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Description

Technical field

[0001] The present invention relates to a fuel level
measurement device. In particular, the present invention
relates to a device for providing a temperature compen-
sated measurement of the level of a fuel in a tank. The
present invention also relates to a method for providing
a temperature compensated measurement of the level
of a fuel in a tank.

Technical background

[0002] An example of a liquid level measurement de-
vice is disclosed in the document WO2005038415. The
device comprises a transducer arranged outside the liq-
uid for transmitting and receiving acoustic signals, and a
waveguide connected to the transducer and extending
into the liquid. In the basic operation of the device, an
acoustic signal is transmitted from the transducer into
the waveguide, which signal is reflected by the surface
of the liquid into which the waveguide extends. By know-
ing the transit time and the velocity of the signal, it is
possible to calculate the liquid level.
[0003] It in a known fact that the velocity of acoustic
signals is dependent on for example temperature, which
may render the measurement erroneous. To this end,
the device in WO2005038415 comprises a reference
system, wherein the acoustic signal travels a known dis-
tance in order to determine the current speed of sound,
whereby the current speed of sound is used to calculate
the liquid level.
[0004] However, for example when the liquid level is
low, there may be a significant temperature difference
throughout the measurement device, making the meas-
urement erroneous. This even though a reference sys-
tem is used, since the temperature in the reference sys-
tem may differ from that of other parts of the measure-
ment device.

Summary of the invention

[0005] It is an object of the present invention to over-
come this problem, and to provide a fuel level measure-
ment device with improved temperature compensation.
[0006] This and other objects that will be evident from
the following description is achieved by a device for pro-
viding a temperature compensated measurement of the
level of a fuel in a tank, and a corresponding method,
according to the appended claims.
[0007] By having means for directing the flow of fuel
originating from the tank along the exterior of a portion
of the waveguide which is located above the fuel level,
the temperature becomes essentially the same through-
out the whole of the waveguide, whereby the level meas-
urement using the speed of sound in the waveguide,
which speed is temperature dependant, becomes very

accurate.
[0008] It should be noted that WO2005038415 disclos-
es a device comprising means for feeding a flow of fluid
originating from the tank into the portion of the waveguide
which is located above the liquid level. The purpose of
this is to provide a gas composition compensated meas-
urement. However, in some instances, only the temper-
ature is of interest, whereby it is much more convenient
from a construction and cost point of view to provide the
liquid along the exterior of the waveguide than inside the
waveguide. The latter requires for instance an aperture
for feeding fluid into the waveguide as well as drainage
facilities.
[0009] According to the invention, the directing means
is a suction and/or return pipe of a fuel pump associated
with the tank. At least part of the waveguige is arranged
alongside the suction and/or return pipe so that the tem-
perature of the latter can be transferred to
the former. In another example, part of the waveguide is
accommodated in a housing and the suction and/or re-
turn pipe runs adjacent to or through the housing, again
for transferring the temperature from the suction and/or
return pipe to the waveguide. Further, the waveguide and
the suction and/or return pipe can be integrated to a sin-
gle structure, which facilitates manufacturing and assem-
bly and lowers cost. Here, the fuel pump advantageously
provides the flow of fuel from the tank. An advantage with
using the suction and/or return pipe of the fuel pump is
that no additional dedicated means for directing the fuel
flow is necessary, which lowers cost.
[0010] The above measurement device is particularly
useful in case the fuel to be measured is diesel, since
temperature is the predominant factor to consider for die-
sel. Gas composition compensation is not that relevant
because diesel does not evaporate to such a large extent
as for example gasoline or petrol.
[0011] According to another aspect of the invention,
there is provided a method for providing a temperature
compensated measurement of the level of a fuel in a tank
according to claim 5.
[0012] This aspect exhibits similar advantages as the
previously discussed aspect of the invention.
[0013] According to yet another aspect of the invention,
there is provided a tank arrangement, comprising: a tank,
and a device according to the above discussion. This
aspect exhibits similar advantages as the previously dis-
cussed aspects of the invention.

Brief description of the drawings

[0014] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing currently preferred
embodiments of the invention.

Fig. 1a is a schematic side view of a fuel tank with a
measurement device according to an embodiment
of the present invention,
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Fig. 1b is an enlarged schematic partial perspective
view of the measurement device of fig. 1a,
Fig. 2a is a schematic perspective view of a meas-
urement device according to another embodiment
which does not form part of the present invention,
which measurement device is arranged in a saddle
tank,
Fig. 2b is a schematic side view of the saddle tank
and measurement device of fig. 2a, and
Fig. 2c is a variant of the saddle tank and measure-
ment device of figs. 2a-2b.

Detailed description of currently preferred embodiments

[0015] Fig. 1a is a schematic side view of a tank 12
with a measurement device 10 according to an embod-
iment of the present invention. The tank 12 can be a fuel
tank for a vehicle, such as a car, a truck or a boat, and
the measurement device 10 is adapted to detect the level
of fuel 14 in the tank 12.
[0016] In the tank 12, except for the measurement de-
vice 10, there is provided a suction pipe 16 and a return
pipe 18. The suction pipe 16 is connected to a fuel pump
20 placed outside the tank 12, while the return pipe 18
is connected to a fuel return system (not shown) also
placed outside the tank 12. The suction pipe 16 and the
return pipe 18 may be integrated to a single structure.
[0017] Upon operation, fuel 14 from the tank 12 is
sucked up by the fuel pump 20 via the suction pipe 16,
while excessive or "unused" fuel is returned to the tank
12 via the return pipe 18, according to known techniques.
Thus, during operation, a flow of fuel is provided in both
the suction pipe 16 and the return pipe 18 by the fuel
pump 20 and the fuel return system, respectively.
[0018] The structure and operation of the measure-
ment device 10 will now be described with reference to
figs. 1a and 1b. The measurement device 10 comprises
a transducer 22 and a waveguide 24 connected to the
transducer 22. In fig. 1a, the transducer 22 is placed out-
side the tank 12, but it could alternatively be placed inside
at the top of the tank 12. The transducer 22 is furhter
arranged in connection with an electronic control device
26, which also is placed outside the tank 12. Further, the
transducer 22 may be a combined unit, or comprise a
separate transmitter and receiver, e.g.
[0019] The waveguide 24 extends from the transducer
22 down to the bottom of the tank 12, into the fuel 14.
More precisely, according to the present embodiment of
the invention, the waveguide 24 is arranged along side
the suction pipe 16 and/or the return pipe 18. The
waveguide 24 and at least one of the suction pipe 16 and
the return pipe 18 may be placed in contact with each
other (as in fig. 1a) and they may even be integrated to
a single structure. Also, the waveguide 24 and at least
one of the suction pipe 16 and the return pipe 18 may be
enclosed by a common elongated housing pipe (not
shown). Further, the portion of the waveguide 24 close
to the transducer 22 having a flat spiral shape, or any

housing 28 accommodating said portion, should be po-
sitioned close to or in contact with the suction pipe 16
and/or the return pipe 18. Alternatively, the suction pipe
16 and/or the return pipe 18 could run through the hous-
ing 28 (not shown).
[0020] Upon operation of the measurement device 10,
the electronic control device 26 energizes the transducer
22 to generate acoustic pulses. A pulse transmitted from
the transducer 22 is guided through the waveguide 24
towards the surface of the fuel 14 in the tank 12, which
pulse travels through the waveguide 24, is then reflected
by the surface, and finally returns to the transducer 22.
In response to the returning pulse, the transducer 22 gen-
erate corresponding a signal to the control device 26. By
knowing the the transit time and velocity of the pulse, the
control device 26 can calculate the fuel level or fuel vol-
ume in the tank 12. To increase the accuracy of the meas-
urements, the measurement device 10 can futher com-
prise a reference system (not shown). For instance, a
reference element could be provided in the waveguide,
preferably just after the the spiral portion and above the
highest possible fuel level, creating a reference portion
of the waveguide between the tranducer and the refer-
ence element. An example of such a reference system
and more is described in the above mentioned document
WO2005038415, the content of which hereby is incorpo-
rated by reference.
[0021] Further, since they are arranged adjacent to
each other, the flow of fuel in the suction pipe 16 and the
return pipe 18 is directed along the exterior of the
waveguide 24. This, and the fact that the housing 28 also
is arranged adjacent to the suction pipe 16 and the return
pipe 18, allows "the temperature" of the fuel in the suction
pipe 16 and the return pipe 18 to be transferred to a por-
tion of the waveguide 24 which is located above the fuel
level, which levels the conditions throughout the
waveguide 24 with respect to temperature, which in turn
allows more accurate measurements since the velocity
of the acoustic pulses (which depends on temperature)
becomes essentially the same throughout the waveguide
24 located above the main fuel level. The flow of fuel
originating from the tank may come directly from the tank
12 (in the case with the suction pipe 16), or indirectly via
a fuel return system (in the case with the return pipe 18),
for example.
[0022] The measurement device according to the
present invention is particularly useful in case the fuel to
be measured is diesel, since temperature is the predom-
inant factor to consider for diesel. Gas composition,
which also may affect the pulse velocity, is not that rele-
vant because diesel does not evaporate to such a large
extent as for example gasoline or petrol.
[0023] Figs. 2a-2c illustrate a measurement device 10
according to another embodiment which does not form
part of the present invention, which measurement device
here is arranged in a saddle tank 30.
[0024] The saddle tank has an indentation 32 at its
bottom forming a first section 34 and a second section
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36. The indentation is usually for passage of the vehicle’s
drive shaft (not shown). The fuel pump 20 is arranged in
the second section 36, and it is adapted to pump fuel out
of the tank via a feed pipe 38. Alternatively, the fuel pump
could be placed outside the tank. Additionally, an ejector
system is provided for transferring any fuel left in the first
section 34 to the fuel pump 20.
[0025] The exemplary ejector system in fig. 2 compris-
es a first transportation pipe 40 extending from the first
section 34 to the second section 36, and a second trans-
portation pipe 44. In fig. 2, the second transportation pipe
44 is a fuel return pipe which returns excessive fuel from
a fuel return system (not shown) placed outside the tank
30, and it ends with a nozzle 42 aimed towards the en-
trance of the first transportation pipe 40 in the first section
34.
[0026] The ejector system operates in accordance with
the known principle of suction jet. Upon operation of the
ejector system, fuel is fed from the fuel return system via
the second transportation pipe 44 to the nozzle 42. At
the nozzle 42, a suction pressure is produced in a known
manner, causing fuel in the first section 34 to be trans-
ferred via the first transportation pipe 40 to the second
section 36, where it can be pumped out of the tank 30
by the fuel pump 20. Thus, during operation, a flow of
fuel is provided by the ejector system in the transportation
pipe 40.
[0027] The measurement device 10 in figs. 2a-2c is
similar to that of figs. 1a and 1b, but includes additionally
a second waveguide 46. The second waveguide 46 can
be connected to the transducer 22 (shown in fig. 1b) or
to its own transducer (not shown) and extends into one
section 36 of the saddle tank 30, while the first waveguide
24 extends into the other section 34 of the saddle tank
30. More precisely, the waveguides 24, 46 are arranged
along side the first transportation pipe 40. The
waveguides 24, 46 and the transportation pipe 40 may
even be integrated to a single structure, so that the
waveguides 24, 46 are in contact with the transportation
pipe 40. Also, the waveguides 24, 46 and the transpor-
tation pipe 40 could be enclosed by a common elongated
housing (not shown). Further, the spiral portions of the
waveguides 24, 46, or any housing 28 accommodating
said portions, should be positioned close to or in contact
with the transportation pipe 40, at the top of the tank 30
in a narrow passage 48 above the indentation 32 between
the sections 34, 36, as illustrated in fig. 2b. Alternatively,
the transportation pipe 40 could run through the housing
28, as illustrated in fig. 2c. The housing 28 may also be
integrated with the waveguides 24, 46 and the transpor-
tation pipe 40 to form a single structure.
[0028] Upon operation, the measurement device 10 in
fig. 2 functions similar to that of figs. 1a and 1b, but due
to the two waveguides 24, 46 it provides two measure-
ments, one for each section 34, 36 of the saddle tank 30,
whereby the overall measure of the level of fuel 14 in the
tank 30 advantagsously is the average of the two meas-
urements. Further, since they are arranged adjacent to

each other, the flow of fuel in the transportation pipe 40
is directed along the exterior of the waveguides 24, 46.
This allows "the temperature" of the fuel in the transpor-
tation pipe 40 to be transferred to portions of the
waveguides 24, 46 which are located above the fuel level,
which levels the conditions throughout the waveguides
24, 46 with respect to temperature, which in turn allows
more accurate measurements since the velocity of the
pulses (which depends on temperature) becomes essen-
tially the same throughout the waveguides 24, 46 located
above the main fuel level.
[0029] The measurement device according to the in-
vention using two waveguides is also advantageous in
that only a single opening to the saddle tank is necessary.
With the setup of figs. 2a-2c, only the waveguide 24 ex-
tends into the first section 34 via the narrow passage 48.
The likelihood that the waveguide will malfunction is very
small, and even if it should, it is a relatively easy operation
to insert a new waveguide into the first section via the
narrow passage from the opening at the fuel pump side
of the tank. This should be compared to a case where a
traditional float measurement device is arranged in the
first section. To be able to repair the float in case of mal-
function, an additional opening in the tank at the first sec-
tion for accessing said section to reach the float is re-
quired.
[0030] Also, in the manufacturing, a so called "ship-in-
a-bottle" (SIB) technique may advantageously be used,
wherein the tank is formed around the measurement de-
vice (and any other tank components, such as the fuel
pump, parts of the ejector system, etc.). A plastic fuel
tank may for example be blow moulded to encompass
the measurement device and any other tank compo-
nents.
[0031] The person skilled in the art realizes that the
present invention by no means is limited to the preferred
embodiments described above. On the contrary, many
modifications and variations are possible within the
scope of the appended claims. For example, the above
ejector system can be designed in various ways within
the scope of the present invention. For example, instead
of being a fuel return pipe which returns excessive fuel,
the second transportation pipe can be branched directly
from the feed pipe and run inside the tank to the nozzle.
Such a second transportation pipe could also be used
as the directing means. For example, it could be arranged
so as to pass through the housing accommodating the
spiral portions of the waveguides. Also, instead of being
arranged in the first section, the nozzle can be arranged
at the first transportation pipe in the second section of
the saddle tank. Suitable ejector systems which can be
used in conjunction with the present invention are dis-
closed in the documents US5941279, DE19955133,
DE4201037, and EP0864458, for example.
[0032] Further, although acoustic pulses have been
used in the described embodiments, the inventive meas-
urement device may also be used with other measure-
ment modes such as standing wave measurement.
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[0033] Further, instead of the suction/return or trans-
portations pipe, a dedicated pipe could be used. Also, a
dedicated device such as a pump could be used to pro-
vide the flow of liquid from the tank.

Claims

1. A device (10) for providing a temperature compen-
sated measurement of the level of a fuel (14) in a
tank (12; 30), comprising:

a transducer (22) for transmitting and receiving
acoustic signals, and
a waveguide (24) connected to the transducer
and adapted to extend into the liquid,
wherein the waveguide is configured to guide
an acoustic pulse generated by the transducer
(22) towards a surface of the fuel, and to guide
a returning pulse reflected by the surface back
to the transducer (22),
characterized by:

means (16; 18; 40) for directing a flow of
fuel originating from the tank along the ex-
terior of a portion of the waveguide which
during operation is located above the fuel
level,
wherein said means comprises a suction
pipe (16) for sucking fuel up from the tank
by means of a fuel pump (20) and/or a return
pipe (18) for returning unused fuel to the
tank,
at least part of said waveguide (24) being
arranged alongside and in contact with said
suction pipe (16) and/or said return pipe
(18).

2. A device according to claim 1, wherein part of the
waveguide is accommodated in a housing (28), and
wherein the suction pipe (16) and/or return pipe (18)
runs adjacent to or through the housing.

3. A device according to claim 1 or 2, wherein the
waveguide and the suction and/or return pipe are
integrated to a single structure.

4. A device according to claim 1, wherein the fuel is
diesel.

5. A method for providing a temperature compensated
measurement of the level of a fuel (14) in a tank (12;
30), comprising:

transmitting an acoustic signal from a transduc-
er (22) into a waveguide (24) adapted to extend
into the liquid,
guiding, in the waveguide, the acoustic pulse

towards a surface of the fuel,
receiving a reflected acoustic signal to the trans-
ducer from the waveguide,
characterized by:

directing a flow of fuel originating from the
tank along the exterior of a portion of the
waveguide which during operation is locat-
ed above the fuel level,
wherein said flow of fuel occurs in a suction
pipe (16) for sucking fuel up from the tank
by means of a fuel pump (20) and/or a return
pipe (18) for returning unused fuel to the
tank.

6. A tank arrangement, comprising:

a tank (12; 30), and
a device according to any one of the claims 1-4.

Patentansprüche

1. Vorrichtung (10) zum Bereitstellen einer temperatur-
kompensierten Messung des Füllstands eines Kraft-
stoffs (14) in einem Tank (12; 30), umfassend:

einen Wandler (22) zum Senden und Empfan-
gen von akustischen Signalen und
einen Wellenleiter (24) der an den Wandler an-
geschlossenen und
angepasst ist, um sich in die Flüssigkeit hinein
zu erstrecken,
wobei der Wellenleiter konfiguriert ist, um einen
durch den Wandler (22) erzeugten akustischen
Impuls in Richtung einer Oberfläche des Kraft-
stoffs, und um einen von der Oberfläche reflek-
tierten Rückimpuls zurück zum Wandler (22) zu
leiten,
gekennzeichnet durch:

Mittel (16; 18; 40) zum Lenken eines Kraft-
stoffstroms, der aus dem Tank stammt, ent-
lang der Außenseite eines Teils des Wel-
lenleiters,
der sich während des Betriebs über dem
Kraftstoffspiegel befindet,
wobei das Mittel ein Saugrohr (16) zum An-
saugen von Kraftstoff aus dem Tank mittels
einer Kraftstoffpumpe (20) umfasst und /
oder
ein Rücklaufrohr (18) zur Rückführung von
nicht verwendetem Kraftstoff in den Tank,
mindestens ein Teil des Wellenleiters (24)
ist neben und in Kontakt mit dem Saugrohr
(16) und / oder dem Rücklaufrohr (18) an-
geordnet.
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2. Vorrichtung nach Anspruch 1, wobei ein Teil des
Wellenleiters in einem Gehäuse (28) untergebracht
ist, und wobei das Saugrohr (16) und / oder das
Rücklaufrohr (18) neben dem Gehäuse oder durch
das Gehäuse verläuft.

3. Vorrichtung nach Anspruch 1 oder 2, wobei der Wel-
lenleiter und das Saug- und / oder Rücklaufrohr in
einer Struktur integriert sind.

4. Vorrichtung nach Anspruch 1, wobei der Kraftstoff
Diesel ist.

5. Verfahren zum Bereitstellen einer temperaturkom-
pensierten Messung des Füllstands eines Kraftstoffs
(14) in einem Tank (12; 30), umfassend:

Übertragen eines akustischen Signals von ei-
nem Wandler (22) in einen Wellenleiter (24), der
so angepasst ist, dass er sich in die Flüssigkeit
erstreckt
Leiten des akustischen Impulses im Wellenleiter
zu einer Oberfläche des Kraftstoffs,
Empfangen eines reflektierten akustischen Sig-
nals an dem Wandler des Wellenleiters,
gekennzeichnet durch:

Lenken eines aus dem Tank stammenden
Kraftstoffstroms entlang der Außenseite ei-
nes Teils des Wellenleiters, der sich wäh-
rend des Betriebs über dem Kraftstoffspie-
gel befindet,
wobei sich der Kraftstoffstrom in einem
Saugrohr (16) zum Ansaugen von Kraftstoff
aus dem Tank mittels einer Kraftstoffpumpe
(20) ereignet und / oder einem Rücklaufrohr
(18) zum Zurückführen von nicht verwen-
detem Kraftstoff in den Tank.

6. Tankanordnung, umfassend:

einen Tank (12; 30) und
eine Vorrichtung nach einem der Ansprüche 1
bis 4.

Revendications

1. Dispositif (10) pour fournir une mesure compensée
en température du niveau d’un carburant (14) dans
un réservoir (12 ; 30), comprenant :

un transducteur (22) pour transmettre et rece-
voir des signaux acoustiques, et
un guide d’ondes (24) connecté au transducteur
et adapté pour s’étendre dans le liquide,
dans lequel le guide d’ondes est configuré pour
guider une impulsion acoustique générée par le

transducteur (22) vers une surface du carburant,
et pour guider une impulsion de retour réfléchie
par la surface vers le transducteur (22),
caractérisé par :

des moyens (16 ; 18 ; 40) pour diriger un
flux de carburant provenant du réservoir le
long de l’extérieur d’une partie du guide
d’ondes qui lors du fonctionnement est si-
tuée au-dessus du niveau de carburant,
dans lequel lesdits moyens comprennent
un tuyau d’aspiration (16) pour aspirer du
carburant du réservoir au moyen d’une
pompe à carburant (20) et/ou un tuyau de
retour (18) pour renvoyer du carburant inu-
tilisé vers le réservoir,
au moins une partie dudit guide d’ondes
(24) étant disposée le long de et en contact
avec ledit tuyau d’aspiration (16) et/ou ledit
tuyau de retour (18).

2. Dispositif selon la revendication 1, dans lequel une
partie du guide d’ondes est logée dans un boîtier
(28), et dans lequel le tuyau d’aspiration (16) et/ou
le tuyau de retour (18) passe à côté ou à travers le
boîtier.

3. Dispositif selon la revendication 1 ou 2, dans lequel
le guide d’ondes et le tuyau d’aspiration et/ou de
retour sont intégrés en une seule structure.

4. Dispositif selon la revendication 1, dans lequel le car-
burant est du diesel.

5. Procédé pour fournir une mesure compensée en
température du niveau d’un carburant (14) dans un
réservoir (12 ; 30), comprenant :

transmettre un signal acoustique depuis un
transducteur (22) dans un guide d’ondes (24)
adapté pour s’étendre dans le liquide,
guider, dans le guide d’ondes, l’impulsion
acoustique vers une surface du carburant,
recevoir un signal acoustique réfléchi vers le
transducteur à partir du guide d’ondes,
caractérisé par :

diriger un flux de carburant provenant du
réservoir le long de l’extérieur d’une partie
du guide d’ondes qui lors du fonctionne-
ment est située au-dessus du niveau de car-
burant,
dans lequel ledit flux de carburant se produit
dans un tuyau d’aspiration (16) pour aspirer
du carburant du réservoir au moyen d’une
pompe à carburant (20) et/ou d’un tuyau de
retour (18) pour renvoyer du carburant inu-
tilisé vers le réservoir.
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6. Un agencement de réservoir, comprenant :

un réservoir (12 ; 30), et
un dispositif selon l’une quelconque des reven-
dications 1 à 4.
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