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(57) Abstract: A sensing system for monitoring an industrial fluid is presented. The sensing system includes a housing and a sensor
probe disposed at least partially in the housing, where the sensor probe includes a substrate, a sensing region disposed on the substrate,
a first coil disposed on the substrate and coupled to the sensing region, and a second coil disposed on the substrate and coupled to the
first coil. A method for operating the sensing system is also presented.
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A SENSING SYSTEM AND AN ASSOCIATED METHOD THEREOF

BACKGROUND

[0001] Embodiments of the present invention generally relate to an integrated sensor probe for
monitoring of health of an industrial fluid and more specifically, to a sensor probe disposed in a

housing with preserved sensor sensitivity and selectivity.

[0002] Real time monitoring of health of an industrial fluid, for example, engine oil is important
in the field of transportation, such as, locomotive, marine, automotive, and the like. The real time
monitoring of the health of the engine oil aids in providing early detection of leaks of diverse
industrial fluids into engine oil and early detection of oil degradation and aging. Different types
of sensors and sensing techniques have been designed to detect different aspects of oil health.
Sensors include a mechanical resonator, an acoustic wave device, a capacitive sensor, a
conductometric sensor, and sensor arrays. The different sensing techniques include dielectric

spectroscopy and complex permittivity measurements.

[0003] However, the sensors and their electronic components currently employed for
monitoring health of engine oil may be large in size. Therefore, these sensors are difficult or
impossible to install in confined places in the engine. Hence, the sensor applicability may be
adversely affected. In particular, the ability to install sensors in confined places in the engine is

compromised.
[0004]  Accordingly, there is a need for an enhanced system.
BRIEF DESCRIPTION

[0005] In accordance with one embodiment of the present invention, a sensing system for
monitoring an industrial fluid is disclosed. The sensing system includes a housing and a sensor
probe disposed at least partially in the housing. The sensor probe includes a substrate, a sensing
region disposed on the substrate, a first coil disposed on the substrate and coupled to the sensing

region, and  a second coil disposed on the substrate and coupled to the first coil.

[0006] Inaccordance with another embodiment of the present invention, a method for operating
a sensing system is disclosed. The method includes exciting a sensor probe in operational contact
with an industrial fluid. The sensor probe is disposed at least partially in a housing. The sensor

probe includes a substrate, a sensing region disposed on the substrate, a first coil disposed on the
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substrate and coupled to the sensing region, and a second coil disposed on the substrate and coupled
to the first coil. The method also includes operating the sensor probe at one or more frequencies
in a frequency range of analysis of the industrial fluid based on the excitation. Further, the method
includes generating an output signal from the sensor probe across the frequency range of analysis
of the industrial fluid and determining one or more properties of the industrial fluid based at least

in part of the output signal generated from the sensor probe.
DRAWINGS

[0007] These and other features, aspects, and advantages of the present disclosure will become
better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

[0008] FIG. 1 1s a block diagram of a sensing system in accordance with certain embodiments

of the present invention;

[0009] FIG. 2 is a diagrammatical representation of one embodiment of the sensing unit of FIG.

l.

2

[0010] FIG. 3 is a perspective view of a substrate in accordance with the embodiment of FIG.

2.

2

[0011] FIG. 4(a) is a top view of the sensing unit in accordance with the embodiment of FIG.
2.

2

[0012]  FIG. 4(b) is a side view of the sensing unit in accordance with the embodiment of FIG.
4(a);

[0013] FIG. 5 is a diagrammatical representation of a sensing unit in accordance with another

exemplary embodiment;

[0014] FIG. 6(a) is a top view of another embodiment of a sensing unit in accordance with

another embodiment;

[0015] FIG. 6(b) is a side view of the sensing unit in accordance with the embodiment of FIG.

6(a);

[0016]  FIG. 7(a) is a top view of a sensor probe in accordance with another embodiment;
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[0017] FIG7(b) is a side view of a sensor probe of FIG. 7(a) in accordance with another

exemplary embodiment;

[0018] FIG. 7(c) is a top view of a sensor probe in accordance with another exemplary

embodiment;

[0019] FIG. 7(d) is a side view of a sensor probe of FIG. 7(c) in accordance with another

exemplary embodiment;

[0020] FIG. 8 is a diagrammatical representation of a sensor probe in accordance with the

embodiment of FIG. 7(a),

[0021] FIG. 91is adiagrammatical representation of a resonance impedance spectrum of a sensor

probe in accordance with the embodiment of FIG. 1;

[0022] FIG. 10 is a flow chart representative of a method of operation of a sensing system in

accordance with certain embodiments of the present invention.
DETAILED DESCRIPTION

[0023] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as is commonly understood by one of ordinary skill in the art to which this specification
belongs. The terms “first”, “second”, and the like, as used herein do not denote any order, quantity,
or importance, but rather are used to distinguish one element from another. Also, the terms “a”
and “an” do not denote a limitation of quantity, but rather denote the presence of at least one of the
referenced items. The term “or” is meant to be inclusive and mean one, some, or all of the listed

29 CC

items. The use of “including,” “comprising” or “having” and variations thereof herein are meant
to encompass the items listed thereafter and equivalents thereof as well as additional items. The
terms “connected” and “coupled” are not restricted to physical or mechanical connections or
couplings, and can include electrical connections or couplings, whether direct or indirect.
Furthermore, the terms “circuit”, “circuitry”, and “controller” may include either a single
component or a plurality of components, which are either active and/or passive and are connected
or otherwise coupled together to provide the described function. Also, the term “operatively

coupled” as used herein includes wired coupling, wireless coupling, electrical coupling, magnetic

coupling, radio communication, software based communication, or combinations thereof.

[0024]  The term “fluids” can include liquids, gases, vapors, and solids and their combinations

forming multiphase compositions. Non-limiting examples of multiphase compositions include
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emulsions such as oil/water emulsions, food emulsions such as salad dressings oil-in-water
emulsions, colloids such as solutions that have particles distributed throughout the solution, food
colloids, food colloids such as ice scream, jam, mayonnaise, solid foams such as bread, cake. Fluid
can also include a food product that has been gone through mechanical re-forming. Alternatively,
a fluid may not include a solid. Fluid can also include industrial, non-industrial, and/or naturally
occurring fluids. Fluids may include naturally occurring fluids such as air, hydrocarbons, water,

oils, body fluids, biological fluids, and the like that occur in natural living and non-living systems.

[0025] The term “industrial fluid” as used herein includes fluids that typically may be used on
an industrial site or structure. In one example, the industrial fluid is at least one of a lubricant, a
fuel, a hydraulic media, a drive fluid, a power steering fluid, a solvent, a power brake fluid, a
drilling fluid, an oil, an insulating fluid, a heat transfer fluid, compressed air, ambient air, water, a
naturally occurring fluid, or a synthetic fluid. In one example, the industrial fluid is a lubricating
oil with known type and level of additives designed for exposure to multiple environmental

conditions and with different wear protection and different particles-deposit control.

[0026] The term “multivariable sensor” as used herein refers to a single sensor capable of
producing multiple response signals that are not substantially correlated with each other and where
these individual response signals from the multivariable sensor are further analyzed using
multivariate analysis tools to construct response patterns of sensor exposure to different analytes
at different concentrations. In one embodiment, multivariable or multivariate signal transduction
is performed on the multiple response signals using multivariate analysis tools to construct a
multivariable sensor response pattern. In certain embodiments, the multiple response signals
comprise a change in a capacitance and a change in a resistance of a sensing material disposed on
a multivariable sensor when exposed to an analyte. In other embodiments, the multiple response
signals comprise a change in a capacitance, a change in a resistance, a change in an inductance, or
any combination thereof. The multivariable sensor has a sensing region that is in operational
contact with a fluid. The multivariable sensor may be in an operational contact with a fluid where

the sensing region is bare or coated with a protective layer or with a sensing film.

[0027] The terms “transducer” and “sensor” as used herein refer to electronic devices such as
LCR resonator intended for sensing. “Transducer” is a device before it is calibrated for a sensing
application. “Sensor” is a device typically after it is calibrated for the sensing application. The
sensor has a fluid-sensing region with an electrode. The fluid sensing region with the electrode
may be alternatively referred to as a sensor probe. The sensing region may be placed in operational

contact with a fluid of interest.
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[0028]  The electrical field may be applied by a sensor probe. The sensor probe may be in direct
or indirect electrical contact with the industrial fluid. A sensing region may be either bare or coated
with a protective dielectric layer or a sensing layer. In each of the disclosed cases, the sensing
region may be considered to be in operational contact with a fluid. One example of indirect
electrical contact with the fluid may be when a sensor probe is coated with a dielectric protective
coating and when the electric field that may be generated by the sensor probe interacts with the
fluid after penetrating through the dielectric protective coating. A suitable dielectric protective

coating may be conformally applied to the sensor probe.

[0029]  The sensor probe may be coated with a sensing material that is responsive to one or more
fluid components of interest. When the sensor probe is in operational contact with the oil, dissolved
gases in oil also interact with the sensor and produce a predictable multivariable sensor response.
The operational contact may be achieved by direct immersion of the sensor into oil when the
sensing material is wetted by oil or through a gas permeable membrane that may allow dissolved
gases in oil to diffuse through the membrane to the sensing material while the oil is not wetting the

sensing material.

[0030] The sensor probe may detect characteristics of the fluid via a resonant impedance
spectral response. One or more of the LCR resonators may measure the resonant impedance
spectral response. As opposed to simple impedance measurements, the disclosed embodiments
probe the sample with at least one resonant electrical circuit. The resonant impedance spectrum of
the sensor probe in proximity to the sample (the sensor in operational contact with the fluid) varies
based on sample composition and/or components and/or temperature. The measured resonant
impedance values Z' (which may be the real part of resonant impedance, Zre) and Z" (which may
be the imaginary part of resonant impedance, Zim) reflect the response of the fluid (for example,
the portion of the fluid in proximity to the sensor) to a stimulus of the electric field of a resonant

electrical circuit.

[0031] Aswill be described in detail hereinafter, various embodiments of an exemplary sensing
system for monitoring an industrial fluid are disclosed. Specifically, a sensing system includes a
sensor probe disposed in a housing. The sensor probe disposed in the housing, has preserved sensor
sensitivity and selectivity compared to a sensor probe disposed outside the housing. In other words,
if the sensor probe is disposed in the housing, the sensor sensitivity and selectivity are not
compromised. The specific design parameters of the housing and sensor probe packaging in the
housing allows the sensor probe to provide sensitive, selective, and stable response. The housing

wall thickness may be in the range from about 0.1 millimeter to about 10 millimeters.
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[0032] Turning now to the drawings and by way of example in FIG. 1, a block diagram of a
sensing system 100 in accordance with certain embodiments of the present invention is presented.
The sensing system 100 includes a sensor probe 102, a housing 104, a data acquisition circuitry
(DAC) 106, and a controlling unit 108. The sensor probe 102 is disposed at least partially in the
housing 104. The sensor probe 102 includes a multivariable inductance-capacitance-resistance

(LCR) resonator, in one non-limiting example.

[0033]  Inoneembodiment, the housing 104 is configured to provide a radio frequency shielding
for the sensor probe 102. In another embodiment, the housing 104 is also configured to withstand
temperature of at least 250 degrees Celsius. In yet another embodiment, the housing 104 is
configured to hermetically seal the sensor probe 102. The sensor probe 102 and the housing 104

together form a sensing unit 200.

[0034] In one embodiment, the sensor probe 102 is in operational contact with an industrial
fluid. The sensor probe 102 may be configured to measure data such as a resonance impedance
spectrum corresponding to the industrial fluid. In another embodiment, the data may be any

parameter associated with properties such as complex permittivity of the industrial fluid.

[0035] Furthermore, the data may be acquired by the DAC 106. The DAC 106 is coupled to
the controlling unit 108. The data acquired by the DAC 106 may be further processed by the
controlling unit 108 to identify occurrence of any anomaly in the industrial fluid. In particular,
composition/properties of the industrial fluid may be determined by processing of the data acquired

in the DAC 106. In one embodiment, the level of water in the industrial fluid may be determined.

[0036] The controlling unit 108 includes one or more processors. The processor is configured
to perform the functions of the controlling unit 108. As used herein, the term “processor” refers
not only to integrated circuits included in a computer, but also refers to a controller, a
microcontroller, a microcomputer, a programmable logic controller (PLC), an application specific
integrated circuit, application-specific processors, digital signal processors (DSPs), Application
Specific Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), and/or any other

programmable circuits.

[0037] Furthermore, the system 100 may include a memory device to store the data acquired
using the sensor probe 102 or to store any data after being processed by the controlling unit 108.
The memory device(s) may generally include memory element(s) including, but are not limited to,
computer readable medium (e.g., random access memory (RAM)), computer readable non-volatile

medium (e.g., a flash memory), one or more hard disk drives, a floppy disk, a compact disc-read
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only memory (CD-ROM), compact disk-read/write (CD-R/W) drives, a magneto-optical disk
(MOD), a digital versatile disc (DVD), flash drives, optical drives, solid-state storage devices,

and/or other suitable memory elements.

[0038] Referring now to FIG. 2, a diagrammatical representation of one embodiment of the
sensing unit 200 is presented. In the illustrated embodiment, a portion of the sensor probe 102 is

disposed in the housing 104 is depicted.

[0039]  The housing 104 includes a thread portion 206, a flange portion 208, and a body portion
210. In one embodiment, the housing 104 is a tubular structure, where either ends of the housing
104 are open. If the housing 104 is a tubular structure, then the thread portion 206, the flange
portion 208, and the body portion 210 may have different diameters. In one specific embodiment,
the flange portion 208 may have a larger diameter compared to the thread portion 206 and the body
portion 210. In such an embodiment, the thread portion 206 has a smallest diameter. The housing
104 is made of at least one of metal, stainless steel, aluminum, metal alloys, metal-ceramic

composites, and metal dielectric composites.

[0040] The sensor probe 102 includes a substrate 212, a sensing region 214, a coil 216, and a
connector 218. The substrate 212 is made of at least one of a ceramic material, a composite

material, an inorganic material, and a polymeric material.

[0041] Referring now to FIG. 3, a perspective view of the substrate 212 in accordance with an
exemplary embodiment is presented. The substrate 212 has a shape of a rectangular cuboid. In
particular, the substrate includes a first face 250, a second face 252 opposite to the first face 250,
a third face 254 perpendicular to the first face 250 and the second face 252, a fourth face 256
opposite to the third face 254. Further, the substrate 212 includes a fifth face 258 perpendicular to
the first face 250, the second face 252, the third face 254, and the fourth face 256, and a sixth face
260 opposite to the fifth face 258. Furthermore, the substrate 212 has a length 262, a depth 264,
and a breadth 266. In one non-limiting embodiment, dimensions of the substrate 212 may range

from about 0.1 mm x 0.1mm to about 100 mm x 100 mm.

[0042] The substrate 212 may have different shapes such as a rectangular shape, a circular
shape, and the like. In one embodiment, the area of the substrate 212 that is in operational contact

with the industrial fluid may be in the range of about 0.01 mm? to about 1000 mm?.

[0043] Referring back to FIG. 2 in combination with FIG. 3, only the first face 250 of the
substrate 212 is depicted. The sensing region 214, the coil 216, and the connector 218 are disposed
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on the substrate 212. Specifically, the sensing region 214 and the coil 216 are disposed on the first
face 250 of the substrate 212. The coil 216 is an inductor coil for the sensing region 214. The

connector 218 is disposed on the second face 252 of the substrate 212.

[0044] Furthermore, the sensing region 214 is galvanically coupled to the coil 216. In
particular, the sensing region 214 is directly coupled to the coil 216. In one embodiment, a
combination of the coil 216 and the sensing region 214 forms an inductor-capacitor-resistor (LCR)
resonator. In one embodiment, the sensing region 214 includes an interdigital electrode. Reference
numeral 220 is representative of an inner surface of the housing 104. The sensor probe 102 is
disposed at a predetermined distance apart from the inner surface 220 of the housing 104. In one
non-limiting embodiment, the predetermined distances may range from about 1 mm to about 20
mm. Furthermore, the sensor probe is packaged to have minimal effects due to thermal shocks,

mechanical shocks, and electrical shocks.

[0045]  Further, the housing 104 is configured to direct flow of the industrial fluid to the sensing
region 214 such that the sensing region 214 is in operational contact with the industrial fluid. In
the illustrated embodiment, the substrate 212 and a portion of the sensing region 214 protrude
outwards from the housing 104. In particular, the substrate 212 and the portion of the sensing
region 214 extend outwards from the thread portion 206 of the housing 104. Further, the connector
218 extends outward from the housing 104. Specifically, the connector 218 extends outward from

the body portion 210 of the housing 104.

[0046] In one embodiment, length of the housing 104 may be in a range from about 1 mm to
about 100 mm. Further, cross-sectional area of the housing 104 may be in a range from about 1
mm? to about 1000 mm?. The housing 104 may have different cross sections such as a rectangular

cross section, a circular cross section, and the like.

[0047]  FIG. 4(a) is a top view of the sensing unit 200 in accordance with one embodiment. The
sensing region 214, the housing 104, and connector 218 are depicted. The housing 104 includes
the thread portion 206, the flange portion 208, and the body portion 210. The sensing region 214

and the connector 218 extend outwards from either ends of the housing 104.

[0048] FIG. 4(b) is a side view 280 of the sensing unit 200 of FIG. 5(a) in accordance with one
embodiment. In the illustrated embodiment, a portion of the sensing unit 200 having the sensing
region 214 and the housing 104, is presented. The sensing region 214 is disposed on the substrate
212. An outer periphery of the thread portion 206, the flange portion 208, and the body portion 210

are shown.
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[0049] FIG. 5 is a diagrammatical representation of a sensing unit 300 in accordance with
another exemplary embodiment. The sensing unit 300 includes a housing 302 and a sensor probe
304. The sensor probe 304 is disposed at least partially in the housing 302. The sensor probe 304
includes a substrate 305, a sensing region 306, a first coil 308, a second coil 310, and a connector
312. The sensing region 306 and the first coil 308 are disposed on a first face 318 (similar to the
first face 250 of FIG. 3) of the substrate 305. The second coil 310 and the connector 312 are
disposed on a second face 320 (similar to the second face 252 of FIG. 3) of the substrate 305.

[0050] The first coil 308 and the sensing region 306 are galvanically coupled to each other.
Further, the second coil 310 is inductively coupled to the first coil 308 and the sensing region 306.
The sensor probe 304 is configured to provide an impedance match between the first coil 308 and
the second coil 310. In one embodiment, the second coil 310 is an inductive pick up coil.
Furthermore, the second coil 310 is non-galvanically coupled to the first coil 308 and the sensing
region 306. The second coil 310 is configured to acquire a response from the first coil 308 and the
sensing region 306. In one embodiment, the response from the first coil 308 and the sensing region
306 may be similar. In another embodiment, the response from the first coil 308 and the sensing
region 306 may be different. In one specific embodiment, the response from the first coil 308 may

be a function of the response from the sensing region 306.

[0051] The connector 312 is galvanically coupled to the second coil 310. The connector 312
has a first end 314 and a second end 316. The first end 314 of the connector 312 is coupled to the
second coil 310. Further, the second end 316 of the connector 312 is configured to deliver an
output signal of the sensor probe 304. The output signal of the sensor probe 304 is provided to the
data acquisition circuitry such as the DAC 106 of FIG. 1. The sensor probe 304 further includes a
dielectric material layer 322 disposed on at least one of the sensing region 306, the first coil 308,
and the second coil 310. Furthermore, the housing 302 is configured to provide an environmental

sealing for the first coil 308 and the second coil 310.

[0052] FIG. 6(a) is a diagrammatical representation of a top view of another embodiment of a
sensing unit 500. In the illustrated embodiment, a portion of the sensing unit 500 includes a sensing
region 502, a substrate 504, a housing 506, and a connector 514 is depicted. The sensing region
502 is disposed on the substrate 504. In particular, the sensing region 502 is disposed on a face
(similar to the third face 254 of FIG. 3) of the substrate 504. The housing 506 includes a thread
portion 508, a flange portion 512, and a body portion 510.
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[0053] FIG. 6(b) is a diagrammatical representation of a side view 550 of the sensing unit 500
of FIG. 6(a). In the illustrated embodiment, a portion of the sensing unit 500 having the sensing
region 502 and the housing 506 is shown. The housing 506 includes the thread portion 508, the
flange portion 512, and the body portion 510. An outer periphery of the thread portion 508, the
flange portion 512, and the body portion 510 are shown.

[0054] FIG. 7(a) depicts a top view of a sensor probe 700 in accordance with another
embodiment. In particular, only a portion of the sensor probe 700 is depicted. The sensor probe

700 includes a substrate 702, a sensing region 708, a coil 712, and a connector 714.

[0055] The coil 712 is disposed on a first face 704 (similar to first face 250 of FIG. 3) of the
substrate 702. The connector 714 is disposed on the second face 706 (similar to the second face
252 of FIG. 3) of the substrate 702. The connector 714 extends outward from the substrate 702.
The sensing region 708 is disposed on a third face 707 (similar to the third face 254 of FIG. 3) of
the substrate 702. Further, the coil 712 is galvanically coupled to the sensing region 708 via a
coupling 710.

[0056] Referring now to FIG. 7(b), a side view of a sensor probe 700 of FIG. 7(a) is presented.
The sensor probe 700 includes a substrate 702, a sensing region 708, a first coil 712, a second coil

716, and a connector 714.

[0057]  The first coil 712 disposed on the first face 704 (similar to first face 250 of FIG. 3) of
the substrate 702. The second coil 716 is disposed on a second face 706 (similar to the second face
252 of FIG. 3) of the substrate 702. The second coil 716 is inductively coupled to the first coil
712. The second coil 716 may also be referred to as an inductive pick up coil. The second coil
716 is configured to pick up signals from the first coil 712. The second coil 716 is further
galvanically coupled to one end of the connector 714 via a coupling 718. The output signal is
obtained at the other end of the connector 714. The sensing region 708 is disposed on a third face
707 (similar to the third face 254 of FIG. 3) of the substrate 702. Further, the sensing region 708
is galvanically coupled to the first coil 712 via the coupling 710. The first coil 712 is configured
to pick up the signals sensed by the sensing region 708. The signals sensed by the sensing region
708 are transmitted as an output signal via the first coil 712, the second coil 716, and the connector

714. The connector 714 extends outward from the substrate 702.

[0058] Referring to FIG. 7(c), a top view of a sensor probe 760 in accordance with another

embodiment is presented. In the illustrated embodiment, a portion of the sensor probe 760 is

10
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shown. The sensor probe 760 includes a substrate 762, a sensing region 764, a first coil 766, a

second coil 770, and a connector 776.

[0059]  The first coil 766 and the second coil 770 extend coaxially along the substrate 762. In
one embodiment, the first and second coils 766, 770 are ring-like structures. Further, the first coil
766 is disposed at a predetermined distance apart from the second coil 770. In one non-limiting

embodiment, the predetermined distance may be in a range from about 0.1 mm to about 10 mm.

[0060] The connector 776 is disposed on a second face 774 (similar to the second face 252 of
FIG. 3) of the substrate 762. Further, the connector 776 extends outward from the substrate 762.
The sensing region 764 is disposed on a third face 784 (similar to the third face 254 of FIG. 3) of
the substrate 762. The sensing region 764 is galvanically coupled to the first coil 766 via a coupling
768.

[0061] Referring now to FIG. 7(d), a side view of a sensor probe 760 of FIG. 7(c) is presented.
The sensor probe 760 includes a substrate 762, a sensing region 764, a first coil 766, a second coil

770, and a connector 776.

[0062] The sensing region 764, the first coil 766, and the second coil 770 are disposed on the
substrate 762. The first coil 766 and the second coil 770 extend coaxially along the substrate 762.
In particular, the first coil 766 and the second coil 770 are disposed partially on a portion of faces
772, 774, 780, and 782. The face 772 is a first face (similar to the first face 250 of FIG. 3), the
face 774 is the second face (similar to the second face 252 of FIG. 3), the face 780 is the fifth face
(similar to the fifth face 258 of FIG. 3), and the face 782 is a sixth face (similar to the sixth face
260 of FIG. 3) of the substrate 762. The first coil 766 and the second coil 770 are coupled
inductively. The sensing region 764 is galvanically coupled to the first coil 766 via the coupling
768. Further, the second coil 770 is galvanically coupled to the connector 776 via the coupling
778. The connector 776 is disposed on the substrate 762 and extends outward from the substrate
762.

[0063] FIG. 8 is a diagrammatical representation of one embodiment of a sensor probe 800 of
FIG. 1. The sensor probe 800 includes a substrate 802. In one embodiment, the substrate 802 is a
dielectric substrate. A sensing region 804 is disposed on the face 812 (similar to the first face 250
of FIG. 3) of the substrate 802. The sensing region 804 includes an interdigital electrode. Further,
a coil 806 is coupled to the sensing region 804 via a coupling 808. The coil 806 extends outward
from the substrate 802. Furthermore, the coupling 808 is disposed along the substrate 802. In the

illustrated embodiment, the sensing region 804 is disposed in operational contact with industrial
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fluids 810. The properties of the industrial fluids 810 may be determined using the sensor probe
800.

[0064] FIG. 9is a diagrammatical representation of a resonance impedance spectrum 850 of a
sensor probe in accordance with the embodiment of FIG. 1. In particular, FIG. 9 represents a
resonance impedance spectrum 850 of a LCR resonator. In one embodiment, the resonance
impedance spectrum 850 is measured using an inductive coupling or a direct connection to a sensor

reader. The resonance impedance spectrum Z(f) may be represented as:

Z(f) =Zre(f) + jZim(p), where Zre(f) is a real impedance spectrum and jZim(f) is an imaginary

impedance spectrum.

[0065] In the illustrated embodiment, reference numeral 852 represents a real impedance
spectrum Zr(f) and reference numeral 854 represents an imaginary impedance spectrum Zin(f).
Further, reference numerals 856 and 860 represent the real impedance and imaginary impedance
in ohms respectively. Further, reference numerals 858 and 862 represent frequency in hertz. The
parameters that may be determined using the Z(f) resonance impedance spectrum include
frequency position Fp and magnitude Zp of Zr(f) corresponding to frequency position Fp. Further,
other parameters include a resonant frequency F1 and an anti-resonant frequency F2 and the
impedance magnitudes Z1 and Z» of imaginary impedance spectrum Zn(f) corresponding to
frequencies F1 and F2. Also, yet another parameter that may be determined using the resonance
impedance spectrum includes a zero-reactance frequency Fz of imaginary impedance spectrum
Zim(f). In one embodiment, any variation in any of the abovementioned parameters of the resonance

impedance spectrum may provide information regarding composition of an industrial fluid.

[0066]  Referring now to FIG. 10, a flow chart representative of a method for operating a sensing
system in accordance with certain aspects of the present invention is presented. At block 1002, a
sensor probe which is in operational contact with industrial fluid, is excited. The excitation of the
sensor probe results in generation of an electrical field using the sensor probe. The electrical field

is transmitted from the sensor probe to the industrial fluid.

[0067]  Further, at block 1004, the sensor probe is operated at one or more frequencies in a
frequency range of analysis of the industrial fluid based on the excitation. The sensor probe is a
LCR resonator, where the LCR resonator is configured to operate at one or more frequencies in a

frequency range of analysis.
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[0068] At block 1006, an output signal from the sensor probe across the frequency range of
analysis of the industrial fluid is generated. The output signal may be obtained at one end of a
connector of the sensor probe. The output signal is representative of information about the
industrial fluid. In one embodiment, the output signal is representative of a resonant impedance

spectrum of the industrial fluid over a frequency range of analysis.

[0069]  Furthermore, at block 1008, one or more properties of the industrial fluid based at least
in part on the output signal from the sensor probe are determined. In one embodiment, one or more
properties of the industrial fluid may be determined based at least in part on the resonant impedance
spectrum. In one embodiment, the sensor probe may determine a complex permittivity of the
industrial fluid. In particular, the complex permittivity of the industrial fluid may be determined
based on the resonance impedance spectrum. In another embodiment, the complex permittivity of
the industrial fluid may be representative of a measure of level of water in oil. The use of housing

for packaging a sensor probe does not influence the sensitivity of the sensor probe.

[0070]  Furthermore, the foregoing embodiments, and process steps may be implemented by
suitable codes on a processor-based system, such as a general-purpose or special-purpose
computer. It should also be noted that different implementations of the present technique may
perform some or all of the steps described herein in different orders or substantially concurrently.
Furthermore, the functions may be implemented in a variety of programming languages, including
but not limited to C++ or Java. Such code may be stored or adapted for storage on one or more
tangible, machine readable media, such as on data repository chips, local or remote hard disks,
optical disks (that is, CDs or DVDs), memory or other media, which may be accessed by a
processor-based system to execute the stored code. Note that the tangible media may comprise
paper or another suitable medium upon which the instructions are printed. For instance, the
instructions may be electronically captured via optical scanning of the paper or other medium, then
compiled, interpreted or otherwise processed in a suitable manner if necessary, and then stored in

the data repository or memory.

[0071] In accordance with the exemplary embodiments discussed herein, the sensing system
includes a housing at least partially enclosing the sensor probe. The housing aids in providing
environmental sealing for the sensor probe, to withstand high temperature and provide RF
shielding for the sensor probe. Furthermore, the housing is configured to protect the sensor probe
from any damage. Moreover, in such embodiments, the sensor sensitivity and selectivity are not
compromised. The specific design parameters of the housing and sensor probe packaging in the

housing allows the sensor probe to provide sensitive, selective, and stable response. The non-
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limiting exemplary sensing system may be used in applications such as transportation, for example,

locomotive, marine, automotive, and the like.

[0072] While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and equivalents
may be substituted for elements thereof without departing from the scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material to the

teachings of the invention without departing from the essential scope thereof.
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CLAIMS

What Is Claimed Is:

1. A sensing system for monitoring an industrial fluid, the sensing system comprising:
a housing; and
a sensor probe disposed at least partially in the housing, wherein the sensor probe
comprises:
a substrate;
a sensing region disposed on the substrate;
a first coil disposed on the substrate and coupled to the sensing region; and

a second coil disposed on the substrate and coupled to the first coil.

2. The sensing system of claim 1, wherein the substrate comprises:
a first face;
a second face opposite to the first face;
a third face perpendicular to the first face and the second face; and

a fourth face opposite to the third face.

3. The sensing system of claim 2, wherein at least one of the sensing region and the

first coil are disposed on the first face.

4. The sensing system of claim 2, wherein the second coil is disposed on the second

face.

5. The sensing system of claim 2, wherein the sensing region is disposed on at least

one of the third face and the fourth face.
6. The sensing system of claim 1, wherein the first coil and the second coil extend
coaxially along the substrate, wherein the first coil is disposed at a predetermined distance apart

from the second coil.

7. The sensing system of claim 1, wherein a combination of the first coil and the

sensing region forms an inductor-capacitor-resistor (LCR) resonator.
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8. The sensing system of claim 1, wherein the second coil is further coupled to the

sensing region and is configured to acquire a response from the first coil and the sensing region.

0. The sensing system of claim 1, wherein the sensor probe further comprises a

dielectric material layer disposed on at least one of the sensing region, the first coil, and the second

coil.

10. The sensing system of claim 1, wherein the sensing region comprises an interdigital
electrode.

11.  The sensing system of claim 1, wherein the substrate comprises at least one of a

ceramic material, a composite material, an inorganic material, and a polymeric material.

12.  The sensing system of claim 1, wherein the housing comprises at least one of metal,

stainless steel, aluminum, metal alloys, metal-ceramic composites, and metal dielectric composites.

13. The sensing system of claim 1, wherein the housing is configured to provide a radio

frequency shielding for the sensor probe.

14. The sensing system of claim 1, wherein the housing is configured to provide an

environmental sealing for the first coil and the second coil.

15.  The sensing system of claim 1, wherein the housing is a tubular structure.

16.  The sensing system of claim 1, wherein the housing is configured to direct a flow
of the industrial fluid to the sensing region such that the sensing region is in operational contact

with the industrial fluid.

17.  The sensing system of claim 1, wherein the housing is configured to withstand a

temperature of at least 250°C.

18.  The sensing system of claim 1, wherein the sensor probe is disposed at a

predetermined distance apart from an inner surface of the housing.
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19.  The sensing system of claim 1, wherein the housing hermetically seals the sensor

probe.

20.  The sensing system of claim 1, wherein the sensor probe further comprises a
connector having a first end and a second end, wherein the first end is coupled to the second coil

and the second end is configured to deliver an output signal of the sensor probe.

21.  The sensing system of claim 20, further comprising at least one of a controlling unit

and a data acquisition circuitry operatively coupled to the connector.

22. The sensing system of claim 21, wherein the data acquisition circuitry is configured

to receive the output signal.

23. The sensing system of claim 1, wherein the sensor probe is configured to provide

an inductive coupling between the sensing region and the second coil.

24, The sensing system of claim 1, wherein the sensor probe is configured to provide a

non-galvanic coupling between the sensing region and the second coil.

25. The sensing system of claim 1, wherein the sensor probe is configured to provide

an impedance match between the first coil and the second coil.

26. A method for operating a sensing system, the method comprising:
exciting a sensor probe in operational contact with an industrial fluid, wherein the

sensor probe is disposed at least partially in a housing, wherein the sensor probe comprises a
substrate, a sensing region disposed on the substrate, a first coil disposed on the substrate and
coupled to the sensing region, and a second coil disposed on the substrate and coupled to the first
coil;

operating the sensor probe at one or more frequencies in a frequency range of analysis of
the industrial fluid based on the excitation;

generating an output signal from the sensor probe across the frequency range of analysis of
the industrial fluid; and

determining one or more properties of the industrial fluid based at least in part of the output

signal generated from the sensor probe.
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27. The method of claim 26, wherein the output signal generated from the sensor probe

comprises a resonant impedance spectrum of the industrial fluid.
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