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SNAP-IN WATER SENSOR

FIELD
This disclosure relates generally to fluid supply systems of vehicles, and particularly,

but not by way of limitation, to filter assemblies that incorporate water sensors.

BACKGROUND

Certain engine fluid supply systems include a fluid filtration system designed to

separate water from the fluid. An example of this type of engine fluid supply system is a fuel
filter assembly that includes a filter housing and a water separating fuel filter element
disposed therein. The fluid filtration system may also include a water sensor that extends
through the filter housing into the interior thereof to detect if a certain amount of water has
been collected in the filter housing. If enocugh water collects in the filter housing, a signal is
sent to the user indicating that the water should be purged from the filter housing by, for
example, opening a drain valve. The connection between the water sensor and the filter
housing must be watertight to prevent water and fuel leakage. There is a constant need for

improving the effectiveness of the retention of a water sensor to the filter housing.

SUMMARY

An improved water sensor and method for retaining a water sensor to a filter housing
are described herein. A snap-fit connection is utilized to secure the water sensor to the filter
housing. The use of a snap-fit connection facilitates assembly of the sensor and filter housing
during manufacturing. Further, when the filter housing is made from molded plastic, threads
are difficult to form where the sensor needs to be mounted, and spin welding to secure the
sensor is not consistent. The use of a snap-fit connection provides the necessary connection
between the sensor and plastic filter housing, while eliminating the need for traditional
methods such as threads or spin welding to secure the sensor.

The water sensor and method will be described in an application involving retaining a
water-in-fuel sensor to a fuel filter housing of a water separating fuel filter assembly.
However, it is to be understood that the use of the snap-fit connection described herein is not
limited to connecting a water-in-fuel sensor to a fuel filter housing. The snap-{it connection
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can be used to connect a water sensor to a filter housing in other engine fluid filtration
systems.

In one embodiment, a filter assembly includes a filter housing having a wall defining
an interior space and a water sump to collect water. A sensor mounting receptacle is formed
in the filter housing adjacent the water sump and a first snap-fit connection member is formed
on the sensor mounting receptacle. A water separating filter is disposable within the interior
space of the filter housing to separate water from a fluid to be filtered by the filter. A water
sensor is mounted within the sensor mounting receptacle and at least partially extends into the
water sump for sensing water in the water sump. The water sensor includes a second snap-fit
connection member that engages the first snap-fit connection member to secure the water
sensor to the filter housing.

The water sensor mounted to the filter assembly includes a sensor body, a pair of
spaced-apart water sensing probes connected to the sensor body, a snap-{it connection
member on the sensor body adapted for use in a snap-{it connection, a sealing ring disposed
on the sensor body, and an insertion stop mechanism formed on the sensor body. The
insertion stop mechanism limits insertion of the sensor body into the sensor mounting
receptacle, while providing the sealing ring on the sensor body facilitates molding of the

sensor mounting receptacle when the receptacle is formed from molded plastic.

DRAWINGS

Fig. 1A is a cross-sectional illustration of a filter assembly with a water sensor
mounted at a base portion of a filter housing.

Fig. 1B is an enlarged view of the portion in the circle in Fig. 1A.

Fig. 2A is a cross-sectional illustration of the filter housing including a first snap-fit
connection member.

Fig. 2B i1s an enlarged view of the portion in the circle in Fig. 2A.

Fig. 3 is a perspective view of the water sensor.

Fig. 4 is a side view of the water sensor depicted in Fig. 3.

Fig. 5 is a side view of another embodiment of a water sensor including a snap-fit

connection releasing mechanism.
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DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings
which form a part thereof, and in which is shown by way of illustration specific embodiments
in which the inventive concepts may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be
understood that the embodiments may be combined or used separately, or that other
embodiments may be utilized and that structural and procedural changes may be made
without departing from the spirit and scope of the inventive concepts. The following detailed
description provides examples, and the scope of the present invention is defined by the claims
o be added and their equivalents.

An improved water sensor and method for retaining a water sensor to a filter housing
are described herein. A snap-fit connection is utilized to secure the water sensor to the filter
housing. The water sensor and method will be described in an application involving retaining
a water-in-fuel sensor to a fuel filter housing of a water separating fuel filter assembly.
However, it is to be understood that the use of the snap-fit connection described herein is not
limited to connecting a water-in-fuel sensor to a fuel filter housing. The snap-fit connection
can be used to connect a water sensor to a filter housing in other engine fluid filtration
systems.

As shown in Fig. 1, one embodiment of the present filter assembly with snap-in water
sensor is in the form of a water separating fuel filter assembly 10 adapted for removing
undesirable contaminants from fuel and for separating water from the fuel. The filter
assembly 10 includes a filter housing 12 having a side wall 14, a base portion 28 defining a
closed end 22, an open end 20, and an interior space 42 defined by the side wall 14 and the
base portion 28. The filter assembly 12 also includes a water separating filter cartridge 16
disposed in the interior space 42 and a collection sump area 30 where the separated water is
collected.

With reference to Figs. 1A, 1B, 2A and 2B, an opening 26 is defined in the base
portion 28 of the housing 12 in the vicinity of the collection sump area 30, where a mounting
receptacle 34 is formed that extends upward from the opening 26 into the interior space 42 of
the housing 12 for receiving a water sensor 18. In the embodiment as shown in Figs. 1 and 2,

the opening 26 is defined in the base portion 28 of the housing 12 and in turn, the
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embodiment as shown in Figs. | and 2 can be called a base-mounted configuration. It isto be
understood that the opening 26 and mounting receptacle 34 can also be formed in the side
wall 14 of the housing 12, which would be called a side-mounted configuration, as long as
the subsequently mounted sensor can sense a level of water collected in the sump area 30.

A first snap-fit connection member is formed on the mounting receptacie 34. As best
shown in Figs. 1B and 2B, the first snap-fit connection member is in the form of a plurality
of, for exampile six, circumferentially spaced upwardly extending snap-fit fingers 38, which
are provided at the upper end of the mounting receptacle 34 and are of a substantially
identical size and shape. Each of the fingers 38 is slightly tapered at the tip 32, which helps
control the insertion force necessary to install the water sensor 18, and are angled inwardly
toward a longitudinal axis a-a’ of the mounting receptacle 34. The mounting receptacle 34
and the snap-fit fingers define a passageway through which the water sensor 18 is inserted.

The plurality of fingers can be symmetrically or asymmetrically spaced from one
another by slots, and a different numbers of fingers can be used, for example three, four, five,
seven, etc.  The number of slots also helps to control the insertion force necessary to insert
the water sensor 18 into the mounting receptacle 34. The snap-fit fingers are made of a
material that provides sufficient resilience such that the fingers can flex backward (i.c. away
from the axis a-a’) when a predetermined force is applied to them and return back to their
original undeflected position (shown in Figure 2B) when the force is removed. The mounting
receptacle 34 and snap-fit fingers 38 can be metal, or made of a non-metallic material, for
example a plastic or composite material.

Details of the water sensor 18 are illustrated in Figs. 3 and 4. The water sensor 18isa
snap-in water-in-fuel (WIF) sensor designed to mount to the housing 12 as illustrated. The
WIF sensor 18 includes a generally cylindrical sensor body 52 having an upper portion 54, a
neck portion 56, a lower portion 58, and a longitudinal axis b-b’. The WIF sensor 18 aiso
includes a pair of spaced-apart sensing probes 24a, 24b arranged side-by-side and extending
upward from the upper surface of the upper portion 54,

The WIF sensor 18 also includes a second snap-fit connection member for
engagement with the first snap-fit connection member of the mounting receptacle 34 to form
a snap-fit connection. With specific reference fo Figs. 3 and 4, the second snap-fit connection
member is in the form of a retention ring 44 extending circumferentially around the upper
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portion 54, The ring 44 is configured such that it has an increasing outer diameter from its
top end 60 1o its bottom end 62. The sensor body 52 and the retention ring 44 can be metal,
or made of a non-metallic material, for example a plastic or composite material.

The WIF sensor 18 also includes a sealing ring 64 for sealing the interface between
the WIF sensor 18 and the inner surface of the mounting receptacle 34. The sealing ring 64 is
preferably an elastomeric o-ring seal that is part of and is removable with the WIF sensor 18.

The WIF sensor 18 also includes a stop mechanism 66 for limiting insertion of the
WIF sensor 18 into the mounting receptacle 34. Asshown in Figs. 3 and 4, the stop
mechanism 66 is in the form of a circular, radially extending flange disposed at the lower end
of the lower portion 58. As shown in Figs. 1 A and 1B, the diameter of the flange is larger
than the diameter of the mounting receptacie 34 so that upon insertion of the WIF sensor 18
into the mounting receptacle 34, the flange abuts against the base portion 28 to limit the
extent of insertion of the sensor into the receptacle. Other stop mechanisms could be used as
long as they are able to [imit the extent of insertion of the sensor into the mounting
receptacle.

With reference to Figs. 2B and 4, the distance “d1” between the upper surface of the
stop mechanism 66 and the bottom end 62 of the retention ring 44 is slightly greater than the
distance “d2” between a bottom surface 48 of the base portion around the opening 26 and the
tips 32 of the snap-fit fingers 38§, to accommodate stack-up of tolerances and instaliation.
The difference between “d1” and “d2” is not so great, however, as to permit excessive
movement between the sensor 18 and the receptacle 34 that could create an undesirable
rattling noise and lead to wear of the sensor 18 or receptacle.

in addition, as is conventional, power and signal lines 50, 70 lead from the WIF
sensor to direct power to the sensor, and to lead signals from the sensor to a control unit to be
used for signaling a user that excessive water is present in the filter housing when the water
reaches the level of the probes 24a, 24b which completes a circuit between the probes.

With reference to Figs. [ A and 1B, during assembly of the filter housing 12, the WIF
sensor 18 is inserted through the opening 26 and into the mounting receptacle 34 of the filter
housing 12. As the sensor is being inserted, the retention ring 44 deflects the snap-fit fingers
38 outwardly. When the bottom end 62 of the retention ring 44 has passed the tip 32 of the

snap-fit fingers 38, the snap-fit fingers 38 spring inwardly causing the tips 32 of the snap-fit
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fingers 38 to engage the bottom end 62 of the retention ring 44 to prevent removal of the
sensor. In addition, the upper surface 46 of the stop mechanism 66 engages with the base
portion to stop the insertion of the water sensor 18 into the mounting receptacle 34. The
radial sealing ring 64 provides watertight sealing between the inner surface of the receptacle
34 and around the outer surface of the WIF sensor 18 so that there is no fluid leakage at those
interfaces. It should be evident that other means of sealing could be used separately or in
combination with the sealing ring, such as an adhesive sealant or an integral sealing flange.

In addition, the upper surface of the stop mechanism 66 engages against the bottom surface of
the base portion 28 to help provide additional sealing.

Figure 5 illustrates an embodiment of a WIF sensor | |8 that includes a snap-fit
connection releasing mechanism for releasing the snap-fit connection. This permits removal
of a faulty or defective WIF sensor 118 with a new WIF sensor. The sensor releasing
mechanism is in the form of a plurality of inclined ramps 168 projecting from a neck portion
156 of the sensor 118, Each ramp 168 includes a sloped actuating face 170, a radial face 174
and a distal end 172, Gaps 176 are defined between adjacent ramps 168. The number of
gaps 176 preferably corresponds to the number of snap-fit fingers on the mounting receptacle,
with the gaps sized to receive the snap-fit fingers therein. An actuating member 140, for
example a protrusion, is provided at the base of the sensor 118 for engagement by a tool, for
example a screwdriver, to apply a rotational force to the sensor 118 so as to rotate the sensor.

The sensor 118 is preferably installed in the mounting receptacle such that the snap-fit
fingers on the receptacle are disposed in the gaps 176 between the ramps 168, Thus, the
sensor 118 is retained in position in the same manner as the sensor 8. However, the sensor
118 can be removed by rotating the sensor 118 and pulling the sensor out of the receptacle.

In particular, rotating the sensor 118 in a suitable direction causes the actuating faces 170 to
engage the snap-fit fingers. This engagement forces the fingers outwardly to allow the
retention ring 144 to clear the tips of the snap-fit fingers to enable the sensor to be pulled out
of the filter housing.

[t is to be understood that, although the mounting receptacle and the WIF sensor are
ilustrated and described as being generally cylindrical in shape, other shapes can be used,

such as elliptical, square or polygonal.
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It is to be understood that the snap-fit connection can be reversed, where the snap-fit
fingers are provided on the water sensor and the retention ring provided on the mounting
receptacle.

The described embodiments are to be considered in all respects only as illustrative
and not restrictive. The scope of the invention is therefore, indicated by the appended claims
rather than by the foregoing description. All changes which come within the meaning and

range of equivalency of the claims are to be embraced within their scope,
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CLAIMS

i A filter assembly, comprising:

a filter housing including a wall defining an interior space and a water sump to
collect water, a sensor mounting receptacle formed in the filter housing adjacent the
water sump and a first snap-fit connection member formed on the sensor mounting
receptacle;

a filter disposable within the interior space of the filter housing, the filter
designed to separate water from a fluid to be filtered by the filter; and

a water sensor mounted within the sensor mounting receptacle and at least
partially extending into the water sump, the water sensor including a second snap-{it
connection member that engages the first snap-fit connection member to secure the

water sensor to the filter housing.

2. The filter assembly of claim 1, wherein the sensor mounting receptacle
projects into the interior space, and the first snap-fit connection member includes a

plurality of snap-fit fingers located at an end of the sensor mounting receptacle.

3 The filter assembly of claim 2, wherein the second snap-fit connection
member includes a retention ring on the water sensor adapted to detlect and pass the
snap-fit fingers, and tips of the snap-fit fingers engage a bottom end of the retention

ring.

4, The filter assembly of claim 1, wherein the water sensor further includes a

snap-fit connection releasing mechanism.

5. The filter assembly of claim 4, wherein the snap-fit connection releasing

mechanism includes a plurality of ramps.

6. The filter assembly of claim I, wherein the water sensor includes a stop

mechanism to limit insertion of the water sensor into the mounting receptacle.
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SENSOr.

7. The filter assembly of claim 6, wherein the stop mechanism comprises a

flange that has a dimension larger than a dimension of the sensor mounting receptacle.

8. The filter assembly of claim 1, further comprising a seal between the water

sensor and the mounting receptacle.

9, The filter assembly of claim §, wherein the seal is disposed on the water

10.  The filter assembly of claim I, the first and second snap-fit connection

members are made of plastic or composite.

i1, A water sensor, comprising:

a sensor body;

a pair of spaced-apart water sensing probes connected to the sensor body;

a snap-fit connection member on the sensor body adapted for use in a snap-fit
connection;

a sealing ring disposed on the sensor body; and

an insertion stop mechanism formed on the sensor body.

12. The water sensor of claim 11, wherein the snap-fit connection member

includes a retention ring.

13. The water sensor of c¢laim 12, where the sensor body further includes a
plurality of connection release ramps formed on an outer side surface thereof adjacent

the retention ring.

14. The water sensor of claim 13, further comprising an actuating member
connected to the sensor body to allow a rotational force to be applied to the sensor

body.
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15, The water sensor of claim |1, wherein the sensor body includes a first end and
a second end, the water sensing probes are Jocated at the first end, the insertion stop
mechanism is located at the second end, and the sealing ring is disposed on the sensor

5 body between the snap-fit connection member and the insertion stop mechanism.

6. A method for retaining a water sensor to a filter housing, comprising:
providing a filter housing that includes a water sensor receptacle with a first
snap-tit connection member;
10 providing a water sensor that includes a second snap-fit connection member;
and
installing the water sensor in the water sensor receptacle so as to engage the
tirst and second snap-{it connection members and secure the water sensor to the filter

housing.
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Fig. 14

"~ See Fig. 1B
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Fig. 1B
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Fig. 2B
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