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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
diagnosing evaporative losses from a fuel tank of an in-
ternal combustion engine.

BACKGROUND ART

[0002] Aliquid fuel delivery system in an internal com-
bustion engine comprises a tank containing a certain
amount of fuel and a fuel pump that draws the fuel from
the tank and delivers the fuel under pressure to the in-
jection system.

[0003] In some countries (for example in the United
States), type-approval laws require the fuel tank to be
tested cyclically (typically each time the internal combus-
tion engine is started) to verify its vapour tightness (i.e.
the rate of evaporative loss from the tank). The amount
of fuel vapour released into the atmosphere from the tank
must not exceed a prescribed threshold value. If the va-
pour tightness test reveals that the fuel vapour released
into the atmosphere from the tank (and the pipes con-
nected to said tank) exceeds the prescribed threshold
value, a fuel delivery system fault signal must be gener-
ated and technical assistance must be requested.
[0004] Theuse ofavapourtightness testing unit, which
is connected to the tank and comprises a compressor
driven by an electric motor to pressurize the tank (i.e. to
increase the pressure in the tank) has been proposed to
verify the vapour tightness of the tank (and of the pipes
connected to said tank); moreover, the vapour tightness
testing unit may comprise a spool valve that is operated
to connect the delivery pipe of the compressor alternately
to the tank or to the atmosphere through a gauged hole
with a cross-section that, if made to pass through the
tank, would enable the fuel vapour to flow towards the
atmosphere at a rate slightly lower than the threshold
value prescribed by law. The spool valve isolates the
delivery pipe of the compressor from the gauged hole
and only connects the compressor delivery pipe to the
gauged hole now and then and for short periods of time
when the tank is tested for vapour tightness as described
more fully below.

[0005] Inuse, to test the tank for vapour tightness said
tank is isolated by closing the CCV solenoid, which con-
nects the tank to the atmosphere via the canister, and
closing the PCV solenoid, which connects the tank to the
intake duct of the internal combustion engine. Once the
tank has been isolated, the spool valve is operated to
connect the delivery pipe of the compressor to the at-
mosphere via the gauged hole and the electric motor is
operated to drive the compressor; at this point the elec-
trical characteristics of the electric motor are measured
(typically the electric current absorbed) to obtain a term
of comparison in the event of a known loss through the
gauged hole. The spool valve is then operated again to
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isolate the delivery pipe of the compressor from the
gauged hole and at the same time to connect the delivery
pipe of the compressor to the tank and the electric motor
is operated again to drive the compressor and pressurize
the tank; at this stage the electrical characteristics of the
electric motor are measured and said electrical charac-
teristics of the electric motor are compared with the elec-
trical characteristics obtained previously with the delivery
pipe of the compressor connected to the gauged hole
(i.e. in the presence of a known loss). From the result of
this comparison it is possible to determine with precision
whether the actual loss from the tank is less than the
known loss through the gauged hole and is thus accept-
able in that the cross-section of the gauged hole, if made
to pass through the tank, would allow the fuel vapour to
flow towards the atmosphere at a slightly lower rate than
the threshold value prescribed by law, or whether the
actual loss from the tank is greater than the known loss
through the gauged hole and thus not acceptable.
[0006] In the method for diagnosing evaporative loss-
es described above, the electrical characteristic of the
electric motor that is analysed is the electric current ab-
sorbed; however, the analysis in time of the electric cur-
rent absorbed has been found to have some drawbacks
as it is influenced by various accidental disturbances
which may introduce a relatively high error in judgment
as regards the vapour tightness of the tank. This error is
irrelevant if the actual loss from the tank is far from the
threshold value prescribed by law (whether lower or high-
er), while it is extremely important when the actual loss
from the tank is close to the threshold value prescribed
by law.

[0007] Moreover, the presence of the controllable
spool valve to connect the delivery pipe of the compres-
sor alternately to the atmosphere through the gauged
hole or to the tank is useful for self-tuning of the system
each time testing is performed to compensate for con-
struction tolerance and changes over time; however, the
presence of the spool valve and the presence of the
gauged hole (which requires high-precision machining)
significantly increase the overall cost of the vapour tight-
ness testing unit.

DISCLOSURE OF INVENTION

[0008] The purpose of the present invention is to pro-
vide a method for diagnosing evaporative losses from a
fuel tank of an internal combustion engine, said method
of diagnosis being simple and cost-effective toimplement
and capable of overcoming the drawbacks described
above.

[0009] According to the presentinvention a method for
diagnosing evaporative losses from a fuel tank of an in-
ternal combustion engine is provided according to that
set forth in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will now be described
with reference to the attached drawings, illustrating some
non-limiting embodiments thereof, in which:

- figure 1 is a schematic view of a liquid fuel delivery
system in an internal combustion engine in which
the method for diagnosing evaporative losses is im-
plemented according to the present invention;

- figure 2 is a graph illustrating the time profile of the
electric current absorbed by an electric motor of a
unit for testing the vapour tightness of the fuel deliv-
ery system in figure 1;

- figure 3 is a graph illustrating the amplitude of the
frequency range of the electric current of figure 2;

- figure 4 is a graph showing the increase in the fre-
quency of the fundamental harmonic of the electric
current absorbed by an electric motor of a unit used
for testing the vapour tightness of the fuel delivery
system in figure 1 as the value of the evaporative
loss increases; and

- figure 5 is a schematic view of a variant of the fuel
delivery system of figure 1.

PREFERRED EMBODIMENTS OF THE INVENTION

[0011] Infigure 1, number 1 indicates an internal com-
bustion engine as a whole provided with a liquid fuel de-
livery system 2.

[0012] The fuel delivery system 2 comprises a tank 3
containing a certain amount of fuel and a fuel pump 4
that draws the fuel from the tank 3 and delivers the fuel
under pressure to an injection system (known and not
illustrated) of the internal combustion engine 1.

[0013] The fuel delivery system 2 also comprises a
breather pipe 5, which connects the tank 3 to the outside
environment, i.e. to the atmosphere; the presence of the
breather pipe 5 is necessary in order for the fuel pump 4
to work, in that air is gradually drawn into the tank 3
through the breather pipe 5 as the fuel pump 4 empties
said tank 3. To prevent fuel vapour from being discharged
into the atmosphere through the breather pipe 5, a can-
ister 6, i.e. a spongy filter capable of trapping and with-
holding the fuel vapour is arranged along the breather
pipe 5. Moreover, the breather pipe 5 is controlled by a
CCV solenoid 7, which is arranged downstream of the
canister 6 and is operated to open or close the breather
pipe 5.

[0014] The fuel delivery system 2 comprises a recov-
ery duct 8 to recuperate the fuel vapour, which connects
the fuel tank 3 to an intake duct 9 of the internal combus-
tion engine downstream of a throttle valve. The recovery
duct 8 is controlled by a PCV solenoid 10 which is oper-
ated to open or close the recovery duct 8. The PCV so-
lenoid 10 is normally closed and is opened in certain op-
erating conditions of the internal combustion engine 1 to
generate, thanks to the depression in the intake duct 9,
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a flow of air that "flushes" the canister 6 (i.e. freeing the
canister 6 of the trapped fuel vapour) and delivers the
fuel vapour released by the canister 6 into the intake duct
9 so that said fuel vapour is burned in the cylinders of
the internal combustion engine 1.

[0015] Finally, the fuel delivery system 2 comprises a
vapour tightness testing unit 11, which is connected to
the tank 3 and comprises a compressor 12 (i.e. a pneu-
matic machine) which is driven by an electric motor 13
to pressurize the tank 3 (i.e. to increase the pressure in
the tank 3); the electric motor 13 is operated by an electric
drive 14 which also comprises a current meter to measure
the electric current absorbed by the electric motor 13 in
real time.

[0016] The internal combustion engine 1 comprises an
electronic control unit 15, which, among other things,
controls the CCV solenoid 7, the PCV solenoid 10 and
the electric drive 14. Cyclically, (typically each time the
internal combustion engine 1 is started) the electronic
control unit 15 uses the vapour tightness testing unit 11
to verify the vapour tightness of the tank 3 (i.e. the rate
of evaporative loss from the tank 3 and from the pipes
connected to said tank 3), which (together with the ducts
connected to said tank 3) must not discharge fuel vapour
into the atmosphere at more than the set maximum rate
prescribed by law. If the electronic control unit detects
that fuel vapour is discharged from the tank 3 into the
atmosphere at more than the prescribed maximum rate,
the electronic control unit 15 signals a fault in the fuel
delivery system 2 and generates a request for technical
assistance.

[0017] The method used by the electronic control unit
15 to test the tank 3 for vapour tightness using the vapour
tightness testing unit 11 is now described.

[0018] First, the electronic control unit 15 isolates the
tank 3 from the atmosphere by closing the CCV solenoid
7 and isolates the tank 3 from the intake duct 9 by closing
the PCV solenoid 10; once the tank 3 has been isolated,
the electronic control unit 15 operates the electric motor
13 to start the compressor 12 in order to pressurize (or
alternatively depressurize) the tank 3. When a prescribed
period of time has elapsed after starting the compressor
12, the electronic control unit 15, using the current meter
of the electric drive 14, measures the time profile of the
electric current absorbed by the electric motor 13 over a
set time (usually a few seconds); the electronic control
unit 15 then diagnoses the rate of evaporative loss from
the tank 3 as a function of the time profile of the electric
current absorbed by the electric motor 13.

[0019] In particular, the electronic control unit 15 de-
termines the frequency range of the electric current ab-
sorbed by the electric motor 13 by applying the Fourier
transform (FFT - Fast Fourier Transform or STFT - Short
Time Fourier Transform) to the time profile of the electric
current absorbed by the electric motor 13 and thus diag-
noses the rate of evaporative loss from the tank 3 as a
function of the frequency range of the electric current
absorbed by the electric motor 13. It is important to un-



5 EP 2 108 808 A1 6

derline that the tank 3 is not expected to be fully pressu-
rized in the stationary (or almost stationary) condition, as
this would take too long (about ten minutes); rather, when
a set time has elapsed after starting the compressor 12
(typically a few seconds) the electronic control unit 15
measures the time profile of the electric current absorbed
by the electric motor 13 over a set time (approximately
1-4 seconds). It is important that the time profile of the
electric current absorbed by the electric motor 13 is ob-
tained over a relatively short time so that during that time
the actual (or average) value of the electric current can
be regarded as constant at first approximation (i.e. the
electric motor 13 is regarded as stationary at first approx-
imation).

[0020] According to a preferred embodiment, the elec-
tronic control unit 15 determines the fundamental har-
monic of the frequency range (i.e. the harmonic with the
greatest amplitude), determines the frequency of the fun-
damental harmonic, and diagnoses the rate of evapora-
tive loss from the tank 3 as a function of the frequency
of the fundamental harmonic. In particular, the electronic
control unit 15 compares the frequency of the fundamen-
tal harmonic with at least one threshold value to diagnose
the rate of evaporative loss from the tank 3; it has been
observed that the higher the frequency of the fundamen-
tal harmonic, the higher the rate of evaporative loss from
the tank 3. Consequently, if the frequency of the funda-
mental harmonic is higher than the threshold value, the
evaporative loss from the tank 3 will exceed the pre-
scribed threshold value. The electronic control unit 15
could of course compare the frequency of the fundamen-
tal harmonic with a plurality of threshold values, each of
which is associated with a respective rate of evaporative
loss from the tank 3; thus, in addition to determining
whether the evaporative loss from the tank 3 exceeds
the maximum prescribed rate, the electronic control unit
15 is also capable of estimating the actual value of the
evaporative loss from the tank 3. If an estimated actual
value of the evaporative loss from the tank 3 is known,
the electronic control unit 15 is capable of determining
the long-term profile of the actual value of the evaporative
loss from the tank 3 to verify whether the actual value of
the evaporative loss tends to increase towards the max-
imum prescribed value or whether the actual value of the
evaporative loss tends to remain approximately constant.
[0021] In calculating and analysing the fundamental
harmonic of the frequency range of the electric current
absorbed by the electric motor 13 as described above,
the electronic control unit 15 takes into account the level
of fuel in the tank 3; in other words, in calculating and
analysing the fundamental harmonic of the frequency
range of the electric current absorbed by the electric mo-
tor 13 as described above, the electronic control unit 15
uses correction parameters the values of which depend
on the level of fuel in the tank 3.

[0022] The threshold values with which the frequency
ofthe fundamental harmonicis compared are determined
experimentally in the design stage and during set-up of
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the vapour tightness testing unit 11; in other words, in a
sample fuel delivery system 2 the tank 3 is set with a
constant known evaporative loss (for example using
gauged test holes) and the corresponding frequency of
the fundamental harmonic of the electric current ab-
sorbed by the electric motor 13 is measured.

[0023] As mentioned previously, as the actual value of
the evaporative loss from the tank 3 increases so does
the frequency of the fundamental harmonic of the electric
current absorbed by the electric motor 13. This relation-
ship is explained by the increase in the speed of rotation
of the compressor 12 (and thus of the electric motor 13)
with the increase in the actual value of the evaporative
loss from the tank 3 (i.e. as the overpressure in the tank
3 falls). In other words, the speed of rotation of the com-
pressor 12 (and thus of the electric motor 13) is inversely
related to the pressure drop between the upstream and
downstream sides of the compressor 12 and the higher
the actual value of the evaporative loss from the tank 3
the lower the overpressure in the tank 3 and thus the
smaller the pressure drop between the upstream and
downstream sides of the compressor 12 and the higher
the speed of rotation of the compressor 12.

[0024] By way of example, figure 2 is a graph illustrat-
ing the time profile of the electric current absorbed by the
electric motor 13 while testing the tank 3 for vapour tight-
ness in the stationary condition; figure 3 is a graph illus-
trating the amplitude of the frequency range of the electric
current of figure 2. The graph in figure 3 clearly shows
that the frequency of the first harmonic is approx. 25 Hz,
while the frequency associated with the harmonic with
maximum amplitude, or fundamental harmonic, is ap-
prox. 75 Hz.

[0025] An analysis of the time profile and frequency
range of the current absorbed by the electric motor 13 in
the stationary condition reveals the presence of a signif-
icant periodicity in the signal; in particular, the significant
harmonics are multiples of a "basic" frequency and, in
the specific examples in figures 2 and 3, the third har-
monicis the fundamental harmonic, i.e. the harmonic with
maximum amplitude. The fact that it is the third harmonic
which is significantly excited compared to the other har-
monics is due to the characteristics of the electric motor
13 used to obtain the measurements shown in figures 2
and 3; this electric motor 13 had a three-lobe rotor.
[0026] Figure 4 is a graph illustrating the increase in
the frequency of the fundamental harmonic (maximum
amplitude) of the electric current absorbed by the electric
motor 13 as the value of the evaporative loss from the
tank 3 increases; in particular, four tests were carried out
with the tank 3 in an integral state (i.e. with no holes or,
from an alternative perspective, with a hole having a di-
ameter of 0.00 mm), with the tank 3 provided with a
gauged hole with a diameter of 0.40 mm, with the tank 3
provided with a gauged hole with a diameter of 0.55 mm
and with the tank 3 provided with a gauged hole with a
diameter of 0.93 mm.

[0027] According to an alternative embodiment, the
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electronic control unit 15 can diagnose the rate of evap-
orative loss from the tank 3 according to the procedures
described above using a characteristic value of the elec-
tric motor 13 other than the electric current absorbed; for
example, the electronic control unit 15 could use the sup-
ply voltage or the speed of rotation (which corresponds
to the speed of rotation of the compressor 12).

[0028] The method for diagnosing evaporative losses
from the tank 3 described above is capable of functioning
satisfactorily even without the use of a controllable spool
valve to connect the delivery pipe of the compressor 12
to the atmosphere through a gauged hole; according to
the embodiment described above, a controllable spool
valve is not used to connect the delivery pipe of the com-
pressor 12 to the atmosphere through a gauged hole.
However, the method for diagnosing evaporative losses
fromthe tank 3 described above can also be implemented
using a controllable spool valve to connect the delivery
pipe of the compressor 12 to the atmosphere through a
gauged hole.

[0029] According to a possible embodiment, the elec-
tronic control unit 15 occasionally performs self-learning
of the functional parameters of the vapour tightness test-
ing unit 11 comprising the compressor 12 and the electric
motor 13 to compensate for construction tolerance and
changes over time. To perform self-learning of the func-
tional parameters of the vapour tightness testing unit 11
the electronic control unit 15 sets a known pressure value
in the tank 3, it activates the compressor 12 by operating
the electric motor 13 with a test supply voltage that has
asettime profile (typically constant), measures the actual
time profile of the electric current absorbed by the electric
motor 13, determines an expected time profile of the elec-
tric current absorbed as a function of the current func-
tional parameters of the vapour tightness testing unit 11,
compares the actual time profile with the expected time
profile, and diagnoses an inconsistency in the vapour
tightness testing unit 11 if the actual time profile differs
significantly from the expected time profile (i.e. if the dif-
ference is greater than the accidental and systematic
measurement errors). The electronic control unit 15 can
of course use a characteristic value of the electric motor
other than the electric current absorbed to perform self-
learning of the functional parameters of the vapour tight-
ness testing unit 11; for example, the electronic control
unit 15 could use the supply voltage or the speed of ro-
tation.

[0030] In other words, the current functional parame-
ters of the vapour tightness testing unit 11 are used to
calculate an expected time profile of the electric current
absorbed as a function of the test supply voltage (which
is known) and of the value of the pressure in the tank 3
(also known); thus any significant differences between
the expected time profile of the electric current absorbed
and the actual time profile are attributed to the fact that
the current functional parameters of the vapour tightness
testing unit 11 used by the electronic control unit 15 are
not exactly the same as the actual functional parameters.
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The currentfunctional parameters of the vapourtightness
testing unit 11 can therefore be corrected as a function
of the difference between the actual time profile and the
expected time profile of the electric current absorbed by
the electric motor 13.

[0031] On the basis of the above description the func-
tional parameters of the vapour tightness testing unit 11
are self-learned by comparing the expected time profile
and the actual time profile of the electric current absorbed
by the electric motor 13; alternatively, self-learning of the
functional parameters of the vapour tightness testing unit
11 could be performed by comparing the expected fre-
quency range and the frequency range of the electric
current absorbed by the electric motor 13.

[0032] The electroniccontrolunit 15 also performs self-
learning of the functional parameters of the vapour tight-
ness testing unit 11 described above by taking into ac-
count the level of fuel in the tank 3; in other words, to
perform self-learning of the functional parameters of the
vapour tightness testing unit 11 described above, the
electronic control unit 15 uses correction parameters the
values of which depend on the level of fuel in the tank 3.
[0033] The known pressure value in the tank 3 can be
set by closing the CCV solenoid 7 which connects the
tank to the outside and modulating the opening frequency
of the PCV solenoid 10 which connects the tank 3 to the
intake duct 9; in this way the pressure in the tank 3 is
taken as a known function of the modulation implemented
on the PCV solenoid 10 and of the pressure in the intake
duct 9 (unless in case of a correction coefficient deter-
mined experimentally) which is measured with precision
using a specific sensor (not illustrated) normally present
in all modern internal combustion engines 1. Alternative-
ly, the known pressure value can be set in the tank 3 by
opening the CCV solenoid 7 which connects the tank 3
to the outside and closing the PCV solenoid 10 which
connects the tank 3 to the intake duct 9 of the engine 1;
in this way the pressure in the tank 3 is taken to be the
same as the atmospheric pressure (unless in case of a
correction coefficient calculated experimentally and par-
ticularly taking into account the pressure drop generated
by the canister 6) which is conventionally assumed to be
1 bar or which is estimated in a known way by the elec-
tronic control unit 15.

[0034] According to a possible embodiment, the com-
pressor can be a reversible pneumatic machine, i.e. de-
pending on the direction of rotation set by the electric
motor 13 it is capable of pressurizing or depressurizing
the tank 3; in this case, the evaporative loss could be
diagnosed by activating the compressor 12 to pressurize
the tank and self-learning of the functional parameters
could be performed by activating the compressor 12 to
depressurize the tank 3 or vice versa.

[0035] According to the variant illustrated in figure 5,
the compressor 12 is arranged along the breather pipe
5 which connects the tank 3 to the atmosphere and re-
places the CCV solenoid 7; each time the tank 3 must
be isolated from the atmosphere the compressor 12 is
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activated by means of the electric motor 13 to pressurize
the tank 3. Preferably the compressor 12 is of the cen-
trifugal type or of a similar type so that when the com-
pressor 12 is not running it does not constitute an appre-
ciable obstruction to the incoming airflow entering the
tank 3 due to its "open" machine characteristic. In other
words, if the compressor 12 is of the centrifugal type or
of a similar type, when the compressor 12 is running to
pressurize the tank 3 said compressor 12 acts as a closed
valve, preventing air from leaving the tank 3, whereas
when the compressor 12 is off said compressor 12 acts
as an open valve and is not an appreciable obstruction
to the entry of air into the tank 3.

[0036] In the embodiment illustrated in figure 5, the
compressor 12 is arranged along the breather pipe 5 be-
tween the tank 3 and the canister 6. According to a dif-
ferent embodiment, the compressor 12 is arranged along
the breather pipe 5 downstream of the canister 6 (i.e.
between the canister 6 and the atmosphere); this em-
bodiment has the advantage that the fluid processed by
the compressor 12 is completely "clean” (i.e. filtered by
the canister 6 and thus containing no fuel vapour) and
also has the advantage of being able to verify the vapour
tightness of the portion of the breather pipe 5 between
the compressor 12 and the canister 6.

[0037] The method for diagnosing evaporative losses
from the tank 3 described above has numerous advan-
tages. In particular, the method for diagnosing evapora-
tive losses from the tank 3 described above is particularly
accurate and reliable thanks to the analysis of the fre-
quency range of the electric current absorbed by the elec-
tricmotor 13 (or possibly of a different characteristic value
of the electric motor 13). In other words, the analysis of
the frequency range of the electric current absorbed by
the electric motor 13 is not influenced by significant ac-
cidental disturbances, so that the result of said analysis
(i.e. the judgment regarding the vapour tightness of the
tank 3) is particularly accurate and reliable.

[0038] Moreover, the method for diagnosing evapora-
tive losses from the tank 3 described above is capable
of operating satisfactorily even without the use of a con-
trollable spool valve to connect the delivery pipe of the
compressor 12to the atmosphere through a gauged hole;
consequently, this method of diagnosis is also simple
and cheap to implement.

[0039] The embodimentillustrated in figure 5 is partic-
ularly economical, in that compared to the embodiment
illustrated in figure 1 the presence of the CCV solenoid
7 is not necessary as the functions of the latter are per-
formed by the compressor 12.

Claims
1. Method for diagnosing evaporative losses from afuel

tank (3) of an internal combustion engine (1); the
method of diagnosis comprising the following steps:
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isolating the tank (3);
pressurizing/depressurizing the tank (3) using a
pneumatic machine (12) driven by an electric
motor (13);

measuring the time profile of at least one char-
acteristic value of the electric motor (13); and
diagnosing the rate of evaporative loss from the
tank (3) as a function of the time profile of the
characteristic value of the electric motor (13).
the method of diagnosis being characterized
in that it comprises the following additional
steps of:

calculating the frequency range of the char-
acteristic value of the electric motor (13);
and

diagnosing the rate of evaporative loss from
the tank (3) as a function of the frequency
range of the characteristic value of the elec-
tric motor (13).

Method of diagnosis according to claim 1 and com-
prising the additional step of calculating the frequen-
cy range of the characteristic value of the electric
motor (13) by applying the Fourier transformant to
the time profile of the electric value.

Method of diagnosis according to claim 1 or 2 and
comprising the following additional steps of:

calculating the fundamental harmonic of the fre-
quency range;

calculating the frequency of the fundamental
harmonic; and

diagnosing the rate of evaporative loss from the
tank (3) as a function of the frequency of the
fundamental harmonic.

Method of diagnosis according to claim 3, wherein
the fundamental harmonic of the frequency range is
the harmonic with the greatest amplitude.

Method of diagnosis according to claim 3 or 4 and
comprising the additional step of comparing the fre-
quency of the fundamental harmonic with at least
one threshold value to diagnose the rate of evapo-
rative loss from the tank (3).

Method of diagnosis according to claim 5, wherein
the higher the frequency of the fundamental harmon-
ic, the higher the rate of evaporative loss from the
tank (3).

Method of diagnosis according to claim 5 or 6, where-
in if the frequency of the fundamental harmonic is
higher than the threshold value the evaporative loss
from the tank (3) will exceed the prescribed maxi-
mum value.
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Method of diagnosis according to claim 5, 6 or 7 and
comprising the step of comparing the frequency of
the fundamental harmonic with a plurality of thresh-
old values, each of which is associated with a re-
spective rate of evaporative loss from the tank (3).

Method of diagnosis according to one of the claims
from 1 to 8, wherein the time profile of the charac-
teristic value of the electric motor (13) is measured
over a set period of time.

Method of diagnosis according to claim 9, wherein
the period of time during which the time profile of the
characteristic value of the electric motor (13) is
measured lasts a few seconds.

Method of diagnosis according to one of the claims
from 1 to 10 and comprising the additional step of
diagnosing the rate of evaporative loss from the tank
(3) also as a function of the level of fuel in the tank (3).

Method of diagnosis according to one of the claims
from 1 to 11 and comprising the additional step of
occasionally self-learning the functional parameters
of a vapour tightness testing unit (11) comprising the
pneumatic machine (12) and the electric motor (13)
to compensate for construction tolerance and chang-
es over time; the process of self-learning the char-
acteristics of the vapour tightness testing unit (11)
comprises the following additional steps of:

setting a known pressure value in the tank (3);
activating the pneumatic machine (12) by oper-
ating the electric motor (13) with a test supply
voltage having a set time profile;

measuring an actual value of at least one char-
acteristic value of the electric motor (13);
determining an expected value of the character-
istic of the electric motor (13) as a function of
current functional parameters of the vapour
tightness testing unit (11);

comparing the actual value with the expected
value; and

diagnosing an inconsistency in the vapour tight-
ness testing unit (11) if the actual value differs
significantly from the expected value.

Method of diagnosis according to claim 12 and com-
prising the additional step of correcting the current
functional parameters of the vapour tightness testing
unit (11) as a function of the difference between the
actual value and the expected value.

Method of diagnosis according to claim 12 or 13 and
comprising the additional step of determining the ex-
pected value of the characteristic of the electric mo-
tor (13) also as a function of the level of fuel in the
tank (3).
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15.

16.

17.

18.

19.

20.

21.

22,
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Method of diagnosis according to claim 12, 13 or 14,
wherein the characteristic value of the electric motor
(13) used for self-learning of the functional parame-
ters of the vapour tightness testing unit (11) is a time
profile.

Method of diagnosis according to claim 12, 13 or 14,
wherein the characteristic value of the electric motor
(13) used for self-learning of the functional parame-
ters of the vapour tightness testing unit (11) is a fre-
quency range.

Method of diagnosis according to one of the claims
from 12 to 15, wherein the step of setting the known
pressure value in the tank (3) comprises the following
additional steps of:

closing a CCV valve (7) connecting the tank (3)
to the outside environment; and

modulating the opening frequency of a PCV
valve (10) connecting the tank (3) to an intake
duct (9) of the internal combustion engine (1).

Method of diagnosis according to claim 17, wherein
the known pressure value in the tank (3) is deter-
mined as a function of the pressure value in the in-
take duct (9).

Method of diagnosis according to one of the claims
from 12 to 15, wherein the step of setting the known
pressure value in the tank (3) comprises the following
additional steps of:

opening a CCV valve (7) connecting the tank (3)
to the outside environment; and

closing a PCV valve (10) connecting the tank (3)
to an intake duct (9) of the internal combustion
engine (1).

Method of diagnosis according to claim 19, wherein
the known pressure value in the tank (3) is deter-
mined as a function of the atmospheric pressure val-
ue.

Method of diagnosis according to one of the claims
from 12 to 20 wherein the pneumatic machine (12)
is reversible; evaporative losses are diagnosed by
activating the pneumatic machine (12) to pressurize
the tank (3) and self-learning of the functional pa-
rameters is performed by activating the pneumatic
machine (12) to depressurize the tank (3) or vice
versa.

Method of diagnosis according to one of the claims
from 1 to 21, wherein the pneumatic machine (12)
is arranged along the breather pipe (5) which con-
nects the tank (3) to the atmosphere; the method
comprises the additional step of activating the pneu-



23.

24,

25.

26.

13

matic machine (12) to pressurize the tank (3) each
time the tank (3) must be isolated from the atmos-
phere.

Method of diagnosis according to claim 22, wherein
the pneumatic machine (12) is a centrifugal com-
pressor.

Method for diagnosing evaporative losses from a fuel
tank (3) of an internal combustion engine (1); the
method of diagnosis comprising the following steps
of:

isolating the tank (3);
pressurizing/depressurizing the tank (3) using a
pneumatic machine (12) driven by an electric
motor (13);

measuring the time profile of at least one char-
acteristic value of the electric motor (13);
diagnosing the rate of evaporative loss from the
tank (3) as a function of the time profile of at
least one characteristic value of the electric mo-
tor (13); and

occasional self-learning of the functional param-
eters of a vapour tightness testing unit (11) com-
prising the pneumatic machine (12) and the
electric motor (13) to compensate for construc-
tion tolerance and changes over time;

the method of diagnosis being characterized
in that the process of self-learning of the char-
acteristics of the vapour tightness testing unit
(11) comprises the following additional steps of:

setting a known pressure value in the tank
3);

activating the pneumatic machine (12) by
operating the electric motor (13) with a test
supply voltage having a set time profile;
measuring an actual value of at least one
characteristic value of the electric motor
(13);

determining an expected value of the char-
acteristic of the electric motor (13) as afunc-
tion of current functional parameters of the
vapour tightness testing unit (11);
comparing the actual value with the expect-
ed value; and

diagnosing an inconsistency in the vapour
tightness testing unit (11) if the actual value
differs significantly from the expected value.

Method of diagnosis according to claim 24 and com-
prising the additional step of correcting the current
functional parameters of the vapour tightness testing
unit (11) as a function of the difference between the
actual value and the expected value.

Method of diagnosis according to claim 24 or 25 and
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27.

28.

29.

30.

31.

32.

33.
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comprising the additional step of determining the ex-
pected value of the characteristic of the electric mo-
tor (13) also as a function of the level of fuel in the
tank (3).

Method of diagnosis according to claim 24, 25 or 26,
wherein the characteristic value of the electric motor
(13) used for self-learning of the functional parame-
ters of the vapour tightness testing unit (11) is a time
profile.

Method of diagnosis according to claim 24, 25 or 26,
wherein the characteristic value of the electric motor
(13) used for self-learning of the functional parame-
ters of the vapour tightness testing unit (11) is a fre-
quency range.

Method of diagnosis according to one of the claims
from 24 to 28, wherein the step of setting the known
pressure value in the tank (3) comprises the following
additional steps of:

closing a CCV valve (7) connecting the tank (3)
to the outside environment; and

modulating the opening frequency of a PCV
valve (10) connecting the tank (3) to an intake
duct (9) of the internal combustion engine (1).

Method of diagnosis according to claim 29, wherein
the known pressure value in the tank (3) is deter-
mined as a function of the pressure value in the in-
take duct (9).

Method of diagnosis according to one of the claims
from 24 to 28, wherein the step of setting the known
pressure value in the tank (3) comprises the following
additional steps of:

opening a CCV valve (7) connecting the tank (3)
to the outside environment; and

closing a PCV valve (10) connecting the tank (3)
to an intake duct (9) of the internal combustion
engine (1).

Method of diagnosis according to claim 31, wherein
the known pressure value in the tank (3) is deter-
mined as a function of the atmospheric pressure val-
ue.

Method of diagnosis according to one of the claims
from 24 to 32 wherein the pneumatic machine (12)
is reversible; evaporative losses are diagnosed by
activating the pneumatic machine (12) to pressurize
the tank (3) and self-learning of the functional pa-
rameters is performed by activating the pneumatic
machine (12) to depressurize the tank (3) or vice
versa.
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34. Liquid fuel delivery system (2) for an internal com-
bustion engine; the delivery system (2) comprising:

a tank (3) for containing fuel;

a fuel pump (4) that draws the fuel from the tank 5
(3) and delivers the fuel under pressure to an
injection system of the internal combustion en-
gine (1);

a breather pipe (5), which connects the tank (3)

to the atmosphere; 10
a canister (6) arranged along the breather pipe

(5) to prevent the fuel vapour from being dis-
charged into the atmosphere through the
breather pipe (5);

arecovery duct (8) torecuperate the fuel vapour, 15
connecting the fuel tank (3) to an intake duct (9)

of the internal combustion engine;

a PCV valve (10) arranged along the recovery
duct (8) to open or close said recovery duct (8);

and 20
avapourtightness testing unit (11), whichis con-
nected to the tank (3) and comprises a pneu-
matic machine (12) which is driven by an electric
motor (13) to pressurize or depressurize the tank

(3); 25
the fuel delivery system (2) is characterized in
that:

the pneumatic machine (12) is arranged
along the breather pipe (5) connecting the 30
tank (3) to the atmosphere; and

the pneumatic machine (12) can be activat-

ed to pressurize the tank (3) each time the
tank (3) must be isolated from the atmos-
phere. 35

35. Fuel delivery system (2) according to claim 34,
wherein the pneumatic machine (12) is a centrifugal

compressor.
40
36. Fuel delivery system (2) according to claim 34 or 35,
wherein the pneumatic machine (12) is arranged
downstream of the canister (6).
45
50
55
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, hamely:

1. claims: 1-23,34-36

Method for diagnosing evaporative losses from a fuel tank
(3) of an internal combustion engine (1); the method of
diagnosis comprising the following steps:

isolating the tank (3);

pressurizing/depressurizing the tank (3) using a pneumatic
machine (12) driven by an electric motor (13);

measuring the time profile of at Teast one characteristic
value of the electric motor (13); and

diagnosing the rate of evaporative loss from the tank (3) as
a function of the time profile of the characteristic value
of the electric motor (13).

the method of diagnosis being characterized in that it
comprises the following additional steps of:

calculating the frequency range of the characteristic value
of the electric motor (13); and

diagnosing the rate of evaporative loss from the tank (3) as
a function of the frequency range of the characteristic
value of the electric motor (13).

2. claims: 24-33
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Patentamt
0 ::{gr':fac;‘ffice Application Number
Office européen LACK OF UNITY OF INVENTION

des brevets SHEET B EP 08 42 5230

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

Method for diagnosing evaporative losses from a fuel tank
(3) of an internal combustion engine (1); the method of
diagnosis comprising the following steps of:

isolating the tank (3);

pressurizing/depressurizing the tank (3) using a pneumatic
machine (12) driven by an electric motor (13);

measuring the time profile of at least one characteristic
value of the electric motor (13);

diagnosing the rate of evaporative loss from the tank (3) as
a function of the time profile of at least one
characteristic value of the electric motor (13); and
occasional self-learning of the functional parameters of a
vapour tightness testing unit (11) comprising the pneumatic
machine (12) and the electric motor (13) to compensate for
construction tolerance and changes over time;

the method of diagnosis being characterized in that the
process of self-learning of the characteristics of the
vapour tightness testing unit (11) comprises the following
additional steps of:

setting a known pressure value in the tank (3);

activating the pneumatic machine (12) by operating the
electric motor (13) with a test supply voltage having a set
time profile;

measuring an actual value of at least one characteristic
value of the electric motor (13);

determining an expected value of the characteristic of the
electric motor (13) as a function of current functional
parameters of the vapour tightness testing unit (11);
comparing the actual value with the expected value; and
diagnosing an inconsistency in the vapour tightness testing
unit (11) if the actual value differs significantly from the
expected value.
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