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HEAVY CRADLE FOR REPLACEABLE CORIOLIS FLOW SENSORS

CROSS-REFERENCE TO RELATED APPLICATION(S)

0001} This application claims prionity under 33 U.S.C. § 119{c} to U.S. Provisional
Patent Application Serial No. 63/274,841, filed November 2, 2021, and U.S. Utility Patent
Apphlication Serial No. 17/523,183, filed November 10, 2021, The subject matter of all the

foregoing is incorporated herein by reference in its entirety.

BACKGRCOUND
1. Technical Field
[0002] This disclosure relates generally to Coriolis flow sensors.

2. Description of Related Art

[0063] Many applications require the controlled flow of fluids. A flow process system
psually ncludes a number of flow sensors to measure the flow rate of fluids. Cortolis flow
sensors measure the flow rate of flunds based on vibrations caused by the Coriolis effect of
fluid flowing through the sensor. Cross-talk or destructive inteference is a phenomenon
where two or more flow sensors may interfere with each other. The cross-talk can inchude
electrical cross-talk, mechanical cross-talk, and/or fluid pulsation based cross-talk. The cross-
talk can cause inaccurate measurement by the flow sensors. A flow process systern can also
inchude pumops. Operation of the pumps can also interfere with vibration within the flow
sensors, which also causes inaccurate measurement by the flow sensors. Vibrations from
other devices either extermnal to the flow process system (but in close proximity} or on the
flow process system such as solenoid valves, pmch control valves and other
electromechanical devices can also cause electrical interference or mechanical interference to
the proper functioning of these Cortolis flow sensors

[0604] In order to reduce these unwanted effects, a flow sensor may be permanently
attached to a large mass. For example, a flow sensor may be welded to a large metal
structure. However, these metal masses can be expensive and are not suitable for single
usc/disposable applications. Also, sterilization of flow sensors having metal enclosures is

typically implemented by using chemnicals, which s not as cffective and can cause
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malfunction of the flow sensors. Thus, improved technologies for nutigating cross~talk and

pump and other external interference are nesded.

SUMMARY
[0605] Embodiments relate to a flow process system comprising a cradie and a locking
mechanism. The cradie has a mounting structure for a Cornolis flow sensor, and the cradle has
significantly more mass than the Corialis flow sensor. The locking mechanism s used to lock
and unlock Coriolis flow sensors in place on the mounting structure. The locking mechanism
produces sufficient locking foree when locked that the Coriolis flow sensor and cradle vibrate
as a unitary body. In this way, the Coriolis flow sensor has effectively more mass when used
as part of the flow process system, but Coriolis flow sensors mav be casily replaced by
unlocking the locking mechanism, removing the current Cortolis flow sensor and replacing it
with another. This replacement of sensors after completing a process bateh is critical to
single use manufacturing of bio-pharmaccuticals and vaccines such as the Cowvid-19 vaccine.
[0606] Other aspects include components, devices, svstems, improvements, methods,

processes, applications, and other technologies related to any of the above.

BRIEF DESCRIPTION OF THE DRAWINGS

j0e07] Embodiments of the disclosure have other advantages and features which will be

more readily apparent from the following detailed description and the appended claims, when

taken in conjunction with the examples in the accompanying drawings, 1 which:

[0608] Fig. 1A shows a perspective view of a Coriolis flow sensor and a corresponding
cradle.

[0609] Fig. 1B shows a cross section view of the Coriolis flow sensor,

[0614] Fig. 1€ shows a perspective view of the Coriolis flow sensor locked into the
cradle.

joo11] Fig. 1D shows top, front and side views of the Coriolis flow sensor locked into

the cradie.

[oo1z] Figs. 2A and 2B show top perspective and botiom perspective views of the
cradie.

[0613] Fig. 3 shows the cradle attached to a skid.

[0614] Figs. 4A and 4B show perspective views of another embodiment of a Coriolis

flow sensor and corresponding cradie.
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[0815] Figs. SA and 5B show perspective views of yvet another embodiment of g
Corntolis flow sensor and corresponding cradle.
[0016] Figs. 6A and 6B show perspective views of vet another embodiment of a

Coriolis flow sensor and corresponding cradie.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
0017} The figures and the following description relate to preferred embodiments by
way of illustration only. it should be noted that from the following discussion, alternative
embodiments of the structures and methods disclosed herein will be readily recognized as
viable altcrnatives that may be employed without departing from the principles of what is
claimed.
j0o18] Reference is first made to Figs. 1-2, which show different views of an example
embodiments of a Coriolis flow sensor 150 and corresponding cradle 100, Fig. 1 shows both
the Coriolis flow sensor 150 and the cradle 100, where Fig. 1A is an exploded view, Fig. IB
shows just the flow sensor, Fig. 1C shows the assembled system, and Fig, 1D shows top,
front and side views of the assembled systemn. Fig. 2 shows just the cradle 100 and locking
mechanism 140, where Figs. 2A and 2B are perspective views.
[0619] The Coriolis flow sensor 150 is a device that measures the flow rate of a fluid
based on vibrations caused by the Coriolis effect of the fluid fowing through the sensor. The
flow sensor 150 can be seen in cross section in Fig. IB. The flow sensor 150 mcludes an inlet
132, a flow tube 154 {or two flow tubes in some designs) and an outlet 156, This provide a
flow path for a fluid through the flow sensor 150, The flow tubes 154 can vibrate, for
example as driven by magnets and coils. As the fluid flows through the flow tubes 154,
Corolis forees produce a twisting vibration of the flow tobes, resalting in a phase shift in the
vibration of the flow tubes. The fluid flow also changes the resonant frequency of the flow
tubes. The flow sensor 150 meludes transducers that generate electrical signals that are
sensttive 1o the phase shift and/or change in resonant frequency. These signals may be
processed to determine the mass fluid flow rate and/or density of the floid.
o620} The figures show examples of Coriolis flow sensors, but # should be vanderstood
that other types of Cortolis flow scusors may also be used. The nurober and shapes of tubes,
the matenal and construction of the tubes and flow sensor, and the arrangement of the nlet
and outlet may all be changed depending on the specific design of the Coriolis flow sensor.
Typically, Coriolis flow sensors are sized with connections from 1/167 to 17 hose barbs or tri-

clamp fittings. Other types of fittings may also be used on Coriolis flow sensors. Typical flow

(5]
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ranges of these flow sensors range from 0.05 gm/min to 0.5 gm/min for the smallest (1/167
hose barb connections) size to 10 kg/min to 100 kg/min for the largest (17) size. Typical
accuracies range from 0.1% to 1.00% of actual reading.

joa21] Because Conolis flow sensors operate based on changes in the vibration of the
flow tubes, vibration effects that are caused by sources other than the fhud flow may
mntroduce inaccuracics. For example, if the flow sensor and other devices are mounted on a
conunon support structure, then vibrations from pumps and other devices may mechanically
couple to the flow sensor through the supporting structure. The vibration of the flow tubes
may also be distorted or otherwise changed through resonant coupling to the surrounding
Support structurc.

0022} Zero drift is one such eftect. Corolis flow sensors are electrically powered on,
even when they are not yoeasuring flow. So when there 1s no flow being pumped or flowing
through the Coriolis Flow tubes, the tabes continne to vibrate. Sometimes these tubes are
copty and sometimes there is liquid in these tubes. Zero drift is a phenomenon which shows
some minimal flow rate occurring when there is no real actual flow. One mstance of zero
drift is when there is dormant fluid left in the Coriolis flow tubes and a certain amount of
sloshing occurs. This minimal flow rate is very small and is usually a very small percentage
of the mmintum flow rate of each Coriolis flow sensor. I addition, vibrations from extemal
mechanical devices such as pumps and valves also cause zero drift by nterfering with the
analog or digital output signal from a Cornolis flow sensor by contributing to it.

0023} One way to reduce zero diifl is to increase the mass of the flow sensor. More

f

mass dampens out external mechanical vibrating interferences and also the sloshing

2

dormant Hgud will be subdued due to heavier mass.

[0024] However, in some applications, the Coriolis flow sensors are not permanent.
They are intended to be replaced fairly regularty. They may even be single use or considerad
to be disposable. Single use or disposable Corichis flow sensors are used n the bio-
pharmaceutical and pharmaceutical industries to manufacture vaccines mcluding vaccines for
Covid-19, active pharmaceutical ingredients for cell and gene therapy and nuclear medicine
manufacturing. These kinds of single use or disposable Coriolis flow sensors can also be used
i specialty fine chernical manufacturing processes where the chemical roay corrode away
metal Coriolis flow sensors very quickly.

[0025] In these cases, it is desirable to make the Coriolis flow sensor as lightweight and
mexpensive as possible, so making a large and massive Corolis flow sensor is not desirable.

In addition, some applications may also require the sterilization of flow sensors. Metal is

SN
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more difficult to sterilize, so making Conolis flow sensors with metal flow tubes or with
large chunks of added metal mass also is not desirable. In these cases, the flow tubes 154 and
much of the rest of the Coriolis flow sensor may be made from non-metal materials such as
polymer materials, including Polvetheretherketone (PEEK), Perfluoroalkoxy polymers
(PFAs), polyvinviidens diftuoride (PVDF), Polyictrafloorcethviene (PTFE), and Fluorinated
ethyvlene propylene (FEP). For further examples, sce U.S. Patent Appl. No. 16/837.633
"Polvmer-Based Conohis Mass Flow Sensor Fabricated Through Casting,” which is
mcorporated by reference in its entivety. Garama irradiation may be vsed to sterilize the flow
sensor, 1 which case the flow sensor 15 constructed from matertals that are gamma
irradiatable, for example up to a punimum of 30 kGy which may be the wradiation levels
used for sterilization in certain bio-pharma apphications.

j0026] In the examples shown herein, the effective mass of the Coriolis flow sensor 150
is increased by locking it to a heavy cradle 100 when it is in use. The cradle 100 has a mass
that preferably is at least 10 to 30 tunes the mass of the Conolis flow sensor. For example,
typical Cornolis flow sensors may have masses in the range of 0.2 kg ~ 3 kg and typical mass
for the heavy cradlic may then be 3 kg ~ 80 kg,

[0627] The cradle 100 has a mounting structure 114 (see Fig. ZA) for the Coriolis flow
sensor 100, and a locking mechanism 140 15 used to lock and unlock the Cornolis flow sensor
in place on the mounting structure. The locking mechanism produces sufficient locking force
when locked that the Coriclis flow sensor 150 and cradie 100 {as shown in Fig 1A} vibrate
together as a unitary body.

[0028] In the example of Figs. 1-2, the cradie 100 mcludes a rectangular metal collar
110 which accounts for a significant amount of the mass of the cradle. The collar 110 has a
rectangular aperture with an interior hip 114, which is most visible in Fig. 2. The lip ts also
rectanguiar and annular in shape. The flow sensor 130 includes a plastic housing with a ridge
158. The ridge 158 fits into the aperture of the metal collar 110 and presses against the hip
114. The locking mechanism 140 applics force to the ridge 15% to hold the ndge ngidly
against the lip 114, The flow tubes 134 protrude through the annular opening in the lip 114
[oo24 In this example, the locking mechanism 140 uses thumb screws 142 1o create the
force. When tightened, the thumb screws 142 apply pressure to tongues 144, which 1o tum
press the nidge 158 against the interior lip 114 of the metal collar 110, The thumb screws are
designed to apply a specific amount of force. In the example shown, the force is applied at
four locking points arranged 1o a rectangular shape, although other arrangements are also

possible. The applied foree should be large enough to adequately reduce vibration of the flow
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sensor 150 relative to the collar 110, As a result, the flow sensor 130 and cradle 100 will
vibrate as a unitary body and the cradle 100 will effectively increase the mass of the flow
sensor 150, rather than the two vibrating relative to each other. For example, cach of the
thumb screws 142 may apply 3 Newton-meters (Nm) of force or more, to hold the flow
sensor 150 and cradle 100 ngidly relative to each other. This is an aggregate force of 12 Nm
or more for all of the thumb screws. In other designs, lower locking forces may be
acceptable, for example 10 Nm or more, or 5 No or mare.

06303} Applving uniform force 1s also important. Applving the same foree at the four
locking points allows for the pressure to be balanced. If the forces at the different locking
points were not the same, the sensor would be imbalanced and the zero dnift and resulting
inaccuracy would be higher. fn Figs. 1-2, the same amount of force should be applied to cach

focking point. For example, the force applied at each of the locking points may be within

15% of each other, or more preferably withn 10%, within 5% or even within 1% of cach
other.
{0031} One advantage of using thumb screws 142 is that the locking mechanism may be

operated manually. The thumb screws 142 may be loosened, the tongues 144 rotated or
swivelled away to release the flow sensor 130, and the flow sensor removed and replaced
with another flow sensor. This facilitates the replacement of flow sensors, including
disposable and single use flow sensors. In some single use or disposable applications, the
flow sensors may be removed and replaced in one minute or less.

0032} The cradic 100 also includes cuclosure 120, which encloses the rest of the
Cortolis flow sensor. The enclosure also adds mass. The enclosure shown in Figs, 1-2
mcludes a cable hole 122 {sec Fig. 2B} to allow power and data connections to the flow
Sensor.

[0033] Fig. 3 shows the cradle 100 attached to a skid 370. A skid is a mechanical
frammework on which cquipment may be mounted. In this example, the cradle 100 is attached
to a metal plate or panel 375, which is attached to the skid 370, A vibration dampening gasket
380 1s positioned between the cradle 100 and the plate 375, In the vertical direction, the
cradle 100 is supported by cross members 377A {an L bracket) and 377B (a cross beam of the
skid}. Vibration dampening gaskets 387A and 3878 are positioned between the cradle 100
and the cross members 377A and 377B.

{0034} Note that the heavy cradle 100 does not make direct contact with any part of the
skid 370, K is always scparated by vibration gaskets 380, 387. The gaskets 380, 387 provide

vibration 1solation between the cradle 100 and the skid 370 (and other components mounted
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on the skid}. For example, the vibration gaskets may significantly damapen low frequency
vibrations.

[0035] The heavy cradle 100 adds mass to the Coriolis flow sensor 150, and the
vibration gaskets 380, 387 isolate the cradle and flow sensor from the rest of the flow process
system. As a result, zero dnft is reduced. For example, for smaller size sensors {(e.g., tubing
of 1/2 tnch and less), zero drift was reduced from 100g/min to 2.5 g/oun. Typical mmimum
flow rate for these sensors is 300 g/min, so the zero drift is reduced to less than 1% of the
minimum flow rate. For larger sensors {e.g., 3/4 and 1 inch tubing), zero dnft was reduced
from 200 g/min to 25 g/min. A typical minimum flow rate for these sensors is 6 kg/min, so
the zero drift is reduced to less than 1% of the mininum flow rate.

[0036] Figs. 1-3 show one example. Other varnations will be apparent. Figs. 4-6 show
perspective views of additional embodiments of a Coriolis flow sensor 450, 550, 650 and
corresponding cradle 400, 500, 600, In Fig. 4, the flow sensor 450 has a vertical
configuration, whereas the flow sensors i previous figures are in-line configurations. In an
m-line configuration (see Fig. 1), the inlet 152 and outlet 156 are in line with each other, but
the flow typically s diverted in order to flow through the fow tubes. In a vertical
configuration of Fig. 4, the infet 452 and outlet 456 are not aligned with each other, but the
flow is more in Hine with the flow tubes. The cradle and mounting structure may be designed
to accommodate multiple different flow sensors, meluding both in-line Coriolis flow sensors
and vertical Coriolis flow sensors. In addition, i Fig. 4, the locking points 440 are on the
corners rather than along the sides.

[0037} In Fig. 3, the cradle 300 includes the collar 510 but dogs not have an enclosure.
The flow sensor 350 protrudes through the collar 510 and 1s visible below the collar, as
shown in Fig. 5B.

[0038] in Fig. 6, the Coriolis flow sensor has an in-line configuration with inlet 632 and
outlet 656, It also includes an utegrated dampener 662 and integrated pressure sensor 664,
The dampencr 662 is located on the nlet side of the flow sensor. The integrated dampener
reduces vibrations in the fhud flow mtself] for example as may be caused by a pulsating pump.
Example dampeners are described in U.S. Patent Appl. No. 16/994,611 "Flow Dampener in
Flow Measurersent System,” which 1s incorporated by reference m tts entirety. Integrating
the dampener and pressure sensor reduces the overall size and space requirement, compared
to free-standing dampeners and pressure sensors that are connected to tubing on the inlet or
outlet. It also reduces the amount of tubing required, which i turn reduces the amount of

dead volume. Dead volume is the volume of thud contained in tubing, sensors and other
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components, as this volume is lost and not converted to useable product when the system is
flushed between batches. Reducing dead vohume s important in pharmaceutical
manutacturing, because dead volume 1s wasted product, which can be very valuable. The
miegrated pressure sensor can also produce more accurate pressure readings for calibrating
the Coriolis flow sensor, since it is measuring pressure closer to the actoal flow tubes.
[0639] Although the detailed description contains many specifics, these should not be
construed as limiting the scope of the invention but merely as illustrating different examples.
It should be appreciated that the scope of the disclosure includes other embodiments not
discussed in detail above. Various other modifications, changes and variations which will be
apparent to those skilled m the art may be made in the arrangement, operation and details of
the method and apparatus disclosed hercin without departing from the spirit and scope as
defined i the appended claims. Therefore, the scope of the invention should be determined

by the appended claims and their legal equivalents.
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WHAT IS CLAIMED IS:

1. A flow process system comprising:
a cradle having a mounting structure for a Coriolis flow sensor, wherein the cradle has
a mass of at least ten (1) times a mass of the Conohis flow sensor;
a locking mechanism to lock and unlock Cortolis flow sensors 1n place on the
mounting structure, wherein the locking mechanism produces sufficient
locking force when locked that the Cortolis flow seosor and cradle vibrate as a
unitary body.
2. The flow process system of claim 1 wherein the cradle has a mass of at least 5 kg,
3. The flow process systern of clain | wherein the cradle and mounting structure are
both shaped to accommodate both in-line Coriolis flow sensors and vertical Coriolis flow
SENSOIS.
4. The flow process system of claim 1 wherein:
the cradle comprises a rectangular collar that includes most of the mass of the cradie;
and
the mounting structure comprises a rectangular annular lip against which the Coriolis
flow sensor is mounted, the locking mechanism applying force to the Coriolis
flow sensor agamnst the lip.
5. The flow process system of claim 1 wherein the cradle comprises an enclosare that
encloses the Cornolis flow sensor.
6. The flow process system of claim 1| wherein the locking mechanism comprises thumb
SCTEWS.
7. The flow process system of claim 1 wherein the locking mechanism is manualily
operable to remove and replace the Coriolis flow sensor in one minute or less.
8. The flow process systen of claim 1 wherein the locking mechanism applies at least S
Nm force to lock Corolis flow sensors in place on the mounting structure.
9. The flow process system of claim 1 wherein the locking mechanism provides a
plurality of locking points that apply force to lock Coriolis flow sensors in place on the
mounting structure, and the force apphied at each of the locking points 1s within 15% of cach
other.
14 The flow process system of claim 1 wherein the locking mechanism applies force at
four locking points arranged 10 a rectangular shape to Jock Coriolis flow sensors in place on
the mounting structure.

11 A flow process system comprising:

9
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a skid for supporting cquipment used in an environment that includes a flow of fhud;

a Coriolis flow sensor for measunng a flow rate of fluid flow;

a cradle attached to the skid, the cradle having a mounting structure for the Coriolis
flow sensor, wherein the cradle has a mass of at east ten (10) times a mass of
the Coriolis flow sensor;

a locking mechanism that locks the Coriolis flow sensor in place on the mounting
structure, wherein the locking mechanism produces sufficient locking force
that the Coriolis flow sensor and cradle vibrate as a unutary body but the
locking mechanism is also unlockable to release the Coriolis flow sensor.

12 The flow process systern of claim 11 whercin the Corolis flow sensor 1s disposable
and/or single-use.

13, The flow process aystem of claim 11 wherein the Coriolis flow sensor includes
polymer flow tubes and is gamma irradiatable to at least 50 kGy.

14, The flow process system of claim 11 wherem the Cornohis flow sensor comprises an
mtegrated dampener.

15, The flow process system of claim 11 wherein the Coriohs flow sensor comprises an
mntograted prossure sensor.

16, The flow process systern of claim 11 further comprising:

gaskets between the cradie and the skid, the gaskets providing vibration dampening
between the cradic and the skid.

17, The flow process system of claim 11 wherem the Coriolis flow sensor has a zero dnift
of not more than 2.5 g/min.

18, The flow process system of claim 11 wherein the Coriolis flow sensor has a zero drift
of not mare than 1% of a mininnun flow rate measured by the Coriolis flow sensor.

19 A flow process system comprising:

a cradle comprising a rectangular metal collar and a rectangular annular lip agamst
which a replaceable Coriolis flow sensor 1s mounted; wherein the cradle has a
mass of at least ten (10) times a mass of the Coriolis flow sensor and the
rectangular metal collar includes most of the mass of the cradle;

a phurality of manually operable thumb screws to lock and unlock the Coriolis flow
sensor ia place against the annular lip, wherein the thumb screws 1o aggregate
apply at least 5 N of force to the Coriolis tliow sensor against the lip and the

force applied by each thumb screw is within 15% of each other; and

10
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gaskets between the cradle and a support for the cradle, the gaskets providing
vibration dampening between the cradle and the support.
20, The flow process system of clamm 19 wherein the Coriolis flow sensor has a zero drift

of not more than 1% of a minimurn flow rate measured by the Coriolis flow sensor,

11



