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CONSTANT FLUID LEVEL AND EQUIPMENT MONITOR

CROSS-REFERENCE TO RELATED APPLICATIONS
001} The present application claims prionty to U.S. Provisional Appheation No.

61/991,212, filed May 9, 2014, the content of which is incorporated herein by reference m its

entirely.
BACKGROUND
{002} Lubrication is an aspect of mainisining machinery i proper operating

condition. Machine elements such as bearings, jownals, shafls, and joinls requuire proper
lubrication between their moving sarfaces to decrease friction, prevent contanunation, reduce
wear and dissipate heat, hoproper lubrication s likely to lead to premature component wear
and component or system fathure

003} When determinmyg the optimal lobrication between moving machine elements,
many factors can be considered. These factors include the operation of the machine, the type
of machine clement to be lubricated, the environment of the machine, the operating speed of
the machine, the hubricant’s viscosity, the lubricant’s temperature, the lubricant’s ingredients,
and the lubricant’s condition.

{004} Conventional lubricators, such gs the TRICO OptoMatic oiler, supply a
constant level of lubricant within a lubricant reservoir to a machine element. The lubricant
level 1s predetermined for the particular application and cannot be changed dwring the
operating time of the machine to which the constant level lubricator is attached. Although this
type of hibricator provides reasonable performance in many steady-state operations, multiple
variables can create unaceeptable operating conditions and lead o premature wear, or aven
failure, of machine elements. The variables include “on™ and “off”™ operating modes (machine
cycling), ol viscosity, machine speed, lubricant temperature, lubnicant condition, and
lubricant vessel pressure.

{005] Other devices, such as the TRICO Hydrolert indicate by LED signals the
status of the equipment’s lubrication such as lubricant condition within acceptable levels,
lubricant condition at the upper limit of acceplable levels, and lobricant condition mumediate
action required. This device is effective because an operator i3 signaled only when the

lubricant condstion 1s at the upper linut of acceptable levels or i immediate action s to be
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taken. This redaces maintenance cosis and productivity 1s enbanced.

{005] Routinely, maintenance technicians smonttor indastrial equiprent by phvsicat
inspection. These inspections include checking fuid levels, momtoring vibrations with
scopes and capturing temperature readings through infrared handheld devices.

{007} Physical monitoring of equipment 1s time consuming and labor itensive. To
capture such readings the waintenance technician follow prescribed routes and manually
capturg the data, record it and interpolate resulis based on a logged lustory.

068} Such maintenance Systems attempl to be proactive in determiming the rood
cause of failores. However, these types of inspection systerns are not able to monitor
equipment continually and inspections are done on schedules. Therefore, if equipment is not
monitored routinely, the {schnivian does not have the ability to identify equipment issues on a
timely basis. Results can be catastrophic, damaging equipment and caosing costly repaus. It

also creates down time In production, which adds to increased costs of the faiture.

{009} Conventional ways of monitoring mdustrial equipment are thus curently
inadequate. This is especially relevant for areas of remole access or areas that are hazardous

and require special equipment to enter.

SUMMARY

{010} One or more embodiments of the presemt application enable remote
momtoring of a lubricant condition over time. Specifically, fatlure 15 wdentified m indusiral
equipment caused by improper fluid levels, excess heat peneration, and vibrations caused by
mechanical breakdown.

{011} The creation of one or more embodiments is based on five aspects of the entire
system design that utilizes data input, data collection, data transmission |, data condifioning,
and data outpud. This device focuses on data collection and transmussion in the overall design.

{012} Several factors in monitoring equipment can signify the decay 1 health and
longevity. By developing sensor-based technology utihzing an amray of sensor components
we can montor and correlate data based on critical elements. The developed array is then
fransferred or amanged in a fashion to gather physical properties related to equipment
lubrication. Those properties consist of flnid level, heat gepneration, and vibration,

{013] Fluid level monitoring theough optical sensing can predict issues with seal
failure through comsumption rates. Thermal monitoring by thermtstovihermocouple/IR sensor

readings wndicaies a change in the system due to factors such as environmenial or physical
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loads, and can be used to determine when stress s applied to equipment as well as equipiment
aralunction. Vibration monitoring trough sound inducthion or accelerometer can indicate
start and stop cycles, increased loading and bearing failures.

{014} By collecting, analyzing and interpreting the data, one can use these three
factors to indicate production cycle and help to predict the modes of fathwe. Monutonng and
predicting allows response of the maintenance technician to better troubleshoot and repair
equipment on a scheduled basis instead of at the time of failure.

015} Lhhizing sensor technology, the user is able o comtinuously monitor
equipment remotely and free labor resources. The system of the present application takes
measurad responses from a sensor array affixed to the constant level lubicator as a method of
divectly measaring the responss of the piece of equipment i which i 15 mounted. In tirn data
collected from this array 1s sent via wireless routing to a storage area to be conditioned into
usable results. The mformation is then wansmitted using various means including web based
gauges and reports, text mwessages via cellular based commwumcation, email notification
andfor other electronic based transmissions. Thereby, the end user is able to track equipment
status and equipment issues without physically being present.

{016] Sensors were selected based on conditions outside of the fluid zone to guther
data. Some sensors may not be effective depending on the type of fluid in the fluid rone. For
mstance, it is preferable swith reservoir materials to use dielectric resistance sensors. Also,
ulirasonic transducers require submersion into the fuid medium, which may cause erosion of
the sensor over time and possible comtamingtion of the hubricant.

{017} The mventors of the present disclosure conducted research using paired LED
emitters and photodiode recervers. First the enutier was placed at the top of the reservoir and
the recetver was placed at three Jdifferent zones (o delerming signal, air rong, meniscus 7one,
and the fhad zone. I was found that the signals produced were notl significant enough in
either of the zones. Next the enutter and photodiode were place next 1o each other in o pair.
This configuration results in a significant signal reading difference between the three
different zones.

{018} Based on the results, the paired emiiter and photodiodes were affixed 1o the
reservoir at several locations vertically along the body axis. The fwid level was then raised
and lowered within the reservoir. Raising and lowering the fluid gives a clear indication of
flaid {evel through the hight response collevied by each photodiode on the array. The resalts

of all responses of the sensor/emitter paws wndicate an scourate flnd level within the

Tt
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FEREYVORT,

{19 With the complexity and different shapes of constant fevel lubricators, i s
desired to design sensor circuitry that is flexible and can adapt to different contours and sizes
of reservoirs. A flexible circwt is utthized to achieve these results by designing the circutiry
with several paired sensor/ emitters, controlling electronics, bluetooth transmutier and
antenng, battery, thevmistors, and microphone/accelevometer, Adding three thernustors 1o the
array allows measurements fo be taken from the enviromment and redundant (emperaturs
measurements from the constant level lubrieator (thernustor and IR sensor). In turs kanowing
the differences of the temperatures and that thenmal transmittance that is conducted through
the constant level otler, allows for conditioned responses of the data to further momtoring of
the equipment. Likewise, the addition of & microphone or accelerometer can be used io
indicate equipment start'stop cycles and mechanical vibrations that ave not consisient with
normal operation. Utilizing data gatbered from the sensor array, U is possible to determine
patterns and responses related (o the health of the equipment. Optiomall, a red indicator LED
can indicate a warning of a fenction of the oiler.

{0201 The physical design of the embodiment consists of the sensor amay, the sensor
hody, flexible elastomer or molded plastic gssembly strap or chassis, battery compartment,
and electromics compartment. The sensor array is placed into the sensor body and oriemtated
m the vertical direction along the reservoir. The sensor body seals the sensor array, electronic
components, and battery from wnliltration of dirt, dust, debris, and water. The lower portion of
the sensor body conforms fo the base of the lubwicator and siraddies the top.

j021] The fixed sensor body s molded to slide around the o1l reservorr and extend
along the opposite side of the reservolr to the reservoir top. The retmning strap or chassis is
then stretched over the sensor body at the top of the reservoir and alfixes the sensor body and
areay {0 the reservoir. Aliernately, plastic molded vestraining sirap pieces ave screwed
together with the sensor gasket o fit over the sensor body. A third piece, the battery cover,
completes the restraining strap. The elastomer strap also protects the reservolr Fom impact
damage along with protecting the sensor body.

{022} The sensor body and the strap or chassis connect together at the top of the
reservoir locking the two-piece sirap or chassis onto the reservoir body. The battery cover can
be unsnapped and removed 1o change batteries. Both the sensor body and sirap or chassis
may be color coded for visual wdentification of the reservorr flaid. Electronics are able to

power the aray, store and wansimit data wirelessly through a network uhlizing smart sensing,
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{823 Primary development of the sensing array was based off of commuondy utihred
coustant othng equipment for industrtal application. Constant level oilers maintain a
predeternuined fladd fevel in a swmp, required for proper lubrication of the equipment. As the
flaid fevel 15 depleted the floid is automatically replenished (o the system utthzing a reserve
reservoir. This sensor array can be easily modified to be placed on a vanety of different
constant level lubricators ov similar types of equipment providing constant fluid level having
a clear or translucent reservoir body that will allow photo-detectors to read optical signals
{Guorescence, Raman, IR, NIR, UV-Vis, color, absorption or scattering) through the fluid.
Since constant level {ubricators are normally attached to the equipment they maintain they are
also good candidates to measure changes in heat caused by running conditions and vibrations
ransiated from the equipment to the fubricator.

{024} The sensor array 1s also apphcable in other industrial apphications such as tank
fluid level mndicators, reservoirs, or in any other applications where fluid level can be viewed

through a clear or transiucent material.

BRIEF DESCRIPTION OF THE DRAWINGS

{025] Fig. 1 1s a perspective view of a prior art oiler comprising 9 glass reservoir for
hosting lubricant within the reservolr, the reservoir apon which the present invention is
attached;

{026} Figs. 2g and 2b are perspective views of different embodiments of an array of
level sensor pairs carried by a flexible chassis;

{027} Fig. 3 is a side view of an oier with tebricating fluid in & one pilece glasy
reservolr carrving an array of level sensor pairs;

{028} Fig. 4 15 a3 perspective view of a Oexible chassis carrying comnupcations
components and an array of level sensor pairs;

{0291 Fig. 51¢ a schenmatic of an embodiment of a communications system for fluid
andd equipment monitoring system of the present apphication;

{038} Fig. 6A 15 a perspective view of a flexible chassis carrving conununications
components and an array of level sensor pairs, carmed by a constant level otler and glass
reservoir, with a communications Hd exposing internal communications equipment;

{031 Fig. 6B 1s a perspective view of a flexible chassis carryving communications
components and an array of level sensor pairy, carried by a constant lavel oier and glass

reservoir, with a communications lid concealing ternal conwnunications equipment;
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{032} Fig. TA is a perspective view of an additional embodiment of a flexible chassis
carrying compnmcations compounents and an array of level sensor patrs, carried by a constant
level otler and plass reservoir, with & communications lid exposing internal communications
equipment;

{033} Fig. 78 is a perspective view of an additional embodiment of a flexible chassis
crrying conununications components and an wray of level sensor pairs, carried by a constang
level oiler and glass reservolr, with a conununications lid concealing internal
COTMMUICAtions equipment;

{034} Fig. 8 is a perspective view of an additional embodiment of a flexible chassis
carrying communications cormmponents and an array of level sensor pairs, carried by a constant
level oider and glass reservolr;

{035} Fig. 9 15 a detaled schematic ol & computing system for the fluid and
equipment monttoring svsiem of the present apphication;

{036} Fig. 10 1s a perspective view of an additional embodintent of a rigid enclosure
carrying communication components and an array of level sensor pairs;

{037} Fig. 11 is a cross sectional view glong the centerline of the additional

embodiment of Fig. 1

{838} Fig. 12 1% a front perspective exploded view of the embodiment of Fig. 11

{039} Fig. 13 1s a rear perspective exploded view of the embodiment of Fig. 12;

{040} Fig. 14 15 a perspective exploded view of a sensor array and mounting plate;
and

j041] Fig. 158 is a side view of an additional embodiment of the sensor array

counected Lo a fluid level sight gauge.

DETAILED DESCRIPTION OF THE DRAWINGS

{842} in the present description, certain terms have been used for brevity, clearness
andd understanding.  No unnecessary limitations are to be applied therefrom bevond the
requirement of the prior art because such terms are used for descriptive purposes only and are
intended o be broadly construed. The different systems and methods described herein may
be vsed alone or in combination with other systems and methods.  Various equivalents,
alternatives and modifications are possible within the scope of the appended clanms. Each
Liitation m the appended claims 15 intended io mvoke mierpreiation under 353 US.C. § 112,

sixth paragraph, only if the termys “means for” or “step for” are exphicitly reciied in the

H
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respective limitation.

{043} Referring now to Fig. 1, a perspective view of a typieal otfer 10 comprising a
glass veservoir 30 for hosting lubricant 20 within the reservoir 30 is shown. The reservor is
supported by a fower casting 40 and mounted o a targeted bearmg chamber (not shown)
which is supplied with Inbricant 20 {rom the unit 10 as necessary. Components of the otler 10
have been referenced n relation to the present disclosure and the present disclosure 15 an
mprovement i the field of oiler sensing art.

j044] Referring now Figs, ZA and 2B, perspective views of different embodimants
of an array of level sensor pairs 32, 54 ave shown carried by a flexable chassis 50, The level
sensor pairs 32, 34 are Ruther contained by a flexible block 56 The block 36 protects the
level sensor pairs 52, 54 and s made of elastic rubber. It will be known to those having
ordinary skill m the art that the blocks 536 may be made of any suitable matenal including
plastic, metal, or the hke and may take any shape. Although level sensor pairs 52, 54 are
described throughout thix specification, other sensors such as temperature sensors,
accelerometers, microphones, ete. could be used in conjunction with optics to give even more
information about the state of pumps and the usage rate and condition of Jubnicant 240,
Accelerometers and microphones can detect vibrations, allowing monitoriag of the “health” of
the pamp, and temperatare sensors detect overheating, allowing presmptive response (o pump
failore or mamtenance issues. Each level sensor pair 52, 54 mcludes an emission sensor 52
and a collection sensor 34, One having ordmary skill i the art will understand that the
emission seasor 52 and the collection sensor 54 may be any type of sensor depending on the
type of sensor used, such as described above. &t should also be understood that the emission
sensor 52 and collechion sensor 34 may be combined into the same physical unit, may include
more than two seasors, or the fike. Hydrocarbon or pump oils such as febricant 20 of Fig. |
absorb andfor scatter UV-Visible (UV-Vis), Infrared (IR) or near infrared (NIR) hght very
efficiently. The mterface between the of and air can be found by placing an aray of level
sensor pairs 32, 54 wp and down the side of a transparent ol vessel when illummated with
various wavelengths of light and comparing the amount of signal light collected. A small
quantity of light will be collected by the level sensor pairs 52, 534 from the oi, due 1o a large
portion of the excitation light being altered, absorbed, andior scattered by the oil
Alterngtively, the air above the o1l will allow the level sensor pairs 532, 54 to collect a
largedsmall quantity of light, because the air does not absorh andéor scatter light. Preferably

the tevel sensor pairs 52, 54 include a ssmphiied sensor using pared LEDs snd photodiodes.
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It has been found that level sensor pairs 32, 34 can effectively measwre o level with
significant change in signal between air and ol 20 contmned w the reservoir 30 The
difference between the vertical patrs of level sensor pairs 52, 54 then signals the lubricant 20
level in the reservoir 30, For instance, typical response of level sensor pairs 52, 54 to air only
is from a much higher voltage than response to oil 20,

[045] it order 10 enhance the capabilities of the glass veservoir 30 from Fig. 1, one
can preatly lower the surface tension of the glass-oil interface, an “oleophobic”™ rerally “oil-
hating”} coating can be crealed. A swrface modifier is apphied and chenucally bound to the
glass 30 to accomplish this. Such coatings cause strong repulsion of the o1l 20 from the glass
30, preventing oif 20 from sticking to the surface of the glass 30 and allowing easy runoff and
sefl~cleaning” properties. This is especially important as ol 20 ages and leaves sticky
residues on the glass 20, Soch restdoes could greatly inhibit sensor 52, 54 performance by
absotbing light above the oil-level, thus causing false oil-level data to be gathered. The
repuision effect causes oil o mmediately slide down the side of the glass 30 in a sheet rather
than slowly shiding doven or stickimg. This mitigates effects of changes in oil-level, as well as
any bubbles ansing from pressure buildop, which could spray o1l ontoe the sides of the vessel,
hoth of which intubit accurate measurements.

{016} Referning still to Figs. 2A and 2B, Fig. 2B shows an “In-Line” orientation of
level sensor pairs 52, 54 that requires fewer LED's and allows one LED to excite two
detectors, vielding more mformation per LED pulse, and Fig. 24 shows “Side-by-Side” level
sensor pairs 52, 54 glong a horizontal plane with ant LED with each detector for higher signal-
to-notse and sensiivity.

{047} Referring now o Fig. 3, a side view of an oiler 10 with lubnicating flwd 20 in
a one piece glass reservoir 3 i shown carrying an array of level sensor pairs camied by
flexible chassis 30. Chassis 50 is designed to conform: when desired to the shape of the
external shape of the reservorr 30, Chassis 50 can be configured as shown in Fig. 4 1o canrv a
lid 60 having comnnmications components 64 placed inside. Lid 60 can be placed in a void
space atop reservoir 30 {depending on the configuration of the reservoir) and removed when
it 1s desired to add lubricant 20 to the reservoir 30,

{048} Referring now to Fig. 5. a systems schematic for the fluid and equipment
monioring system of the present disclosure is shown, An array of chassis 50 svsiems
carrving level sensor pairs 32, 54 are carried by a series of oiler wmits 10 carvving lubricant 20

in reservoir M. The level sensor pairs 52, 54 commumicate with processors {e.g., through

¥
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Bluetooth Jow eoergy} for conmnunication. Other types of compmamcation networks and
protocols can also be used, such as ZigBee, eNet, Wi-Fi, and thas the varjous embodiments
hevein should not be considered linuted to any particular network or protocol. A processor
conununicates with routers, 2 modem and ultimately cloud services and the internet for data
retrieval and analysis. A user mterface can then be accessed remotely to provide an end user
with the data collected by the array.

{049} Referting now to Fig. 9 a system diagram of an exemplary entbodment of 3
computing system 200 for montioring fhad levels and equipment monitors is tdlustrated. The
computing system 200 is generally includes a processing system 206, storage system 204,
software 202, communication interface 208 and a user interface 211, The processing system
200 loads and execules software 202 from the storage system 204, mcluding a sofiware
maodule 230, When executed by the computing systemn 200, software module 230 directs the
processing systems 206 to operate as described ut herewn in further detail.

{054 Although the computing svstem: 200 as depicied n Figure 9 includes one
software module m the present example, it shoudd be understood that one or more modules
could provide the same operation. Simuilarly, while description as provided herein refers 1o a
computing system 200 and a processing system/processor 206, it 13 to be recognired that
implementations of such svstems can be performed using one or more processors, which may
be communicatively connected, and such implementations are considered 1o be within the
scope of the descniption.

{051} The processing system/processor 206 can inchlide a microprocessor and other
circuitry that retrieves and executes software 202 from stovage system 2040 Processing
system/processor 206 can be implemented within a single processing device but can also be
disteibuted across multiple processing devices or sub-systems that cooperate in executing
program msiruciions. Examples of provessing systemy/processor 206 mclude genaral purpose
central processing units, application specific processors, and logic devices, as well as any
other type of processing devices, combinatious of processing devices, or varnations thereof,

052] The storage system 204 can mclude any storage media readable by processing
system 206, and capable of storing software 202, The storage svstemy 204 can include
volatile and non-volatile, removable and non~-removable media mplemented in any method
or iechnology for storage of mmformation, such as compuier readable mstructions, data
struchures, program modules, or other dala. Storage system 204 can be implemented as a

single storage device but may also be implemented across multiple storage devices or sub-

g
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systemis.  Storage sysiem 204 can fvther mclade additional elements, such 1 controller
capable of commumicating with the processing system 206,

{531 Examples of storage media include random access memory, vead only
memory, magnetic discs, optical dises, flash mewmory, virtsal and non-virtual memory,
magnetc sets, magnetic tape, magnetic disc storage or other magnetic storage devices, or any
other mediwm which can be used to store the desired information and that may be accessed by
an instruction execution system, as well as any combination or variation thereof, or any other
type of storage medimm. In some mnplementations, the storage media can be a non-transitory
storage media.

{054] User mterface 210 can include a mouse, a kevboard, a voice input device, a
touch inpul device for receiving a gesture from a user, & motion mput device for detecting
non~-touch gestures and other motions by a user, Ethernet ports, and other comparable input
devices and associated processing elements capable of recetving user mput from a sser. In
embodiments, the user interface 210 operates to present andior to recetve Information to/from
a user of the computing system 208, Output devices such as a video display or graphical
display can display an mterface further sssocuted with embodiments of the svstem and
nethod a5 disclosed herein. Speskers, printers, haptic devices and other types of output
devices may also be incladed m the user mierface 210,

jOS5] As described m further detail berein, the computing system 200 recerves and
transmits  data  through  the commwmication interface 208, In embodiments, the
communication interface 208 operates to send andior recetve data to/from other devices o
which the computing svstem 2(H} is communicatively connected. In the computing system
200, sensor data 220 1 recerved. The sensor data 220 may exemplanly come divectly from
plurality of sensors while it other embodiments the sensor data 220 can be stored at a
computer readable mediam which may be remotely located form the computing system. Ina
still further embodiment, the sensor data 220 can be received by the computing system 200
from an intermediate computer (not depicted) that performs processing on the data, As
described above, the computing sysiem 200 can also receive management data 240, time data
250, schedute data 264, and maintenance 270 which is all exemplarily stored on one or more
computer readable media. The conyputing system 200 can executes appliestion module 230
10 carry out an embodiment of the disclosure described herein,

{056} The computing system 200 processes the sensor data 220 in order to identity,

count, andfor track fluid characteristics in the sensor data 220, The computing system further

10
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receives muanagement data 244, time data 250, schedale data 268, and mantenance data 270
and wses this iformation to deternyne interaction evaluations 290 as described sbove. The
inferaction evaluations 290 can be sent by the communication interface 208 to one or more
remote computing devices, exemplarily one associated with a manager. The computing
system 100 also may outpal the mteraction evaluations 290 on a graphical display or other
output device of the user imterface 210, The Wtergction evaluations 290 may be used by a
managsr or other personnel fo evaluate store operation and 1o exemplarily modify the sensor
data.

{057} The functional block diagrams, operational sequences, and flow diagrams
provided in the Figures are representative of exemplary architectures, environments, and
methodelogies for performing novel aspecis of the disclosure,  While, for purposes of
simplicity of explanation, the methodologies included herein may be i the form of a
functional diagram, operational sequence, or flow diagram, and may be described as a series
of acts, # 15 o be understood and appreciated that the methodologies are not limited by the
order of acts, as some acls may, in accordance therewith, occur in a different order andfor
concurrently with other acts from that shown and described herein.  For example, those
skilled in the art will understand and appreciate that a methodology can alternatively be
represented as a series of interrelated states or events, such as n a state disgram. Moreover,
not all acts Hlustrated i a methodology may be reguived for a novel implementation.

{058} This written description uses examples to disclose the myeention, including the
best mode, and also to enable any person skilled i the art to make and use the fnvention,
The patentable scope of the invention 13 defined by the claims, and may include other
examples that occur to those skilled in the wt. Such other examples are intended to be within
the scope of the claims if they have structural elements that do not differ from the literal
language of the clams, ov i they nclude eguivalent structural elements with msubstantial
differences from the lteral languages of the claims.

{059} Refarmning now 1o Fig. 6A, a perspective view of a flexible chassis 50 carrying
conununications components 64 and an amay of level sensor pairs 32, 34 15 shown. The
chassis 56 16 destgned as a flex circuit adjostable pigtail carrying level sensor pairs 52, 54,
which are coupled to and communicate with connnunications compouents 64 as shown in
Fig. 7A, with chassis 30 extending mio and coupled with the conununications componens 64
within the housing created by the Hlip hid 62. The level sensor pairs 52, 54 face the glass, and

a thermal sensor can be apphed o bousing 40. Connnunications components 64 can comprise

11
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fex cirenit components, a Bluetooth antenna implemented m traces around & perimeter of a
wop surface of component 64, and a baRtery can be howsed in this area between
commumcation components 64 and integral hinging and sealing snap hid 62 with hinge 66.
Snap lid 62 is shown 1o an open condition in Fig. €A and 1 a closed condition in Fig. 6B.
Clamp or spring clip 68 can be used to secure the array 52, 54 and chassis 530 {o reservoir 3¢
and housing 40,

{000 iIn this embodiment spap lid 62 provides waterproof encloswe for
communications components 64, and the associated battery and electronics are protecisd
from the external environment while allowing easy access for battery change.

{061} Referring now to Fig. 8, a wrap around embodiment of the oil level sensor is
shown. Sensor pairs 32754 are side mounted and carsied by flexible chassis 30 and coupled
with enclosure 70, which houses the electronics, battery and antenna (not shown). Enclosure
70, preferably waterproof, keeps the oiler 10 top open and free of obstructions. This secure
“spap-1itT design is eastly retrofitted to otlers of different shapes and sizes. In a preferred
embodiment, chassis 50 and enclosure 70 can be formed of or carry a tensioned elastomer
which stretches and causes tension to hold the device n place about the reservonr 30 and to
keep the sensor pairs 32/54 in thelr optimal position tight against glass reservoir 30, These
components of 30 also can be made of preformed plastic that clasp housing 40 through
pressure. Alternatively, the elements can be formed of a combination of an elastomer for
flexibility and g preformed plastic as desired,

{062} Referring now to Figs. H-14, an alterative embodiment of the arrav of level
sensor pairs 32, 34 which are carried on a rigid sensor body 86, The sensor body &0 connects
o the oiler 10 by engaping with the glass 30, The senmsor body 80 of the altemative
embodiment inchudes a first portion 71, 8 second portion 72, and a third portion 73, A BTLE
radio can be used as a conununication component 69 The sensor body &0 i3 generally
rectangular and may include a void or hole to accommodate the shape of the glass 30 and
provide g visual inspection point. It should be known to those having ordinary skill in the ant
that the sensor body & may comprise a plurality of portions and take any shape. When
installed on an oiler 10, the first portion 71 15 placed on the glass 3¢ and the second portion
72 15 commected with the first portion 71, The first portion 71 and the second portion 72 may
he connected by screws, bolts, slideable connections, frictional engagement, andior the hke.
The third portion 73 is also connected to the second portion 72, The sensor body 84 1s made

out of rigid plasuc, however the sensor body 80 may be construcied out of any sultable
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matenial including metad, rabber, or the Bke. A chassis 76 1s comected to the second portion
72

{063} in an additional embodiment, the second portion 72 including a cot-out or hole
which allows the chassis 76 to be connected 1o the second portion 72 The array of fevel
sensor paus 52, 54 and blocks 56 are connected to the sensor board 79

{004} it operation, the sensor bady 8¢ is connected to the oiler 10 and the blocks 56
contact with the glass 30 of the oier 10, The contact of the blocks 56 1o the glass 30 causes
the blocks 36 1o elastically deform. The sensor pairs 52, 54 which are located n the blocks
36 receive and/or fransnt signals which arve altered, scattered, andfor absorbed as a signal
interacts with the fluid.  The signal may be emitted by emission sensors 52 or other
components. The signals may be electrical, awdible, thermal, andior the like. Collection
sensors 54 receive the ahered signals and transter the signal data. as described above.

[065] Turning now to Fig. 14, an exploded view of the chassis 76 i shown, The
chassis 76 includes a sensor board 79, The sensor board 79 includes various holes for
connecting  enussion sensors 52, coHection sensors 54, blocks 56, communication
components 69 and/or other components.  Also, the seasor board 79 may include embedded
cucuiry (o connect components to one gnother electrically. Tn one non-limiting embodiment,
sensor board 79 1s shaped to it into second portion 72, but not shaped to the glass ball, while
chassis 76 can be shaped to the glass ball. In another embodiment, the sensor board 79 can
shaped sinular to the curvature andior shape of the glass 30, & should be known 1o those
having ordinary skill in the art that the sensor board 79 may take any shape and may be
moldable andfor elastically malleable to conform to vartous glass 30 shapes.

{066} Ouce connected to the sensor board 79, the amray of level sensor pairs 52, 34
are electrically connected to an indicator light enutting LED 67 used as an indicator of a
warning condition determuined for the oiler. The conpection can be by direct electrical
connections erther integral with the sensor board 79 or by being connected to the sensor
board 79. The communication components 69 transmit the data to the computing system 200,
A power source &4 is connected to the chassis 76, The power source 84 provides power 1o
the varions sensors on the chassis 76, and the power source 84 may be a batiery, AC
connection, DC connection, or the hke. Referring back to Fig. 13, the third portion 73 is
removably connected to the second portion 72, The third portion protects the chassis 76 and

power source 84 and allows a user o sasily inspect the chassis 76, replace the power sounrce

84, and/or adjust parameters of the chassis 76,
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{067} Fig. 15 depicts an additional alicrnative embodiment of the army of level
sensor pairs 52,534 s shown on a fluid {evel gaupe 100 which 13 connected to a dnup 104
contmning a fluid. In this embodiment, the amray of level sensor pairs (not shown) is similar
to those shown in Figs. 2A-2B. The level sensor pairs ave located in blocks 56, and the
blocks 56 are pressed up aganst the visual mspection sight tube 102 of the sight gange 100,
In this orientation, the sensors read the fluid level signals altered by the Nwd 104 1o
determine the (hdd level. Flexible chassis 100 is similar {o the othar chassis described above
and carries the various circuttry and commumication component 6% of the amray of level
sensor pairs 32, 54, The assembly also includes o power source 108 attached to the chassis
Hi6 as described above.

{068} in the foregoing description, ceriain terms have been used for brevity,
clearness, and understanding. No umecessary limiations are to be mferred therefrom
beyond the requirement of the prior art because such terms are used for descriptive purposes
and are ntended to be roadly construed. The different configurations, systems, and method
steps described herein may be used alone or W combination with other configurations,
systems and method steps. Tt is to be expected that various equivalents, aliernatives and

modifications are possible within the scope of the gppended clahms.
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CLAIMS

We clany
1. An awomatic fluid level mowtoring system that determines a fluid level in a
FESEryOLr, Comprising;

a chassis;

a sensor arrgy incloding a plurality of sensors, the plurality of sensors are positioned
adjacent to the reservoir and recetve signals altered by a fuid level in the reservoir;

a4 commmunication component operative o comuunncale signal data, generated based
on the signals, representing the fluid level in the reservoir; and

a power source operatively providing electrical power to the plurality of sensors and

the communieation component.

2, The sutomatic fluid level monitor system of claim 1, wherem the plurality of sensors
comprises optical, hght emuting dinde (LED) emutters, photodiode receivers, thermal,
vibratory, audible transmitters ov thermal, vibratory, andible receivers.

3 The avtomane Duwd level monitor svstemt of claim 1, wherein the optical, hght
emitting diode (LED) emitters emit light in at least one of an infrared wavelength range, an

ultraviolet-visible wavelength range, or a near infraved wavelength range.

4, The avtomatic fluid lfevel monutor svstent of claim 1, wherain the plurality of sensors

i3 arranged m pans.

5. The automatic fluid tevel montor system of claim 4, wherein each pair of the pairs of
the pluratity of sensors includes an emission sensor and a collection sensor, wherem the
enussion sensor enuls a signal and wherein the collection sensor receives the signal altered by

the fluid level,

6. The automatic fluld level monior system of claim 4, wherein the pair of the pairs of

the plurality of sensors are arranged on a horizontal plane.

o

The automatic fhad fevel monitor system of clavm 1, further comprising:

a computing systent,
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wherein the computing system receives data from the copunanication component and

determines the (had level.

R The automatic fhid level monitor sestem of claim 1, further comprising:
a plurality of blocks connected to the chassis,
wherein the plurality of sensors is positioned i the plurahity of blocks, and wherein

the plurality of blocks is positioned adjacent to the reservoir,

9, The autormatic fluid level monitor systern of claim 1, further comprising:
a hinge including a lid,
wherein the hinge 15 connected to the chassis and wherein the hid is comected to the

TORETVOLT

i, The automatic fluid level monttor svsteny of claim 1, further comprising:
an oleophobic coating,

wherein the oleophobic coating 1s applied to the reservorr.

it The automatic fhad level monitor system of ¢latm 1, further comprising:
a sensor body including a plurality of portions,
wherein the sensor body is connected to the reservow and wherein the chassis i

attached to the sensor body.

12, The automatie flnid level monitor system of claim 1, further comprising:

an indicator Hight emitting diode (LED} used as an indicator of a warning condition
determuned by the msomatic fluid level momior system.
13, The sutomatic fluid level monitor system of claim 1, wherem the signals comprise a
signal that encodes information representative ol at least one of temperature data representing
a temperature of the reservoir, a vibration of the reservoir, a color of the reservorr, a Hght
scattering of the reservoir, and particle data representative of a namber or type of particles in

the reservoir,
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14, A method of nreasuring the fHoid Jevel in a reservolr, comprising:

placing a sensor arvay adjacent to the reservorr; and

using a conununicilion component, transmitting data from a plurality of sensors of
the sensor array incladimg a phurality of sensors that are connected to a chassis,

wheretn the chassis is connected to a power source and to the sensor avay, and

wherein the conununication component is connected 1o the sensor arvay,

i3 The method of claim 14, further comprising:

computing the fhad fevel in the reservoly in response to the transmitting the data.

16. The method of claim 14, wheren the phurality of sensors comprises optical, hght
enting diode (LED} emitters, photodiode recetvers, thermal, vibratory, audible wansnutters

or thermal, vibratory, audible receivers.

17.  The method of claim 14, further comprising:

envitting light from the optical, light enutting diode (LED) emitters emit in at least one
of gu mifrared wavelength range, an ultraviolet-visible wavelength range, ot a near infrared
wavelength range.
18, The method of claim 14, further comprising:

emitiing light from an indicator light enntiing dicde (LED) used as an indicator of a

warning condition relating to the reservoir.

19, The method of claim 14, wherein the data comprises infornation representative of at
least one of temperatiwe data representing a temperature of the reservoir, a vibration of the
reservoir, a color of the reservour, a hght scattering of the reservoir, or particle data
representative of & number or 8 type of particles in the reservoir.
20, A system, comprising:
chassis means for supporting a reservoir in which a fluid level is to be measured;
sensor means, positioned adyacent to the reservoir, for and messuring the fluid level of
the reservoir gud for obtaining signals representative of the fuid level o the reservour;
communication means for comumunicating the signals or mformation based on the

sionals; and

Fel
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power means for geperating power for the sensor means and the comwmunication

TSNS,
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