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FLUID FLOW METER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

Related Applications 

This is a continuation-in-part of Ser. No. 7/212,955 ?led 
June 29, 1988, now US. Pat. No. 4,920,794. 

FIELD OF THE INVENTION 

The present invention relates generally to devices for 
measuring volumetric ?uid ?ow and more speci?cally to a 
?ow meter having a ?exible membrane which operates to 
permit passage of ?uid in travelling waves. 

DESCRIPTION OF RELATED ART 

Travelling wave ?uid meters generally operate by mea 
surement of the rate of undulation of a member which 
vibrates or undulates as ?uid ?ows past the member. One 
early form of ?uid meter included an undulating metallic 
spring con?ned in a ?uid ?ow chamber and a mechanical 
counter for indicating the amount of ?uid ?owing there 
through. A more recent type of travelling wave ?ow meter 
utilizes an undulating membrane formed of piezoelectric 
material which generates electrical signals as a function of 
the rate of undulation. 

Such ?ow meters are generally limited in use to measure 
ment of noncompressible ?uids, such as liquids. A metallic 
spring can offer excessive resistance to the ?ow of a gas, and 
a light membrane subject to turbulence at high ?ow rates and 
deformation at elevated temperatures can introduce errors in 
the signal processing necessary for ?ow measurement with 
such a device. 

Hence, it has been found that for a travelling wave type 
of ?ow meter, it would be desirable for a membrane pro 
viding for the travelling waves of ?uid ?ow to be as light as 
possible while effectively blocking the free ?ow of ?uid past 
the membrane, and to have permanent undulation charac 
teristics. It has been found that metal foils are subject to 
corrosion, and that plastic membranes tend to acquire a 
permanent deformation, especially upon exposure to high 
temperatures, interfering with undulation of the membrane. 
It would also be desirable to provide a travelling wave 
membrane which would be largely unaffected by the in?u 
ence of gravity due to positioning of the ?ow meter, and 
which would also have dimensional stability against twist 
ing of the membrane, to prevent free ?ow past the edges of 
the membrane. The present invention ful?lls these needs. 

SUMMARY OF THE INVENTION 

Brie?y and in general terms, the invention provides for a 
?uid flow meter having a ?exible membrane formed of a 
?exible material and containing an apparatus providing the 
membrane with resilience for undulation in one axis per 
pendicular to the direction of ?ow and resisting ?exing in 
other directions. The membrane is mounted in a ?uid ?ow 
path of the meter such that the faces of the membrane 
simultaneously de?ne with the housing ?uid impermeable 
seals at two or more different locations along the ?ow path. 
The membrane is operative to ?ex so as to permit passage of 
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2 
discrete quanta of ?uid, each having a known volume 
varying as a function of ?ow rate. Means are provided for 
generating electrical signals corresponding to ?exure of the 
membrane. Means are also provided for receiving the elec 
trical signals over a measured period of time, determining 
the rate of the electrical signals, determining the volume of 
the ?uid quanta based upon the electrical signals, and 
thereby determining a ?uid ?ow rat along the ?ow path. 

According to another aspect of the invention, the appa 
ratus for generating electrical signals comprises ?rst and 
second piezoelectric members disposed, respectively, on 
?rst and second stop members on opposite sides of the 
membrane and in electrical communication with the moni 
toring apparatus and such that undulation of the membrane 
causes the membrane to alternatingly contact the stop mem 
bers to generate an electrical signal upon release of each 
quantum of ?uid. 

In accordance with another aspect of the invention, the 
monitoring apparatus includes means for identifying elec 
trical signals generated by ?exure of the membrane upon 
release of a single quantum of ?uid, and also preferably 
comprises means for alternatingly receiving the electrical 
signals from the ?rst and second piezoelectric members to 
?lter out signals not due to true undulation of the membrane. 

These and other aspects of the invention will become 
apparent from the following detailed description, taken in 
conjunction with the accompanying drawings, which illus 
trate, by way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective illustration of a quantum ?uid ?ow 
meter, constructed according to an embodiment of the 
invention; 

FIG. 2 is a sectional view of the ?ow meter of FIG. 1, 
taken along line 2—2 therein; 

FIG. 3 is a cross-section taken along line 3—3 in FIG. 2; 
FIG. 4 is a cross-section taken along line 4—4 in FIG. 3; 
FIG. 5 shows an enlarged detail of a portion of the 

cross-section shown in FIG. 4; 
FIG. 6 shows an enlarged detail of a portion of the 

cross-section shown in FIG. 4, constructed according to an 
alternative embodiment of the invention; 

FIG. 7 is a sectional illustration of a portion of a piezo 
electric member useful in the ?ow meter of FIG. 1; 

FIG. 8 is an enlarged cross-sectional view taken along line 
8—8 in FIG. 3; 

FIG. 9 is a view similar to that of FIG. 8, but showing a 
construction according to an alternative embodiment of the 
invention; 

FIG. 10 is a view similar to that of FIG. 8, but showing 
a construction according to a further embodiment of the 
invention; 

FIG. 11 shows a piezoelectric member similar to that 
shown in FIG. 7 but wherein the ends thereof are thickened; 

FIG. 12 is a cross-sectional partial view of spring mounts 
for guide blocks shown in FIG. 8 to 10; 

FIG. 13 is an elevational view of an end portion of the 
piezoelectric member shown in FIG. 3 and showing mount 
ing details thereof; 

FIG. 14 is a cutaway illustration of a portion of a side wall 
of the housing of the ?ow meter shown in FIG. 1; 

FIG. 15A, 15B and 15C show three successive stages in 
the transport of discrete ?uid quanta across the flow meter of 
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FIG. 1; 
FIG. 16 is a schematic illustration of a ?uid ?ow meter 

similar to that shown in FIG. 1, but having arched walls; 
FIG. 17 is a block diagram illustration of electronic 

apparatus associated with a ?uid ?ow meter of the present 
invention; 

FIG. 18 is a block diagram illustration showing a tele 
metering system, useful in conjunction with a ?uid ?ow 
meter of the present invention; 

FIG. 19 is a block diagram illustration showing an alter 
native telemetering system, useful in conjunction with a 
?uid ?ow meter of the present invention; 

FIG. 20 diagram illustration showing a further alternative 
telemetering system, useful in conjunction with a ?uid ?ow 
meter of the present invention; 

FIG. 21 shows a multiplexed telemetering system, useful 
in conjunction with a ?uid ?ow meter of the present inven 
tion; 

FIG. 22 shows a partial side-section of a ?uid ?ow meter, 
constructed and operative with an alternative embodiment of 
the invention; 

FIG. 23 shows a partial side-section of a ?uid ?ow meter, 
constructed and operative with a further alternative embodi 
ment of the invention; 

FIG. 24 is a top view of a piezoelectric member, con 
structed and operative in accordance with an alternative 
embodiment of the invention; 

FIG. 25 is a top view of an alternate embodiment of a 
?exible membrane; 

FIG. 26 is a cross-sectional view of the embodiment of 
FIG. 25 taken along line 26-26; 

FIG. 27 is a top plan view of a further embodiment of a 
?exible membrane; 

FIG. 28 is a cross-sectional view of the embodiment of 
FIG. 27 taken along line 28—28; 

FIG. 29 is a top plan view of a further embodiment of a 
?exible membrane; 

FIG. 30 is a cross-sectional view of the embodiment of 
FIG. 29 taken along line 30——-30; 

FIG. 31 is a top plan view of a further embodiment of a 
?exible membrane; 

FIG. 32 is a cross-sectional view of a further embodiment 
of a ?exible membrane; 

FIG. 33 is a view similar to that of FIG. 8, but showing 
a construction according to a further alternative embodiment 
of the invention; 

FIG. 34 is a view similar to that of FIG. 8, but showing 
another further alternative embodiment of the invention; 

FIG. 35 is a view similar to that of FIG. 3, showing a 
mechanism for rendering the membrane ?at during periods 
of no-?ow; and 

FIG. 36 is a view similar to that of FIG. 35 showing a 
mechanism for adjusting the tension on the membrane. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIGS. 1, 2 and 3, a positive displacement 
?uid ?ow meter 10, includes a housing 12 de?ning a ?uid 
?ow chamber 14 (FIG. 2) having ?rst and second ends 16 
and 20, and having respective ?rst and second ?uid ports 18 
and 22. 
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Although in the shown embodiment, ?uid ports 18 and 22 

function respectively as an inlet and outlet, it will be 
appreciated from the ensuing description that the internal 
arrangement of ?ow meter 10 is such that ?uid ?ow may 
take place in any chosen direction and with the ?ow meter 
at any preferred orientation. 

According to a preferred embodiment of the invention, 
?ow meter 10 is used for metering the ?ow of compressible 
?uids, such as gas. As, however, as the ?ow meter of the 
present invention may also be used for the metering of 
noncompressible ?uids such as oil or water, the ?ow of 
“?uid” is described herein throughout except where not 
applicable. 

According to the shown embodiment, housing 12 includes 
a ?rst end receiving chamber 26 for receiving ?uid ?ow 
from inlet 18 prior to the ?uid passing through ?ow chamber 
14. Chamber 26 permits any debris and, in the case of gas 
?ow, moisture, to be deposited therein prior to ?ow through 
?ow chamber 14. There is also provided a second end 
chamber 27, similar to ?rst end chamber 26, for receiving 
therein any deposition of debris and moisture in a case of 
?ow in a direction opposite to that indicated. 

According to the present invention, discrete quanta of 
?uid, each having a known volume, are permitted to pass 
across a membrane 35 and volumetric ?ow may be deter 
mined according to the number of such quanta passing 
across the membrane. This is described in greater detail 
below. Although membrane 35 is positioned such that in a 
non-?ow situation edges 33 thereof are very close to side 
walls 29, typically in the order of magnitude of several 
scores of microns, such that leakage of any ?uid therepast is 
prevented, it is preferable in a ?ow situation, that the gap 
between the membrane edges and the sidewalls be reduced. 

With reference additionally to FIGS. 4 and 5, ?ow cham 
ber 14 is, therefore, provided with a pair of preferably rigid 
?rst sidewalls 30 and a pair of non-rigid second sidewalls 29 
fabricated of a ?exible elastomer, such as rubber. As ?uid 
passes across membrane 35, pressure inside ?ow chamber 
14 drops and the ?exible, second sidewalls 29 tend, there 
fore, to move slightly inwards so as to reduce the gap 
between edges 33 of the membrane and sidewalls 29 to a 
?uid boundary layer thickness. Due to the high resistance to 
?ow along the gap, leakage is, therefore, substantially pre 
vented. The inward movement of sidewalls 29 is further 
facilitated by spaces 31 provided adjacent to edges 33 of 
membrane 35. 

Referring brie?y to FIG. 6, it has been found that when 
second sidewalls are not made from a ?exible material, ?uid 
leakage may be substantially prevented by providing them 
with a roughened surface 32 (also shown in FIG. 3). 

With particular reference to FIGS. 2 and 14, sidewalls 30 
are preferably coated with a thin layer 34 of an antistatic and 
hydrophobic material such as carbonated polyethylene. 
Layer 34 prevents the build-up of static electricity in the 
?ow chamber and condensation of moisture on the sidewalls 
which might otherwise interfere with the ?exing of mem 
brane 35. As will be appreciated from the description below, 
the unimpeded ?exing action of membrane 35 is important 
to maintain. According to an alternative embodiment of the 
invention, the sidewalls may be made entirely from an 
antistatic and hydrophobic material. 

With particular reference to FIG. 7, there is shown a 
cross-section of a portion of membrane 35. According to the 
shown embodiment, membrane 35 is piezoelectric and com 
prises a thin layer 36 of piezoelectric material, such as 
polyvinylidene ?uoride and metallized surrounding layers, 
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referenced 38 and 42. 
According to the embodiment shown in FIG. 24, mem 

brane 35 is piezoelectric but, as distinct from the embodi 
ment shown in FIG. 7, the layer 36 of piezoelectric material 
is overlaid, on either or both faces thereof, by discrete 
metallized strips 44, each having electrical connections 45 to 
a pulse detector unit 66 (FIG. 17). As the membrane ?exes, 
as shown and described below in conjunction with FIGS. 
15A to 15C, it is thus possible to determine the speed of 
wave propagation along the ?ow chamber which can be used 
by rnicrocontroller 70 (FIG. 17) to further “correct” the 
calculated volume of each quanta of ?uid. 

According to a preferred embodiment of the invention, 
membrane 35 has a substantially vertical position within 
?ow chamber 14. This avoids possible unsymmetrical func 
tioning of the membrane due to the e?‘ects of gravity. 
As shown in FIG. 2, membrane 33 is preferably longer 

than the length of ?ow chamber 14 in which it is positioned. 
This ensures that membrane 35 takes up a wavelike position 
and that ?at sides 42 of the membrane are in constant 
engagement with sidewalls 30 of the ?ow chamber, prefer 
ably, at at least three locations. 

Referring now to FIGS. 2 and 13, it is seen that membrane 
35 is, according to a preferred embodiment; secured at ends 
51 thereof about rods 52. Each rod 52 is in turn secured to 
a ?xed rod 54 by means of a spring 53 contained within a 
housing 56. This type of mounting, it will be appreciated, 
permits limited longitudinal movement of the membrane 
within ?ow chamber 14. 

Referring now to FIGS. 2 and 8, rounded guide blocks 48 
are provided so as to induce instability of membrane 35, it 
being noted that as each quantum of ?uid passes thereacross, 
a very rapid change of position by ?exure of membrane 35 
is required. Provision of the guide blocks assists in switching 
of the membrane from one position to another under a very 
low input of kinetic energy, such as occurs in gas ?ows. The 
range of positions taken up by membrane 35 upon ?exure 
are described below in detail with reference to FIGS. 15A to 
15C. 

Referring brie?y to FIG. 9, there is shown an alternative 
embodiment of guide blocks 48 in which each of the guide 
blocks also has an additional layer of rubber. 

With reference to FIG. 10, there are provided ?uid per 
meable guide extensions 60 that are attached to guide blocks 
48 and constitute extensions of curved surfaces 49 thereof. 
Referring additionally to FIGS. 15A to 15C, it is seen that 
although membrane 35 generally does not move along the 
length of the ?ow chamber, as the discrete quanta of ?uid 
pass through the ?ow meter, causing the membrane to 
undulate, points of contact between the membrane and the 
?ow chamber walls “travel” in the direction of ?uid ?ow, the 
membrane moving by ?exure from a ?rst position just prior 
to release of a quantum of ?uid, to a second position just 
after release of the quantum. 

Guide extensions are made, for example, from wire mesh. 
While not interfering, therefore, with the ?uid ?ow, they 
have con?gurations similar to the membrane in either of its 
two respective positions taken up just before and after 
release of a quantum of ?uid. As the points of contact 
between the membrane and the chamber walls, which are 
coincident with the maximum points of curvature of the 
membrane, move along the ?ow chamber towards an end 
thereof, they leave side walls 30 and mount guide extensions 
60. Extensions 60 induce a degree of instability that causes, 
under a relatively low kinetic energy input, a relatively fast 
change of position of the membrane between the positions 
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6 
taken up thereby just before and after release of a quantum 
of ?uid. 

Although, as stated, membrane 35 generally does not 
move along ?ow chamber 14, a certain amount of relative 
motion does occur between the membrane and sidewalls 30 
of the ?ow chamber. It is, therefore, important that inward 
facing surfaces 37 of sidewalls 30 are very smooth. 

According to one embodiment of the invention, as stated, 
membrane 35 is made from piezoelectric material. Accord 
ing to an alternative embodiment, however, as shown in FIG. 
10, membrane 35 is not made from a piezoelectric material 
but instead has mounted on it a pair of electrical contacts 61, 
each which is alternately brought, into contact with a cor 
responding one of a pair of electrical contacts 63 mounted 
onto guide extensions 60. 

It will be appreciated that as each quantum of ?uid passes 
through ?ow chamber 14 and as membrane 35 switches 
from one position to the other, an electrical pulse is gener 
ated by contact of one of contacts 61 with a corresponding 
contact 63. 

This embodiment has a particular advantage over a piezo 
electric membrane as a discrete pulse is generated each time 
membrane 35 moves so as to release a quantum of ?uid. 
When a piezoelectric membrane is used, however, every 
movement thereof generates electrical signals, a change in 
position of the membrane being indicated simply by an 
increase in intensity of the signals. 

According to an alternative embodiment of the invention 
only a single one of each of electrical contacts 61 and 63 is 
provided, a single pulse thus being generated as every 
alternate quantum of ?uid is passed. It will also be appre 
ciated that contacts 61 and 63 may be incorporated into other 
embodiments of the invention, such as those illustrated in 
FIGS. 8 and 9. In yet a further alternative embodiment of the 
invention, electrical contacts 63 may be provided indepen 
dently of guide blocks 48. 

Referring now to FIG. 22, there is shown an alternative 
embodiment of the invention in which membrane 35 com 
prises a magnetic tape. Incorporated into sidewalls 30 are, 
preferably, a pair of magnetic heads 39. As the points of 
contact between the membrane and sidewalls 30 travel along 
the ?ow chamber, typically just as a quantum of ?uid is 
released, a point of contact of membrane 35 with one of the 
sidewalls moves across an adjacent head 39, thereby gen 
erating an electrical pulse. 

According to the shown embodiment a signal is generated 
as every quantum of ?uid is released while, according to an 
alternative embodiment, a single magnetic head may be 
provided so as to indicate release of alternate quanta of ?uid. 

Referring now to FIG. 23, in the shown embodiment, as 
with the embodiment of FIG. 22, membrane 35 comprises a 
magnetic tape. According to the shown embodiment, how 
ever, magnetic head 39 is embedded into second sidewall 30 
of the ?ow chamber, and is operative to engage a face 41 of 
membrane 35 as it passes in contact therewith. 

According to the shown embodiment, the membrane 
includes a plurality of magnetic bands provided thereon at a 
known frequency, such as 5 KHz. As face 41 passes in 
contact with head 39, processing apparatus 43 associated 
therewith is operative to sense not only passage of a portion 
of the membrane across the head, but it is also operative to 
sense the frequency at which the magnetic bands pass, and 
thus to determine the speed at which the ?uid is passing. 

Referring to FIG. 11, membrane 35 is shown with thick 
ened ends 46 which may also include additional layers 65 of 
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piezoelectric material. The thickened end and the additional 
layers of material serve to reduce the possibility of failure of 
the membrane due to fatigue stresses. According to an 
alternative embodiment, membranse 35 may have different 
cross~sectional thickness along the entire length thereof or 
along selected portions thereof. 
As shown in FIGS. 12 and 13, guide blocks 48 are not 

rigidly positioned but are preferably secured by springs 58 
to sidewalls 30 of the ?ow chamber. 

Reference is now made to FIGS. 15A to 15C, in which 
there are shown successive stages of ?uid ?ow through the 
?ow meter of the invention. Initially, a ?rst quantum of ?uid 
passes into the ?ow chamber and exerts a force on the 
membrane until it is forced to change position. At this stage, 
the ?rst quantum, referenced 62a, becomes entrapped 
between the wall of the ?ow chamber, the membrane and 
two points of contact, referenced 67, between the membrane 
and the ?ow chamber wall. 

As the point of contact nearest an inlet 69 is being 
established, a second quantum of ?uid, referenced 62b, 
enters the chamber and also exerts a force on the membrane, 
travelling downstream until eventually it too becomes 
entrapped. 
A third quantum of ?uid, referenced 62c, enters the ?ow 

chamber and also exerts a force on the membrane. The 
points of contact continue to travel downstream until the 
membrane moves by ?exure from one position to another, 
thereby releasing the ?rst quantum of ?uid and generating an 
electrical pulse. 

It has been found that when the membrane is in touching 
engagement with the ?ow chamber walls at at least three 
locations, possible distortion of the membrane and conse 
quent blockage of the ?ow chamber, such as might otherwise 
result from a high rate of ?ow, is prevented. 

Referring to FIG. 16, there is shown a ?ow chamber 
constructed in accordance with an alternative embodiment 
of the invention. The ?ow chamber, referenced 55, com 
prises a pair of curved walls 64a and 64b. The curvature of 
chamber 55 results in instability in the positions taken up by 
the membrane, which, as described above, is desirable. 
Although quanta of ?uid ?owing alongside the outer wall 
64a will be larger than those ?owing alongside inner wall 
64b, the quantity of ?ow can be determined by taking an 
average of the two different-sized quanta. 

Referring now to FIGS. 3 and 17, there is shown an 
electrical connection 47 to a metallized layer of piezoelectric 
membrane 35 for carrying to a pulse detector unit 66 (FIG. 
17) electrical signals generated by movement of the mem 
brane. According to an embodiment of the invention 
wherein membrane 35 is not piezoelectric but electrical 
contacts are used instead, electrical connection 47 is con 
nected to the electrical contacts. 

When a piezoelectric membrane is used, the pulse detec 
tor unit preferably includes signal processing electronic 
circuitry that is operative to recognize a particular shape of 
a pulse or an electrical signal corresponding to ?exure of the 
membrane at the time of release of a quantum of ?uid from 
outlet 22 of the ?uid ?ow meter. It will be appreciated that 
it is important to be able to distinguish such pulses from 
background signals that are constantly being generated by 
the membrane. 
A value for the volume of each quantum of ?uid is either 

preset or predetermined and stored in a memory 68 of a 
microprocessor 70, such that each signal received represents 
the ?ow of a reference volume of ?uid through the ?ow 
meter. The microprocessor preferably also has a display 72 
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and a serial communication port 74. 

According to a preferred embodiment of the invention, by 
using the preset value for each quantum and according to 
electrical signals received, the microprocessor is operative 
to calculate the ?ow rate. By using ?ow delivery data, as are 
typically contained in a look-up table, and by comparing the 
preset quantum value with a quantum value in the table 
corresponding to the calculated ?ow rate, the microproces 
sor is operative to alter the preset quantum value to a 
different value. By repeating these steps of calculating and 
comparing, in iterative fashion, the microprocessor is opera 
tive to reach a “true” quantum value and, hence, a true ?ow 
value. 

Also, according to a preferred embodiment of the inven 
tion, pressure and temperature sensors, respectively refer_ 
enced 108 and 110 (FIG. 17), are mounted in the ?ow 
chamber and are effective to continuously provide to the 
microprocessor pressure and temperature readings. The 
microprocessor also calculates any necessary adjustment of 
the preset value for the volume of each quantity of ?uid, 
according to the pressure and temperature data received. 
The pressure and temperature readings may also be used 

by microcontroller 70 to provide an alarm indication when 
the temperature rises to a dangerously high level, which may 
indicate ?re or where the pressure drops below a predeter 
mined threshold value, which may serve as an indication of 
leakage in the system. 

According to an alternative embodiment of the invention, 
multiple ?ow meters may be provided to accommodate a 
very large ?uid ?ow, with the ?ow pulse signals being 
directed to a central rnicrocontroller for determination of the 
overall ?uid ?ow rate. 

Reference is now made to FIG. 18, wherein there is 
shown, in block diagram form, centralized data collection 
apparatus utilizing the ?ow meter of the present invention. 
In accordance with a preferred embodiment of the invention, 
a dialer 78, which permits communication between the ?ow 
meter and a domestic telephone line 81, is operative to 
automatically dial a data center 106 and to send thereto 
information pertaining to ?uid ?ow as measured by the 
meter. 

A timer 76 may also be provided to trigger dialer 78 at a 
given interval, such as once a month and preferably at a time 
when the telephone line is unlikely to be in use. The dialer 
is also preferably operative to continue dialing from the time 
it is triggered by timer 76, until it manages to get through to 
data center 106 and pass the required information. In the 
event that the connection is broken while the information is 
being passed, dialer 78 is operative to redial, if necessary 
repeatedly, until the information is successfully passed. 

Referring now to FIG. 19, communication between the 
?ow meter and a mini-terminal 86 may be provided by 
means of a ?rst receiver-transmitter 82 linked to the ?ow 
meter and a second receiver-transmitter 84 associated with 
the mini-terminal. The mini-terminal may also be equipped 
with a memory bank 88 and a display panel 90. Local 
networks of an optically—isolated unit 92 may be provided 
through a connector 94 to a mini-terminal 96, as shown in 
FIG. 20. 

Referring to FIG. 21, ?uid meters 10, which, according to 
a preferred embodiment are gas ?ow meters, may be con 
nected with a remote data center 106 by means of a modern 
104. This permits not only regular sending of ?ow infor 
mation from the gas meters to the data center, but it also 
permits data center initiated scanning of the gas meters. 
As illustrated in FIGS. 25 and 26, another embodiment of 
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the membrane is a membrane 115 formed of an upper layer 
116 and a lower layer 118 bonded together along their 
lateral, longitudinal edges 120, typically either by heat 
sealing or by adhesive. Since it is desirable for the mem 
brane to be as light as possible in order to be able to perform 
in any position with the least effect from gravity, the ?exible 
layers of membrane may be typically formed to each have a 
thickness of approximately 5 microns. In this embodiment 
the membrane material can be composed of a ?exible plastic 
and may for example be formed of polyethylene. Other types 
of thermoplastic or therrnosetting plastics may also be 
suitable. A wide variety of plastics have been found to 
behave like a thermoplastic, deforming under high tempera 
tures, thereby interferring with the natural ?exing undulation 
of the material, and even deforming su?iciently to block 
?uid ?ow. Although metal foils resist deformation due to 
exposure to high heat, such metal foils are also subject to 
corrosion, and tend to crack and fail eventually. It has been 
found that placement of strips 122 a, b, c of a ?exible 
material which retains undulation characteristics even at 
high temperatures within the envelope formed by the upper 
and lower layers of the two-layer membrane allows the 
membrane to retain its undulation characteristics even at 
high temperatures, to retain corrosion resistance, and allows 
the membrane to be formed with extremely thin layers of 
?exible plastic material. The strips 122 are typically formed 
of glass ?bers such as optical ?bers, but may also be formed 
of graphite ?bers, fabric ?bers, or can even be formed by 
thin metal strips. 

Referring to FIGS. 27 and 28, another form of the ?exible 
membrane utilizing a single layer of ?exible material 125 
similar to the material used in the double-layer membrane 
115, includes multiple strips 132 a, b, c, d mounted on the 
outer lengthwise edges of the membrane. Other strips could 
also be mounted at other locations lengthwise along the 
membrane, and the housing 126 is formed with correspond 
ing inner channels 128, inset in the housing to form guides 
for the undulation motion of the strips. The strips are 
mounted at the edges 130 of the membrane. These strips 132 
may similarly be formed of glass ?bers, graphite ?bers, 
fabric, metal strips, or the like, and are preferably bonded to 
the outer surface of the membrane, as by adhesive. In the 
embodiment on FIGS. 25 and 26, the strips 122 are prefer 
ably only bonded to the membrane at the longitudinal ends 
114 a, b of the membrane. It should also be recognized that 
the strips of heat resistant ?exing material can be formed 
either in rectilinear shapes, or in curved shapes, or can be 
formed to have varying thicknesses along their length, in 
order to modify and adapt the ?exing characteristics of the 
membranes. 

Another form of a two-layer membrane is illustrated in 
FIGS. 29 and 30, showing an elongated coil of heat resistant 
?ber material placed within a sealed envelope formed 
between the two layers of the membrane 115. The coil 134 
naturally expands to be located around the inner periphery of 
the envelope, and in particular extends along the inner 
longitudinal edges 120 of the membrane. The elongated ?ber 
is preferably a loose coil within the membrane, and is 
typically formed of glass ?bers, such as optical ?bers, 
although graphite and fabric ?bers are also suitable. 

In order to create a membrane having different elasticity 
along the length of the membrane, the coil 134 can be tied 
together at regular intervals along the length of the mem 
brane by ?ber connecting ties 135. Thus, it will be appre 
ciated that the portion of the coil 136 between the longitu 
dinally extending portion of the coil 137 at the connecting 
ties and the longitudinally extending portion of the coil 138 
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at the inner periphery of the membrane envelope is more 
resistive to longitudinal ?exing of the membrane, which can 
enhance the regular, ?exing, pulsing undulation character 
istics of the membrane. 

Still yet another form of a membrane with supporting 
?bers or strips to enable the membrane to retain its undu 
lation characteristics is shown in FIG. 32. The single mem 
brane layer 140 includes multiple inner channels 142, 
loosely containing elongated ?bers 144, similar to the ?bers 
referred to above. These ?bers 144 are also preferably only 
bonded to the longitudinal ends 114 a, b of the membrane, 
to allow for free ?exing of the membrane. Such a single 
layer membrane as is shown in FIG. 32 is typically approxi 
mately 60 microns thick. 

It has also been found that ?exing of the membrane in 
response to ?uid ?ow through the ?ow meter may also 
produce vibration of the membrane not corresponding to 
individual quanta of ?uid ?ow, making it di?icult for the 
signal processing circuitry to distinguish between signal 
pulses representing quanta of ?uid ?ow and vibrations, 
particularly at high ?uid ?ow rates, which can induce 
turbulent ?ow in the meter. 

One embodiment of the ?ow meter which is particularly 
useful in helping to discriminate between signal pulses 
representing quanta of ?uid ?ow and vibrational pulses is 
illustrated in FIG. 3. Here, a double layer membrane having 
the upper layer 116 and the lower layer 118 with the middle 
layer of ?exing supporting material 122 therebetween 
extends between guideblocks 148, having stopper members 
150 mounted to and extending from the inner surfaces 151 
of the upper and lower guideblocks. The stopper members 
thus serve as extension guides, and also limit the ?exing 
motion of the, membrane, which strikes the stopper mem 
bers sequentially as it ?exes. The stopper members are 
typically currently formed of thin leaf springs. Piezoelectric 
elements 152 a, b are mounted at the longitudinal ends 153, 
and preferably on the outer surfaces of the leaf spring 
stopper members. Thus, the alternating ?exing of the mem 
brane causes the membrane to strike the stopper members, 
causing the piezoelectric elements to sequentially generate 
signal pulses representing the passage of a quantum of ?uid 
?ow. The piezoelectric elements are in electrical communi 
cation with the pulse detector of the signal processing 
circuitry, as shown in FIG. 17. 

In order to further discriminate the signals due to vibra 
tions of the membrane as it strikes the stopper members, 
from signal pulses due to passage of quanta of ?uid ?ow, a 
discriminator circuit 156 is included in the pulse detector, to 
generally pass signals over a predetermined threshold, 
which passes the received signals to a ?ip-?op circuit 158, 
which operates to pass individual pulse signals in alternating 
sequence from the ?rst and second piezoelectric elements, to 
the microcontroller 70. 

Another arrangement of a membrane between stopper 
members to cause a piezoelectric element to generate signal 
pulses principaly when the membrane strikes the stopper 
members is shown in FIG. 34. Here, the arrangement is 
similar to that shown in FIG. 33, except that the piezoelectric 
element 154 is in the form of a piezoelectric ?lm or layer 
mounted to the membrane. The piezoelectric ?lm can be 
mounted on one outside surface of the membrane, as is 
shown in FIG. 34, or can be contained loosely within the two 
layers of the membrane envelope, so that as the membrane 
undulates from a ?rst position striking a ?rst stopper mem 
ber to a second position striking a second stopper member, 
the piezoelectric element sequentially generates electrical 
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pulses representing passage of quanta of ?uid ?ow. Thus, in 
the embodiment shown in FIG. 33, the piezoelectric signals 
are not a measure of bending per se of the membrane, and 
only represent striking of the membrane on the stopper 
members, where as in FIG. 34, the main signal from the 
piezoelectric material comes from the striking of the mem 
brane against the stopper member, but also is generated by 
bending and vibration of the membrane. In the case in which 
the piezoelectric ?lm is bonded to the membrane, the 
piezoelectric element is preferably bonded with an elastic 
adhesive, allowing the piezoelectric material to ?ex with the 
membrane. 
As mentioned previously, one of the problems associated 

with operation of the ?uid ?ow meter at elevated tempera 
tures is the creation of permanent curvature of the mem 
brane. This permanent curvature of the membrane can also 
be caused under conditions of no ?ow, so that it may also be 
desirable to maintain the membrane in a fully ?attened 
condition during periods of no ?ow or minimal ?ow. A 
minimum ?ow condition in a natural gas distribution system 
may merely involve the quantity of ?ow consumed by pilot 
?ames, for example. One embodiment of the ?ow meter 
which can cause the membrane to become ?attened during 
periods of no ?ow to help prevent permanent deformation of 
the membrane is illustrated in FIG. 35. An inner antecham 
her 156 is provided, which is connected to and in ?uid 
communication with the ?uid inlet port 18. The inner 
antechamber is de?ned by the antechamber housing 157, 
generally comprising an angled member, directing the ?uid 
?ow toward a diaphragm 158 positioned at the outlet of the 
inner antechamber, and connected to the main housing wall 
by a relatively weak compression spring 160. One end of a 
lever arm 162 is also connected to the spring, with the lever 
arm pivoting about the pivot point 164 mounted to the 
housing, and with the other end of the lever arm connected 
to the upstream end of the membrane spring mounting 166. 
Under a condition of no ?ow, the diaphragm is pressed 
against the diaphragm limit stops 168 on the inner ante 
chamber housing, pivoting the lever arm so that the end of 
the membrane is pulled sufficiently taut to ?atten the mem 
brane. The spring 160 is su?iciently weak that a minimal 
?uid ?ow through the inlet port can dislodge the diaphragm 
from the diaphragm limit stops, to allow the ?ow meter to 
function. 

Another similar embodiment of a mechanism for main 
taining the membrane in a ?attened condition during periods 
of no ?ow is illustrated in FIG. 36. An inner antechamber 
156 is also in ?uid communication with the ?uid inlet port 
18, with the inner antechamber being formed by the ante 
chamber housing 157. A diaphragm 158 is moved in the 
direction of ?uid ?ow when the quantity of ?uid ?ow 
exceeds a minimum threshold, and the diaphragm is pressed 
up against the diaphragm limit stops 168 on the antechamber 
housing by the tension spring 160, connected between the 
diaphragm and the ?ow meter housing. The diaphragm is 
also connected to the upstream end of the membrane spring 
mounting. This mechanism operates in a fashion similar to 
the mechanism of FIG. 35, without pivoting of a lever arm. 

In order to adaptively change the distance between the 
spring mounting clamps at the ends of the membrane to 
compensate for the tendency of higher How rate to increase 
the degree of curvature of the membrane, a mechanism 
similar to a mechanism for ?attening the membrane at the 
upstream end of the membrane may also be provided at the 
downstream end of the membrane. In the embodiment 
illustrated in FIG. 36, a cupped or parabolic drogue member 
170 is attached to the clamp at the downstream end of the 
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membrane spring mounting 172, and is further attached to 
the housing of the ?ow meter by a tension spring 174. At 
increasing ?ow rates, the drogue member will therefore 
exert an increasing tension on the membrane, to oppose the 
tendency of the membrane to be increasingly curved at the 
higher ?ow rates. 

It will be appreciated by persons skilled in the art that the 
present invention is not limited to what has been shown and 
described hereinabove. The scope of the invention is, rather, 
limited solely by the claims, which follow. 

I claim: 
1. A ?uid ?ow meter, comprising: 
a housing having a pair of ?uid ports and de?ning a ?uid 
?ow path therebetween; 

a ?exible membrane extending lengthwise in the direction 
of ?uid ?ow and mounted for ?exure at opposing 
longitudinal ends of the membrane within the housing, 
said membrane having a pair of opposing faces and two 
opposite side edges extending generally in the direction 
of ?uid ?ow mounted in the ?uid ?ow path such that 
the side edges form seals with said housing, and the 
pair of faces simultaneously de?ne with the housing 
?uid impermeable seals at least two di?rerent locations 
along the ?ow path operative to ?ex so as to permit 
passage of discrete quanta of ?uid, each quantum of 
?uid having a known volume varying as a function of 
?ow rate; 

at least one elongated resilient member disposed within 
said membrane forming a plurality of lines of resilience 
extending between said longitudinal ends of said mem 
brane in the direction of said ?uid ?ow path for 
providing the membrane with resilience for undulation 
of ?exing; 

means for generating electrical signals corresponding to 
?exure of said membrane; and 

monitoring means for receiving the electrical signals from 
said means for generating electrical signals over a 
period of time determining the rate of said electric 
signals, determining the volume of said quanta based 
upon said electrical signal rate, and thereby determin 
ing a ?uid ?ow rate along said ?ow path. 

2. The ?ow meter of claim 1, wherein said ?exible 
membrane is formed of at least one layer of ?exible material. 

3. The ?ow meter of claim 2, wherein said ?exible 
membrane is formed of two layers of ?exible material 
sealingly bonded together about their perimeters. 

4. The ?ow meter of claim 2, wherein said ?exible 
membrane is formed of a tube of ?exible material having 
two opposite end openings sealingly bonded together. 

5. The ?ow meter of claim 2, wherein said ?exible 
membrane is formed of a sheet of ?exible material having 
internal channels extending lengthwise in the direction of 
said ?uid ?ow path. 

6. The ?ow meter of claim 2, wherein said ?exible 
material is non-resilient. 

7. The ?ow meter of claim 1, wherein said at least one 
elongated resilient member comprises a plurality of elon 
gated resilient strips are secured to at least one longitudinal 
end of said membrane extending in the direction of ?uid 
?ow. 

8. The ?ow meter of claim 7, wherein said strips are 
rectilinear in shape. 

9. The ?ow meter of claim 7, wherein said strips vary in 
thickness in at least one dimension. 

10. The ?ow meter of claim 7, wherein said ?exible 
membrane is formed of two layers of ?exible material 
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sealingly bonded together about their perimeters, and 
wherein said strips are enclosed between said layers of 
?exible material. 

11. The ?ow meter of claim 10, wherein said strips are 
bonded over the length of said strips to at least one of said 
layers of ?exible material. 

12. The ?ow meter of claim 1, wherein said at least one 
resilient member comprises elongated ?ber material. 

13. The ?ow meter of claim 12, wherein said membrane 
is formed of a sheet of ?exible material having at least one 
internal channel extending lengthwise in said membrane, 
and said ?ber material is enclosed in at least one said internal 
channel. 

14. The ?ow member of claim 1, wherein said at least one 
resilient member comprises a coil of an elongated ?ber 
material enclosed between two layers of ?exible material, 
and at least a portion of said coil extends from one of said 
side edges to the other of said side edges. 

15. The ?ow meter of claim 14, wherein opposite sides of 
said coil are secured together at at least one location. 

16. The ?ow meter of claim 1, wherein said means for 
generating electrical signals corresponding to ?exure of said 
membrane includes stop means adjacent to at least one of 
said faces. 

17. The ?ow meter of claim 16, wherein said stop means 
comprises at least one stopper member mounted on a guide 
member mounted within said housing adjacent a longitudi 
nal end of said ?exible membrane. 

18. The ?ow meter of claim 16, wherein said stop means 
comprises a pair of stopper members mounted within said 
housing adjacent said membrane faces, respectively. 

19. The ?ow meter of claim 18, wherein said ?exible 
membrane has ?rst and second longitudinal ends, and fur 
ther including at least one pair of guide members mounted 
within said housing adjacent one of said ends of said ?exible 
membrane, and wherein said stopper members each com 
prise a leaf spring mounted to one of said guide members. 

20. The ?ow meter of claim 16, wherein said means for 
generating electrical signals further includes piezoelectric 
material mounted within said housing such that undulation 
of said membrane causes said membrane to strike said stop 
means, causing said piezoelectric material to generate an 
electrical signal. 

21. The ?ow meter of claim 20, wherein said stop means 
comprises a stopper member mounted in a guide member in 
said housing adjacent said membrane, and said piezoelectric 
material is mounted on at least one said stopper member. 

22. The ?ow meter of claim 20, wherein said piezoelectric 
material is mounted on at least one face of said ?exible 
membrane. 

23. The ?ow meter of claim 1, wherein said membrane 
moves by ?exure from a ?rst position prior to release of a 
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quantum of ?uid to a second position after release of the 
quantum of ?uid, and wherein said monitoring means 
includes pulse detector means for receiving pulse signals 
from a ?rst piezoelectric element mounted for detection of 
?exure of said membrane to said ?rst position and for 
receiving pulse signals from a second piezoelectric element 
mounted for detection of ?exure of said membrane to said 
second position. 

24. The ?ow meter of claim 23, wherein said monitoring 
means includes signal processing means, and said pulse 
detector means includes ?ip ?op means for passing indi 
vidual pulse signals in alternating sequence from said ?rst 
and second piezoelectric elements to said signal processing 
means. 

25. A ?uid ?ow meter, comprising: 
a housing having an inlet and an outlet ?uid port de?ning 

a ?uid ?ow path therebetween; 
a ?exible membrane mounted at ?rst and second longi 

tudinal ends within the housing, said membrane having 
a pair of opposite side edges extending in the direction 
of the ?uid ?ow path to form seals with the housing; 

resilient guide means mounted adjacent said ?rst longi 
tudinal end for facilitating change of position of the 
membrane; and 

means responsive to membrane ?exure for determining a 
?uid ?ow rate along said ?ow path. 

26. The ?uid meter of claim 25, wherein said guide means 
?trther comprises: 

a guide extension adjacent said ?rst longitudinal end. 
27. The ?uid ?ow meter of claim 26, wherein said guide 

extension is permeable. 
28. The ?uid ?ow meter of claim 26, wherein said guide 

extension further comprises: 
a thin leaf spring. 
29. The ?uid ?ow meter of claim 26, wherein said guide 

means further comprises: 
a pair of guide members mounted within said housing 

adjacent said inlet ?uid port. 
30. The ?uid ?ow meter of claim 26, further comprising: 
second guide means mounted within said housing adja 

cent said second longitudinal end of said membrane. 
31. The ?uid ?ow meter of claim 30, wherein said second 

guide means further comprises: 
permeable guide extensions. 
32. The ?uid ?ow meter of claim 31, wherein said second 

guide means further comprise: 
thin leaf springs. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. ; Re. 35,114 

DATED : December 12, 1995 

INVENTOR(S) : Dov Ingman 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Col. 2, line 8, delete "rat" and insert --rate--. 

Col. 5, line 17, delete "33" and insert --35--. 

C01. 7, line 4, delete "membranse" and insert --membrane--. 

Col. 10, line 57, ‘delete "principaly" and insert --principal1y--. 

Col. 11, line 61, delete "How" and insert --?ow--. 

Col. 14, line 29, after "26. The ?uid" insert -—?ow--. 

Signed and Sealed this 

Sixteenth Day of July, 1996 

AIME 6M W 
BRUCE LEHMAN 

AIIeSIing Oj?cer Commissioner of Patents and Trademarks 


