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(57) Abrege(suite)/Abstract(continued):
from each other whereby a liguid caused to be present In a socket (6) consequent upon an operator error Is unable to pass to the

other sockets (6); (i) the second electrical contacts (12) define the type of sensor (8) that is appropriate for each socket (6); and
(Iv) the sensors (8) each comprise a flat sensor part (14), a transversely extending mounting part (16), and a body part (18), the
transversely extending mounting part (16) being located in a bore in the body part (18), and the body part (13) being sealingly

located In the socket (6) for the sensor (3).
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(57) Abstract: Apparatus (2) for sensing parameters, which apparatus (2) comprises a housing (4), a plurality of sockets (6) in the
& housing (4), a sensor (8) in each of the sockets (6), first electrical contacts (10) on the sensor (8), and second electrical contacts (12)
~ in each socket (6) at an end of the socket (6) remote from the sensor (8), and the apparatus (2) being such that: (i) the sensors (8) are
& for sensing different parameters; (ii) the sockets (6) are such that when they contain their sensors (8) then the sockets (6) are sealed
& from each other whereby a liquid caused to be present in a socket (6) consequent upon an operator error is unable to pass to the other
N sockets (6); (i11) the second electrical contacts (12) define the type of sensor (8) that is appropriate for each socket (6); and (iv) the
sensors (&) each comprise a flat sensor part (14), a transversely extending mounting part (16), and a body part (18), the transversely
extending mounting part (16) being located in a bore in the body part (18), and the body part (18) being sealingly located in the

socket (6) for the sensor (8).
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APPARATUS FOR SENSING PARAMETERS

This invention relates to apparatus for sensing parameters, for
example environmental parameters.

Apparatus for sensing environmental parameters are well known. One
such type of apparatus is known as a sonde and it is used for in-situ
monttoring of environmental or process parameters, for example water quality
In rivers or in distribution networks. The water quality may be monitored for
dissolved oxygen content, temperature, pH, conductivity, or pressure. Typical
known apparatus incorporates a large number of sensors, with each sensor
being, for example, 100mm diameter x 300mm long. The known apparatus
may have a threaded connection and O-ring seals for protecting against water
Ingress. USA Patent No. 6938506 described one such apparatus.

The apparatus of USA Patent No. 6938506 suffers from deficiencies
which are not acceptable for the deployment of a large number of pieces of
the apparatus, where operator time and skills may not be sufficient for quick
and effective installation of the pieces of apparatus. More specifically, the
USA patent discloses a sonde with a number of connectors that provide a
seal to the bottom of a sensor forming part of the sonde. The sensor is
located in a socket and each sensor socket, is connected by a hole in order to
provide a means for releasing air that becomes trapped during insertion of the
sensor in its sensor socket. If the sonde is placed in water and one of the

sockets is not provided with a sensor, then water is able to reach all of the
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connectors due to the connecting holes. Furthermore, the connector design
used in the USA patent is quite complex, and this, by increasing unit cost,
restricts the number of sensors that can be installed. For efficient mass
production of sensors, it is convenient to manufacture them in the same body;,
possibly using an appropriate mass production technique such for example as
thick or thin film processing. The sensors are planar, and are therefore not
ideal for incorporation into a sensor body with no protrusions or features to
the front of the sensor chip for making connections or retention. If large
numbers of sondes are going fo be installed, it is important to make servicing
and maintenance as easy as possible. If a sonde is deployed in water with a
sensor that is missing from its socket, then water ingress should be limited to
that socket only. Also, there should be no complex or moving parts inside the
socket that cannot be replaced. Further, it should not be possible to insert a
sensor in the wrong way in its socket, or in an incorrect socket. Further, the
sensor body should minimise the amount of compression from trapped air, in
order to enable the sensors securely to be retained in their sockets.

It is an aim of the present invention to obviate or reduce the above
mentioned problems.

Accordingly, in one non-limiting embodiment of the present invention
there is provided apparatus for sensing parameters, which apparatus
comprises a housing, a plurality of sockets in the housing, a sensor in each of
the sockets, first electrical contacts on the sensor, and second electrical
contacts in each socket at an end of the socket remote from the sensor, and

the apparatus being such that:
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(i) the sensors are for sensing different parameters:

(i)  the sockets are such that when they contain their sensors then
the sockets are sealed from each other whereby a liquid caused
to be present in a socket consequent upon an operator error is

unable to pass to the other sockets;

(i)  the second electrical contacts define the type of sensor that is

appropriate for each socket; and

(lv) the sensors each comprise a flat sensor part, a transversely
extending mounting part, and a body part, the transversely
extending mounting part being located in a bore in the body
part, and the body part being sealingly located in the socket for

the sensor.

The apparatus of the present invention is able to be economically
manufactured using standard low-cost methods and components. This keeps
manufacturing costs to a minimum and thereby cost is not a bar to
widespread use of the apparatus, for example in a potable water distribution
system.

The apparatus of the present invention is able to reduce operator error
during installation and maintenance because the second electrical contacts

define the type of sensor that is appropriate for each socket. The sensors
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can be miniature sensors and smalier than usually used. For example, the
miniature sensors may be 8mm diameter and 20mm long.

In the event that the apparatus of the present invention is placed in a
liquid, for example water, with one of the sockets not containing a sensor,
then the liquid is only able to pass to the components in that particular socket
and the liquid does not pass to other sockets.

The formation of the sensors with the flat part and the transversely
extending mounting part enables the sensors easily and permanently to be
mounted in the body part. The entire sensor construction is robust and the
actual flat sensor part is not likely to separate from the remainder of the
sensor in use of the apparatus of the present invention.

The plurality of sensors enables a wide variety of parameters to be
sensed. With the use of miniature sensors, the overall size of the apparatus
of the present invention is small compared with known apparatus, and thus
the apparatus of the present invention is able to be installed in small spaces
where known apparatus might be too large.

The apparatus may be one in which the body part is a tubular body
part having a first groove containing a first O-ring seal. In this case, the
sockets may be sized to minimise pressure of trapped air behind the first O-
ring seal.

The apparatus may be one in which the tubular body part has a
second groove containing a second O-ring seal.

The body part 'may be made of a plastics material. The pléstics

material may be polyetheretherketone or poly (p-phenylene sulphide).
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Preferably, the electrical contacts are sprung electrical contacts.

The apparatus may be one in which the sprung electrical contacts
each comprise a sprung pin mounted in a mounting member, and in which the
mounting member is located in the bore in the body part of the sensor.

The apparatus may be one in which the flat sensor part is made of a
ceramic material, in which the transversely extending mounting part is made
of a ceramic material, and in which the two ceramic materials are thermally
expansion-matched. This thermal expansion-matching ensures that the flat
sensor part does not tend to work loose from the transversely extending
mounting part due to different thermal expansions during conditions of use of
the apparatus of the present invention.

Preferably, the transversely extending part is a tube. Other formations
for the transversely extending part may however be employed if desired.

The apparatus of the present invention may include a printed circuit
board, the second electrical contacts being such that they connect to the
printed circuit board.

The first electrical contacts will usually be connected to the second
electrical contacts by conductors. The conductors are preferably wires but
other types of conductors may be employed.

The first electrical contacts may be electrical contact pads.

The apparatus may be such that there are eight of the sensors. More
or less of the sensors may be employed.

The sensors may be such that their flat sensor part Is mass produced

by printing onto a ceramic substrate, for example a ceramic substrate of 5 x 5
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X 0.6250mm. The sensing side of the flat sensor may be connected to the
remainder of the sensor via a number of through-plated holes. The
transversely extending mounting part may be secured to the flat sensor part
using an appropriate adhesive, for example an appropriate ceramic adhesive
when the flat sensor part and the transversely extending mounting part are
both made of a ceramic material. Use of the transversely extending mounting
part in the body part enables the forces on the flat sensor to be taken by the
mounting part, and these forces can be distributed over a much larger area
than would be the case if the flat sensor were mounted directly in the body
part. The forces may be compressive forces instead of shear forces.

An advantage of using printed sensors is that they are able to be
mounted inside small sensor bodies, leading to an overall more compact
apparatus design. With a small sensor body part, the body part may be of
insufficient length to accommodate a pair of O-ring seals in a conventional
way. Compression of trapped air may prevent safe insertion of a sensor in its
socket. It is not desirable to have holes to other sensor connections in order
to ensure that a liquid in one socket is not able to pass to other sockets.
When the apparatus of the present invention has the second O-ring seal, then
the second O-ring seal Is preferably mounted as near as possible to the top of
the sensor. The use of the first and the second seals is effective to minimise
trapped air, and ensures adequate sensor retention and sealing. The first seal
Is at the bottom of the cavity, and the second seal advantageously only

engages ’fully when the sensor is fully inserted. This may be effected by
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having the distance to the O-ring groove only just less than the depth of the
hole.

In one embodiment of the invention, the sprung pins may be mounted
in the body of the sensor such that the tip is recessed. The corresponding
electrical contacts are arranged in a unique configuration for each sensor
type, such that full insertion of the sensor is not possible unless the
corresponding contacts are in the correct configuration (plug-socket, with the
plug formed by surface mounted contacts). Since full insertion of the sensor
Is required for the O-ring seal to engage fully, and the sensor is not retained
in the socket unless the O-ring is engaged fully, this forms an effective
apparatus for "keying” the correct sensor to the correct hole.

In addition to the simple keying of the contacts at the bottom of the
sensor, the apparatus of the present invention may include a second location
aid at the top of the sensor body for locating each sensor in its sockets. This
second location aid may extend beyond the diameter of the sensor socket, in
order to provide a means for leverage when extracting a sensor from its
socket for replacement purposes. One side of this head may be flat, and may
locate against a feature in the middle of the sensor head. If the sensor is
incorrectly orientated, interference with the central feature prevents insertion.
Any incorrect sensor then trying to be pushed into a sensor socket will not
push fully into the sensor socket, and will not be retained by the second O-
ring seal.

The apparatus may be one in which the printed circuit board is held

against a seal such for example as a moulded gasket. This seal may also
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provide retention of sensors, and it may help to isolate each socket from the
other sockets in order to prevent unwanted liquid intrusion. The liquid may be
water or any other suitable and appropriate liquid.

The second location aid may be a second orientation key.

The sensors may each be such that they are 8mm in diameter, with a
head which is 9mm. The sensors may be 20mm in total length. A thick film
on ceramic substrate printed sensor may be 5mm x 5mm x 0.625mm.

An embodiment of the invention will now be described solely by way of
example and with reference to the accompanying drawings in which:

Figure 1 is a section through apparatus of the present invention:

Figure 2 is a section through a housing forming part of the apparatus
shown in Figure 1;

Figure 3 is a plan view of the housing shown in Figure 2;

Figure 4 is a section through a body part of a sensor, the body part
being shown in Figure 1;

Figure 5 is a section through a mounting member for mounting sprung
pin electrical contacts, the mounting member being shown in Figure 1

Figure 6 is a plan view of the mounting member shown in Figure 5:

Figure 7 shows a sprung pin mounting member for being mounted in
the mounting member shown in Figures 5 and 6;

Figure 8 is a plan view of printed circuit board forming part of the
apparatus shown in Figure 1;

Figure 9 is an enlarged sectional view fhrough one of the contacts on

the printed circuit board shown in Figure 8;
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Figure 10 is a section through part of a sensor as shown in Figure 1,
the part of the sensor being a flat sensor part and a transversely extending
mounting part; and

Figure 11 is an enlarged view of the part of the sensor as shown in
Figure 10.

Referring to the drawings, there is shown apparatus 2 for sensing
parameters, for example chlorine or conductivity. The apparatus 2 comprises
a housing 4 and a plurality of sockets 6 in the housing 4. A sensor 8 is located
In each socket. The apparatus 2 has first electrical contacts 10 on the sensor
8. The apparatus 2 has second electrical contacts 12 at an end of the socket
6 remote from its sensor 8. The sensors 8 are for sensing different
parameters. Typically these parameters are chlorine content, dissolved
oxygen content, conductivity, redox or pH.

The sockets 6 are such that, when they contain their sensors 8, then
the sockets 6 are sealed from each other. Thus a liquid such for example as
water caused to be present in a socket 6 consequent upon an operator error,
Is unable to pass to the other sockets 6. The operator error may be
Incorrectly securing a sensor 8 in its socket 6, or it may simply be immersing
the apparatus 2 in a liquid without first placing a sensor 8 in each one of the
sockets 6, i.e. so that there is an empty socket 6.

The second electrical contacts 12 define the type of sensor 8 that is
appropriate for each socket 6. Thus each sensor 8 is for sensing a different

parameter, and each specific sensor 8 can only fit into the correct one of the
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plurality of sockets 6. This helps to facilitate use and maintenance of the
apparatus 2 by relatively unskilled persons.

The sensors 8 each comprise a flat sensor part 14, a transversely
extending mounting part 16 and a body part 18. The transversely extending
mounting part 16 is located in a bore 20 of the body part 18. The body part
18 is sealingly located in the socket 6 or the sensor 8.

In Figure 1, for ease of understanding, the right hand socket 6 has
been shown empty, whilst the left hand socket 6 has been shown provided
with the sensor 8 and the first and second electrical contacts 10, 12
respectively.

The body part 18 is a tubular body part 18 having a first groove 22
obtaining a first O-ring seal 24. The tubular body part 18 has a secona
groove 26 containing a second O-ring seal 28. It will be noted that the first
groove 22 is rectangular in cross sectional shape whereas the second groove
26 is of a V-shaped in cross section.

The body part 18 is made of a plastics material, typically
polyetheretherketone or poly(p-phenylene sulphide)

The second electrical contacts 12 are surface mount electrical
contacts. The surface mount electrical contacts each comprise a sprung pin
30 mounted in a mounting member 32. The mounting member 32 is located in
the bore 20 of the body part 18 of the sensor 8.

The flat sensor part 14 is made of a ceramic material. The
transversely extending mounting 'part 16 is also made of a ceramic material.

The two ceramic materials are thermally expansion-matched, in order to
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ensure that temperature variations encountered by the apparatus 2 during its
use do not cause different expansions of the flat sensor part 14 and the
transversely extending mounting part 16, leading to the flat sensor part 14
becoming loose on the transversely extending mounting part 16. The flat
sensor part 14 is stuck with an appropriate adhesive 15 to the transversely
extending mounting part 16. As can be seen from the drawings, the
transversely extending mounting part 16 is in the form of a tube.

The apparatus 2 includes a printed circuit board 34. The second
electrical contacts 12 connect to the printed circuit board 34. The printed
circuit board 34 is held against a seal in the form of a gasket 35.

The first electrical contacts 10 are connected to the second electrical
contacts 12 by conductors in the form of wires 36. The first electrical contacts
10 are electrical contact pads.

The apparatus 2 is such that there are eight of the sensors 8 in eight of
the sockets 6.

The apparatus 2 is of circular construction. The apparatus 2 is able to
be produced in a small and compact size. The apparatus 2 is also able
economically to be manufactured in comparison with known apparatus for
sensing parameters.

During assembly of the apparatus 2, the sensors 8 are inserted into
their socket 6. As shown in Figure 6, the mounting member 32 has four bores
38, each for receiving one of the sprung pins 30. If a bore 38 is not required,
thén it is filled to prevent full insertion of a wrong éensor type. The electrical

contacts 12 are soldered to the printed circuit board 34. The housing 4 is
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such that each socket 6 has a lead-in portion 40 for facilitating insertion of the
sensor 8. Each socket 6 also has an enlarged portion 42 for reducing the
pressure increase that occurs as a result of placing the sensor 8 in the socket
6. Blind holes 44 line up with holes 45 in the printed circuit board 34 for easy
assembly. Short pins thét would locate in these holes and go into other parts
of the assembly are not shown. A central bore 46 is for a stainless steel rod
(not shown) which is used to pull the component parts together. This
compresses the stock of components and the gaskets. The stirrer shaft is
located in the middle.

The flat sensor part 14 has a number of through-plated holes 48 to
make electrical contact between the electrical contact 10 and the front of the
flat sensor part 14. The electrical contact 10 may be a contact pad.

It is to be appreciated that the embodiment of the invention described
above with reference to the accompanying drawings has been given by way
of example only and that modifications may be effected. Thus, for example,
the housing 4 and the socket 6 may be of different shapes to those shown.
The apparatus of the present invention may be a sonde or any other suitable

and appropriate type of apparatus.
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CLAIMS

1. Apparatus for sensing parameters, which apparatus comprises a

housing, a plurality of sockets in the housing, a sensor in each of the sockets,
first electrical contacts on the sensor, and second electrical contacts in each

socket at an end of the socket remote from the sensor, and the apparatus

being such that:

(i) the sensors are for sensing different parameters;

()  the sockets are such that when they contain their sensors then
the sockets are sealed from each other whereby a liquid caused
to be present.in a socket consequent upon an operator error is

unable to pass to the other sockets:

(i)  the second electrical contacts define the type of sensor that is

appropriate for each socket: and

(iv) the sensors each comprise a flat sensor part, a transversely
extending mounting part, and a body part, the transversely
extending mounting part being located in a bore in the body
part, and the body part being sealingly located in the socket for

the sensor.

2. Apparatus according to claim 1 in which the body part is a tubular body

part having a first groove containing a first O-ring seal.
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3. Apparatus according to claim 2 in which the sockets are sized to

minimise pressure trapped air behind the first O-ring seal.

4, Apparatus, according to claim 2 or claim 3 in which the tubular body

part has a second groove containing a second O-ring seal.

5. Apparatus according to any one of the preceding claims in which the

body part is made of a plastics material.

6. Apparatus according to any one of the preceding claims in which the

second electrical contacts are sprung electrical contacts.

7. Apparatus according to claim 6 in which the sprung electrical contacts

each comprise a sprung pin mounted in a mounting member, and in which the

mounting member is located in the bore in the body part of the sensor.

8. Apparatus according to any one of the preceding claims in which the
flat sensor part is made of a ceramic material, in which the transversely
extending mounting part is made of a ceramic material, and in which the two

ceramic materials are thermally expansion-matched.

9. Apparatus according to any one of the preceding claims in which the

transvefsely extending part is a tube.
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10.  Apparatus according to any one of the preceding claims and including
a printed circuit board, the second electrical contacts being such that they are

connected to the printed circuit board.

11.  Apparatus according to any one of the preceding claims in which the
first electrical contacts are connected to the second electrical contacts by

conductors.

12.  Apparatus according to claim 11 in which the conductors are wires.

13.  Apparatus according to any one of the preceding claims in which the

first electrical contacts are electrical contact pads.

14.  Apparatus according to any one of the preceding claims in which there

are eight of the sensors.

15.  Apparatus for sensing parameters, substantially as herein described

with reference to the accompanying drawings.
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