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MONITORING COUPLING STATUS WITH PROCESS LOCKOUT FEEDBACK

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  The present invention claims priority under 35 U.S.C. 119(e) on U.S. Provisional
Application No. 60/578,307, filed on June 10, 2004, which is herein incorporated by

reference.
BACKGROUND OF THE INVENTION

1. Field of the Invention:

[0002]  The present invention relates to sensors for monitoring whether or not fasteners
are sufficiently engaged for safe operation before a process is initiated. In particular, tank
portholes that receive pipe connections, pro.bes or other processing equipment are held in
place by a clamp, collar or other means. The clamp, collar or other means must be properly
physically engaged in order to assure safe operation. An embodiment of the present
invention comprises one or more sensors tied or connected to indicators and/or the process
control system such that disengaged or improperly/incompletely engaged couplings can be

detected before a process is initiated.

2. Description of Background Art:
[0003] Probes, valves and feed and drain lines can be connected to the ports of

pharmaceutical processing equipment tanks using a wide range of couplings. The two most
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LunuLLL Lypus v vwunsuuun syswans waudes a threaded retaining collar fitted over a flange
or shoulder and coupled to mating threads or a pair of mating flanges coupled using bolts or a
clamping device. The coupling devices are commonly used because they have been proven
both reliable and effective at maintaining the juxtaposition of opposing members and the seal
formed between them or by their coupling. If these systems fail, however, the consequences
can be very costly in terms of damage to equipment, losses in time and materials and, most
importantly, injury to people. As a consequence, significant efforts have been taken to
establish SOPs (or “standard operating procedures”) that include checking and rechecking for
the proper placement of couplings on processing equipment before a process is initiated.
Operators are trained and retrained on these procedures and supervisors supervise operators
during operations all in an effort to keep all types of failures from occurring, including
coupling failures. In spite of these efforts, failures continue to occur.

[0004]  Recently, a means to assure that couplings, once made, would not fail was sought.
However, as mentioned above, the failures that occur are not normally associated with the
couplings themselves but, rather, their installation or lack thereof. In fact, it is frequently the
failure of the operator to engage the coupling that is the cause of the process leak that occurs.
Specifically, in the case of sanitary processing, clamps are placed over flanges but they are
not fully engaged. Valves, probes or other equipment are attached to or installed into ports,
but the threaded collar or coupling is either not introduced, is present but is not engaged or is
not sufficiently engaged. The purpose of the present invention is to give the operator,
supervisor or monitor of the process an indication that a coupling is not properly completed

or, at least in some cases, may be failing.

SUMMARY OF THE INVENTION
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[vvuo) 1uc prosa wvenuon uas veen developed to assist an operator by performing a
silent check on proper equipment installation. An embodiment of the present invention
includes a sensor switch that is mounted in a collar or clamp that can be retrofitted onto an
existing port of a vessel or conduit, for example, a probe port. The sensor switch can be used
to detect whether a probe, plug, valve, pipe, etc. has been properly secured to the port. An
insulated electrical lead can be provided for customization with a range of different electrical
connectors.

[0006] The sensor switch of the present invention can be hard-wired into an existing
system in such a way that system startup cannot be initiated until all of the sensor switches in
the system are properly secured. Because the system is a passive an unobtrusive system, it
does not interfere with normal plant operator or supervisory routines unless a problem is
detected. Since the sensor switch system can be tied into an existing process cohtrol system,
managers can remotely monitor the status of the system.

[0007] In the present invention, processing equipment refers to any type of component of
a process. For example, processing equipment can include a port of a vessel or conduit, a
probe, a plug, a valve, a pipe, etc.

[0008] An embodiment of the present invention includes one or more sensors placed
within or adjacent to a coupling(s) in such a way that the lack of a coupling(s) or the presence
of an inappropriately installed coupling(s) or one that is failing can be detected and the failure
results in a means for making this lack of coupling, coupling failure or potential failure
known.

[0009] According to an embodiment of the present invention, a monitoring system
comprises a porthole in a tank or conduit, said porthole including threads on an end thereof; a
piece of processing equipment, said piece of processing equipment being mounted within

said porthole by a threaded coupling collar, the threads of the coupling collar engaging the
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uucaus Ul we puluis, auu a sawu wllar, said sensor collar being mounted in fixed
relationship to said porthole at a predetermined distance from an end of said porthole and
including a status sensor mounted thereto, wherein the status sensor detects a position of the
threaded coupling collar to ensure that the piece of processing equipment is properly mounted
in the porthole.

[0010]  Further scope of applicability of the present invention will become apparent from
the detailed description given hereinafter. However, it should be understood that the detailed
description and specific examples, while indicating preferred embodiments of the invention,
are given by way of illustration only, since various changes and modifications within the
spirit and scope of the invention will become apparent to those skilled in the art from this

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The present invention will become more fully understood from the detailed
description given hereinbelow and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present invention, and wherein:
[0012]  Figure 1 is an illustration of two portholes including sensors according to the
present invention;
[0013]  Figure 2 is a cross-section through the portholes of Figure 1;
[0014]  Figure 3 is a perspective view of an embodiment of the sensor collar of the present
invention;
[0015]  Figure 4 is a right side view of the sensor collar of the present invention;
[0016]  Figure 5 is a front view of the sensor collar of the present invention;
[0017]  Figure 6 is a top view of the sensor collar of the present invention;

[0018]  Figure 7 is a cross-section of the sensor collar of Figure 6 taken along the line 7-7;
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[vuir]  rigwc o 15 a uctan vl we poruou § of Figure 7;

[0020]  Figure 9 is an explanatory view of the monitoring device of the present invention
with the threaded coupling collar in a detached position with respect to the threads on the
porthole;

[0021]  Figure 10 is an explanatory view of the monitoring device of the present invention
with the threaded coupling collar in a partially attached position with the threads on the
porthole;

[0022]  Figure 11 is an explanatory view of the monitoring device of the present invention
with the threaded coupling collar in a completely attached position with the threads on the
porthole; and

[0023]  Figure 12 illustrates a common sanitary clamp.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] The present invention will now be described with reference to the accompanying
drawings.

[0025]  Figures 1 and 2 illustrate two portholes 1 next to each other, each with a piece of
processing equipment in the form of a process monitoring probe 3 installed and held in place
with a threaded coupling collar 5 engaged with the male threads 7 of the porthole 1. A sensor
collar 9 is affixed onto each porthole 1 behind the coupling collar 5. Since the coupling
collar 5 is threaded forward onto the porthole 1, the coupling collar 5 will engage a status
sensor 10 on the sensor collar 9. When the coupling collar 5 engages the status sensor 10
sufficiently to actuate the status sensor 10, the status of the status sensor 10 changes. For
example, the status changes from an improperly mounted sensor collar 9 to a properly

mounted sensor collar 9.
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[vuzv]  Doisul cunals ¥ way ve anxcu in many ways. For example, Figure 1 illustrates
the sensor collar 9 in the form of a screw clamp with a screw 8 that tightens the sensor collar
9 to the porthole 1 when thé screw 8 is tightened. In Figure 1, two portholes 1 are illustrated
as extending out of a tank 2. However, more or less portholes 1 could be provided. In
addition, the portholes 1 could be provided in the wall of a conduit (not shown) instead of a
tank 2.

[0027]  Sensor collars 9 may be stringed together to monitor multiple port coupling status.
For example, referring to Figure 1, a wire bus 11 connects multiple sensor collars 9 via
respective sensor wires 12. In this way, an entire system can be monitored from a single
location.

[0028]  Figure 2 is a cross-section through the portholes 1 of Figure 1. In the lower
assembly, sensor 10a, sensor 10b and sensor 10d are not engaged while sensor 10c is
engaged. Sensor 10b and sensor 10c change status as the threads of the coupling collar 5 ride
over and compress them. Sensor 10a changes status by the coupling collar 5 when the
coupling collar 5 is threaded sufficiently onto the porthole 1. Sensor 10d senses the shoulder
13 of the probe 3. While the first three sensors all monitor the position of the coupling collar
5, sensor 10d monitors the actual position of the probe 3 itself. It js possible that if the
annular flange 6 of the coupling collar 5 fails, the sensor 10d would detect the event.

[0029] It should be noted that sensors may be of a variety of types, from discrete on-off
to analog. In addition, one or more of the sensors 10a - 10d can be dispensed with,
depending on a particular application.

[0030] Referring again to Figures 1 and 2, one preferred embodiment of the device of the
present invention comprises (one or more) sensor(s) 10 installed in a sensor collar 9 that can
be installed onto a tank porthole 1 to detect whether or not the coupling collar 5, which is

intended to secure a probe 3 in the tank porthole 1, has been properly installed. In this case,
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wie unciuany uncausu amwa woupung wllar 5 is slipped onto a probe 3 until the annular
flange 6 of the coupling collar 5 abuts against the shoulder 13 of the probe 3. The probe 3 is
slipped into the tank porthole 1 until the shoulder 13 of the probe 3 abuts against the rear face
of the porthole 1. The probe 3 can be securely fixed in place if, at this time, the threads of the
coupling collar 5 are sufficiently threaded onto the male threads 7 of the mating porthole 1 so
that the annular flange 6 of the coupling collar 5 presses the shoulder 13 of the probe 3 up
against the rear face of the porthole 1 from the rear. If the sensor collar 9 is appropriately
positioned, the sensor 10a can detect (through contact, interference, proximity or other
means) whether or not the coupling collar 5 is engaged and, if engaged, whether it is
sufficiently engaged. The sensor 10a, for example, could simply be a switch positioned
sufficiently back on the porthole 1 such that the leading edge of the coupling collar 5 can
only engage and change the condition of the switch when the coupling collar 5 is sufficiently
engaged with the male threads 7 of the porthole 1 to assure that the probe 3 is secure enough
for the process to be allowed to go forward.

[0031] In Figure 2, the sensors 10b, 10c and 10d are illustrated as being mounted in a
keyway 21 formed in the porthole 1. However, it is also possible to mount the sensors 10b,
10c and 10d in a keyway 21 formed in the threads of the coupling collar 5. In addition,
although Figure 2 illustrates the sensor 10a attached to a sensor collar, it would also be
possible to mount the sensor 10a at a predetermined location within a keyway formed in the
porthole 1. The sensors can be mounted in their own individual bores formed in the porthole
1, sensor collar 9 or coupling collar 5, depending on a particular application. The sensors
also could be formed as molded elements embedded in or protruding from the porthole 1,
sensor collar 9 or coupling collar 5. The sensors could be mechanical, electrical, optical,
magnet, conductive or other types of sensors that would be known to one having ordinary

skill in the art.
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[vuos) w1 regard w wie sensors 1vo, 10c and 10d that are mounted within the keyway
21, when the coupling collar 5 does not engage the male threads 7 of the porthole 1 at all,
none of the sensors 10b, 10c and 10d would change their condition. If the coupling collar 5 is
partially engaged, the states of one or more of the sensors will change and, if the collar is
fully engaged, all sensors states will change, including the sensor state of the sensor 10a
mounted to the sensor collar 9.

[0033]  The sensor 10d monitors the position of the probe 3 separately and independently
from the condition of the coupling collar 5 on the porthole 1. Specifically, sensor 10d is
positioned within the keyway 21 at or adjacent to the end of the porthole 1. The sensor 10d
detects contact with and/or proximity with the mating shoulder 13 of the probe 3. If the
coupling collar 5 begins to fail or the probe 3 begins to slip out of the porthole 1 under
pressure, the change in status can be detected by the sensor 10d.

[0034] In Figures 1 and 2, the threaded coupling collar 5 is illustrated having a bolt 8 that
extends through mating shoulders of the sensor collar 9 to tighten the sensor collar 9 to a
porthole 1. It should be understood that there are numerous ways of attaching the sensor
collar 9 to a porthole 1. For example, referring to Figures 3-8, an alternative sensor collar 9a
is illustrated. This sensor collar 9a includes a bolt 8a that is received entirely withing the
cylindrical body of the sensor collar 9a through holes 14a. Upon tightening of the bolt 8a, the
sensor collar 9a can be clamped to a porthole 1 at a predetermined location. The sensor collar
9a includes a status sensor 10a embedded therein in the same manner as the sensor collar 10
of Figures 1 and 2.

[0035]  Referring specifically to Figures 7 and 8, an embodiment of the status sensor 10a
of the present invention will be described. The status sensor 10a is in the form of a status
switch 23. The status switch 23 includes an actuator button 25 that would be engaged by the

coupling collar upon movement of the coupling collar toward and away from the sensor



WO 2005/124712 9 PCT/US2005/020477

wual sa.  1uv avweawi vuuou 2o wvieads @ contact 27 mounted for movement therewith.
When the actuator button 25 is moved through contact with a coupling collar, the contact 27
engages stationary contacts 29 mounted within the sensor collar 9a in order to change the
status of the status switch 23. The status switch 23 includes first and second springs 31 for
biasing the actuator button 25 to an open position.

[0036]  Referring to Figures 9-11 of the present invention, a method of operation of the
sensor collar 9a of the present invention will be described. However, it should be noted that
the method is not limited to the sensor collar 9a of Figures 3-8. The method of the present
invention is also applicable to the sensor collar 9 of Figures 1 and 2. The sensor collar 9a is
mounted to the porthole 1 at a predetermined location. In order to determine the proper
position of the sensor collar 9a, the sensor collar 9a is slid over the porthole 1 of a tank 2 (see
Figures 1 and 2) or conduit (not shown) with the status sensor 10a facing away from the tank
or conduit. The coupling collar 5a is then threaded onto the porthole 1 to secure a piece of
processing equipment in the form of a plug 16 thereto. Once it is determined that the plug 16
is properly installed, the sensor collar 9a is slid toward the coupling collar 5a in order to
actuate the sensor 10a. The sensor collar 9a is then clamped to the porthole 1 at this position
by tightening the bolt 8a on the sensor collar 9a.

[0037] It should be noted that this operation is necessary only the first time that the
sensor collar 9a is mounted to a particular porthole 1. Once this predetermined position is
determined, the sensor collar 9a would not be moved for typical removal and attachment
operations of the processing equipment. Therefore, all future processing equipment assembly
can be monitored for proper assembly, as well as failure (in the case of including a sensor 10d
as in Figure 2 that engages the processing equipment directly) during future operations

without active involvement of the operator.
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[vuoo]  nerciug w riguis ¥, we seusor collar 9a is mounted to the porthole 1 at the
predetermined position. The coupling collar 5a is completely disengaged from the porthole
1. In view of this, the sensor 10a is in the disengaged position such that the sensor 10a
indicates a status of improper installation of the plug 16.

[0039] In Figure 10, the coupling collar 5a is partly threaded onto the porthole 1 to secure
the plug 16 thereto; however, the the coupling collar 5a is not sufficiently tightented. In veiw
of this, the sensor 10a is still in a disengaged position such that the status sensor 10a indicates
a status of improper installation of the plug 16.

[0040] In Figure 11, the coupling collar 9a is illustrated as being sufficiently tightened to
the porthole 1. In view of this, the sensor 10a is actuated such that the sensor 10a indicates a
status of proper installation of the plug 16.

[0041]  Of course, if a three position sensor were used, if the coupling collar 5a were
threaded enough to engage the sensor 10a, but not tightened enough to actuate the sensor 10a
completely (a position between Figures 10 and 11), the sensor 10a would provide a status to
indicate that the coupling collar 5a was connected, but not sufficiently tightened.

[0042]  According to another embodiment of the present invention, a coupling collar in
the form of a clamp can include a status sensor. The clamp can be positioned on the mating
flanges of a port and a pipe or two pipes to detect whether or not the clamp is in place. The
status sensor can be placed within the clamp to determine if the clamp is opened or closed
and, if closed, whether the clamp is exerting enough compression to properly seal the
connection or, conversely, whether the connection is excessively tightened.

[0043]  Figure 12 depicts an axial view of a common sanitary tri-clamp 15 with the nut 17
engaged on the bolt 19. However, it should be understood that the present invention is not
limited to a tri-clamp. The tri-clamp 15 is clamped around a fitting 33, for example, two

mating flanges of a port and a pipe or two pipes. A sensor 10e is located between the inside
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wugLe UL wiv wimviaip 10, ou wae a> wiv wai-clamp 15 is tightened, the sensor 10e is actuated.
The sensor 10e can be discrete or analog. Alternatively, a sensor (not shown) can be placed
in the bowl of the tri-clamp 15 into which the nut 17 tightens.

[0044]  Referring to Figure 12, the sensor 10e includes a body 35 that receives a status
switch 23a. The body 35 also includes a through-hole formed therein for receiving the bolt
19 of the tri-clamp 15. In Figure 12, the status sensor 10e is the same as the status switch 23
described above with regard to Figures 7 and 8. However, it should be noted that other
sensors could be used as well, as long as a sensor can provide an indication of a status change
as the clamp is tightened.

[0045] It should be noted that the tri-clamp 15 can include a sensor to detect whether the
flanges are present. Such a sensor could be aﬁy of the above-mentioned sensors. This
application would be usable to ensure that processing equipment is present at a particular
location.

[0046] It should also be noted that the status sensor 10 could be included between a nut
and flange or between a bolt head and flange in bolted flange arrangements. In other words,
the bolts used to connect two cooperating bolt flanges could include one or more status
sensor 10 mounted around the bolts connecting the flanges together, so that the flange
connection monitored in the manner described above. It is also possible that the sensor 10 be
mounted between the cooperating flanges, for example, the sensor 10 could be mounted in
the flanges in recesses formed in the cooperating faces of the flanges.

[0047] In the present invention, one or more sensors could be installed to monitor the
condition of a single coupling. Signals from sensors on several different couplings could be
connected, combined, run in parallel or in series.

[0048] Sensors may be hard-wired to a monitoring/indicator system or they may be

monitored using wireless or remote technology. Sensor states themselves could be monitored
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Luiviuuany wiw a wvar uvaws uvu w ul€ SENSOor or, alternatively, the state of a sensor or
sensors could be hard-wired for monitoring by the process control system (PCS). The PCS
might flag individual couplings if problems were detected. The PCS system might also have
a “lock-out” so that tanks with ports whose couplings were flagged as being insufficiently
engaged could not be filled or pressurized, thus preventing failures.

[0049]  Although the present invention has been described as being utilized with a probe
3, it should be noted that the present invention can also be used to ensure that other-
processing equipment is properly mounted in a system. For example, instead of a probe 3,'
the threaded collar 5 could be used to mount a plug, valve, pipe or other piece of processing
equipment to the porthole 1. Therefore, the status sensor 10 would monitor the status of the
plug, valve, pipe, etc. instead of a sensor. In addition, the status sensor of the present
invention could be mounted between two pipes of a system, preferably taking the form of a
clamp as illustrated in Figure 3.

[0050] The invention being thus described, it will be obvious that the same may be varied
in many ways. Such variations are not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be obvious to one skilled in the art are

intended to be included within the scope of the following claims.
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What is claimed is

1. A monitoring system, comprising;:

a porthole in a tank or conduit, said porthole including threads on an end thereof;

a piece of processing equipment, said piece of processing equipment being mounted
within said porthole by a threaded coupling collar, the threads of the coupling collar engaging
the threads of the porthole; and

a sensor collar, said sensor collar being mounted in fixed relationship to said porthole
at a predetermined distance from an end of said porthole and including a status sensor
mounted thereto,

wherein the status sensor detects a position of the threaded coupling collar to ensure

that the piece of processing equipment is properly mounted in the porthole.

2. The monitoring system according to claim 1, wherein the status sensor
indicates a status of improper installation of the processing equipment when the threaded
coupling collar is not threaded to or improperly threaded to the threads of the porthole, and
the status sensor indicates a status of proper installation of the processing equipment when

the threaded coupling collar is properly threaded to the threads of the porthole.

3. A monitoring system, comprising;:

a first piece of processing equipment, said first piece of processing equipment
including a flange on an end thereof;

a second piece of processing equipment, said second piece of processing equipment
including a flange on an end thereof for engaging the flange of the first piece of processing

equipment;
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a viawp, saiu viap veug sevwaure around the flanges of said first and second pieces
of processing equipment to mount said first and second pieces of processing equipment to
each other; and

a status sensor mounted to said clamp, said status sensor detecting a clamping position
of the clamp to ensure that the first and second pieces of processing equipment are properly

mounted to each other.

4. The monitoring system according to claim 3, wherein the status sensor
indicates a status of improper installation of the first and second pieces of processing
equipment when the clamp is insufficiently tightened to secure the flanges of the first and
second pieces of processing equipment to each other, and the status sensor indicates a status
of proper installation of the first and second pieces of processing equipment when the clamp
is sufficiently tightened to secure the flanges of the first and second pieces of processing

equipment to each other.

5. The monitoring system according to claim 3, wherein said clamp is a C-clamp

having bolt that can be tightened to change the diameter of the C-clamp, and said status

sensor is mounted around said bolt and within the opening of the C-clamp.

6. The monitoring system according to claim 3, wherein said first and second

pieces of processing equipment are flanged pipes.

7. A method of monitoring a process comprising the steps of:
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wvunuug a supsyl wwuar w a puwwle at a predetermined location from an end of the
porthole, said porthole including threads on the end thereof and including a status sensor
mounted thereto;

attaching a piece of processing equipment to the porthole by threading a coupling
collar to the threads of the porthole; and

tightening the coupling collar to the porthole until the coupling collar actuates the
status sensor on the sensor collar,

wherein the status sensor detects a position of the coupling collar to ensure that the

processing equipment is properly mounted to the porthole.

8. The method according to claim 7, wherein the status sensor provides an
indication that the processing equipment is improperly installed when the coupling collar
does not actuate the status sensor or actuates the sensor an insufficient amount, and said
status sensor provides an indication that the processing equipment is properly installed when

the coupling collar sufficiently actuates that sensor.

9. A method of monitoring a process comprising the steps of:

mounting a first piece of processing equipment having a first flange to a second piece
of processing equipment having a second flange with a clamp; and

providing a status sensor on the clamp;

wherein the status sensor detects a clamping position of the clamp to ensure that the

first and second pieces of processing equipment are properly mounted to each other.

10.  The method according to claim 9, wherein the first and second pieces of

processing equipment are flanged pipes.
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FIG.2
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FIG.9
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