity can be calculated by considering the possible
peaks of the representation of the first control function,
CTR valve, cr the second control function, CTR fan,
respectively, interposed with the respective graphs. Such
peaks being characterised by two ccordinates (A; B),
whereby A is part of the %/s axis of figure 7, or RPM/s
axis of figure 10; and B is part of the value axis and
comprised between [0; 1] of figure 7 or figure 10

respecitively.

Considering such coordinates for each of the peaks within
the respective membership functions, the center of gravity
can be calculated to have the cocrdinates: mean A and mean
B, whereby mean A represents the average of all the A
coordinates of all the peaks, and mean B represents the

average of all the B coordinates of all the peaks.

In another embodiment according to the present invention,

the fuzzy logic algorithm c¢an calculate the center of
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gravity of each graph corresponding to each membership
function: either for Pl to P6, or for Fl to F5. The result

being either five or six centers of gravity.

Further, the fuzzy logic algorithm can determine the
actual angle with which the position of the modulating

valve 15 should change by applying the follcowing formula:

i CTR valve;*G;
?21 CTR_valve;

{equation 13},

whereby Gi represents the respective center of gravity,
and whereby CTR_valve; represents the first <control
function applied for the respective membership functions,

Pl to P6.

Similarly, the fuzzy logic algorithm can determine the
actual speed with which the speed of the fan 21 should
change by applying the following formula:

?.1 CTR_fan+G;
2 _CTR_fan;

(equation 14},

whereby Gi represents the respective center of gravity,
and whereby CTR fan; represents the second control function

applied for the respective membership functions, F1 to F5,.

In the context of the present invention, ‘rartially”’
should be understocd as any volume of oil selected between
a minimum vclume approximately equal to zero and a maximum
volume approximately egual to one hundred percent, such as
for example and not limiting thereto: approximately thirty

percent, or approximately forty percent or even



10

15

20

25

approximately sixty percent. More preferably ‘partially’
should Dbe understood as a volume of o0il representing
approximately half, or fifty percent, of the volume of oil
fiowing through the oil outlet 11 and eventually reaching
the oil inlet 12. It should be understood that such volume
can be varied according tc the reqguirements of the
compressor or vacuum pump 1, such as for example beitween

twenty five percent and seventy five percent.

Further, ‘*mainly’ should be understood as approximately
the entire volume, or approximately one hundred percent of
the volume of o0il flowing through the oil outlef 11 and

eventually reaching the o0il inlet 12.

As an example and without limiting thereto, figure 11
illustrates a control loop applied by the fuzzy logic
algorithm.

Accordingly, the measured cultlet temperature, Tout s
provided by the outlet temperature sensor 18 is received
in block 100, such received ocutlet temperature, Tout,
being compared with the calculated predetermined target
value, Trarget, oL block 101. The error is determined with

the help of block 102.

Further the fuzzy logic algorithm calculates the evolution
of the error, d{error)/dt, in block 103, and bhefore
reaching the fuzzy logic block 104, the short time
temperature fluctuations are being filtered by LPFs 105
and 106.
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Accordingly, the fuzzy logic block 104 receives as input:
on the cone side, filtered values of the error, and on the
other side, filtered wvalues of the evolution of such
errors, df(error)/dt. Further, the fuzzy logic block 104
represents such wvalues within the graphs illustrated in
figure 5 and figure 6, according to the respective

membership functions and as previously explained.

For an increased stability of the overall system, the
control loop further filters the resulting values with the
help of the filters in blocks 107 and 108 respectively,

whereby very small fluctuations are ignored.

In a subsequent step, the fuzzy logic block 104 determines
the direction in which the regulating wvalve 15 should be
changed and the speed rate at which such a regulating
valve 15 should be changed by using the graph of figure 7

and the first control function, CTR valve.

According to the method described herein, the result of
the first control function, CTR valve, 1is preferably
interposed with the respective membership function of
figure 7, and the center of gravity cof the resulting graph
is being calculated and projected on the %/s axis. Such
center of gravity projected on the %/s axis being
represented in block 109 as an output of the fuzzy logic

block 104.

Fuarther, the fuzzy lecgic algorithm adds the determined
center of gravity projected on the %/s axis to the current

position of the regulating valve 15 with the help of block
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110 and loop 111, and determines the new current position

of said regulating valve 15 in block 112.

Preferably but not limiting thereto, for an even more
stable overall system, the contrcl loop can comprise
biccks 113 and 114, whereby through Dblock 113, the

measured ocutlet temperature, Tou, i35 considered.

Block 114 determines a minimum position of the modulating
valve 15 according to the outlet temperature, Tout -
Preferably, in bhlock 114, an experimentally determined
graph is uploaded in which a minimum position of the valve

at respective cutlet temperatures, Touw, 1s represented.

Consequently, if after adding the determined center of
gravity projected on the %/s axis to the current position
of the regulating wvalve 15 with the help of block 110 and
loop 111, such a newly determined position would have a
smaller angle than the one determined on the graph of
block 114 for the respective outlet temperature, Touw, then
the fuzzy logic algorithm will select the value extracted
from such graph and determine the new current position of
said regulating valve 15 in block 112. Otherwise, the
fuzzy logic algorithm would proceed as previously

explained.

By applying these checks, the fuzzy logic algorithm helps
in preventing the compressor or vacuum pump 1 from
experiencing overshoots of temperature, which can turn out
to be damaging. Consequently, blocks 113 and 114, help in

avoiding the situation in which the compressor or wvacuum
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punp 1 would run at a very low speed of the motor 7 and
the temperature at the outlet, Touw, would become very

high.

Furthermore, if the temperature at the outlet, Tou:, would
increase to very high values, the controller unit 20 would
not aillow for oil to flow through the bypass pipe 14, or
only a very small quantity of o0il would be allowed to flow

therethrough.

Said new current position of the regulating valve 15 being
an input of the fuzzy logic block 104, with the help of
loop 115.

Using such new current position, said fuzzy logic block
104 further determines how the speed rate of the fan 21 is
to be changed and the rate at which such a speed should be
changed, by using the graph of figure 10 and the second

control function, CTR fan.

Accordingly, the result of the second control function,
CTR _fan 1s preferably interposed with the respective
membership function of figure 10, and the <center of
gravity of the resulting graph is being calculated and
projected on the RPM/s axis. Such center of gravity
projected on the RPM/s axis being represented in block 116
as another output of the fuzzy logic block 104.

Further, the fuzzy logic algorithm applies the sum between
the current wvalue of the speed of the fan 21 and the

center of gravity projected on the RPM/s axis, with the
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help of block 117 and loop 118, and determines the new
current speed of the fan 21 in block 119.

The new current position of the regulating valve 15 of
block 110 and the new current speed of the fan 21 of block
115 being further used by the controller unit 20 as set
values with which the position of the regulating valve 15
is influenced through the first date link 32 and with
which the speed of the fan 21 is influenced through the
second data link 33.

In the context of the present invention it should be
understood that the technical features presented herein
can be used in any combination without departing from the

scope of the invention.

The present invention 1is by no means limited to the
embodiments described as an example and shown in the
drawings, but such an oil injected compressor or wvacuum
pump can be realized in all kinds of wvariants, without
departing from the scope of the invention. Similarly, the
invention is not limited to the method for maintaining the
temperature at an outlet of an oil injected compresscr or
vacuum pump bellow a predetermined target value described
as an example, however, said method can be realized in
different ways while still remaining within the scope of

the invention.
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Claims.

1. A method for controlling the outlet temperature of an
0il injected compressor or vacuum pump (1) comprising
a compressor or vacuum element (4) provided with &
gas inlet (5), an element outlet (6}, and an oil

inlet (12Z), said method comprising the steps of:

measuring the outlet femperature {Touw) at the

element outlet (&);

- controlling the position of a regulating valve (15)
in order to regulate the flow of oil flowing
through a cooling unit (13) connected to said oil

inlet (12);

characterised in that the step of controlling the
position of the regulating wvalve (15) involves
applying a fuzzy logic algorithm on the measured
outlet temperature (Touw); and in that the method
further comprises the step of controlling the speed
of a fan (21) cooling the o0il flowing through the
cocling wunit (13) by applying the fuzzy logic
algorithm and further bhased on the position of the

regulating valve {15).

2. Method according te clailm 1, characterised in that it
further comprises the step of measuring the inliet

temperature (Tin), the inlet pressure (Pix) at the gas
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inlet (5) and the outlet pressure (Pou) at the

element outlet (6).

. Method accerding to claim 2, characterised in that

the controlling of the position of the regulating
valve involves applying said fuzzy logic algorithm
further on the measured inlet temperature (Tin), inlet

pressure (Pin) and the outlet pressure (Pout) .

. Method according tce any of the c¢laims 1 to 3,

characterised in that the step of controlling the
position o©of said regulating wvalve (15) involves
regulating the flow of o¢il flowing through said
cooling unit (13) and through a bypass pipe (14)
fluidly connected said oil inlet (12), for bypassing
the cooling unit (:3).

. Method according to claim 2 or 3, characterised in

that the method further comprises the step of
maintaining the outlet temperature (Tout) at
approximately a predetermined target wvalue (Tiarget),
said predetermined target value (Trarget) being
calculated by determining the atmospheric dew point
(ADP) based on the measured: inlet temperature (Tin),
inlet pressure (Pin) and ocutlet pressure (Pouw) and an
estimated o©or measured relative humidity (RH) of the

gas filowing through the gas inlet (5).

. Method according to c¢laim 5, characterised in that

the fuzzy logic algorithm comprises the step of

determining a first error (e:} by subtracting the
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predetermined target value (Tearget) from a first
measured outlet temperature (Tout,1) and determining a
second error (ez) by subtracting the predetermined
target wvalue {Tiarget) from & subsequent measured

cutlet temperature {Tout,2).

. Method acccrding to claim 6, characterised in that

the fuzzy logic algorithm further comprises the step
of calculating an eveolution of the error
{d{error)/dt), by calculating the derivative of the
error over time, by subtracting the second error (ez)
from the first error (e1), and dividing it over a
time interval (At), calculated between the moment
when the first outlet temperature (Tou,1) is measured,
and the moment when the subseqguent outlet temperature

{Tour,2) 1s measured.

. Method according to claim 7, characterised in that

the fuzzy logic algorithm further comprises the step
of determining the direction towards which the
position of the regulating valve should be change
based on the flrst error (ei;} or the second error

(e2), and the eveolution of the error {(d(error)/dt).

Method according to c¢laim 7 or 8, characterised in
that the fuzzy logic algerithm further comprises the
step of determining the speed rate with which the
position should o©of the regulating wvalve should be

changed based on the first error ({ei;} or the second
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error {ez), and the evolution of the error

(d{error) /dt).

10.

Method according to c¢laim 7, characterised in

that the fuzzy logic algorithm determines the

directicen in which the regulating wvalve (15) is to be

changed by applying:

11,

if the second error {ez), 1is negative (N) or if the
second error {ez) 1is approximately egual to =zero
(Z), and the evolution of the error (d(error)/dt)
is negative (N), the direction in which the
position of the regulating wvalve (15) is to be
changed 1is such that more o0il is flowing through

the bypass pipe {(14); or

if the second error (e2) is positive (P) or if the
second error (ez) 1s approximately equal to =zero
{2}y, and the evolution of the error (d{error)/dt),
is positive (P}, the direction in which the
position of the regulating wvalve (15) is to be
changed is such that more oil 1is flowing through

the cooling unit (13).

Method according to claim 9, characterised in

that the fuzzy logic algorithm determines the speed

rate with which the positicn of the regulating wvalve

(15) is to be changed according tc one or more of the

following steps:
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if the second errcor {(ez) is negative (N) and the
evolution of the error (d(error)/dt) is negative
(N}, the position of the regulating valve (15) is
to be changed at a first predetermined speed rate

{-L}):

if the second error (ez) is negative (N} and the
evelution of the error (dlerrecr)/dt) is positive
(P}, the position of the regulating valve (15) is
to be changed at a second predetermined speed rate

(~M);

if the second error (ez;) is approximately equal to
ZEero (7)) and the evolution of the error
(d{errox)/dt}), is negative (N), the position of the
regulating valve (15) is to be changed at a thizrd

predetermined speed rate (-5);

if the second error {ez} is approximately equal o
2ero {7) and the evolution of the error
(d{error)/dt) is positive {P), the position of the
regulating valve {15) is to be changed at a fourth

predetermined speed rate (+8);

1f the second error (ez) is positive (P} and the
evolution of the error (d(error})/dt) is negative
(N), the position of the regulating wvalve (15) is
to be changed at a fifth predetermined speed rate
{+M) ;
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13.

14.

-~ if the second error (ez) is positive (P} and the
evolution of the error (d{error)/dt) is positive
(P), the position of the regulating valve (15) is
to be changed at a sixth predetermined speed rate

(+L) .

Method according to claim 11, <characterised in
that the first predetermined speed rate {~L) is lower
than the sixth predetermined speed rate (+L); and/or
the second predetermined speed rate (-M) is lower
than the fifth predetermined speed rate (+M); and/or
the third predetermined speed rate {-3) is lower than

the fourth predetermined speed rate (+3).

Method according to claim 7, characterised in
that if the regulating wvalve {(15) comprises a central
rotating element (26), the fuzzy logic algorithm
determines the angle with which the position of the
regulating valve (15) is to be changed, by applying a
first control function (CTR valve), and determining
the minimum between one and the result of adding a
fuzzy wvalue asscciated with the second errcor, (e;)
multiplied by a first coefficient (fl) to a fuzzy
value assocociated with the evolution of the error
(d{error)/dt) multiplied by a second coefficient

(£2).

Method according to claim 13, characterised in
that the fuzzy logic algorithm further comprises the

step of determining the position of the regulating
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17.
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valve (15) by applving the calculated angle to a

current position of the regulating valve (15).

Method according to c¢laim 14, characterised in
that the fuzzy logic algorithm is determining if the
speed of the fan (21) should be increased or
decreased based on the determined position of the
regulating valve (15), the second error (e;) and the

evolution of the error (d(error)/dt).

Method according to claim 14, characterised in
that the fuzzy logic algorithm comprises the step of
determining the actual speed with which the speed of
the fan (21) should be changed by applving a second
control function (CTR fan), and determining the value
of: a fuzzy wvalue associated with an actual angle of
the position of the regulating wvalve (15) multiplied
by the result of: a fuzzy value associated with the
second error (ez) multiplied by a third coefficient
{(£t3) to which a fuzzy value associated with the
evolution of the error (d(error)/dt) multiplied by a

fourth coefficient {f4) is added.

An o0il injected compressor or vacuum pump

comprising:

- a compressor or vacuum element (4} having a gas
inlet (5) , an element outlet {(6) and an oil inlet

(12}
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- an oil separator (8) having a separator inlet (9)
fluidly connected to the elenent outlet (6), a

separator outlet (10) and an oil outlet (11)
fluidly connected to the oil inlet (12) of the
compressor or vacuum el ement (4) by means of an oi
condui t;

- a cooling unit (13) connected to the oil outlet
(11) of the oil separator (8) and the oil inlet

(12) of the conpressor or vacuum el ement (4);

- a bypass pipe (14) fluidly connected to the oil
outlet (11) and to said oil inlet (12) for
bypassing the cooling unit (13);

- a regulating valve (15) provided on the oil outlet
(11) configured to allow oil to flow from the oil
separator (8) through the cooling unit (13) and/or
t hrough the bypass pipe (14);

- an outlet tenperature sensor (18) positioned at the
el ement outlet (6);

- a controller wunit (20) configured to control the
position of said regulating valve (15);

characterised in that the cooling uni t (13) S
provided with a fan (21) and in that the controller
unit (20) is further provided wth a fuzzy Ilogic
algorithm for <controlling the speed of the fan (21)
based on the position of the regulating valve (15)

and nmeasured outlet tenperature, for maintaining the
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out | et tenperature (Tout) at appr oxi mat el y a

predeterm ned target val ue (Tiarget).

18. G| injected conpressor or vacuum punp according
to claim 17, further conprising an inlet tenperature
sensor (16) and an inlet pressure sensor (17)
positioned at the gas inlet (5) and further
conprising an outlet pressure sensor (19) positioned
at the elenent outlet (6).

19. GO injected conpressor or vacuum punp according
to claim 18, characterised in that said controller
unit (20) conprises a data link (22) for receiving
measurenents from each of said: inlet tenperature
sensor (16), inlet pressure sensor (17), outlet
tenperature sensor (18) and outlet pressure sensor
(19), said controller unit (20) being further
provided wth an algorithm for <calculating the
predeterm ned target value (Ttarget) by considering a
cal cul ated atnospheric dew point (ADP) based on the

recei ved neasurenents.

20. QG| injected conpressor or vacuum punp accordi ng
to any of the clains 17 to 19, characterised in that
the conpressor or vacuum punp (1) conprises a
relative humdity sensor (23) and in that the
controller wunit (20) further conprises a data |ink
(22) for receiving neasurenents from the relative
hum dity sensor (23) positioned at the gas inlet (5)
or conprises neans to approximte the relative
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24.
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humidity (RH) of the gas at the level of the gas
inlet (5).

0il injected compressor or vacuum punp according
to any of the claims 17 to 20, characterised in that
the controller unit (20) comprises means for
controlling the speed of the fan (21} based on the
position of the regulating wvalve (15) and an error,
calculated by subtracting the predetermined target
value (Tiarger) from the measured outlet temperature

(Tout) .

0il injected compressor or vacuum pump according
to any cof the claims 17 to 21, characterised in that
the fan (21) is provided with a variable speed motor
(245 .

0il injected compressor or vacuum pump according
to any of the claims 17 to 22, characterised in that
the compressor or vacuum punp (1) further comprises
an energy recovering unit (25) connected to the oil

outlet (11) and the oil inlet (12).

A controller unit for controlling an outlet
temperature (Tewe) of an o0il injected compressor or
vacuum pump (1) comprising a compressor or vacuum
element (4) provided with a gas inlet (5}, an element
outlet (6), and an oil inlet (12) said controller

unit {20) comprising:
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- a measuring unit conprising a data input configured
to receive outlet tenperature data at the el enent
outlet (6);

- a communication wunit conmprising a first data |ink
(32) for controlling the position of an oil
regul ating valve (15) in order to regulate the flow
of oil through a cooling unit (13) connected to said
oil inlet (12);

characterised in that

- the communication unit further conprises a second
data link (33) for controlling the rotational speed
of a fan (21) cooling the oil flowi ng through said
cooling unit (13); and wherein

- the controller unit (20) further conprises a
processi ng uni t provi ded with a fuzzy | ogi c
algorithm determ ning the speed of the fan (21)
based on the position of the regulating valve (15)
and the neasured outlet tenperature (Tou).

25. Controller uni t accordi ng to claim 24,
characteri sed in t hat t he measuri ng uni t further
conprises a data input configured to receive: i nl et
tenperature dat a, i nl et pressure dat a and out | et

pressure data.

26. Controller uni t accordi ng to claim 25,
characteri sed in t hat said processi ng uni t is
provi ded with an al gorithm for cal cul ating a

predeterm ned target value (Ttarget) by considering a
cal cul ated atnospheric dew point (ADP) based on the

measurenents received fromthe neasuring unit.
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27, Controllier unit according to claim 26,

characterised in that said processing unit is further
being provided with an algorithm for determining a
first error (e1), by subtracting the calculated
predetermined target wvalue (Tiarger) from the measured

outlet temperature {(Tou:z,1) .

Controller unit according to any of the claims
24 to 27, characterised in that the processing unit
uses a predetermined relative humidity (RH) wvalue of
the gas flowing through the gas inlet {5) or said
contreller unit further comprises a relative humidity
sensor (23) positioned at the gas inlet (5) for

determining the atmespheric dew point {(ADP).

29, Controller unit according to claim 27,

characterised in that said ©processing unit is
configured to further determine an evolution of the
error {(d{error)/dt}, by subtracting the calculated
first error (e;) from a subsequent calculated second
error (ez) determined by considering a subsequent
measurement of the outlet temperature (Touw,2), and
dividing it over the time interval (At) determined
between the moment when the first outlet temperature
{Tour,2) 1is measured and the momeni when the subsequent

outlet temperature (Tout,z) 1s measured.



