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essary seals therebetween. US-A-4627295 (Matsubara et al) discloses a
BACKGROUND OF THE INVENTION                        vortex sensing flow
meter having a body shedding a vortex train when fluid moving through a
conduit 1. Field of the Invention.                     5   flows therepast.
A pressure receiving plate (some- what like a single sensing diaphragm)
mounted to The present invention relates to a vortex flow  and supported by
a lower end of a tube is located meter and more particularly to a sensor
for use    in a pressure sensing chamber formed within the with a vortex
flowmeter utilizing a beam that pro-  body. A sensor member rigidly mounted
in the vides a flow-related output by pivoting or rocking in  10  bore of
the tube has a filling to support a pair of response to vortex induced
differential pressures  bending elements. The bending elements provide on a
sensing diaphragm.                            an electrical output signal
that indicates the fre- quency of vibration or deflection of the plate. 2.
Description of the Prior Art.                       One measure of the
ability of a sensor to reject 15  variations in static pressure is called
the common Various differential pressure sensitive vortex  mode rejection
ratio. This is defined as the ratio of flowmeters have been advanced which
operate on     the sensor output per unit of differential pressure to the
principle that a bluff body or bar placed in a  the output of the sensor
per unit of common mode fluid flow will cause a generation of vortices al-
(static) pressure. This ratio should be very large, ternately on opposite
sides of the bluff body, caus-  20  preferably greater than 2,000. [err]
variations in pressure downstream from the bar. The frequency of vortex
shedding is found to be    SUMMARY OF THE INVENTION directly proportional
to the velocity of flow in the stream  for an individual bar configuration
char-      The apparatus of the present invention is de- acteristic. Twin
diaphragm  differential pressure  25  signed to overcome problems
associated with the sensors used with vortex shedding bluff bodies
prior art, in particular employing a single sensing have been advanced, as
shown in United States      diaphragm e.g. clogging, difficulty of
manufacture, Patent No. 4,475,405. Deflections of the diaphragm  corrosion,
stress problems. in turn will cause bending of a sensing beam. Twin     The
apparatus of the present invention is de- diaphragm sensors have been found
to be sen-   30  fined in Claim 1. sitive to fluctuations in the static
line pressure     Such a sensor for a vortex flowmeter that has a unless
the diaphragms are exactly matched and      bluff body or bar in a fluid
stream forming vortices remain matched under the influence of static pres-
on opposite sides thereof, and in particular to a sure. This has practical
limitations. Double dia-  sensor which has a single diaphragm differential
phragm systems with an intermediate fluid fill have   35  pressure sensor
located downstream from the bar been used, but problems with high
temperature      to sense variations in pressure on opposite sides
operation limit performance. Single diaphragms     thereof caused by the
shedding of vortices from heretofor have been impractical because the use
of  the bar. The single sensing diaphragm is coupled sensors on a single
diaphragm would require expo-  to a sensing beam that is mounted so that it
pivots [err] of the sensors to the fluid being sensed, and   40  in the
manner of a pivoting lever on a mounting most industrial process fluids
will damage sensors.  structure which is part of a sealing wall of the
US-A-1215135 (Fisher) discloses an assembly     flowmeter. A surface on the
interior of a chamber for indicating fluid flow in a pipe or passage. The
will deflect as the sensor beam pivots. The surface assembly comprises a
metal strip mounted within a  is an isolated actuator portion of the beam.
This notch on a lower end of a rod. The rod projects  45  actuator portion
then moves from side-to-side dur- through the pipe with the metal strip and
rod por-  ing pivoting action of the sensing beam as the tion located in
the path of fluid. Vibrations set up in  single sensing diaphragm moves
transversely due the metal strip are transmitted through the outer  to
differential pressures acting on it. The motion of end of the rod where
means are mounted for         the actuating portion on the exterior of the
flow indicating the periodicity thereof.           50  stream is sensed in
a convenient manner and the US-A-4679445 (Knudsen et al) discloses a sen-
frequency of the beam deflections in opposite di- sor for a vortex sensing
flowmeter. The sensor     rections from a reference position indicates the
includes a beam that is coupled across a separate  velocity of flow in the
flow stream. flexible diaphragm between a vortex shedding por-      The
present sensor is particularly adapted for tion and a sensor portion. The
diaphragm is located   55  sensing a wide range of flows and is
particularly between a sensor housing and a meter housing to    useful for
sensing low flows which provide for very isolate the sensor space from the
fluid in the cham-  low differential pressures. The sensor construction ber
and includes suitable means to effectuate nec-  shows a high common mode
rejection ratio, that is, 2  



3                 EP 0 377 663 B1                     4 it is relatively
insensitive to variations in static pres-  Figure 7 is a sectional view
taken as on line 7 -- sures, but easily senses low vortex generated dif-
7 in Figure 3; ferential pressures.                                  Figure
8 is a vertical sectional view of a modi- The delicate sensing means and
electrical con-    fied form of the sensor of the present invention nectors
are isolated from the process fluid and also   5  showing a different type
of mounting; sensing means can be calibrated, replaced, and        Figure 9
is a vertical sectional view of a further otherwise serviced without
shutting down the pro-     modified form of the present invention showing
cess line.                                            an arrangement to
reduce acceleration sensitiv- Preferably, piezoelectric sensing elements
are    ity; used as the motion sensing means of the surface   10  Figure 10
is a side view of a motion coupling actuated by the rocking beam  in the
fluid flow       member for transferring motion from a rocking stream,
although other methods or sensing ele-        beam to a sensor taken on
line 10 -- 10 in ments are applicable to measure motion of or force
Figure 9; and generated by the rocking or pivoting sensing beam.    Figure
11 is a view of a sensor taken on line 11 Such sensing elements may include
strain gauges,  is    -- 11 in Figure 9. optical sensors, magnetic field
sensors, or capaci- tive sensors. Piezoelectric devices are simple, do
DETAILED DESCRIPTION OF THE PREFERRED not require power to operate, and
have the ability  EMBODIMENTS to detect very small motions, as well as
being able to operate at high temperatures.               20      A vortex
shedding flowmeter for providing an The sensor can be acceleration
compensated,      output indicative of a flow of fluid is indicated and for
high temperature operation only a few high  generally at 10. The flowmeter
10 is positioned in a temperature materials are needed, because the
spool 11 forming a section of a flow conduit, and sensitive materials are
not in direct contact with the  coupled onto a line or pipe 12 which
carries a flow fluid being sensed. The sensor location is relatively  25
of process fluid, the volume of which is to be simple to shield, thus
avoiding electrical noise   measured. The fluid flows through a central
conduit problems. The sensor can be replaced or serviced   passageway 13 of
the pipe. The spool 11 has a without line shutdown, because it is
non-wetted and  matching or slightly smaller size flow passageway no
pressurized line seals are opened for service.  14, and is coupled to the
pipe 12 through the use The number of parts used are minimized, and the
30  of a gasket 15 at opposite ends thereof in a normal diaphragm and other
moving components operate      manner. A flange 16 on pipe 12 can be used
for at low stress levels to provide long life and reliabil-  clamping the
spool 11 in place utilizing suitable ity. Further, the single diaphragm has
the ability to  fasteners such as bolts indicated generally at 17 in
operate over a large dynamic range, and thus        Figure 1. sense a wide
range of flows. Since the sensor can   35  A housing assembly 20 is part of
the flowmeter be manufactured as a one-piece, no-weld assem-      10, and
is used for mounting a vortex generating bly, it minimizes corrosion and
stress problems.   bluff body or bar indicated generally at 19 that extends
transversely across the conduit opening BRIEF DESCRIPTION OF THE DRAWINGS
14, and as can be seen in Figure 4, includes a 40  head section 21 that has
a forward, generally Figure 1 is a front view of a vortex flowmeter
planar or bluff face 22, which is generally per- having a sensor made
according to the present    pendicular to the direction of flow represented
by invention, facing downstream  generally along   the arrow 23 in Figure
1. The vortex shedding bar line 1 -- 1 in Figure 2, with parts in section
and  further includes a central web or body portion 24, parts broken away;
45  and a tail 25. The body is designed to provide a Figure 2 is a
sectional view of a sensor made    series of stable and flow related
vortices repre- according to the present invention taken on line  sented by
the lines 26. The vortices are shed 2 -- 2 in Figure 1;
alternately from the lateral or side edges of the Figure 3 is an enlarged
view taken substantially  head 21 of the bar 19. The vortices that are gen-
on the same line as Figure 2 showing details of  50  erated switch or
alternate, as is well known, from the present sensor;
opposite edges of the head 21 at a frequency that Figure 4 is a sectional
view taken as on line 4 --  is a function of the velocity of fluid flow
past the 4 in Figure 3;                                   bar 19. The
vortices flow downstream past the web Figure 5 is a sectional view taken as
on line 5 --  or center body portion. 5 in Figure 3;
55      As the vortices switch, the pressure on op- Figure 6 is a sectional
view taken as on line 6 --  posite sides of the central web or body section
24 6 in Figure 3;                                   will alternately be
high and low, so that there are differentials in pressure on opposite sides
of the 
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portion caused by passage of the     diaphragm 40 from the fluid flowing in
the conduit. vortices.                                         Chamber 42
has various sections, but the isolated The housing 20 abuts a support plug
30 at a    beam portion 36B is in this isolated chamber 42, remote end
thereof, which is used for supporting  and is spaced from the walls
thereof, and is sup- the body 19, including the sections 21, 24, and 25   5
ported relative thereto by the isolator diaphragm in the flow tube or spool
11, and this plug 30 is  40. held in place with suitable fasteners 31. The
hous-   The isolator diaphragm 40 is relatively stiff, and ing 20 also
includes a head member 32 that is on  forms a pivot for the sensing beam
36, so that the an opposite side of the spool 11 from the support  beam
portion 36A can move as indicated by dou- plug 30, so that the housing is
very stably sup-  10  ble arrow 27A in Figure 5 as the sensing beam 36
ported in the passageway 14 and thus in the flow  pivots about an axis as
shown at 44 in Figures 1 stream. Suitable seals 32A, 30A are used for seal-
and 5. The isolator diaphragm 40 has to be suffi- ing the housing and the
spool. Alternatively, weld-  ciently strong to withstand the pressure in
the ing could be used in place of seals 30A, 32A.     conduit opening 14,
while the sensing diaphragm An upper portion 34 of the central web or body
15  35 has to withstand only the differentials in pres- 24, adjacent the
head 32, is formed into thin sens-  sure on opposite sides thereof caused
by the gen- ing diaphragm 35 that is integral with the head 21  eration of
vortices from the head 21 of the bluff of the bar 19 at the leading edge of
the diaphragm  body or bar 19. and is integral with portions of the body
along its   The isolated chamber 42 has an enlarged sec- peripheral edges.
Sensing diaphragm 35 is sub-  20  tion 46 in which a motion sensor or
sensing means stantially thinner than the main portion of the cen-  shown
generally at 48 is mounted. The motion tral web portion 24. As the fluid
flows past the head  sensor is coupled to the isolated beam portion 36B 21
causing vortices to shed, an oscillating differen-  of the sensing beam 36.
The isolated beam portion tial pressure is imposed across the passage, and
36B of the sensing beam has an upper end that is the sensing diaphragm 35
is affected. The sensing   25  coupled to an axially flexible diaphragm 50.
Dia- diaphragm 35 is acted upon by the differentials in  phragm 50 is
flexible along the direction of axis 38, pressure caused by the vortices 26
(Figure 4) that  but is stiff enough so it will transmit side-to-side
alternately shed from the bluff body 19 causing   motions. The diaphragm 50
is in turn coupled to a sides of the sensing diaphragm  35 to tend to
motion transmitting tube 51, which has an outer deflect as indicated by the
double arrow 27 in  30  wall 53, as can be seen in Figure 3. The lower end
Figure 5.                                         of the wall 53 is
mechanically connected to the A rocking or pivoting sensing beam 36 is
integ-  peripheral edges of diaphragm 50. The tube 51 rally coupled to the
center portions of the deflect-  extends upwardly and is coupled to a
motion trans- ing sensing diaphragm 35, as can be seen in       mitting
head 54 (Fig. 3), which is of the shape Figures 3, 4 and 5, perhaps best.
It can be seen   35  generally shown in Figure 6. The head 54 has a that
the sensing beam 36 has an elongated or      center portion 55, and outer
edge portions 56,56. longitudinal axis indicated at 38 that is perpendicu-
The outer edge portions 56 are hinged with narrow lar to the direction of
fluid flow, and is parallel to  hinge webs 58, to a mounting head 60 of the
the plane of the sensing diaphragm 35. Sensing    sensor assembly 48. There
are two of the hinge diaphragm 35 has fore and aft portions 35A and   40
webs 58, as can be seen, and these hinge webs 35B, that couple the sensing
beam 36 to the head  are made so that the motion transmitting head 54
portion of the body 21 and the tail portion 25 as  can pivot about an axis
which is parallel to the well as to the central web portion 24 at the lower
pivot axis 44. end of the sensing beam 36. The sensing beam 36       The
rocking of the head 54 about the axis of has a first wetted beam portion
36A that is posi-  45  the hinge webs 58 causes the head 54 to tilt, as is
tioned within the conduit passageway 14, and thus  shown greatly
exaggerated in dotted lines in Figure subjected to the process fluid, and
sensing beam  5. When the head 54 does move the upper surface 36 has an
isolated beam portion 36B that is on an  of the center portion 55 will
tilt. The motion of the opposite side of an isolator diaphragm 40 from the
upper surface 64 of the center portion 55 will tend sensing diaphragm. The
edge of sensing dia-  so  to change the compression loading of a set of
phragm 35 is integral with the isolator diaphragm  piezoelectric sensing
crystal wafers or discs in- 40 and sensing beam 36 is also integrally
formed  dicated generally at 70. These wafers or discs, as with the
isolator diaphragm 40 formed in the hous-  can be seen in Figures 6 and 7,
comprise two ing 20.                                           layers, with
each layer being two discs of substan- The head 32 of the housing 20 has a
chamber  55  tially half-circle configuration. The individual sensor
indicated at 42 that is on an opposite side of the  discs are shown at 70A
and 70B in Figure 7, and 



isolator diaphragm 40 from the spool passageway   70C and 70D in Figure 6.
Reaction block 74 is held 14, and thus chamber 42 is isolated by the
isolator  against the upper surface of discs 70 and retained 4    7
EP 0 377 663 B1                   8 with respect to mounting head 60. The
sensor      beam portion 36B of the sensing beam. discs are preloaded under
a compressive load suf-    In Figure 8, a modified form of the present
ficient so that the tilting of the surface 64 will  invention is
illustrated, and it operates on the same further compress the piezoelectric
sensor discs on  principles as the forms shown in Figures 1-7. The one side
of the pivot axis against block 74 while   5   view of Figure 8 corresponds
to that of Figures 1 the compressive preload is relieved on the other  and
5 essentially, but shows a type of a stress side of the pivot axis. The
compressive preload is  isolation mounting utilizable with the present
inven- sufficiently high so the sensor discs are always  tion. In this form
of the invention, a conduit shown under some compressive load during
pivoting of    fragmentarily at 90 has an opening shown at 91 the head 54.
Locator pins 73 are used to retain the  10  leading to the interior flow
passageway 92 through sensor discs 70 in a desired position with respect
which fluid is flowing. The fluid is flowing in direc- to the reaction
block 74. The motion causes the   tion perpendicular to the plane of the
sheet of piezoelectric sensor discs 70 to be loaded in spe-  drawings. A
vortex sensor assembly indicated gen- cific direction, depending on the
direction of deflec-  erally at 94 is mounted in the opening 91 and tion of
the isolated beam portion 36B. Surface 64 is  15  extends into the flow
passageway 92. The vortex directly coupled to the isolated beam portion 36B
sensor assembly 94 is part of a vortex shedding and deflects as a function
of the movement of the  bar 89. The shedding bar 89 has a head portion
rocking sensing beam 36 to provide an electrical  positioned in the same
manner as the head of the output. The four piezoelectric sensor discs are
ar-  vortex shedding bar shown in Figure 4, for exam- ranged in proper
polarity so the outputs of all four  20  ple. In this form of the
invention, a housing 95 discs are added for the total output. The output
includes a cylindrical sleeve 96 made from a uni- from the sensor discs can
be sensed through leads  tary block of material. The sleeve 96 slips into
the 75 that are electrically connected to the discs to  opening 91, and the
bar 89 that is used for forming measure voltage signals from the sensor
discs. The  the vortices can bed made as an integral part of voltage
signals then are carried to remote sensors,  25  sleeve 96, from the same
block of material. As through a suitable feedthrough 78, and are used for
shown, the sleeve 95 has an outer flange 98 that is providing signal output
through suitable circuitry  supported on a surface 97 of the conduit. The
outer indicated at 80.                                  surface of sleeve
96 is spaced from the surfaces The motion sensing means comprising the pi-
defining the opening 91. The flange 98 can be held ezoelectric discs 70 is
coupled to the isolated   30  in place very rigidly with capscrews shown at
99. portion 36B of the sensing beam 36 through the       A sensing
diaphragm assembly 100 is formed diaphragm 50, which is a thin diaphragm
with a    in the same manner as shown before, and a rock- center hole that
is slightly smaller than the diam-  ing sensing beam 101 is integrally
formed with the eter of the upper end portion of the isolated beam
diaphragm assembly 100, so that it is responsive to portion 36B of the
sensing beam. When the tube   35  differentials in pressure on the sensing
diaphragm 51 and the sensing means are pushed into place,   assembly 100 to
tend to move back and forth as that is, the parts that are held in place
with the cap  indicated by the double arrow 102. The sensing screws above
the isolated beam portion 36B, the   beam 101 is also mounted to a rigid
isolator dia- diaphragm 50 will slide over the cylindrical end  phragm 104
that is at an inner end of the sleeve 36C of the isolated beam portion 36B
and assume   40  96, the diaphragm 104 and the sleeve 96 form an a slightly
conical shape around the opening to    isolated chamber 105 on the upper
side of the accomodate the end of the beam portion 36B. This  isolator
diaphragm. The sensing beam 101 has a connection is very rigid in the
lateral direction, that  sensing beam portion 101A and an isolated beam is
perpendicular to the axis 38 of the rocking sens-  portion 101B on the
opposite side of the diaphragm ing beam 36, but weak in the axial motion of
the   45  104 from the passageway 92 carrying the process sensing beam. The
diaphragm connection reduces    fluid. the axial forces caused by the
rocking motion as      The isolated chamber 105 is surrounded by an the
sensing beam moves from side-to-side during   inner sleeve 110 that is
separated from the cylin- vortex shedding and also the diaphragm 50 does
drical sleeve 96 with a stress relief annular isolator not transmit axial
forces caused by static pressure  50  groove 112, which has an inner end
surface 112A changes in the line to the sensing discs or wafers  spaced
upwardly from the bottom surface 113 of 70. The coupling between diaphragm
50 and the     the sleeve 96 a greater distance than the thickness beam end
36C permits removal and replacement of   of the diaphragm 104. The chamber
105 is isolated the sensing means without opening any seals to    from the
conduit passageway 92, and thus from the 



the main fluid line. When the sensing means, in-  55  corrosive fluids that
may be carried in the conduit, cluding tube 51 are removed, the diaphragm
50     and the isolated beam portion 101B of the rocking involutes and
allows removal without damage to the  sensing beam is suitably coupled to a
bimorph diaphragm or to the upper end 36C of isolated     (piezoelectric)
bending beam  115. The coupling 5    9                 EP 0 377 663 B1
10 can comprise an interface surface defined by a        In Figures 9, 10
and 11, a modified form 160 of recess 116 holding the end of the bimorph
beam    the sensor is shown which provides for structure 115 in place with
suitable connection means such  that compensates for accelerations, such as
that as a spring slip fit, or as shown in resin filling 117  caused by
vibration in the conduit in which the that fills the recess and fixes the
parts together.   5   flowmeter is mounted, and has counterbalanced The
bimorph beam 115 is supported on a dia-       masses about the axes of
pivot of the rocking phragm 118 at its other end, and the diaphragm
beam, and also about the axis of the coupling link 118 is supported on a
ring 119 that in turn is fixed  from the rocking beam to the sensor
elements. to the upper end 120 of the stress isolated sleeve    In Figure
9, the cross section is essentially 110. The diaphragm 118 is bonded to the
beam   10  along the same plane as that shown in Figures 1 115 at their
junction. The bimorph beam 115 will  and 5 and comprises a vortex flowmeter
housing bend to provide an output electrical signal when  170 that fits
within a conduit, as previously shown. the isolated beam  section 101B
moves as the     A vortex generating bar assembly or bluff body 171 sensing
beam pivots in the direction as indicated  is shown only fragmentarily, and
is illustrated by the arrows 102 at its lower end, the upper end   15
downstream from a vortex generating head section will also move because the
sensing beam will pivot  172 that corresponds to the head section 21. Thus,
with respect to the isolator diaphragm about a pivot  Figure 9 is taken
looking upstream along the flow axis shown at 121. This will be in the
center of the  conduit. In this case, there is a central body portion rigid
isolator diaphragm 104, and the motion of the  173 that is shown in section
in Figure 9. The cross isolated beam section 101B, that includes the cou-
20  section of the body 173 is essentially the same as pling surfaces to
the sensing means comprising the  that shown in Figure 4, with the head 172
being in bimorph piezoelectric beam 115, will move, caus-  the position of
the head 21 in Figure 4. The bluff ing bending of the bimorph beam and
providing an  body 171 is supported in a support head 174 that output along
suitable leads 125, that can couple to  is mounted on the meter housing 170
in a suitable a feedthrough assembly 126 that provide the nec-  25  manner.
The upper portion of the central body 173, essary electrical connections
for sensing the     that is, the portion adjacent to the support head
bimorph beam output at remote circuitry. The dia-  174 is formed to have a
thin sensing diaphragm phragm  118 is flexible in axial direction of the
indicated generally at 175 therein, corresponding to sensing beam  and
reduces the effect of axial     the diaphragm 35. movement of the isolated
beam section 101B on   30    Diaphragm  175 comprises a sensing dia- the
bimorph output as the sensing beam 101 pivots  phragm that will tend to
move back and forth as in use.
indicated by the double arrow 176 when vortices Because the vortex sensor
assembly 94 is       generated by the bluff body 171 cause pressure mounted
with the flange 97 attached to the conduit,  differentials on opposite
sides of the sensing dia- and the vortex shedding bar and sensing means  35
phragm 175. A rocking or pivoting sensing beam are isolated by groove 112
the mounting stresses  177 is integrally coupled to the center portions of
for mounting housing 95 do not directly affect the  the sensing diaphragm
175. The rocking beam 177 rigid isolator diaphragm 104. Thus, the mounting
is centered on the sensing diaphragm 175 and has stresses will not
unbalance the half portions of the  an elongated central longitudinal axis
178 that bi- rigid isolator diaphragm 104 and the pivoting of the   40
sects the sensing diaphragm. The sensing dia- sensing beam will be
symmetrical about its axis   phragm has a portion 175A that is illustrated
in 121. The isolator diaphragm 104 can be trimmed to  dotted lines, which
joins the rocking beam 177 to be thinner on one side or the other and thus
the vortex generating head 172, body 173, and tail balanced and will still
provide the necessary sup-  (similar to tail 25 of Figure 4), as previously
illus- port for the rocking sensing beam 101. Very high   45  trated in
Figures 4 and 5 for example. values of the common mode rejection ratio can
be      The rocking beam 177 has a first wetted por- obtained because of
the isolation of the sensor   tion 177A in the flow conduit, and a second
iso- from  mounting stresses. The type of sensing      lated beam portion
177B. An isolator diaphragm means used is not particularly critical, and
the  180 is integrally formed with the rocking beam 177, bimorph-type beam
sensing means shown does  so  and divides the isolated portion 177B from
the provide an adequate frequency signal output. Here,  wetted beam portion
177A. The wetted portion is in too, the sensing means can be easily removed
and  contact with the fluid flow. The isolator diaphragm 



replaced if the bimorph beam 115 is coupled to the  180 mounts the rocking
beam so that the rocking surfaces of the isolated portion 101B of the
sensing  beam can pivot back and forth about a pivot axis beam by other
than epoxy, such as example with a   55  represented by the dot 181, that
is perpendicular to slight interference fit, or with a mechanical spring
the cross-sectional plane of Figure 9. mounting.
The isolator diaphragm 180 forms an interior chamber 182 in the beam
support head 174. The    11             EP 0 377 663 B1
12 isolated portion 177B of the rocking beam is posi-  The sensor includes
two stacked layers of sensor tioned in chamber 182. A sensor assembly 185
is     discs or crystals, comprising discs 205A, 205B, also positioned in
the outer portion of chamber    205C and 205D as shown in Figure 9. 182,
and as can be seen, the chamber 182 ex-           The discs are shown in
plan view in Figure 11, pands or becomes larger in diameter in stages   5
and as can be seen there is a pair of stacked discs toward the outer or
open end thereof. An interior  on each side of the bisecting plane of the
dia- shoulder 186 in chamber 182 forms a larger diam-   phragm 175, which
plane is represented by the line eter bore at the open end of the chamber,
and the  207 in Figure 11. The pairs of discs are spaced sensor assembly
185 has a shoulder that overlies   apart in the center of the head 199.
Suitable pins the surface 186. The sensor assembly further has   10  210
are provided in the head 199, for locating the an outer cap assembly 188
that is used for bolts   discs 205A-205D, and the discs are held under that
clamp the sensor support assembly into the    compression against the
surface 204 of head 199 support head 174.
through the use of a cap 212 that has an end boss The sensor assembly 185
is made to provide      portion 213 which fits within the inner opening of
for transferring the side-to-side rocking motion of  15  the sleeve 190.
The cap 212 has a shoulder sur- the isolated portion 177B of the rocking
beam 177  face 214 surrounding boss 213. The shoulder sur- to the actual
sensor elements, so that the rocking  face 214 overlies the rim 192 of tube
190. The motion will generate a signal indicating the fre-  surface 214 is
spaced from the upper surface 192A quency of vibration or rocking of the
beam 177     so that there is a slight gap between the surfaces. about its
pivot axis 181. The sensor assembly 185   20  The cap 212 further has an
outer peripheral rim includes a tubular support sleeve 190, which has a
216 that overlies the support ring 194, and the rim lower surface 190A that
overlies but is slightly   216 has a surface 217 that overlies the upper
spaced from the surface 186. The support sleeve    surface of the ring 194
and which is normally 190 extends toward the open end of bore 188 and
spaced therefrom. The cap 212 therefore can be has an outer rim 192 that
fits within a bore portion   25  loaded to cause the undersurface 213A of
boss 193 of a ring or sleeve 194 forming part of the    213 to bear against
the piezoelectric sensor discs sensor assembly.
205 and force these discs to be compressed The sleeve 190 also has an
interior bore for-   against the surface 204 of the head 199, and in ming
an outwardly facing shoulder surface 195 that  turn load the ribs 202
against the surface 195. forms an annular surface around a central opening
30  In assembly, the surface 190A is placed on a 196 in the end of support
sleeve 190. The central  support, and the motion transmitting assembly 198
opening 196 is of size so a motion coupling sleeve  is placed with ribs 202
against the surface 195. 197 will pass therethrough. The motion coupling
The piezoelectric sensor discs 205 are put into sleeve 197 is part of a
rocking motion transmitting  position on surface 204 using the pins 210;
the assembly 198 that includes the sleeve 197 and a   35  sleeve 190 is
placed within the ring 194, and the rocking head 199 (see Figure 10 as
well). The head  cap 212 is placed over the discs 205. A compres- 199 is a
circular head in plan view, and the sleeve  sive load is then provided to
the upper surface of 197 is centered on the central axis of the head,   the
cap 212 as indicated by the arrow 220, which is which coincides with the
axis 178 of the beam      resisted by the supporting load on the surface
when the sensor assembly is mounted on support  40  190A. The wafers or
crystals 205 are loaded under head 174. The lower surface of head 199 has a
compression to a desired level, and the cap 212 pair of pivot ribs 202
thereon aligned on opposite  and support ring 194 are welded together at
the sides of sleeve 197, as can be seen in the broken  periphery as shown
by the weld 221. The surfaces away portion of Figure 9 and also as seen in
Figure  at 217 may still be spaced, and there still will be a 10. The pivot
ribs 202 extend outwardly from the   45  gap between surfaces 214 and 192A,
but the rim wall of the tube 197 and have rounded bottom       192 will be
supported under load on the interior surfaces to form a pivoting or rocking
support so  shoulder surface 191A that is defined in the ring that the head
199 can be tilted about a pivot axis  194. Thus, the piezoelectric sensor
discs 205 are that is on the lower edge of the ribs and which    preloaded
a desired amount under compression to rests along the surface 195. The ribs
202 and the   50  insure that they will operate satisfactorily in use.
motion transmitting or coupling assembly 198 are   The assembly 195 is
placed on support head 174 



thus pivotably mounted on an axis parallel to axis  for use and when held
in place there will be a gap 181.
between surfaces 190A and 186. The head 199 has a planar upper surface 204
The construction of sensor assembly 185 also which is parallel to the pivot
axis underneath the  55  permits compensation for differentials in coeffi-
ribs 202, and thus parallel to the surface 195, and  cients of thermal
expansion between the piezoelec- is used to support four piezoelectric
sensing cry-  tric sensor discs 205 and the support sleeves and stals
forming a sensor indicated generally at 205.  rings which generally are
made of stainless steel, 7    13                EP 0 377 663 B1
14 as will be explained.                             tially higher thermal
expansion coefficient. How- The lower end of the motion coupling tube 197
ever, different stainless steels can be obtained has a thin diaphragm 225
thereon which is fixed at  which have different coefficients of expansion
from its outer periphery as shown at 226 to the lower  other types, but all
have thermal expansion coeffi- edge of the tube 197. The diaphragm has a
central   5   cients greater than the coefficient of expansion of opening
of slightly smaller diameter than the cylin-  piezoelectric materials.
drical upper head 177C of the isolated portion       In use then, under a
wide range of varying 177B of the rocking beam 177. As previously ex-
temperatures, it is possible that differential expan- plained, when the
sensing assembly 195 is put into  sion would reduce the initial compressive
load on position on the support head 174, the diaphragm   10  the
piezoelectric discs or crystals sufficiently to 225 will deform slightly
around its opening to pro-  cause problems. It should be noted again that
the vide a friction coupling between the diaphragm 225  sensor discs are
intended to always be under and the rocking beam.
some compression, even when maximum pivoting In this form of the invention,
the upper end   of the rocking beam is encountered. portion 177C of the
rocking beam has a selected   15  In the form of the invention shown in
Figure 9, size mass 177D above the diaphragm 225, to pro-   this effect can
be at least partially compensated by vide for a counterweight for balancing
the lower  making the sleeve 190 of a material that has a wetted portion
177A of the rocking beam, that is  lower coefficient of expansion than the
cap 212 and below the pivot 181. It can readily be seen that by  head 199
of the motion transmitting assembly 198 selecting the mass of portion 177D,
which is within  20  and selecting the effective axial length of the e
motion transmitting or coupling tube 197, the  sleeve to be at the proper
ratio to the thickness of lower wetted portion 177A can be counterbalanced
the sensor discs. The boss 213 of cap 212 ex- precisely to compensate for
the effects of accelera-  pands at one rate under increasing temperatures
tion forces on the rocking beam.                  and the boss elongation
or shortening along its axis Likewise, the mass of motion transmitting or
25  will be proportional to the length of the boss. The coupling assembly
198 can be compensated by       dimensional change of support sleeve 190
along its selecting the mass of the head member 199 on      axis will be
different and will be proportional to its opposite sides of the pivot axis
defined by the   length. The axis length of sleeve 190 between lower edge
of the ribs 202 from the coupling tube  surfaces 191A and 195 will be
selected to offset or 197.                                         30
compensate for the lessor expansion of the piezo- The mass of the tube 197,
which is below the   electric discs or crystals 205. The dimension can
pivot axis on ribs 202, has to be compensated by  be selected to maintain
the preload on the discs at the mass of the head 199 above this pivot axis.
the design level. The cap 212 is selected to have a Because the pivot axis
is kept below the sensors  higher coefficient of expansion than the sleeve
190 by using the ribs 202 on the lower size of the head   35  to achieve
the compensation. The discs 205 have a 199, external weights or added
weights are not    substantially lower coefficient. The ring 194 and
necessary, because the unit can be self-balancing,  motion transmitting
assembly 198 are selected to by selecting the mass of the head 199
properly.   be the same material as cap 212. The operation of this form of
the invention is    The head member 174 can be welded into the [err] same
insofar as sensing is concerned, and   40  flowmeter housing 170, and
because there is a suitable leads 230 are connected to the piezoelec-  weld
221 A that holds the unit in place, there are no tric discs or crystals
205A-205D to provide an    seals that fail in the unit. The sensor assembly
185 electrical output when the piezoelectric discs are  can be removed for
service merely by removing loaded under greater compression on one side of
the capscrews that thread the sensor assembly 185 the pivot axis formed by
the ribs 202 and reduced   45  into the support head 174, and slipping the
dia- in compressive load on the opposite side of this  phragm 225 off the
cylindrical portion 177C of the pivot axis. The piezoelectric discs
205A-205D are  rocking beam, which is the isolated, non-wetted selected in
polarity so that their outputs are ad-  portion of the rocking beam.
ditive, as previously explained.                      At low to zero flow
rates, the present sensor 



Because the vortex sensors of the present in-  so  provides an adequate
output without great sensitiv- vention must be operated in widely differing
tem-  ity to variations in static pressure. Static pressure peratures,
problems in differential thermal expan-  variations are noticeable at low
flow rates because sion between the compression loaded parts can     the
static pressure changes can appear as a pulse occur. The piezoelectric
crystal material has a very  in the line, such as for example near a pump,
low coefficient of expansion, for example, in the  55   where significant
pressure pulsations are gener- range of one part per million per degree F
of     ated. The double diaphragm prior art devices ex- temperature change,
while the stainless steel tubes  hibit a greater likelihood for providing
an erroneous and sleeves mounting the crystals have a substan-  indication
under such conditions than the present 8    15                EP 0 377 663
B1                        16 single diaphragm sensor does. If the flowmeter
is  if the problem of sealing the interface of the rock- in a branch line,
with a very low flow and the main  ing beam  and the center body portion
24, the line has a high flow rate, there can be substantial  shedding bar,
and the diaphragm 25 is difficult. effects from static pressure changes in
relation to   Piezoelectric cystals or other detection means the
differential pressure.                    5   sensitive to compression,
bending, or shear can be The rigid isolator diaphragms used are very
used with the invention. stiff in the axial direction of the sensing beam,
When the vortex flowmeter is rotationally since the isolator diaphragm is
supported by the  vibrated, the rocking beam and the sensor assem- sensing
diaphragm at the junction of the two. The  bly each tend to vibrate
rotationally with respect to rigid isolator diaphragm thus responds as if
it were  10  the housing. This can produce undesirable noise in actually
two separate diaphragms (each of them a  the sensor output. The effects of
rotation vibration half circle) when analyzed for common mode pres-  can,
however, be reduced, by selecting mechanical sure effects on such isolator
diaphragm. The much  parameters of the sensor to provide cancellation of
greater rigidity of the isolator diaphragm perpen-  forces. The rocking
beam vibrates about its pivotal dicular to its plane as compared to the
sensing   15  axis P1, exerting a first force Fl on the coupling diaphragm,
means that the isolator diaphragm will  between the rocking beam and the
sensor assem- be substantially unaffected by differentials in pres-  bly.
The sensor assembly vibrates about its pivotal sure caused by vortex
formation as compared to    axis P2, exerting a second force F2 on the
coupling the sensing diaphragm. There will be some motion   between the
rocking beam and the sensor assem- introduced into the isolator diaphragm
because of  20  bly. If the forces Fl and F2 are balanced to be static
pressure changes, but because of the me-   substantially equal and
opposite, however, noise at chanical advantage of the effect on the rocking
the sensor output is reduced. The force F1 is sensing beam through the
sensing diaphragm as     proportional to th rotational moment of inertia of
the opposed to the effect on the isolator diaphragm,   rocking beam divided
by the moment arm R1 be- the isolator diaphragm motion problems are re-  25
tween the pivotal axis P1 and the coupling axis P3. duced substantially and
do not form a significant  The force F2 is proportional to the rotational
mo- drawback. The effect of stiffness and area of the  ment of inertia of
the sensor assembly divided by isolator diaphragm can be modified by
grinding on  the moment arm R2 between the pivotal axis P2 one half or the
other of the isolator diaphragm to  and the coupling axis P3. The lengths
of the mo- thin one side of the isolator diaphragm and balance   30   ment
arms R1, R2 can be adjusted by changes to the effect of area and stiffness
ratios. The isolator  mechanical dimensions to balance the forces. As
diaphragm halves thus can be made to match quite  explained above, the
rocking beam and the sensor closely, and unwanted different motions
responsive  assembly can also be balanced for translational to static
pressure variations of the two different  (non-rotational) vibration by
adding or removing sides are avoided.                            35
material at selected locations on the rocking beam The sensing diaphragm
can be very thin, be-    or the sensor assembly. Compensation for both
cause it only has to survive the differential pres-  rotational and
translational vibration of the flow- sures caused by vortex generation. The
isolator    meter is thus achieved by selecting the amounts of diaphragm,
on the other hand, has to withstand the  material and spacings between
pivotal axes P1, P2 static pressure of the line in which it is placed. The
40  and the coupling axis P3. isolator diaphragm is thus smaller and
thicker than   Although the present invention has been de- the sensing
diaphragm.                            scribed with reference to preferred
embodiments, Another important advantage of the present     workers skilled
in the art will recognize that invention is that the sensor will operate at
high  changes may be made in form and detail without temperatures. Using
piezoelectric crystals, for ex-  45  departing from the spirit and scope of
the inven- ample, 700 to [err] can be tolerated, and       tion. because
the vortex shedding bar and the rocking 



sensing beam do not have to be welded, (the units  Claims can be made in
one piece) they are not subject to strength reduction or increased
corrosion caused   so  1. An apparatus (10, 94, 160), providing an output
by welds. The number of materials used can be         indicative of a flow
of fluid, comprising: reduced, simplifying construction. This also is of
a housing (20, 95, 70) which includes a advantage when considering high
temperature op-       vortex generating body (19, 89, 171) for induc-
eration.                                              ing vortices in the
fluid as a function of the The rocking beam sensor can be a replaceable  55
flow, the vortex generating body (19, 89, 171) module to couple to the
isolator and sensing dia-     comprising a head portion (21, 172), a tail
phragm if desired, and this may have some advan-      portion (25) and a
central portion (24, 173) tage in some circumstances, but would cost more
between the head and the tail portions, the 9    15                EP 0 377
663 B1                    16 single diaphragm sensor does. If the flowmeter
is  if the problem of sealing the interface of the rock- in a branch line,
with a very low flow and the main  ing beam  and the center body portion
24, the line has a high flow rate, there can be substantial  shedding bar,
and the diaphragm 25 is difficult. effects from static pressure changes in
relation to    Piezoelectric cystals or other detection means the
differential pressure.                     5   sensitive to compression,
bending, or shear can be The rigid isolator diaphragms used are very
used with the invention. stiff in the axial direction of the sensing beam,
When the vortex flowmeter is rotationally since the isolator diaphragm is
supported by the   vibrated, the rocking beam and the sensor assem- sensing
diaphragm at the junction of the two. The   bly each tend to vibrate
rotationally with respect to rigid isolator diaphragm thus responds as if
it were  10  the housing. This can produce undesirable noise in actually
two separate diaphragms (each of them a   the sensor output. The effects of
rotation vibration half circle) when analyzed for common mode pres-   can,
however, be reduced, by selecting mechanical sure effects on such isolator
diaphragm. The much  parameters of the sensor to provide cancellation of
greater rigidity of the isolator diaphragm perpen-  forces. The rocking
beam vibrates about its pivotal dicular to its plane as compared to the
sensing   15  axis P1, exerting a first force F1 on the coupling diaphragm,
means that the isolator diaphragm will  between the rocking beam and the
sensor assem- be substantially unaffected by differentials in pres-  bly.
The sensor assembly vibrates about its pivotal sure caused by vortex
formation as compared to     axis P2, exerting a second force F2 on the
coupling the sensing diaphragm. There will be some motion    between the
rocking beam and the sensor assem- introduced into the isolator diaphragm
because of  20  bly. If the forces F1 and F2 are balanced to be static
pressure changes, but because of the me-     substantially equal and
opposite, however, noise at chanical advantage of the effect on the rocking
the sensor output is reduced. The force F1 is sensing beam through the
sensing diaphragm as      proportional to th rotational moment of inertia
of the opposed to the effect on the isolator diaphragm,   rocking beam
divided by the moment arm R1 be- the isolator diaphragm  motion problems
are re-  25  tween the pivotal axis P1 and the coupling axis P3. duced
substantially and do not form a significant  The force F2 is proportional
to the rotational mo- drawback. The effect of stiffness and area of the
ment of inertia of the sensor assembly divided by isolator diaphragm can be
modified by grinding on  the moment arm R2 between the pivotal axis P2 one
half or the other of the isolator diaphragm to  and the coupling axis P3.
The lengths of the mo- thin one side of the isolator diaphragm and balance
30   ment arms R1, R2 can be adjusted by changes to the effect of area and
stiffness ratios. The isolator  mechanical dimensions to balance the
forces. As diaphragm halves thus can be made to match quite   explained
above, the rocking beam and the sensor closely, and unwanted different
motions responsive  assembly can also be balanced for translational to
static pressure variations of the two different  (non-rotational) vibration
by adding or removing sides are avoided.                             35
material at selected locations on the rocking beam The sensing diaphragm
can be very thin, be-     or the sensor assembly. Compensation for both
cause it only has to survive the differential pres-  rotational and
translational vibration of the flow- sures caused by vortex generation. The
isolator     meter is thus achieved by selecting the amounts of diaphragm,
on the other hand, has to withstand the  material and spacings between
pivotal axes P1, P2 static pressure of the line in which it is placed. The
40  and the coupling axis P3. isolator diaphragm is thus smaller and
thicker than    Although the present invention has been de- the sensing
diaphragm.                             scribed with reference to preferred
embodiments, Another important advantage of the present      workers
skilled in the art will recognize that invention is that the sensor will
operate at high  changes may be made in form and detail without
temperatures. Using piezoelectric crystals, for ex-  45  departing from the
spirit and scope of the inven- 



ample, 700 to 1000  F can be tolerated, and        tion. because the vortex
shedding bar and the rocking sensing beam do not have to be welded, (the
units  Claims can be made in one piece) they are not subject to strength
reduction or increased corrosion caused   50  1. An apparatus (10, 94,
160), providing an output by welds. The number of materials used can be
indicative of a flow of fluid, comprising: reduced, simplifying
construction. This also is of         a housing (20, 95, 70) which includes
a advantage when considering high temperature op-        vortex generating
body (19, 89, 171) for induc- eration.
ing vortices in the fluid as a function of the The rocking beam sensor can
be a replaceable  55    flow, the vortex generating body (19, 89, 171)
module to couple to the isolator and sensing dia-      comprising a head
portion (21, 172), a tail phragm if desired, and this may have some advan-
portion (25) and a central portion (24, 173) tage in some circumstances,
but would cost more        between the head and the tail portions, the 9
17                EP 0 377 663 B1                   18 housing (20, 95,
170) having an isolation cham-   substantially perpendicular to each other
the ber (42, 105, 182) therein;                       isolator diaphragm
(40, 104, 180) forming one an isolator diaphragm  (40, 104, 180)
wall portion of the isolation chamber (42, 104, formed in the housing (20,
95, 170) for isolat-   185). ing the isolation chamber (42, 105, 182) from
5 the fluid;                                     7. The apparatus (10, 160)
as specified in Claim a single sensing diaphragm (35, 100, 175)      6 and
motion sensing means (50, 51, 54), (225, open to the fluid for deflecting
laterally respon-  197, 199) mounted on said housing (20, 170) sive to the
vortices formed by the vortex gen-    on an opposite side of the isolator
diaphragm erating body (19, 89, 171);               to      (40, 180) from
the sensing diaphragm (135, a beam  (36, 101, 177) coupled to the
175), said beam (36, 177) having its beam sensing diaphragm  (35, 100, 175)
to move         surface on the same side of the isolator dia- laterally
therewith and extending to a beam       phragm (40, 175) as the sensing
means (48, surface positioned within the isolation chamber   185), said
sensing means (48, 185) comprising (42, 105, 182), the beam (36, 101, 177)
trans-  15  means (50, 225) coupled to said beam surface ferring deflection
of the sensing diaphragm       and moving with said beam surface as the
(35, 100, 175) to the beam surface, wherein       sensing diaphragm (35,
175) deflects, and pi- the sensing diaphragm (35, 100, 175) extends
ezoelectric means (70, 205) forming a portion both upstream and downstream
from the beam        of the sensing means (48, 185) for providing (36, 101,
177), the beam (36, 101, 177) being   20  an output responsive to the
movement of the joined to the vortex generating body (19, 89,     beam
surface. 171) via the sensing diaphragm (35, 100, 175) to form a structure
with no gaps, and wherein  8. The apparatus (10, 160) of Claim 5 wherein
the isolation diaphragm  (40, 104, 180) is        said beam (36, 177)
comprises a rocking beam sealingly joined to the beam (36, 101, 177) for
25  integrally attached to the sensing diaphragm isolating the isolation
chamber (42, 105, 182)    (36, 177), and supported in the housing (20, from
the fluid; and                               170) for pivotal movement
about an axis (38, sensing means (48, 115, 185) coupled to        178)
generally parallel to the plane of the sens- the beam surface for sensing
deflection thereof   ing diaphragm (35, 175) at said isolator dia- and for
providing the output indicative of the   30  phragm (40, 180), said rocking
beam (36, 177) flow.                                             having a
beam portion (36B, 177B) on an op- posite side of the isolator diaphragm
(40, 180) 2. The apparatus (10, 94, 160) of Claim 1 wherein    from the
sensing diaphragm (35, 175), a tilting the sensing diaphragm (35, 100, 175)
is joined    member (54, 199) mounted in said housing to the isolator
diaphragm (40, 104, 180).  35     (20, 170) isolated from said sensing
diaphragm (35, 175) and spaced from the beam portion 3. The apparatus (10,
94, 160) of Claim 1 wherein    (36B, 177B) said tilting member (54, 199)
be- the beam (36, 101, 177) is integrally joined to   ing hingeable about
an axis generally parallel the isolator diaphragm (40, 104, 180) and piv-
to the plane of the sensing diaphragm (35, ots on the isolator diaphragm
(40, 104, 180).    40  175) and aligned therewith, and means to cou- ple
the tilting member (54, 199) and the beam 4. The apparatus (10, 94, 160) of
Claim 3 wherein     portion (36B, 177B) comprising a thin diaph- the beam
surface is deflected by rocking the      ram (50, 225) having an opening in
the center, 



beam  (36, 101, 177) about a pivotal joint        and an outer periphery
portion that is joined to formed by the isolator diaphragm (40, 104,  45
the tilting member (54, 199) in spaced loca- 180) as the beam (36, 101,
177) is deflected      tions on opposite sides of the beam portion by the
sensing diaphragm (35, 100, 175).          (36B, 177B), said beam portion
(36B, 177B) being generally cylindrical, and said opening in 5. The
apparatus (10, 94, 160) of Claim 4 wherein    the thin diaphragm (50, 255)
being of a smaller the isolator diaphragm (40, 104, 180) is mov-  50
diameter than the size of the beam portion able as a function of a common
mode pres-         (36B, 177B) whereby when the apparatus (10, sure in the
fluid and the sensing means (48,      160) is assembled, the thin diaphragm
(50, 115, 185) is mounted to be substantially insen-   225) is pushed over
the beam portion (36B, sitive to such movement.
177B) to form a press fit between the thin 55      diaphragm  (50, 225) and
the beam portion 6. The apparatus (10, 94, 160) of Claim 2 wherein    (36B,
177B) for transmitting motions to the the isolator diaphragm (40, 104, 180)
and the     tilting member (54, 199). sensing diaphragm (35, 100, 175) have
planes 10    19                EP 0 377 663 81                    20 9. The
apparatus (10, 160) of Claim 8 wherein          (35, 100, 175) sich sowohl
stromauf als auch said sensing means (48, 185) comprises piezo-
stromab von dem Stab (36, 101, 177) erstreckt electric crystal means (70,
205) mounted at a      und der Stab mit dem Wirbelerzeugungskorper location
spaced from the beam portion (36B,        (19, 89, 171) Ober die
Fihimembran (35, 100, 177B), and said tilting member (54, 199) mov-   5
175) verbunden ist, um einen Aufbau ohne ing when the beam portion (36B,
177B) moves        Spalten zu bilden, und wobei die Isoliermem- and driving
the surface portion to tend to         bran (40, 104, 180) abdichtend mit
dem Stab change loading on the piezoelectric crystals       (36, 101, 177)
f(Jr die Isolierung der Isolierkam- means (70, 205) on opposite sides of
the pivot     mer (82, 105, 182) von dem Fluid verbunden axis of said
tilting member (54,199).      10      ist; und einer FthIvorrichtung (48,
115, 185), die mit 10. The apparatus (10, 160) as specified in Claim
der Staboberflache far die Erfassung der Aus- 9 wherein said sensing means
(48, 185) com-        lenkung dieser und far die Erzeugung eines prises at
least first, second and third portions,  Ausgangssignals verbunden ist, das
die Str6- said first portion comprising a support (51,  15   mung anzeigt.
197), said second portion comprising the tilting member (54, 199) tilting
relative to said sup-  2. Vorrichtung (10, 94, 160) nach Anspruch 1, port
(51, 197), and said third portion compris-    dadurch gekennzeichnet, dal
die FlhImem- ing a cap member (74, 212) retained relative to    bran (35,
100, 175) mit der Isolatormembran said first portion (51, 197), said
piezoelectric  20  (40, 104, 180) verbunden ist. crystal means (70, 205)
being loaded under compression between said second portion (54,    3.
Vorrichtung (10, 94, 160) nach Anspruch 1, 199) and said third portion (74,
212), when the    dadurch gekennzeichnet, dali der Stab (36, first (51,
197) and third (74, 212) portions are    101, 177) einstickig mit der
Isolatormembran compressed together.                       25       (40,
104, 180) verbunden ist und auf der Isola- tormembran (40, 104, 180)
schwenkbar ist. Patentanspi0che 4. Vorrichtung (10, 94, 160) nach Anspruch
3, 1. Vorrichtung (10, 94, 160), die ein Ausgangssi-      dadurch
gekennzeichnet, daB die Staboberfla- gnal erzeugt, das eine Fluidstromung
anzeigt,  30  che ausgelenkt wird, indem der Stab (36, 101, mit:
177) um einen Schwenkpunkt hin- und herbe- einem Gehause (20, 95, 70), das
einen Wirbel-      wegt wird, der durch die Isolatormembran (40,
erzeugungskdrper (19, 89, 171) fUr die Erzeu-       104, 180) gebildet
wird, wenn der Stab (36, gung von Wirbeln in dem Fluid als eine Funk-
101, 177) durch die FUhimembran (35, 100, tion der Strdmung aufweist, wobei
der Wirbel-  35   175) ausgelenkt wird. erzeugungsk6rper (19, 89, 171)
einen Kopfbe- reich (21, 172), elnen Schwansbereich (25) und  5.
Vorrichtung (10, 94, 160) nach Anspruch 4, einen Mittelbereich (24, 173)
zwischen dem         dadurch gekennzeichnet, dal die Isolatormem- Kopf- und
dem Schwanzbereich aufweist und          bran (40, 104, 180) als elne
Funktion eines >'-~   das Gehause (20, 95, 170) eine Isolierkammer  40
Gleichtaktdrucks in dem  Fluid beweglich ist (42, 105, 182) in sich
aufweist;                   und die FlhIvorrichtung (48, 115, 185) so gela-



einer Isoliermembran (40, 104, 180), die in        gert ist, daB sie fUr
eine derartige Bewegung dem Gehause (20, 95, 170) ftr die Isolierung
im wesentlichen unempfindlich ist. der Isolierkammer (42, 105, 182) von dem
Fluid ausgebildet ist;                     45  6. Vorrichtung (10, 94, 160)
nach Anspruch 2, einer einzigen FUhImembran (35, 100, 175),         dadurch
gekennzeichnet, daB die Isolatormem- die fUr das Fluid fUr die seitliche
Auslenkung     bran (40, 104, 180) und die FUhImembran (35, ansprechend auf
die Wirbel, die durch den           100, 175) Ebenen aufweisen, die im
wesentli- Wirbelerzeugungskorper (19, 89, 171) ausge-        chen senkrecht
zueinander sind, wobei die Iso- bildet werden, offen ist;
so      latormembran (40, 104, 180) einen Wandbe- einem Stab (36, 101,
177), der mit der Fihl-       reich der Isolierkammer (42, 105, 185)
bildet. membran (35, 100, 175) verbunden ist, um sich mit ihr seitlich zu
bewegen und der sich   7. Vorrichtung (10, 160) nach Anspruch 6, und zu
elner Staboberflache erstreckt, die in der
Bewegungserfassungsvorrichtung (50, 51, 54), Isolierkammer (42, 105, 182)
angeordnet ist,  55   (225, 197, 199), dadurch gekennzeichnet, daB wobei
der Stab (36, 101, 177) die Auslenkung       sie auf dem Gehause (20, 170)
auf einer ge- der FUhimembran (35, 100, 175) auf die Stab-
genOberliegenden Seite der Isolatormembran oberflache Ubertrdgt und die
Flhimembran           (40, 180) gegeniber der F~himembran (135, 11
1 ISSI~kl Illhll lll11 111111    21                 EP 0 377 663 B1
22 175) gelagert ist, wobei der Stab (36, 177)        tung (70, 205)
aufweist, die an einer Stelle seine Staboberflache auf der gleichen Seite
beabstandet von dem Stabbereich (36B, 177B) der Isolatormembran (40, 175)
wie die FUhivor-     gelagert ist und daB das Kippelement (54, 199)
richtung (48, 175) aufweist, wobei die FOhivor-    sich bewegt, wenn der
Stabbereich (36B, richtung (48, 185) eine Vorrichtung (50, 225)   6   177B)
sich bewegt und den Oberflachenbe- aufweist, die mit der Staboberfldche
verbunden     reich antreibt, urn dazu zu neigen, die Bela- ist und sich
mit der Staboberflache bewegt,        stung auf die
Piezoelektrikkristallvorrichtung wenn die Fihimembran (35, 175) ausgelenkt
(70, 205) auf gegentberliegenden Seiten der wird, und dal eine
Piezoelektrikvorrichtung (70,   Schwenkachse des Kippelements (54, 199) zu
205) vorgesehen ist, die einen Bereich der  to     indern. FUhlvorrichtung
(48, 185) bildet, mit welcher ein Ausgangssignal ansprechend auf die Be-
10. Vorrichtung (10, 160) nach Anspruch 9, da- wegung der Staboberflache
erzeugbar ist.           durch gekennzeichnet, daR die FUhIvorrichtung (48,
185) mindestens erste, zweite und dritte 8. Vorrichtung (10, 160) nach
Anspruch 5, da-  16      Bereiche aufweist, wobel der erste Bereich durch
gekennzeichnet, daB der Stab (36, 177)       eine StUtze (51, 197)
autweist, der zweite Be- elnen Schwingstab autweist, der einstUckig an
reich das Kippelement (54, 199) flr die der FOhimembran (36, 177) befestigt
und in         Schr~gstellung relativ zu der StUtze (51, 197) dem Gehause
(20, 170) fUr die Schwenkbewe-         und der dritte Bereich ein
Kappenelement (74, gung um eine Achse (38, 178) abgestUtzt ist,  20   212)
aufweist, das relativ zu dem ersten Be- die sich im aligemeinen parallel
zur Ebene der     reich (51, 197) gehalten ist, wobei die Piezo-
FUhImembran (35, 175) an der Isolatormem-
elektrikkristallvorrichtung (70, 205) unter Zu- bran (40, 180) erstreckt,
wobei der Schwings-      sammendrUcken zwischen dem  zweiten Be- tab (36,
177) einen Stabbereich (36B, 177B)        reich (54, 199) und dem dritten
Bereich (74, auf einer gegenlberliegenden Seite der Isola-  25  212) unter
Last steht, wenn der erste (51, 197) tormembran (40, 180) gegeniber der
FUhl-            und der dritte (74, 212) Bereich zusammenge- membran (35,
175) aufweist, daB ein Kippele-       drickt werden. ment (54, 199) in dem
Gehause (20, 170) gelagert ist, das von der FOhimembran (35,
Revendicatlons 175) isoliert und von dem Stabbereich (36B,  30 177B)
beabstandet ist, wobei das Kippelement    1. Appareil (10, 94, 160),
delivrant un signal de (54, 199) um eine Achse gelenkig angebracht
sortie indicatif d'un debit de fluide, comprenant ist, die im wesentlichen
parallel zur Ebene der FihImembran (35, 175) ist und mit dieser aus-
un boltier (20, 95, 70) qui comporte un gerichtet ist, und daB Mittel
vorgesehen sind,  35  corps (19, 89, 171) gdn6rateur de tourbillons das
Kippelement (54, 199) und den Stabbe-          destine a induire des
tourbillons dans le fluide reich (36B 177B) zu verbinden, die eine dOnne
en fonction du d6bit, le corps (19, 89, 171) Membran (50, 225) mit einer
Offnung in der         generateur de tourbillons comprenant une par- Mitte
und einem auBeren Umfangsbereich auf-        tie de tote (21, 172), une
partie arribre (25) et 



weisen, der mit dem Kippelement (54, 199) an   40  une partie centrale (24,
173) entre les parties beabstandeten Steflen auf gegenUberliegenden
de tote et arriere, le boitier (20, 95, 170) conte- Seiten des Stabbereichs
(36B, 1778) verbun-        nant a l'interieur une chambre isol6e (42, 105,
den ist, wobel der Stabbereich (36B, 177B) im       182); wesentlichen
zylindrisch ist und die Offnung in        un diaphragme d'isolement (40,
104, 180) der dfnnen Membran (50, 225) von einem   45        form6 dans le
boitier (20, 95, 170) pour isoler geringeren Durchmesser als die GroBe des
la chambre isol6e (42, 105, 182) du fluide; Stabbereichs (36B, 177B) ist,
wodurch, wenn            un unique diaphragme d6tecteur (35, 100, die
Vorrichtung (10, 160) montiert wird, die        175) ouvert vers le fluide
afin de subir un dOnne Membran (50, 225) Ober den Stabbe-
deformation lat rale par flexion en r6ponse aux reich (36B, 177B) geschoben
wird, urn elnen   50   tourbillons formes par te corps (19, 89, 171)
PreBsitz zwischen der dUnnen Membran (50,          gen6rateur de
tourbillons; 225) und dem Stabbereich (36B, 177B) fUr die           une
tige (36, 101, 177) li6e au diaphragme Obertragung von Bewegungen auf das
Kippele-        d6tecteur (35, 100, 175) pour se d~placer late- ment (54,
177) zu bilden.                          ralement avec lui et s'etendant
jusqu'& une 55      surface de tige situ6e dans la chambre isol~e 9.
Vorrichtung (10, 160) nach Anspruch 8, da-          (42, 105, 182), la tige
(36, 101, 177) transferant durch gekennzeichnet, daB die F~hivorrichtung
la deformation par flexion du diaphragme d6- (48, 185) elne
piezoelektrische Kristallvorrich-   tecteur (35, 100, 175) & la surface de
tige, le 12    23                EP 0 377 663 B1                   24
diaphragme detecteur (35, 100, 175) s'eten-       teur (48, 185), ledit
moyen detecteur (48, 185) dant tant en amont qu'en aval de la tige (36,
comprenant un moyen (50, 225) lid a ladite 101, 177), la tige (36, 101,
177) dtant relide au  surface de tige et se ddplagant avec ladite corps
(19, 89, 171) generateur de tourbillons     surface de tige quand le
diaphragme ddtecteur au moyen du diaphragme detecteur (35, 100,   5    (35,
175) est ddvie, et un moyen pidzoelectri- 175) pour former une structure
sans disconti-     quo (70, 205) formant une partie du moyen nuitds et le
diaphragme d'isolement (40, 104,     detecteur (48, 185) pour ddlivrer un
signal de 180) etant assembi6 a la tige (36, 101, 177) de   sortie en
rdponse au mouvement de la surface maniere dtanche afin d'isoler la chambre
isolde   de tigo. (42, 105, 182) du fluide: et              10 un moyon
ddtecteur (48, 115, 185) lid a la  8. Appareil (10, 160) solon la
revendication 5, surface de tige pour detecter sa deformation      dans
lequel ladite tige (36, 177) comprend une en flexion et pour delivror le
signal de sortie   tige pivotante integralement fixee au diaphrag-
indicatif du debit.                               me ddtecteur (36, 177),
et supportee dans le 15      boitier (20, 170) pour subir un mouvement de
2. Appareil (10, 94, 160) solon la revendication 1,   pivotement autour
d'un axe (38, 178) gdndrale- dans lequel le diaphragme d6tecteur (35, 100,
ment parallble au plan du diaphragme detec- 175) est relie au diaphragme
d'isolement (40,     tour (35, 175) sur ledit diaphragme d'isolement 104,
180).                                        (40, 180), ladite tige
pivotante (36, 177) ayant 20      une partie de tige (36B, 177B) du c8t6
oppose 3. Appareil (10, 94, 160) selon la revendication 1,   du diaphragme
d'isolement (40, 180) par rap- dans lequel la tige (36, 101, 177) est
intdgrale-  port au diaphragmo detecteur (35, 175), un ment assembl6e au
diaphragme d'isolement          element oscillant (54, 199) monte dans
ledit (40, 104, 180) et pivote sur le diaphragme        boetir (20, 170)
isold dudit diaphragme detec- d'isolement (40, 104, 180).               25
tour (45, 175) et espace de la partle de tige (36B, 177B), ledit 6ldment
oscillant (54, 199) 4. Appareil (10, 94, 160) solon la revendication 3,
pouvant 8tre articule autour d'un axe gdndrale- dans tequel la surface de
tige est flechie par    ment parallele au plan du diaphragme ddtec-
basculement de la tige (36, 101, 177) autour      tour (35, 175) et aligne
avec lui, et un moyen d'une articulation pivotante formee par le  3o
pour lier l'element oscillant (54, 199) et la diaphragme dOisolement (40,
104, 180) quand       partie de tige (36B, 177B) qui comprend un la tige
(36, 101, 177) est flechie par le diaph-  diaphragme mince (50, 225)
presentant une ragme detecteur (35, 100, 175).                   ouverture
au centre, et une partie pdriphdrique exterieure qui est relide a It'lMment
oscillant 6. Appareil (10, 94, 160) solon la revendication 4,  35  (54,
199) on des points espaces sur des c8tes dans loquel le diaphragme
d'isolement (40,        opposes de la partie de tige (36B, 177B), ladite
104, 180) est mobile en fonction d'une pres-      partie de tige (368,
177B) etant gdndralement 



sion en mode commun dans le fluide et le          cylindrique et ladite
ouverture formee dans le moyen ddtecteur (48, 115, 185) est installd de
diaphragmo mince (50, 255) ayant un diambtre maniere a 8tre sensiblement
insensible a un   40  inferieur A colul de la partie de tige (36B, tel
mouvement.                                    177B) de fagon qu'au moment
de l'assembla- ge de l'appareil (10, 160), le diaphragme min- 6. Appareil
(10, 94, 160) solon la revendication 2,   ce (50, 225) soit force sur la
partie de tige dans loquel le diaphragme d'isolement (40,        (3BB,
177B) pour former un ajustage serrd 104, 180) et le diaphragme detecteur
(35, 100,  45  entre le diaphragme mince (50, 225) et la 175) ont des plans
sensiblement perpendiculai-    partle de tige (36B, 177B) de maniere A
tran- res entre eux, le diaphragme d'isolement (40,     smettre des
mouvements A I'element oscillant 104, 180) constituant une partie de paroi
de la   (54, 199). chambre isolee (42, 104, 185). 5o  9. Appareil (10, 160)
solon la revendication 8, 7. Appareil (10, 94, 160) solon la revendication
6    dans loquel tedit moyen detectour (48, 185) et moyens ddtectours de
mouvement (50, 51,        comprend un cristal piezoelectrique (70, 205)
54), (225, 197, 199) montes sur ledit boitior     installe en un endroit
ecarte de la partie de (20, 170) du c8te oppos6 au diaphragme d'iso-
tige (36B, 177B), ledit element oscillant (54, lement (40, 180) par rapport
au diaphragme   55   199) se deplagant quand la partie de tige (368,
detecteur (135, 175), ladite tige (36, 177) ayant  177B) se deplace et
entratnant la partle de sa surface de tige du meme c6td du diaphrag-
surface en tfndant A modifier la charge exer- me d'isolement (40, 175) quo
le moyen detec-      cee sur le cristal piezoelectrique (70, 205) sur 1~~
.3 13  ~ ~ ~~~~~~1*111 IIIIDDIII HIOD   11111 II,,    25
EP 0 377 663 BI                        26 les c8t~s oppos6s de l'axe de
pivotement du- dit 6l6ment oscillant (54, 199). 10. Appareil (10, 160)
selon la revendication 9, dans lequel ledit moyen d6tecteur (48, 185)   5
comprend au moins une premibre, une secon- de et une troisibme parties,
ladite premibre partie constituant un support (51, 197), ladite seconde
partie constituant I'6l6ment oscillant (54, 199) qui oscille par rapport
audit support  tO (51, 197) et ladite troisi~me partie constituant un
161ment de capsule (74, 212) maintenu par rapport a ladite premibre partie
(51, 197), ledit cristal pi6zoelectrique (70, 205) etant charg6 sous
compression entre ladite seconde partie   t5 (54, 199) et ladite troisibme
partie (74, 212), quand la premibre (51, 197) et la troisieme (74, 212)
parties sont comprimees l'une contre l'au- tre. 20 25 30 35 40 45 50 55 14


