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A SENSOR DEVICE

Technical field

The invention relates to a sensor with an improved connection means.

Background art

A sensor, for example for detecting the presence of water in a fuel tank,
conventionally comprises a sensing element, such as a probe, located on the outside of a
sealed housing or body. The housing may contain electronic circuitry. The upper part of the
housing can be equipped with a threaded fitting so that it can be mounted to the surface of a
container where measurement is to be performed (e.g. a fuel tank), and the housing aiso
comprises a flange which will hold the sensor against the surface. The sensing element will

then extend through an aperture in the surface into the inside of the container. The bottom

part of the housing is equipped with a means for connecting the output of the sensor to other
electronic circuitry. The standard technique is to use either a connection plug or a pig-tail
cable extending from the bottom of the housing.

When the sensor is to be placed in an exposed environment where it will be
subjected to heat, dirt, damp etc (for example an engine or transmission box, or the outside
of a vehicle), a pig-tail cable is the preferred solution, as it is less susceptible to
contamination and vibration-induced damage than a connection plug. A pig-tail also generally
requires less space.

However, in certain very exposed positions, even a pig-tail is not robust enough. In
the case of a sensor mounted on the underside of a fuel tank on a truck or car, the cable will
form a loop suspended a very short distance above the road surface. If the vehicle passes
over an object such as a rock or branch, there is a high risk of damage to the cable. One way
to avoid this is to clamp the cable to the underside of the vehicle, but this is hard to achieve
in practice without bending the cable to the breaking point. (A common rule of thumb is that a
round cable may not be bent more than three times its own diameter.)

The fact that the pig-tail extends out from the bottom of the housing may also cause
problems in very cramped environments, where there is not room enough for the cable.

The above mentioned problems may be partially solved by having the cable extend
laterally out from the side of the housing. However, because the sensor is screwed onto the
surface, it is not possible to control the final location of the cable exit. As the cable may end
up pointing in any direction, it may again become necessary to bend i, resulting in looping
and/or breakage.
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10

15

20

25

30

35

WO 2008/115131 PCT/SE2008/050265

Disclosure of the invention

An object of the invention is to provide a sensor with improved connection means,
which offers adequate protection in exposed environments, avoids excessive bending or
folding of the connecting cable, and takes up a minimum amount of space.

This object is achieved by the addition of a peripheral recess or groove to the sensor
housing. The cable exits the housing from a lateral exit opening which is positioned in or near
this recess; in other words, the cable extends laterally out from the side rather than from the
bottom part of the housing, as in known solutions.

The cable, or flexible line, can then be positioned in the recess and wound in any
desired direction for connection to other circuitry. Thus, the width of the recess is preferably
at least as large as the cable diameter.

An advantage of the present invention is that because the cable will be safely held
within the recess, no loose-hanging loop will be formed, and the risk of the cable shagging in
other objects is thereby greatly reduced. An additional advantage is that the inventive
solution enables 360° freedom of choice of direction for the cable. Provided that the diameter
of the flange is sufficiently large, there will be no risk of excessive bending of the cable.
Furthermore, the inventive sensor will take up less space compared to prior art solutions,
because there is no cable or connection plug sticking out from the bottom of the sensor.

Other features and advantages of the invention are apparent from the following
detailed description and the appended claims.

In the present application, the term “sensor” is used to denote a device that
responds to a physical stimulus, such as thermal energy, electromagnetic energy, acoustic
energy, pressure, magnetism, motion, or the presence of a substance (e.g. water), by
producing an electrical signal. In this disclosure, “sensor” refers to the entire device including
a sensing element, housing and flexible line.

The term “folding” is used to denote an excessive bending of the cable beyond the
recommended rate. As mentioned, a common rule of thumb for round cables is that the cable
should not be bent more than three times its width. For other cable types (e.g. flat cables)
other rules may apply.

“Electrical cable” means any type of insulated wire carrying electric signals, such as
a 1,2,3~, or 4-conductor. It should be noted that the cable does not necessarily need to be an
electrical cable. It would also be possible to use an optical cable, or any other type of flexible
line carrying e.g. a gas or liquid. Therefore, the term “flexible line” or simply “line” is
sometimes used in the description and claims in place of “electrical cable”.

“Flange” refers to a protruding rim, edge or collar (in other words, not necessarily a
thin edge) used to hold an object in place or attach it to another object.

SUBSTITUTE SHEET (RULE 26)
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“Sensing element” refers to the part of the sensor that detects a property of the
environment. The sensing element can be embodied in various different ways, e.g. as a

longitudinal probe, a strain gauge, a MEMS device, or using L.LEDs.

Brief description of the drawings

FIG. 1 is a view of a sensor according to the invention mounted to a surface
structure; '

FIG. 2 is a view, partly in section, of the sensor shown in FIG. 1;

FIG. 3 is a bottom view, partly in section, of the sensor shown in FIG. 1;

FIG. 4 is a bottom view of a sensor according to an embodiment of the invention;

FIG. 5 is a lateral view of the sensor shown in FIG. 4;

FIG. 6 is a lateral view of a sensor according to another embodiment of the
invention, comprising a single-flanged groove and mounted by means of a threaded fitting;
and

FIG. 7 shows a sensor according to yet another embodiment of the invention,

compsiring a single-flanged groove and mounted by means of screws.

Modes for carrying out the invention

FIG. 1 shows a sensor 10 according to the invention mounted to a surface structure
50. The sensing element is not visible, as it extends out on the other side .of the surface
structure 10. The structure 50 constitutes the wall of a chamber or a space where
measurement is to be performed, and could thus be for instance the bottom of a fuel tank, an
oil tank, engine or any other type of chamber. An electrical cable (or flexible line) 40 comes
out of an exit opening 26 and is guided by a peripheral recess or a groove 28 in the flange
24. The flexible line can be wound around the recess 28 to point in the desired direction. At
the other end of the cable 40 there would normally be a connecting means (not shown) in the
form of a standard connection plug or the like, so that the cable 40 can be connected to other
electronic equipment which will perform further processing or respond to the measuring
results. According to this embodiment, the sensor 10 is mounted to a surface 52 of the
structure 50 by means of an internal hex nut 32.

FIG. 2 shows a partially sectioned view of the sensor 10 illustrated in FIG. 1 when it
is in a non-mounted condition. The sensor 10 comprises a sensing element in the form of a
longitudinal probe 12, a housing 20 with a flange 24, and the electrical cable 40 which exits
the housing laterally into the peripheral groove 28. The upper part of the housing 20 is
provided with a screw thread 22, which enables the housing 20 to be screwed tightly to the
measuring chamber. Optionally, the sensor housing 20 may also contain electronic circuitry

(not shown) for processing the signal from the probe 12. In order to protect such circuitry
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from exposure to damp, dirt and the like the housing 20 can be sealed by filling it with an
epoxy resin. This will further improve the toughness of the sensor 10 as the encased cable
40 becomes more resistant to pulling. Of course, other means of insulating the housing 20
are possible without departing from the spirit of the invention; for instance, the exit opening
could be fitted with a rubber gasket.

FIG. 3 is a bottom view of the sensor 10 shown in FIG. 1 when mounted to a surface
52. As is apparent from FIG. 3, the cable 40 may be clamped to the surface 52 using any
standard clamping means 42. Clamping may be necessary in order to tighten the cable 40 so
that it stays snugly held within the groove 28. However, clamping is made significantly easier
compared to prior art because the cable 40 is gently guided in the right direction without
folding. In this embodiment, the exit opening 26 faces radially into the recess 28, so that the
cable 40 exits at a right angle to the housing 20. To avoid folding the cable 40, the exit
opening 26 widens into the recess 28.

FIG. 4 is a bottom view of a sensor 10 according to another embodiment of the
invention. The sensor housing 20 has a snail shell-like shape so that the cable exit opening
26 faces tangentially into the groove 28. This represents yet another way to avoid folding of
the cable. Note also that according to this embodiment, the flange 30 is formed as an
external hex nut 30 for fastening the sensor 10 to a surface. The external hex nut
configuration would be advantageous in very cramped environments, as the hex nut can be
tightened from the side.

FIG. 5 is a lateral view of the sensor shown in FIG. 4. As can be seen, the cable 40
will exit the housing tangentially, enabling it to be easily wound inside the recess 28.

FIG. 6 is a lateral view of a sensor according to another embodiment of the
invention. In this embodiment, the sensor housing 20 is equipped with a single-flanged
groove 28’. The groove 28’ is defined by the space between the flange 30 and the surface
52. In other words, the flexible line 40 will be held between the flange 30 and the surface 52,
once the sensor has been fastened tightly to the surface 52. The sensor is mounted by
means of a helical thread (or threaded fitting) 54.

FIG. 7 shows a sensor according to yet another embodiment of the invention. This
embodiment is similar to that of FIG. 7 in that the sensor housing 20 comprises a single-
flanged groove 28’. However, according to this embodiment the sensor is mounted to the
surface 52 by means of two separate screws.

Obviously, other means of fastening the sensor to a surface are also conceivable,
e.g. by means of o-rings. However, it should be noted that the inventive idea is particularly
advantageous when a threaded fitting is used. This is because when the sensor is screwed
onto a surface, there is no way to control exactly in which direction the exit opening will end

SUBSTITUTE SHFET (HULE&@)‘
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up. If the flexible line points in the wrong direction, it can easily be redirected by means of the
groove 28.

Although the previous examples have all been directed to a sensor with a probe
extending through an aperture in the surface into a measuring chamber, the skilled person
will realize that the invention is equally applicable to a sensor performing measurements in
the same chamber where it is mounted. Thus, the sensor may be mounted to a surface of a
room or compartment, e.g. a ceiling, with the probe extending downward or laterally out from
the housing into the same room or compartment. Of course, other types of sensing elements
may be used. It follows that the sensing element can be located anywhere on the outside of
the housing.

It should also be noted that the flange may be equipped with any other type of key
handle in place of the external/internal hex nut mentioned, for example a Torx™ or slot.

It is evident that the shape of the housing and/or flange may vary significantly within
the scope of the inventive idea. For instance, the housing could be round, oval, “snail shell-
shaped” (as in FIG. 4) or possibly even hexagonal. For round cables, it is preferred that the
diameter of the lateral flange is at least three times the cable diameter plus twice the depth of
the recess to avoid bending. However, as mentioned above, other rules may apply for other
cable types. It is well within the capabilities of the skilled person to arrive at a suitable
bending rate for the cable type used, and thereby an appropriate flange diameter, by trial and
error. As shown in FIG. 5, the flange 30 can be made as thin as the cable width, but
obviously the flange could also be made thicker if desired (e.g. to accomodate electronic
circuitry). If the flange is made thicker, the recess would preferably be positioned near the
upper part of the flange, so that it will be in close proximity to the surface 52 when the sensor
is mounted.

There are also no implied limitations to the shape of the recess or groove 28, other
than that it needs to be wide and deep enough to securely hold the flexible line or cable 40 in
place. Provided the housing is made large enough, the recess could conceivably spiral
around the housing in several loops. This would provide the additional advantage of allowing
the cable to be wound around the housing in more than one turn, picking up possible slack.
The recess could also be made deeper or wider to fulfill the same purpose. If the recess is
made deeper, the cable can be wound several turns, overlapping itself. If the recess is wider,
the cable will instead spiral inside the groove, each new loop resting beside the previous
one.

The exit opening 26 preferably extends through the housing facing tangentially into
the recess 28. This will help directing the cable into the recess. However, the exit opening
could also extend straight through the housing walll, causing the cable to face radially into the
recess, although this solution is less optimal with regard to bending of the cable.

SUBSTITUTE SHEET (RULE 26)
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The foregoing detailed description is given primarily for clarity of understanding, and
is not to be construed as unnecessarily limiting the scope of the invention. For instance, the
invention is obviously not limited to use in connection with a fuel tank or even a vehicle, but is
applicable to any situation where a robust, space-saving sensor is required. The flexible line
or cable could be of any shape (e.g. round or flat) as long as the recess is shaped to
accomodate it. Other modifications will become obvious to those skilled in the art upon
reading this disclosure, and may be made without departing from the spirit of the invention or

the scope of the appended claims.
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Claims

1. A sensor (10) comprising:

a housing (20) to be mounted to a surface (52);

a sensing element (12) on the outside of said housing; and

a flexible line (40) operatively connected to said sensing element and extending
through said housing;

characterized by said housing (20) comprising:

a lateral flange (24; 30) comprising a peripheral recess (28; 28’) capable of
retaining a portion of said line around said housing in close proximity to said surface;
and

a [ateral exit (26) for said line and opening into said recess.

2. The sensor according to claim 1, wherein said recess being a peripheral groove
(28) in said flange (24; 30).

3. The sensor according to claim 1 or 2, wherein said recess being a single-
flanged groove (28’) in said flange (24; 30).

4, The sensor according to any of the preceding claims, wherein said exit (26)
facing radially into the recess (28).

5. The sensor according to any of the preceding claims, wherein said exit (26)
being widened into the recess (28).

6. The sensor according to any of claims 1-3, wherein said exit (26) facing
tangentially into the recess (28).

7. The sensor according to any of the preceding claims, wherein said flange (24;
30) being formed with a key handie.

8. The sensor according to claim 7, wherein said key handle is embodied as an

external or internal hex nut-like configuration, a torx™ or a slot.

9. The sensor according o any of the preceding claims, wherein the diameter of
said lateral flange (24; 30) is at least three times the diameter of said flexible line (40)
plus twice the depth of said recess (28).
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WO 2008/115131 PCT/SE2008/050265

10. The sensor according to any of the preceding claims, wherein said housing (20)

being equipped with a threaded fitting (22) for mounting to said surface (52).
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