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(57) Abstract: A precipitation sensor comprising an impact membrane provided with a transducer for detecting impact of precip-
itation on the impact membrane, a circuit board comprising electric circuit components adapted to receive an electric input signal
from said transducer and to produce an output signal, where said electric circuit components and said transducer are mounted on
&= a first side of the circuit board and that a second side of the circuit board comprises said impact membrane. The circuit board and
@\ impact membrane are preferably one and the same element and transducer is preferably a piezoelectric element soldered to the first

side of the circuit board.
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Piezoelectric precipitation sensor

The present invention relates to a precipitation sensor compris-
ing an impact membrane provided with a transducer for detecting im-
pact of precipitation on the impact membrane, a circuit board compris-
ing electric circuit components adapted to receive an electric input sig-
nal from said transducer and to produce an output signal. 4

Rain sensors are among other things used for controlling win-
dows such as roof windows in order to detect a rainfall and subse-
quently close open windows during a rainfall. This is a big advantage for
controlling windows in buildings comprising several windows or in case a
window unintentionally is left open during a rainfall, which constitutes a
possible risk of rain penetrating through the open window.

It is well known to design simple rain sensors having a printed
circuit board with comb-toothed prints. One example of a rain sensor of
this type is disclosed in JP 9061393. When rain falls on the comb-
toothed prints, a change in either the resistance or capacitance of the
comb-toothed prints can be utilized to detect rainfall. Especially, a rain
sensor, which also detects a capacitive change as the print dries after a
rainfall, is commonly used for controlling windows. A rain sensor of this
type has a significant drawback by having high power consumption,
which is a problem when it is used in connection with for instance win-
dows powered by solar cells. Furthermore, a rain sensor of this type will
not react instantly on certain precipitation types such as hail and even-
tually only if the hail results in a resistive or capacitive change, depend-
ing of the design principle used in the sensor.

A precipitation sensor according to the opening paragraph is
known from. WO 03/027720, which discloses a detector for measuring
precipitation parameters. The detector comprises a substantially rigid
surface adapted to receive impinging hydrometeors and detection
means such as a piezoelectric element connected to said surface for
converting impact impulses from said hydrometeors into an electric sig-
nal, which by means of electric circuitry located inside the housing of
the detector is amplified and processed for calculating precipitation pa-
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From DE 103 30 128 is known another precipitation sensor ac-
cording to the opening paragraph for detecting the size of hails impact-
ing on a baffle plate. A piezoelectric element is glued to the back side of
the baffle plate and thereby produces an electric signal dependent on
the size of hails impacting the baffle plate. The baffle plate is mounted
as a lid on a box comprising side wall and a bottom plate placed oppo-
site the baffle plate. The fact that the electric output signal of a second
piezoelectric sensor provided on the bottom plate is independent on the
size of hails impacting on the baffle plate, is utilized for determining the
size of hails impacting on the baffle plate by comparing the output sig-
nals from the two piezoelectric elements.

GB 2 412 735 discloses an acoustic rain sensor having a micro-
phone housed in a waterproof housing which also contains a printed cir-
cuit board. The microphone senses the impact of raindrops on the sur-
face of the housing, and thereby the intensity of the rainfall can be de-
termined.

From JP 2195250 is it know to use piezoelectric elements for
sensing raindrops on a window by attaching two piezoelectric devices
adjacent on the inside of a window pane. One of the devices transmits
ultrasonic waves and the other receives the ultrasonic waves reflected
on the outer surface of the window pane. Rainfall can be detected be-
cause the reflected wave fluctuates due to raindrops on the outside of
the window pane. However, for many applications like automatized win-
dows for buildings, it is not desirable to have piezoelectric devices
mounted on a window pane. Besides from an aesthetical point of view, it
is problematic that a sensor mounted on the window pane for instance
through a wire has to transmit a signal to a window controlling device
which typically is located elsewhere in the window construction.

It is the object of the present invention to provide a precipita-
tion sensor of the above-mentioned type, which has a low power con-
sumption and a simple design.

To meet this object the invention provides a precipitation sen-
sor of the above-mentioned type characterized in that said electric cir-
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cuit components and said transducer are mounted on a first side of the
circuit board and that a second side of the circuit board comprises said
impact membrane. When the circuit board is provided with a transducer
having a very low power consumption or without the need of a power
supply to produce an electric output signal on basis of precipitation im-
pinging the membrane, a precipitation sensor having a low power con-

- sumption for sensing precipitation in general is achieved. The circuit

board and impact membrane can be one and the same element, which
provides a very simple design with a reduced material consumption and
in addition to the reduced material consumption the sensor is corre-
spondingly easier and cheaper to produce. Furthermore, the properties
of the sensor are not affected by filth and dirt, which can accumulate on
the impact membrane of a sensor disposed outdoors.

In a further developed embodiment of the invention, the sur-

face of said second side of the circuit board is embossed to provide an
uneven surface, which enhances the amount of energy transferred to
the membrane by impacting precipitation.
‘ In another embodiment of the invention, said circuit board
comprises means for rolling up a connection wire. Thereby the sensor
can easily be adapted to be used in conjunction with different types of
installations or for instance at different distances from a window or a
window controlling device controlling the operation of a window.

In yet another development of the invention said transducer is
a piezoelectric element, which in a preferred embodiment is mounted to
said first side of the circuit board by soldering. Thereby connection wires
between the piezoelectric element and the electronic circuit board are
rendered superfluous and furthermore the precipitation sensor can be
produced by using soldering techniques known per se such as reflow
soldering. This makes the production of the sensor faster and easier and
the sensor is thereby assembled in one piece by using existing produc-
tion techniques.

In another development of the invention, said second side of
the circuit board comprises at least two adjacent circuit prints in order

to achieve a precipitation sensor comprising the properties of conven-
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tional resistive or capacitive rain sensor as described above, which also
can detect mist and dew.

Furthermore, said circuit board can be adapted to form a cover -
of an opening in a housing, which makes it possible to use the sensor in
combination with a housing used for conventional housings. By design-
ing the sénsor to be a removable element adapted to fit in a housing it
can also easily be replaced in case of a malfunction or it can replace ex-
isting sensors not having the properties of the disclosed invention. In
general the design provides a sensor having a flush or planar surface,
which gives a more pleasant appearance when it is built into for in-
stance a window. This is further facilitated by the low or slim profile of
the sensor provided by the design of the invention. Since the sensor
does not need to be in direct contact with the precipitation, the flush or
planar surface can be coloured to match for instance a window, without
affecting the overall performance of the sensor.

In another embodiment of the invention there is provided a
window comprising a precipitation sensor comprising an impact mem-
brane provided with a transducer for detecting impact of precipitation
on the impact membrane, a circuit board comprising electric circuit
components adapted to receive an electric input signal from said trans-
ducer and to produce an output signal, where said electric circuit com-
ponents and said transducer are mounted on a first side of the circuit
board and that a second side of the circuit board comprises said impact
membrane.

The invention will now be explained in detail in the following by
means of examples of embodiments with reference to the schematic
drawing, on which

Fig. 1 illustrates a perspective view of the side of a precipitation
sensor comprising electric circuit components,

Fig. 2 and Fig. 3 are perspective views of the membrane side of
a precipitation sensor with of embossed surfaces on the membrane
sides,

Fig. 4 is a perspective view of a piezoelectric element of a pre-
cipitation sensor according to an embodiment of the invention,
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Fig. 5 is a perspective view of a precipitation sensor comprising
means for rolling up a connection wire,

Fig. 6 is a precipitation sensor comprising comb-toothed prints
on the membrane side of the circuit board,

Fig. 7 is an exploded view of a precipitation sensor module
comprising a housing and precipitation sensor,

Fig. 8 is'an exploded view of another embodiment of a precipi-
tation sensor module showing how a precipitation sensor is mounted the
opening of a housing, ‘

Fig. 9 is a perspective view of a window comprising a precipita-
tion sensor.

In Fig. 1 is shown a preferred embodiment of a precipitation
sensor 1 according to the invention comprising a preferably square cir-
cuit board 2 having a first side 3 comprising a electric circuitry 4 and a
second side 5 (cf. Fig. 2 or 3), which serves an impact membrane. Be-
sides the electric circuitry 4 which comprises SMD components generally
known as SMD s mounted by means of reflow soldering, the first side 3
of the circuit board 2 comprises a transducer 6, which via printed con-
nections (not shown) on the first side 3 or inside said circuit board 2
electrically is connected to the electric circuitry 4 comprising a socket 7,
and processing means 8 such as a digital microprocessor. Fig. 2 and Fig.
3 show the second side 5 of the circuit board 2 of a precipitation sensor
1. Since the surface of the second side 5 of the precipitation sensor 1
opposite to the first side 3 comprising the electric circuitry board 4
serves as an impact membrane for the sensor, the membrane and the
circuit board 2 are one and the same element. Energy from precipitation
such as rain or hail impacting the membrane side will result in a move-
ment or vibration of the impact membrane and hence the circuit board 2
with the electric circuitry 4 and the transducer 6. The transducer 6 will
detect such impacts and produce an output signal to the electric circuit
4, which is adapted to receive a signal from the transducer 6. The de-
sign and the components used in the circuitry 4 will depend on the type
of the transducer 6 and the properties of the provided output signal
from the transducer 6.
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In the embodiment illustrated in Fig. 1 the transducer 6 is a
piezoelectric element, which produces a very low current as response to
impact of precipitation. Hence, the electric circuit 4 is specifically
adapted to amplify the output signal of a piezoelectric element. Other
conceivable transducers suitable for detecting precipitation impacting
the membrane are MEMS transducers, resonators or oscillators, and
strain gauges. In Fig. 1 the received and amplified signals are processed
by the processing means 8. The processing enables filtering out of vi-
brations detected by the transducer, which does not originate from pre-
cipitation impacting the membrane. The signals can be filtered and
processed in many conceivable ways, such as by detecting patterns or
duration of detected vibrations. The electric circuitry 4 is powered by
means of the socket 7, which besides from being a power source input
also is used for outputting a signal from the precipitation sensor 1.

It is obvious that the sensor can be provided with more than
one socket, in order to serve as a simple cross field for joining for in-
stance control logic of multiple windows.

For the production of the precipitation sensor 1 known soldering
techniques and processes, such as reflow soldering, can be used for
mounting the components of the electric circuitry 4 and the transducer
6 on the first side 3 of circuit board 2. In a currently preferred embodi-
ment of the invention the precipitation sensor 1 is provided with a pie-
zoelectric element, which is soldered to the circuit board 2 together with
the other electric components. The piezoelectric element, which is illus-
trated in Fig. 4, comprises two opposite silver electrodes 10 and 11.
When the piezoelectric element is exposed to a vibration or a similar
physical influence there is established a voltage between the two elec-
trodes 10 and 11. In order to ensure a correct position of the piezoelec-
tric element with respect to the other components and the circuit prints
on the circuit board 2, the used piezoelectric element is provided with a
wrap around 12 of its negative electrode 10 to the side of the positive
electrode 11 as illustrated in Fig. 4, meaning that the electrode continu-
ous is wrapped around an edge in order to provide both electrodes on
the same side of the piezoelectric element. As the negative electrode 10
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is wrapped around an edge of the piezoelectric element to the opposite
side of the element comprising the positive electrode 11 and there is
provided a isolating area 13 between the two electrodes, it is possible to
solder both electrodes of the piezoelectric element to the prints on the
circuit board 2 at once, by using standard soldering techniques as de-
scribed above. Experiments have shown that additional areas 14a, 14b
without silver coating in the area of the positive electrode 11 are suit-
able to ensure that the piezoelectric element is kept in or guided to the
correct position after and during the soldering process. It is obvious that
a similar result can be achieved by wrapping around the positive elec-
trode 11 to the side of the negative electrode 10.

In a preferred embodiment of the invention, the second side 5
of the circuit board 2 is embossed as illustrated in Fig. 2 and Fig. 3. Ex-
periments have shown that by embossing the surface of the second side
5 the movement or vibration of the membrane caused by impacting pre-
cipitation is enhanced, which provides for use of a less sensitive trans-
ducer 6. The enhancement is for instance achieved with a waved 15 or
grooved 16 structure of the surface of the impact membrane as illus-
trated in Fig. 2 and Fig. 3 or by combinations thereof, It is to be under-
stood that the membrane side can be embossed and designed in many
other ways to enhance the absorption of energy from impacting precipi-
tation. For instance the membrane side can be fitted with a new surface,
which is glued to the surface or clicked on the circuit board 2, but pref-
erably the surface of the membrane side is an integrated part of the cir-
cuit board 2. |

The precipitation sensor 1 is provided with a socket or sockets 7
to connect a connection wire 17 to the precipitation sensor 1 (cf. Fig. 5).
Since a precipitation sensor 1 can be utilized for many purposes such a
different types of windows, the first side 3 of the circuit board 2 has
means for rolling the unused part of said connection wire 17. An em-
bodiment comprising this feature is illustrated in Fig. 5 where the first
side 3 of the circuit board 2 is provided with protruding walls 18a, 18b,
18c which constitutes a canal or labyrinth for guiding and rolling up the
unused part of said wire and thereby adapting it to its specific use.
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Guiding can be understood as help to adjust the correct length of the
connection wire 17 extending from the precipitation sensor 1 in order to
adapt said wire 17 to a specific purpose. This can be achieved by means
of guiding instructions such as colour codes or symbols and letters pro-
vided in the canals, labyrinths or at said walls 7a, 7b, 7c.

Fig. 6 shows an embodiment of the invention where the impact
membrane is provided with comb-toothed prints 19, which are used for
detecting a change in capacitance or resistance between the prints when
the membrane side gets wet or dries. It is to be understood that the
prints can have many shapes and that they are not restricted to comb-
toothed prints as illustrated. Alternatively, the same result could be
achieved with two or more substantially concentric circular print tracks
or simply with two adjacent circuit print tracks.

In Fig. 7 and Fig. 8 the precipitation sensor 1 is adapted to be
mounted in an opening 20 of a housing 21, in order to provide a precipi-
tation sensor module comprising a housing 21 and a precipitation sensor
1. Fig. 7 shows a precipitation sensor 1 adapted to cover the opening 20
of a housing 21 so that the components of the circuit board 3 are lo-
cated inside the housing 21. The precipitation sensor 1 can be fixed to
the housing in many different ways such as by gluing, by using snap ar-
réngements or fastening means known per se by the person skilled in
the art.

Alternatively, the precipitation sensor can be mounted in a win-
dow 24 as shown in Fig. 9 where the precipitation sensor 1 is integrated
in a top covering member 25 of a roof window and the connection wire
17 (not shown) is connected to a window controlling device. The sensor
is normally driven by a power source from the window 24, but it can
also be driven by a renewal or replaceable energy source. The precipita-
tion sensor 1 can also be an integrated part of the window 24 due to the
constituent impact surface 5, which provides a flush and planar surface
with a pleasant appearance. In general the precipitation sensor 1 ac-
cording to the invention is particularly useful to be retrofitted in con-
junction with windows or similar building arrangements, which are able
to utilize a sensor output for controlling purposes.
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The invention should not be regarded as limited to the em-
bodiments shown and described in the above, but several modifications
and combinations may be carried out without departing from the scope

of the appended claims.
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PATENT CLAIMS

1. A precipitation sensor comprising

an impact membrane provided with a transducer for detecting
impact of precipitation on the impact membrane,

a circuit board comprising electric circuit components adapted
to receive an electric input signal from said transducer and to produce
an output signal, characterized In that

said electric circuit components and said transducer are
mounted on a first side of the circuit board and that a second side of the
circuit board comprises said impact membrane.

2. A precipitation sensor according to claim 1, c haracter-
ized in that said circuit board and impact membrane are one and
the same element.

3. A precipitation sensor according to claim 1 or 2, charac-
terized in that the surface of said second side of the circuit board
is embossed to provide an uneven surface.

4. A precipitation sensor according to any of the previous
claims, characterized in that said circuit board comprises
means for rolling up a connection wire.

_ 5. A precipitation sensor according to any of the previous
claims, characterized in that that said transducer is a piezo-
electric element.

6. A precipitation sensor according to claim 5, ¢ haracter-
ized in that said piezoelectric element is soldered to said first side of
the circuit board. “

7. A precipitation sensor according to any of the previous
claims, characterized in that said second side of the circuit
board comprises at least two adjacent circuit prints.

8. A precipitation sensor according to any of the previous
claims, characterized in that said circuit board is adapted to
mounted in an opening of a housing.

9. A window comprising a precipitation sensor comprising

an impact membrane provided with a transducer for detecting
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impact of precipitation on the impact membrane,

a circuit board comprising electric circuit components adapted

_to receive an electric input signal from said transducer and to produce

an output signal, chara cterized inthat

said electric circuit components and said transducer are mounted
on a first side of the circuit board and that a second side of the circuit
board comprises said impact membrane.

10. A window according to claim 9, characterize d in
that said circuit board and impact membrane are one and the same ele-
ment.

11. A window according to claim9 or 10,characterize d
in that the surface of said second side of the circuit board is embossed
to provide an uneven surface.

12. A window according to any of the previous claims, c har-
acterized in that said circuit board comprises means for rolling
up a connection wire.

13. A window according to any of the previous claims, c har-
acterized inthatthat said transducer is a piezoelectric element.

14. A window according to claim 9, characterize d in
that said piezoelectric element is soldered to said first side of the circuit
board. 4

15. A window according to any of the previous claims, c har-
acterized in that said second side of the circuit board comprises

at least two adjacent circuit prints.
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