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SYSTEM AND METHOD FOR SENSING OIL QUALITY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from United States Provisional
Application No. 62/019,136, filed on June 30, 2014, the entirety of which is

hereby incorporated by reference herein.

TECHNICAL FIELD

[0002] This disclosure relates to systems for measuring the quality of oil within

a deep fat fryer system.

BRIEF SUMMARY

[0003] A first representative embodiment of the disclosure is provided. The
embodiment includes a system for measuring the state of degradation of cooking
oil in a deep fryer. The system includes at least one fryer pot and a loop of piping
that is fluidly connected to said at least one fryer pot for selectively allowing a
flow of oil from the at least one fryer pot into the loop and for selectively allowing
the cooking oil to return to said at least one fryer pot from the loop. A pump is
provided for urging the flow of cooking oil through the loop of piping and
selectively to urge oil to return to the at least one fryer pot. The loop further
comprises a first valve that is positionable to a closed position to prevent oil flow
to or from the at least one fryer pot, and is positioned to an open position to allow
flow to or from the at least one fryer pot. The loop further comprises a return

portion that extends from a discharge of the pump toward a suction of the pump,
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wherein the return portion includes a second valve that is configured to
selectively prevent or allow flow through the return portion. A sensor is disposed
in fluid communication within the loop and adapted to measure an electrical
property that is indicative of total polar materials of said cooking oil as the
cooking oil flows within the loop of piping and past said sensor.

[0004] Another representative embodiment of the disclosure is provided. The
embodiment includes a system for measuring the state of degradation of cooking
oil in a deep fryer. The system includes at least one fryer pot and a loop of piping
fluidly connected to said at least one fryer pot for selectively allowing flow of oil
from the at least one fryer pot into the loop and for selectively allowing the
cooking oil to return to said at least one fryer pot from the loop. A pump urges
flow of cooking oil through the loop of piping and selectively to urge oil to return to
the at least one fryer pot. The loop further comprises a first valve that is
positionable to a closed position to prevent oil flow from the at least one fryer pot,
and is positioned to an open position to allow flow from the at least one fryer pot.
The loop further comprises a second valve that is positionable to a closed
position to prevent oil flow to the at least one fryer pot, and is positioned to an
open position to allow flow to the at least one fryer pot. The loop further
comprises a recirculation portion that extends from a discharge of the pump
toward a suction of the pump, wherein the recirculation portion includes a third
valve that is configured to selectively prevent or allow flow through the
recirculation portion. A sensor is disposed in fluid communication within the loop
and adapted to measure an electrical property that is indicative of the quality of
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the cooking oil within the loop of piping, wherein the sensor is disposed in the
recirculation portion of the loop. During cooking operations within the fryer pot
the first and second valves are in the closed position, and during an operation of
the sensor the first and second valves are shut.

[0005] Yet another representative embodiment of the disclosure is provided.
The embodiment includes a method of calibrating a sensor used in conjunction
with a deep fat fryer. The method includes the steps of providing a deep fat fryer
including a frypot configured to receive a quantity of oil for cooking a food product
disposed therein, and a loop of piping fluidly connected to said at least one fryer
pot for selectively allowing flow of oil from the at least one fryer pot into the loop
and for selectively allowing the cooking oil to return to the at least one fryer pot
from the loop. A pump is provided for urging the flow of cooking oil through the
loop of piping and to selectively urge oil to return to the at least one fryer pot, the
loop further comprising a first valve disposed along a flow path from the fryer pot
toward a suction of the pump, and a second valve disposed along a flow path
from a discharge of the pump to the fryer pot. The loop further comprising a
recirculation portion that extends from the discharge of the pump and toward a
suction of the pump, wherein the recirculation portion includes a third valve that is
configured to selectively prevent or allow flow through the return portion. A
sensor is provided that is disposed in fluid communication with the loop and
adapted to measure an electrical property that is indicative of the quality of the
cooking oil within the loop of piping. The method includes the step of providing a
controller that receives a signal from the sensor that is indicative of the electrical
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property measured by the sensor, and in use sending the signal from the sensor
to the controller. The method additionally includes the step of providing a second
sensor that is configured to interact with oil disposed within the deep fat fryer at a
location remote from a position of the sensor with in the loop, wherein the
second sensor is configured to measure the electrical property of the cooking oil
that is indicative of the quality of the cooking oil, the second sensor is configured
to send a second signal to the controller that is indicative of the measured
electrical property by the second sensor. The controller is configured to compare
the measurement of the second sensor received via the second signal with the
measurement of the sensor received via the signal from the sensor and the
controller is configured to modify a calibration of the sensor based upon a
measured difference between the measurement by the sensor and the
measurement by the second sensor.

[0006] Another representative embodiment includes the embodiment of the
preceding paragraph wherein the sensor is disposed within the recirculation
portion of the loop.

[0007] Another representative embodiment includes the embodiment of either
of the two preceding paragraphs wherein the second sensor is configured to send
a wireless signal to the controller that is the second signal.

[0008] Another representative embodiment includes the embodiment of either
of the three preceding paragraphs, wherein the recirculation portion of the loop

comprises a third valve that is disposed between the discharge of the pump and
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the sensor, and wherein the controller is configured to open the third valve when
a sensing operation by the sensor is desired.

[0009] Advantages of the present disclosure will become more apparent to
those skilled in the art from the following description of the preferred
embodiments of the disclosure that have been shown and described by way of
illustration. As will be realized, the disclosed subject matter is capable of other
and different embodiments, and its details are capable of modification in various
respects. Accordingly, the drawings and description are to be regarded as

illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1is a first schematic view of a fryer with an oil sensing system.
[0011] FIG. 2is a schematic view of a fryer with a second oil sensing system.
[0012] FIG. 3 is a schematic view of a fryer with the oil sensing system of FIG.
1 with a calibration system.

[0013] FIG. 4 is a schematic view of a fryer with another oil sensing system.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE PRESENTLY
PREFERRED EMBODIMENTS

[0014] Turning now to FIGs. 1-4, a system 10 for sensing the quality of oil in a
deep fat fryer 1 is provided. The system 10 may be fluidly connected to a deep
fat fryer 1, such that the system 10 can be either by continuously, cyclically, or
manually used to measure the quality of oil located in the vat of the fryer, and can
be operated during cooking operations of the fryer 10 or when cooking operations

are not occurring in the fryer 10.
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[0015] The system 10 may be fluidly connected to at least one fryer pot
(frypot) 100, which is configured to hold a volume of oil, which is normally heated
by one or more conventional electric heaters or gas burners which are in thermal
communication with the frypot 100. The frypot 100 may be configured to receive
one or more baskets 500 that are used to place food product within the heated oil
to fry the food. With continued use, the oil within the frypot tends to become
degraded through prolonged interaction with the food product as well as due to
other factors, such as oxidation, hydrolysis, etc.

[0016] The frypot 100 may be fluidly connected to the system 10 with one or
more oil outlets 21, and in some embodiments with one or more oil inlets 22. The
system 10 may include a filter 80, a pump 40, a recirculation system 26, and an
oil sensor 60, each discussed below. The system 10 may be formed as a loop 20
piping (such as rigid or flexible piping, or other types of conduit), that is
configured to selectively allow the flow of oil from the at least one frypot 100,
through the loop, and ultimately return to the at least one frypot 100 (FIG. 1). The
system 10 may include a drain 4000, which may be controlled by a valve 4001 for
selectively opening and closing the drain 4000. The valve 4001 may be a manual
valve, or in some embodiments, the valve 4001 may be a remotely operated
valve, such as a solenoid valve, and may be operable by a controller 1000. As
discussed elsewhere herein, the controller 1000 may operate the drain valve
4001 for several reasons, such as to dump oil from the system 10 (and therefore
the frypot 100), to “feed and bleed” ail (i.e. simultaneous dumping of oil from the
drain 4000 and replacement with fresh oil from the storage vat 3000 (by operating
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the replacement valve 3001)). As discussed elsewhere herein, the controller
1000 may be programmed to automatically dump or feed and bleed oil from the
system due to the measured quality of the oil by the sensor 60.

[0017] In some embodiments, the one or more oil outlets 21 from the frypot
100 may be selectively isolated by a valve 48 (or valves 48) that may be manual
valves or remotely operable valves, such as solenoid valves. Similarly, the one
or more oil inlets 22 to the frypot 100 may be selectively isolated by a valve 44 (or
valves 44) that may be manual valves or remotely operable valves, such as
solenoid valves.

[0018] The sensor 60 may be an electrical sensor that is adapted to
continuously measure one or more electrical parameters of the oil which are
directly indicative, or representative of the amount of impurities in the oil flowing
through/past the sensor 60. For example, it is a well-known attribute of cooking
oil to measure the total polar materials, or total polar compounds, therewithin and
it is known that the amount of total polar materials/compounds increases as the
life of the cooking oil decreases (i.e. the amount of total polar
materials/compounds increases as the oil is used for longer time periods). The
sensor 60 may be configured to continuously measure the capacitance of the oil
flowing past/through the sensor, which is representative of the total polar
materials/compounds in the oil, due to the known proportionality between the
total polar materials/compounds in the oil and the dielectric constant of the oil.
Still further, the sensor may be configured to measure voltage, resistance,
dielectric, conductivity, or conductance of the oil, some or all of which may be
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indicative of total polar materials or other aspects of oil that relate to the overall
quality of the oil, and in some embodiments, the sensor may be configured to
measure more than one (or all) of these parameters.

[0019] The oil sensor may be a coaxial sensor, or a resonant sensor, or
another type of sensor known in the art to be capable of sensing one or more
electrical parameters of oil (such as those listed above) in order for the sensor to
determine the total polar compounds/materials within the oil to allow for an oll
quality determination to be made, such as by the controller 1000.

[0020] The sensor 60 may provide a signal 1003 to the controller 1000 that is
indicative of the measured electrical property of the oil. In some embodiments,
the controller 1000 may receive the signal 1003 and perform one or more of the
functions discussed herein. For example, the controller 1000 may compare the
measured electrical property of the oil to a programmed value (or range) of the
electrical property. If the controller 1000 detects that the measured property is
satisfactory (such as it is above or below a setpoint, or it is within a programed
acceptable range), the controller may provide an indication to the user that the oil
quality is acceptable, such as through a readout 1101 on a display 1100
associated with the fryer, or on a remote device 1004 that communicates
remotely 1002 (as schematically depicted in FIG. 1) with the controller 1000 (or
display 1100), such as through WiFi, Bluetooth or another available remote
communication means 1110.

[0021] In some embodiments, and as shown in FIG. 1, the sensor 60 may
send an output signal 1120 directly to the display 1100.

8
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[0022] In some embodiments where the sensor 60 may be multiple sensors
that can simultaneously or non-simultaneously measure multiple different
properties of oil, the user may control which property is sensed (or displayed) and
the controller or the display may communicate with the sensor 60 to control the
operation of the sensor, or otherwise direct the monitoring of the sensor. If the
fryer is configured with an automated filtration system, the controller 1000 may
send a signal to the automated filtration system that further filtration, or a batch
filtration if the system is adapted for continuous filtration of a portion of the oil
within the system, is unnecessary.

[0023] If the controller 1000 determines that the measured property is
unsatisfactory (such as above a setpoint or within a range indicative of poor oil
quality) the controller may provide an alarm to the user. The controller may also
send a signal to an automated filtering system (when provided) indicating that a
batch filter cycle is recommended (or perhaps required, such as immediately or
after a current cooking cycle is completed). Further the controller 1000 could
initiate an auto top-off system (when provided with the fryer) to automatically
provide new oil to the frypot 100 and simultaneously open the drain valve 4001 to
“feed and bleed” the poor quality oil with new oil, and potentially without
interrupting cooking operations within the frypot. Moreover, if the measured
property is above a setpoint, below a setpoint, or outside of an acceptable range,
the controller could turn off the fryer (potentially when an in-process cooking
cycle is completed) and cause an automatic draining (and disposal) of the frypot
100 and an automated refill of oil within the frypot (when an auto top-off system is

9
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provided), or automatically drain, and dispose of the oil and signal to the user that
the frypot must be manually refilled.

[0024] The sensor 60 may be arranged to extend inline within the flow of oil
through the system 10. In some embodiments, the sensor 60 may be disposed
within a recirculation line 26 of the system 10, which is a line that extends
generally between the discharge 42 of the pump 40 and the filter 80, and allows
for oil to flow through the filter 80 and the pump without returning to the fryer pot
100. In some embodiments, the recirculation line 26 may include isolation valves
46, 49 on opposite sides of the sensor 60 (which may be manually or
automatically controlled, such as by the controller 1000) such that the system 10
may be configured to isolate the sensor 60 and prevent oil flow therethrough, or
configured to allow flow through the sensor 60. As discussed herein, the valves
44, 48 that selectively isolate the inlet and outlet 22, 21 of the frypot, respectively,
may be controlled in conjunction with the operation of the sensor 60 within the
recirculation system. For example, when the sensor 60 is operated in the
recirculation system, the valves 44, 48 may be shut so that the pump 60 urges oil
flow only through the recirculation system and the sensor 60 and the filter 80
(with the valve positions schematically depicted in FIG. 2, e.g. “O” for open, “C”
for closed). This configuration might be useful to monitor the reduction of the
capacitance (or the change in any other electrical characteristic discussed herein
or otherwise known), and therefore total polar materials/compounds or any other

electrical property of the oil monitored by the sensor 60 (discussed above), which
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could provide an indication of the operability or effectiveness of the filter 80 over
time with continued flow.

[0025] Alternatively, in other embodiments, the sensor 60 may be operated
with the valves 44 and 48 open (and with the recirculation line isolation valves 46,
49 open which allows for the oil from the frypot to be filtered continuously, as
schematically depicted in FIG. 1, with the possible valve positions, “O” for open,
“C” for closed) and the portion of the oil discharged from the pump 40 that runs
through the recirculation line 26 (instead of returning to the frypot 100) measured.
This type of operation would allow for continuous filtration and monitoring, if
desired.

[0026] In some embodiments, the sensor 60 may be operated with the
isolation valves 46, 49 shut, such that the sensor 60 would measure the electrical
characteristic of the slug of oil disposed proximate to the sensor between the
valves 46, 49. This configuration may be appropriate for sensors that more
accurately measure an electrical characteristic of oil that is cooled significantly
below normal cooking temperature of the oil. In some embodiments, the sensor
60 may be configured to measure the electrical characteristic of the oil that is
either flowing past the sensor or relatively still (i.e. when the isolation valves 46,
49 are shut).

[0027] In some embodiments shown in FIG. 4, one or more of the valves
discussed above and elsewhere herein may be replaced with three-way valves
(744 or 749) that may be manually operated, remotely operated by the controller
1000 and/or automatically operated by the controller. For example, a three way

11



WO 2016/003791 PCT/US2015/037927

valve 744 may be connected to each of the pump 40, the inlet of the fryer 22, and
the recirculation line 26. The valve 744 may be configured to direct oil from the
pump either to the frypot 100 through the return line, or to the recirculation line 26
(and the sensor 60). In some embodiments the valve 744 may be configured to
allow flow from the pump 40 to both the frypot 100 through the return line and
also to the recirculation line 26. In some embodiments, another three way valve
749 in the recirculation line 26 that is connected to piping downstream of the
sensor 60, the piping that returns oil to the filter pan 80, as well as piping 27 that
directs oil directly to the suction of the pump 40. As with valve 744, valve 749
may be manually operated, remotely operated by the controller 1000, and/or
automatically operated by the controller 1000. The valve 749 may be configured
to allow oil that flows through the sensor 60 to return to the filter pan 80, or to
return directly to the pump 60 through line 27. In some embodiments, the valve
749 can be configured to block oil flowing from the sensor 60, which would cause
oil in the recirculation 26 to be still within the sensor 60. In other embodiments,
other three (or multiple way) valves may be provided, such as a three way valve
that combines the frypot drain valve 48 and the replacement valve 3001, which
would operate to selectively isolate the frypot 100 (to prevent oil from draining
therefrom), and to selectively allow replacement oil into the filter pan 80. Other
three valves could be used.

[0028] In some embodiments and as shown in FIG. 1, in some embodiments,
the loop may include a pipe 27 that extends from downstream of the sensor 60,
but before the downstream isolation valve 49 directly to the suction of the pump

12



WO 2016/003791 PCT/US2015/037927

40 (or alternatively downstream of the downstream isolation valve 49), therefore
allowing flow through the sensor 60 that bypasses the filter 80. In some
embodiments the pipe 27 may be selectively isolated by a valve 45.

[0029] In some embodiments depicted in FIG. 3, a sensor (60’ or 60”) may be
provided in the drain line 4000 that allows for the oil to be disposed from the loop
and ultimately from the fryer to be measured, in a similar manner to the sensor
60, discussed above. The sensor 60’ (depicted upstream of the drain valve
4001) or the sensor 60” (positioned downstream of the drain valve 4001) may
communicate with the controller 1000 via a signal 11003, with the controller 1000
operating with respect to the sensor 60’ or 60" in the same manner as the sensor
60 as discussed herein, including the calibration functionality as discussed
herein. One of ordinary skill in the art will understand that the sensor 60’ or 60"
may be beneficial to the operator to inform the operator of the quality (i.e. the
value of the measured electrical property of the oil that is indicative of the quality
of the oil) that is being drained from the fryer, which might be useful such as in
situations where it is impractical or undesirable to send oil through the
recirculation line 26 for a measurement by the sensor 60.

[0030] The filter 80 may be one of many types of filter systems known in the
art. For example, the filter may be a batch filter system, which generally includes
a filter vat 80, and one or more filter screens or meshes or filter papers that are
configured to mechanically particulate matter (such as crumbs) and impurities
that normally collect in oil after extended cooking of food product as well as after
extended time at the cooking temperature due to oxidation, hydrolysis or other
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phenomenon. With a batch filtering process, oil, when not actively cooking a food
product within the frypot 100, is drained to the filter vat 80, such that the oll
passes through the various filtering screens or other filtering members. The filter
vat 80 is normally filled when oil is drained from the frypot 100 through valve 48.
The pump 40 draws a suction from the filter vat 80 and urges the oil within the
filter vat to flow through the filtering media and out of the filtering vat 80 where it
is pumped within the system.

[0031] Alternatively, the system may be used with a continuous filtering
system. In such a system, volume of oil 600 from the frypot 100 flows (either
naturally or with a pump (not shown)) out of the frypot 100 and into the filtering
system, where the oil flows through the filter vat 80 and is ultimately pumped
through the system, either returning to the frypot 100 or through the recirculation
line 26 and the sensor 60. One of ordinary skill in the art with a thorough review
of the subject specification and figures will readily contemplate how to construct
an appropriate batch filtering system or an appropriate continuous filtering system
that is configured to be readily used with an oil quality sensor 60 disposed within
a recirculation line. One of ordinary skill in the art would understand that such an
alignment for an oil sensor 60, especially with a batch filtering system, would be
beneficial, such as for evaluation of the performance of the oil filter 80.

[0032] For example, the operator (or a controller) could monitor the output of
the oil sensor 60 as the pump 40 operates (with oil drained from the frypot 100
and into the filter vat 80 and filtering system 10). If the pump 40 is run
continuously for a set period of time, and the valves 44, 48 are shut, the operator
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(or controller 1000) can measure the electrical property of the oil (such as a
property of total polar materials as discussed above or any other property of oil
capable of continuous monitoring), as monitored by the sensor 60 over time. If
the sensed property improves (such as through an “improvement” of a parameter
that is measured by the sensor over time toward a range or an optimum level,
which is an indication that the oil’s ability to effectively and efficiently cook foods
is improving) over time, it may be determined the filter 80 is operating properly. If
the measured property of the oil does not improve over time, then the filter 80
may not be working properly. One of ordinary skill in the art will also contemplate
that the rate of change of oil quality may also be an indication of the operability of
the filter 80.

[0033] Turning now to FIG. 3, a system for calibration of the sensor 60 that is
provided within the recirculation line 26 of the fryer 1 is provided. The system
may include all of the components of the filter system and the recirculation
system discussed above, such as a filter pan 80, loop isolation valves 44, 46, a
sensor 60, and recirculation line isolation valves 46, 49. The system may further
include a controller 1000, which, as discussed above, may receive a signal 1003
from the sensor 60 that is indicative of the measured electrical property of the oil.
In some embodiments the signal 1003 may be a raw digital or analog signal
(such as a voltage that changes based upon the magnitude of the measured
parameter) that is representative of the measurement taken by the sensor 60,
with the controller 1000 receiving the raw signal and converting it to a measured
property. In other embodiments, the signal 1003 may be a signal that is the value
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of the actual parameter being measured. In other words, in some embodiments,
the sensor 60 may supply a signal 1003 that must be processed and analyzed by
the controller to determine the value of the parameter being measured
(conductivity, dielectric constant, etc.), and in some embodiments evaluated by
the controller 1000 to determine whether a signal, indication, or alarm should be
provided to the user (through signal 1001).

[0034] In either of the above possibilities initial and/or periodic or routine
calibration of the sensor 60 must be performed to ensure that the measured
electrical property (by the sensor 60) is indicative of the same electrical property
of the actual oil. It is known in the art that the electrical characteristics of sensors
(and processing equipment) may vary over time based upon factors such as
changing internal resistance, fouling of the surface of a sensor’s electrodes, or for
other reasons. Due to these or any other changes in the sensor’s operation (or
possibility changes in the wiring or path for an analog signal transmission to the
controller), it is important to periodically assess the proper operation of the sensor
and recalibrate the sensor as necessary.

[0035] For example, in some embodiments, a portable sensor 6000 (shown
schematically in FIG. 3) that measures the same electrical property of the oil as
measured by the sensor may be provided. The sensor 6000 may include a probe
6001 may be used to measure the electrical characteristic of the oil 600 within the
fryer pot 100, and/or in other embodiments the portable sensor 6000 may be
used to measure the electrical characteristic of the oil 600 within another position
within the fryer 10, such as oil flowing (4002) from the drain 4000 (also shown

16



WO 2016/003791 PCT/US2015/037927

schematically in FIG. 3). The portable sensor 6000 may provide a direct reading
of the measured electrical characteristic upon its display 6003. Alternatively or
additionally, the portable sensor 6000 may provide a signal 6004 to the controller
1000 that is representative of the measured electrical characteristic (either the
signal 6004 being the actual value of the measured electrical characteristic, or a
measurement that is representative of the measured characteristic, similar to the
sensor 60 as discussed above). In embodiments where the portable sensor
6000 is used, assuming that the calibration of the portable sensor 6000 was
recently verified, the controller 1000 receives the value of the measured
parameter via the signal 6004 and compares the measured parameter from the
portable sensor 6000 with the value of the measured parameter from the sensor
60 as received by the controller 1000. If there is any difference between the
values of the measured parameter from the portable sensor 6000 and the sensor
60, the controller 1000 can automatically adjust the gain (or another adjustable
parameter) of the sensor 60 to calibrate the output of the sensor 60, or
alternatively or additionally modify the controller’s processing of the signal 1003
received from the sensor 60 such that the value of the measured parameter of
the sensor 60 is consistent with the measured value of the sensor 6000, in order
for the measurement taken by the sensor 60 to reflect the “accurate”
measurement of the same parameter using the portable sensor 6000.

[0036] Various calibration techniques that could be implemented by the
controller 1000 to adjust the calibration of the sensor 60 (such adjusting the gain,
or the input voltage of the sensor 60) are well known in the art and will not be
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repeated herein for the sake of brevity. In some embodiments, the adjustment
could be made to the operation of the sensor 60, such as adjusting the gain of
the sensor, which would result in the sensor 60 sending a differing signal 1003 to
the controller after the adjustment, while in other embodiments, the calibration
may occur within the controller 1000, such that the controller changes the way
that the signal 1003 received from the sensor 60 is processed to result in the
value of the measured parameter as calculated by the controller 1000. In some
embodiments where the calibration changes are made directly to the sensor’s 60
operation, the changes (or instructions for the sensor 60 to change) are sent to
the sensor 60 automatically via the signal path 1003.

[0037] Alternatively, the controller 1000 may generate and provide the user
with instructions to manually adjust the sensor 60 to properly calibrate the sensor.
The instructions may be via a display 1100 upon the fryer, or a message that is
relayed to the user via wireless communication, WiFi, Bluetooth, and via different
types of information exchange methods (email, text, etc.).

[0038] In some embodiments, the controller 1000 may store calibration events,
and in some embodiments index calibration events, such as with a date/time
stamp, for future reference. In some embodiments, when a measurement of an
electrical parameter of the oil by the sensor 60 is outside of a specification, or the
controller detects a moving trend in the measured parameter by the sensor 60,
the controller may reference the calibration history of the sensor 60, and suggest
to the user that a calibration may be called for (using the portable sensor 6000),
before or in conjunction with the controller 1000 taking action with respect to the
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oil, such as automatically initiating a filter event, dumping oil through the drain
4000, or feeding and bleeding oil, or the like.

[0039] In other embodiments, the portable sensor 6000 may communicate with
the sensor 60 directly (such as via a signal path 6005 shown schematically in
FIG. 3), in addition to or instead of the communication with the controller 1000. In
these embodiments, the sensor 60 may be programmed to self-calibrate based
upon the signal received from the portable sensor 6000, rather than be calibrated
based upon instructions received from the controller 1000. Other than this
difference, the calibration of the sensor 60 based upon signals received from the
portable sensor 6000 is consistent with the embodiments described above.
[0040] In some embodiments, as shown in FIG. 3, the fryer 1 may include one
or more oil quality sensors 7000 that are positioned to monitor a desired
parameter of oil within the fryer pot 100 (or within one fryer pot 100 of a fryer set
up where multiple neighboring fryer pots 100 are fluidly connected to one filtration
system and oil sensor 60 disposed within a recirculation line 26 within a filtration
system). The one or more oil quality sensors 7000 may be configured to
measure the same parameter of oil as the sensor 60 that is positioned in the
recirculation line 26, while in other embodiments, one or more sensors 7000 may
be configured to measure a different parameter of oil as the sensor 60. The one
or more sensors 7000 may communicate with the controller 1000 via a path
7001, which may be hard wired or wireless. In other embodiments, other than
the difference between the sensor 7000 which may be rigidly mounted upon the
fryer pot 100 to directly (or indirectly) measure one or more electrical
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characteristics of the oil within the fryer pot, the operation of the sensor 7000 and
the method for calibration of the sensor 60 based upon a measurement by the
sensor 7000 is consistent with the description of the operation and calibration
based upon the portable sensor 6000 described above. In some embodiments,
the sensor 7000 provides the measurement(s) of the electrical parameters of oil
quality to the controller, with any automated operations of the fryer from the
controller 1000, or indications to the user regarding oil quality based upon the
measurements taken from sensor 7000. In some embodiments, the portable
sensor 6000 (discussed elsewhere herein) may be used for calibrating the sensor
7000, in the same manner as discussed herein with respect to the calibration of
sensor 60.

[0041] While the preferred embodiments of the disclosed have been
described, it should be understood that the invention is not so limited and
modifications may be made without departing from the disclosure. The scope of
the disclosure is defined by the appended claims, and all devices that come
within the meaning of the claims, either literally or by equivalence, are intended to

be embraced therein.

20



WO 2016/003791 PCT/US2015/037927

CLAIMS

1. A system for measuring the state of degradation of cooking oil in a

deep fryer comprising:

at least one fryer pot;

a loop of piping fluidly connected to said at least one fryer pot for
selectively allowing flow of oil from the at least one fryer pot into the loop and for
selectively allowing the cooking oil to return to said at least one fryer pot from the

loop;

a pump for urging the flow of cooking oil through the loop of piping and

selectively to urge oil to return to the at least one fryer pot,

the loop further comprising a first valve that is positionable to a closed
position to prevent oil flow to or from the at least one fryer pot, and is positioned

to an open position to allow flow to or from the at least one fryer pot,

the loop further comprises a return portion that extends from a discharge of
the pump toward a suction of the pump, wherein the return portion includes a
second valve that is configured to selectively prevent or allow flow through the

return portion;

a sensor disposed in fluid communication within the loop and adapted to

measure an electrical property that is indicative of the quality of the cooking oll
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within the loop of piping, wherein the sensor is disposed in the return portion of

the loop.

2. The system of claim 1, wherein the sensor is configured to measure an

electrical property that is indicative of the total polar materials of the cooking oil.

3. The system of either of claims 1 or 2, wherein the sensor is configured to
measure the electrical property of the cooking oil when the cooking oil flows past

the sensor.

4. The system of either of claims 1 or 2, wherein the sensor is configured to
measure the electrical property of the cooking oil when the cooking oil is relatively

stationary next to the sensor.

5. The system of claim 3, wherein the sensor is configured to measure the
electrical property of the cooking oil when the cooking oil is relatively stationary

next to the sensor.

6. The system of any one of the preceding claims, wherein said sensor is
selected from a capacitance sensor, a voltage sensor, a resistance sensor, a

dielectric sensor, a conductivity sensor, or a conductance sensor.

1. The system of any one of the preceding claims, wherein said sensor is a

coaxial sensor.

8. The system of any one of the preceding claims, further comprising an oil
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filtration system that is disposed in fluid communication with the loop.

9. The system of any one of the preceding claims, further comprising a
controller that receives a signal from the sensor indicative of the measured

electrical property of the oil.

10. The system of claim 9, wherein the first and second valves are remotely
operable by the controller, and the controller is configured to selectively operate
one or both of the first and second valves based upon the measured electrical

property of the oil.

11.  The system of either of claims 9 or 10, wherein the loop is fluidly
connected to a source of replacement oil, and wherein the loop further comprises
a drain, wherein the controller is configured to selectively open the drain to allow
cooking oil within the loop to drain from the loop and to selectively allow
replacement oil to flow into the loop, wherein the controller selectively allows the
cooking oil to drain from the loop and allows replacement oil to flow into the loop

based upon the measured electrical property of the oil.

12.  The system of claim 9, further comprising a third valve positioned within
the return portion and located between the sensor and an oil filtration system,
such that oil flowing through the return portion flows first through the sensor, then

through the third valve, and then into the oil filtration system.

23



WO 2016/003791 PCT/US2015/037927

13. The system of claim 12, wherein the third valve is operable by a controller,
wherein the third valve is opened when the second valve is opened when the
controller, and the third valve is shut when the second valve is shut by the

controller.

14. The system of any one of the preceding claims, further comprising a
display or an alarm in electrical communication with said sensor for indicating a
parameter of the oil that is representative of the measured electrical property of
the oil.

15.  The system of claim 9, further comprising a second sensor, the second
sensor being configured to interact with oil disposed within the deep fat fryer at a
location remote from the return portion, wherein the second sensor is adapted to
measure the electrical property of the cooking oil that is indicative of the quality of
the cooking oil, that is measured by the sensor, wherein the second sensor is
configured to send a signal to the controller that is representative of the
measurement of the electrical property of the cooking oil by the second sensor,
and the controller is configured to compare the measurement of the second
sensor with a measurement of the electrical property of the cooking oil received
from the sensor, and the controller is configured to modify a calibration of the
sensor based upon a determined difference between the measurement by the

sensor and the measurement by the second sensor.
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16. The system of claim 15, wherein the controller is configured to send a
signal to the sensor to modify a setting of the sensor to modify the calibration of

the sensor.

17. The system of claim 15, wherein the controller is configured to adjust its
settings for processing a signal received from the sensor that is indicative of the
quality of the cooking oil within the loop of piping to modify the calibration of the

Sensor.

18. A method of calibrating a sensor within the system of any one of claims 15-

17, comprising the steps of:

measuring the quality of the oil in the return portion of the loop using the

Sensor,;

providing a signal to the controller that is representative of the measured

oil quality by the sensor;

measuring the quality of oil within the fryer pot using the second sensor;

providing a second signal to the controller that is representative of the

measured oil quality by the sensor;

the controller comparing the value of the signal and the second signal; and

the controller modifying a calibration of the sensor based upon a measured

difference between the signal and the second signal.
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19. The method of claim 18, wherein the second sensor is configured to

send a wireless signal to the controller that is the second signal.

20. The method of claim 18, wherein the recirculation portion of the loop
comprises a third valve that is disposed between the discharge of the pump and
the sensor, and wherein the controller is configured to open the third valve when

a sensing operation by the sensor is desired.
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