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ELECTRONIC FLOW METER WITH PRESSURE SENSOR

FIELD OF THE INVENTION

The present invention relates to an electronic flow meter including a flow sensor and a pressure
sensor, wherein a pair of ultrasound transducers of the flow sensor and a ceramic pressure sensor
element are surface mounted to one or more printed circuit boards arranged in a hosing of the

flow meter.

BACKGROUND OF THE INVENTION

Smart metering system for use in water distribution-networks enables an increasing amount of
data to be measured, collected and analyzed. In addition to consumption data, other relevant data
may be pressure, temperature, noise, etc. By analyzing the data, important insights into the state
and operation of the network can be obtained. For example, leaks may be identified by analyzing

noise and pressure changes, or pressure may be monitored to be able to reduce pumping power.

To be able to gather such data in an efficient and cost-effective manner, it is advantageous to
integrate sensors in smart meters or electronic flow meter that are distributed throughout the
distribution-network. Hereby, the infrastructure for collecting data provided by the meters, can be

exploited to also collect sensor data.

However, integration of sensors in an electronic flow meter may be restricted by space constrains
and the risk of interference with flow meter operation. Further, sensors must be robust and have a

lifetime of preferably 10-20 years without the need for periodic maintenance.

OBJECT OF THE INVENTION

An object of the present invention is to provide an alternative to the prior art. More specifically, it
may be seen as a further object of the present invention to provide a flow meter with a built-in

pressure sensor operationally connected to the flow meter control electronics.

SUMMARY OF THE INVENTION

Thus, the above described object and several other objects are intended to be obtained in a first
aspect of the invention by providing an electronic flow meter comprising a flow tube provided with
flow channel extending between an inlet and an outlet, an electronics housing arranged in

association with the flow tube, wherein a sensor bore in fluid communication with the flow
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channelis provided in an inner surface of in the electronic housing; a flow sensor including a pair of
ultrasound transducers mounted on a main printed circuit board arranged inside the electronics
housing, the flow sensor being configured for measuring a flow rate of a fluid flowing through the
flow tube, a pressure sensor including a sensor element and an associated electronic measurement
circuit; wherein a top-side of the sensor element is arranged opposite the sensor bore and a
backing device is provided to force the sensor element against a sealing element arranged to

provide a sealing between the sensor element and the inner surface of in the electronic housing.

BRIEF DESCRIPTION OF THE FIGURES

The electronic flowmeter according to the invention will now be described in more detail with
regards to the accompanying figures. The figures show one way of implementing the present
invention and is not to be construed as being limiting to other possible embodiments falling within

the scope of the attached claim set.

Figure 1 shows a cross-section of one embodiment of a flow meter,

Figure 2 shows an embodiment of an electronics housing of a flow meter,

Figure 3 shows and exploded view of a flow meter,

Figure 4 shown a cross-section of another embodiment of a flow meter,

Figure 5 shows an exploded view of a separate flow meter and pressure sensor PCB,

Figure 6 shows a flow meter PCB provided with a pressure sensor PCB,

Fig. 7 shows a cross-section of Fig. 6 along line AA,

Figure 8 shown a cross-section of a flow meter housing, and

Figure 9 shows another embodiment of an electronics housing of a flow meter.

DETAILED DESCRIPTION OF AN EMBODIMENT

Fig. 1 shows an electronic flow meter 1, such as a water meter for installation as part of a utility
infrastructure. The electronic flow meter is configured for measuring fluid flow as well fluid
pressure of a fluid flowing through the utility infrastructure. The flow meter comprises a flow tube
2 provided with flow channel 21 extending between an inlet 22 and an outlet 23 adapted for being

connected to the utility infrastructure and the piping system at a consumption side, respectively.
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In the shown embodiment, an electronics housing 3 and the flow tube are provided as a monolithic
polymer structure, the flow tube being defined by a first wall and the housing being partly defined
by a second circumferential wall forming a housing opening, wherein the first wall separates an
inner bore of the flow tube from an inner compartment of the housing. However, in other
embodiments, the electronics housing may be formed as a separate element and subsequently
mounted on or otherwise connected to the flow tube. The electronics housing and/or flow tube is
advantageously made by injection molding and of a polymer material, such as a glass fiber
reinforced polyphenylene sulfide with a 20-40% fiber content. Additionally, the housing is closed
off by a cover (not shown) configured for sealed engagement with the housing opening to provide

a fluid-tight enclosure.

Inside the electronics housing a flow sensor 4 is arranged. The flow sensor includes a pair of
ultrasound transducer elements 41 mounted on a main printed circuit board (PCB) 42. The main
PCB may be of a one- or more layer structure provided with surface mounted devices and/or
circuits on one or both of its upwards- and downwards facing sides (421, 422). The flow sensor is
configured for operating the ultrasound transducers to transmit and receive ultrasound signals
through a fluid flow in the flow channel and to determine a flow rate of the fluid based on the time

of flight of the transmitted and received ultrasound signals.

Additionally, a pressure sensor 5 including a sensor element 51 is arranged inside the electronics
housing. A top-side 53 of the sensor element is arranged in fluid communication with the flow
channel via a sensor bore 31 provided in an inner surface 32 of the electronics housing. The sensor
bore extends between the flow channel and the inside of the electronics housing through a wall of
the flow tube 33 and the electronics housing. Further, a backing device 6 is provided to force the
sensor element against a sealing element 55 arranged to provide a fluid tight sealing between the

sensor element and the inner surface of the electronic housing.

In one embodiment the sensor element is a ceramic sensor element and the ceramic pressure
sensor is a capacitive sensor including layers of ceramic material provided with electrodes. The
top-side of the sensor element is constituted by a layer of ceramic material functioning as a flexible
sensor diaphragm deflecting dependent on the pressure of the sensed fluid. When the sensor is
subjected to a fluid under pressure, the sensor diaphragm deflects and the distance between the
electrodes is affect. The ceramic sensor diaphragm may additional be provided with a thin steel
membrane or plate and a coating, such as a polytetrafluoroetylen (PTFE) coating, to protect the

part of the sensor in contact with the fluid.
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Alternatively, the sensor element may be a micro electro-mechanical system sensor (MEMS
sensor) or a strain gauge sensor using a plurality of strain gauges to measure changes in the strain
of a diaphragm part of the sensor element. In one embodiment a strain gauge based sensor may
comprise four strain gauges included in a Wheatstone Bridge circuitry. When diaphragm deflects
the strain gauge cause a voltage output across the Wheatstone Bridge indicative of the pressure.
As an alternative to foil strain gauges silicon piezoresistive technology or ceramic piezoresistive
sensing technology may be used to detect changes in stain in the diaphragm part of the ceramic

pressure element.

By including both a pressure sensor and a flow sensor in the electronic flow meter, the meter may
be configured to operate the pressure sensor dependent on the flow rate and the flow sensor
dependent on the pressure. Detected changes in pressure may thus be used as a trigger for
measuring the flow rate. Similar, changes in flow rate may be used as a trigger for measuring
pressure. Especially, the flow sensor may be used to determine periods with no flow through the
flow tube and the pressure sensor may be activated to measure pressure in these periods. Since
flow in the flow tube affects pressure measurements, it is desirable to be able to correlate flow and
pressure measurements and to be able to determine the flow at the time of a given pressure

measurement.

Referring to Fig. 1 and 3, one embodiment of the electronic flow meter including a sensor element
mounted on the main PCB 42 is shown. The sensor element is mounted on the downwards facing
side 421 of the main PCB arranged inside the electronics housing facing towards the flow tube. The
sensor element is mounted as a surface-mounted device, i.e. placed directly onto the surface of
the main PCB, during mounting of components on the PCB. This allows for a highly automated
manufacturing process reducing complexity and cost. An electronic measurement circuit 52
associated with the sensor element is arranged on either the downwards facing side 421 or the
opposite upper facing side 422 of the main PCB. The electronic measurement circuit is electrically
connected to a central processing unit mounted on the main PCB and configured for transforming

the response of the sensor element into a signal indicative of the pressure in the flow channel.

Above the sensor element, the main PCB is provided with cut-outs 43 allowing the backing device
to engage directly with the sensor element. Applying the pressure of the backing device directly to
the sensor element allows for an increased compression pressure to be applied to the sealing
element 55 arranged between the sensor element and the inner surface of in the electronic

housing.
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Fig. 4 -7 illustrates an embodiment of the electronic flow meter wherein the sensor element and its
associated measurement circuit is mounted on a dedicated sensor printed circuit board (PCB) 54
electrically connected to the main PCB. The main PCB is provided with a cut-out 57 for receiving
the sensor PCB 54 and a socket 59 for electrically connecting the sensor PCB to the main PCB. The
sensor PCB includes a plug or contact face 58, such an edge connector, configured for engaging the
socket on the main PCB. When the sensor PCB is mounted in the socket, the sensor- and main PCBs
are substantially arranged in the same plane, aligning a downwards facing surface of the sensor
element and the ultrasound transducers. The cut-out for the sensor PCB is wider than the sensor
PCB allowing the backing device to engage the sensor element. Alternatively, the sensor element
may be arranged on the sensor PCB and measurement circuit associated with the sensor element

may be arranged on the main PCB.

In the embodiments shown in figures 1-3 and 4-7, respectively, the sealing element 55 is arranged
in a circular recess 332 provided in the inner surface of the electronics housing. A fluid chamber is
thus provided between the ceramic pressure element and the recess 332, into which pressurized
fluid from the flow tube may be introduced. As seen from Fig. 8 and Fig. 9, a drain channel 7 may
be provided to drain away any fluids that may escape the sealing element 55. A drain channel inlet
71 is provided outside a periphery of the sealing element. To contain and guide any fluids that
might have escaped the sealing element towards the drain channel, an additional sealing element
may be provided in a circumferential recess 333 provided around the circular recess providing the
fluid chamber. The drain channel extends through the wall of the flow tube to an outlet 72

provided in an external surface of the flow tube or electronics chamber.

The backing device includes a rigid force carrying member 61 adapted for being joined with the
electronics housing, e.g. by screws and corresponding bosses provided as in integrated part of the
electronics housing. Studs 62 adapted to engage the sensor element extend for the for carrying

member allowing a certain backing force to be applied to the sensor element.

Furthermore, the top-side sensor element may be provided with a protective membrane serving to
prevent sedimentation on the sensor element. Such protective membrane may have a thickness
from 100-500 microns only serving to protect the ceramic element without affecting sensor
precision. The protective membrane may in one embodiment be an integrated part of the
electronics housing formed by the same material as the electronic housing by through injection
molding. Alternatively, the protective membrane may be arranged as an insert in the injection

molded electronics housing.
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The electronic flow meter further comprises a self-contained power source, such as a battery pack
{not shown) for powering the central processing unit, the flow sensor and the pressure sensor. The
electronic flow meter may further include wireless communication means such as a radio device

for communicating with external devices.

As seen from Fig. 1 and 4, the electronic flow meter may further comprise a measuring tube 24
arranged in the flow channel. The measuring tube extend between the ultrasound transducer and
in the shown embodiment, the measuring tube is mounted on a reflector holding arrangement 8
serving to fixate a pair of reflectors 81 in the flow channel. The reflectors reflect the ultrasound
signals transmitted by the ultrasound transducers, such that the ultrasound signals are directed
from the transmitting transducer to the opposite transducer being operated as a receiver.
Extending along the flow channel, the measuring tube creates a narrow passage along an outer
periphery of the flow channel adjacent to an interior surface 25 of the flow tube. This narrow
passage may be open in both ends such that a limited amount of fluid may flow on an outside of
the measuring tube. Alternatively, the narrow passage may be closed at one end by a fluid tight
connection 26 provided between the interior surface of the flow tube and an upstream or

downstream end of the flow tube.

As seen from Fig. 1 and 4, an opening 311 of the sensor bore is provided in the interior surface 25
of the flow tube in the narrow passage between the flow tube wall and the measuring tube. By
positioning the opening of the sensor bore in this area, the sensor bore and thus the pressure
sensor is shielded from pressure surges occurring in the distribution network or the piping
installation at the point of consumption. Such pressure surges, also known as water hammer, may
be significant and cause sensors and other equipment to be damaged. Still, as the sensor bore is in
direct fluid communication with the flow channel, the pressure in the sensor bores is equal to that
of the flow channel. Additionally, as flow through the flow tube may affect the static and/or
dynamic pressure in the flow tube, pressure measurements performed by the measurement circuit
may be controlled by the central processing unit, dependent on the flow sensed via the flow
sensor. The central processing unit may correlate flow data and sensor data to identify pressure
measurements performed during either static flow conditions where no flow exists or the flow rate

is insignificant and various flow conditions subject to different flow rates.

Above, various embodiment of an electronic flow meter including a pressure sensor has been
described. The pressure sensor includes a sensor element and an associated electronic

measurement circuit mounted on a dedicated sensor PCB. In further embodiments of an electronic
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flow meter according to the invention, other types of sensors may also be implemented on the
dedicated sensor PCB. By providing a sensor on a dedicated sensor PCB electrically connected to
the main PCB, e.g. by a socket and edge connectors, the electronic flow meter may easily be
equipped with different types of sensors. This modular design also provides the advantage that
5 different sensors may be incorporated into the electronic meter with minimal effect on the
remaining parts of the meter electronics, such as the configuration of the main PCB, central
processing unit and flow sensor. Other types of sensors may be sensors for measuring biological
substances in a fluid, conductivity, such as a conductivity sensor configured for determining the
chlorine concentration in a fluid or temperature. Such sensors may include different types of

10 sensor elements mounted on the sensor PCB and dedicated measurement circuits.

Although the present invention has been described in connection with the specified embodiments,
it should not be construed as being in any way limited to the presented examples. The scope of the
present invention is set out by the accompanying claim set. In the context of the claims, the terms
“comprising” or “comprises” do not exclude other possible elements or steps. Also, the mentioning

15 of references such as “a” or “an” etc. should not be construed as excluding a plurality. The use of
reference signs in the claims with respect to elements indicated in the figures shall also not be
construed as limiting the scope of the invention. Furthermore, individual features mentioned in
different claims, may possibly be advantageously combined, and the mentioning of these features
in different claims does not exclude that a combination of features is not possible and

20 advantageous.
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CLAIMS
1. An electronic flow meter (1) comprising:

- aflow tube (2) provided with flow channel (21) extending between an inlet (22) and

an outlet (23)

- an electronics housing (3) arranged in association with the flow tube, wherein a
sensor bore (31) in fluid communication with the flow channel is provided in an

inner surface (32) of the electronic housing;

- aflow sensor (4) including a pair of ultrasound transducers (41) mounted on a main
printed circuit board (42) arranged inside the electronics housing, the flow sensor

being configured for measuring a flow rate of a fluid flowing through the flow tube,

- apressure sensor (5) including a sensor element (51) and an associated electronic

measurement circuit (52);

wherein a top-side (53) of the sensor element is arranged opposite the sensor bore and
a backing device (6) is provided to force the sensor element against a sealing element
(55) arranged to provide a sealing between the sensor element and the inner surface of

in the electronic housing.

2. The electronic flow meter according to claim 1, wherein the sensor element is mounted

on the main PCB or a dedicated sensor PCB (54) electrically connected to the main PCB.

3. The electronic flow meter according to claim 1 or 2, wherein the sensor element is
mounted on a downwards facing side (421) of the main PCB together with two ultrasound

transducer elements (41).

4. The electronic flow meter according to any of the preceding claims, wherein the main PCB
or the sensor PCB is provided with cut-outs (43) above parts of the sensor element

allowing the backing device to engage directly with the sensor element.

5. The electronic flow meter according to any of the preceding claims, wherein the backing
device includes a rigid force carrying members (61) provided with studs (62) adapted to

engage with the sensor element.
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10.

11.

12.

13.

The electronic flow meter according to any of the preceding claims, wherein the top-side
of the sensor element is provided with a protective membrane having a thickness from

100-500 microns.

The electronic flow meter according to any of the preceding claims, wherein the sensor

element is a ceramic sensor element.

The electronic flow meter according to any of the preceding claims, wherein the sensor
element is a ceramic capacitive pressure element responsive to changes in ambient

pressure.

The electronic flow meter according to any of the preceding claims, wherein the sensor

bore extends through the wall(s) (33) of the flow tube and electronic housing.

The electronic flow meter according to any of the preceding claims, wherein the flow
meter further comprises a central processing unit mounted on the printed circuit board,
the flow sensor and the pressure sensor being electrically connected to the central

processing unit.

The electronic flow meter according to any of the preceding claims, wherein the flow
meter further comprises a self-contained power source for powering the central

processing unit, the flow sensor and the pressure sensor.

The electronic flow meter according to any of the preceding claims, wherein the
electronic flowmeter further comprises a measuring tube (24) arranged in the flow
channel extending between the ultrasound transducer, and an opening (311) of the
sensor bore is provided in an interior surface (25) of the flow tube overlapped by the

measuring tube.

The electronic flow meter according to any of the preceding claims, wherein a fluid tight
connection (26) is provided between the interior surface of the flow tube and an

upstream or downstream end of the measuring tube.
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14. The electronic flow meter according to any of the preceding claims, wherein the

electronics housing and the flow tube are provided as a monolithic polymer structure.
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