WO 2010/ 013084PCT/ 1 B2008/ 002013 1 FUEL QUALI TY TRACEABLE AND REMOTE
SYSTEM Al M OF THE I NVENTION This invention relates to a fuel quality
nmoni t or i ngwan@idei1eeat r ol system whose aimis to provi depegnfhiiloRdnsd
quality nonitoring of fuel during fueh handling operations, such as
during aircraft refueling, fuel storage termnals, fuel analysis in
pi pel i nes or hydrant systems, or others. This invention can be al so
applicable 10 in general to any other type of fluids (e.g. diesel oil

or oils) and instal]ation imply the transfer _and/or storage of
t he af orementi oned Fﬁ-ﬁ#ﬂ&%‘%ﬂﬁ&%@%ﬂﬁvﬁﬁﬂ%ﬁﬁ%ﬁmﬁg
refueling operations, the fuel is filtered by a filter/water
separator or a nonitor filter. The quality of fuel that is being

supplied to aircrafts nust fulfiZIM (QFe THE SHVENBIGNal ity standards,
dth f - i
and therefore fugl Eﬁ#&%i&ﬁﬁeﬁ%g%”é AR ”gﬁéﬂﬁf‘;g@?gﬁ%iﬁf and

necessary. 20 On the other fuel storage term

pi pel i nes, SnonFeBFTMY HYSLEAr t VoOFat @imat der BAd Preaidamt eontsalemnd
in fuel is al squeesiy edpasitylngualdety £t ef getinkhe Qusral hanaling
performance of "or result in wear” or danage to down Stream systens
that use the feRFT2TBhher Si6e ABasUvERNt BITPRTY coefuelangt er fumb
free water is gesihded ikidd of Ushuelandhipg:9PehabipBSines or hydrant
Conventional ly, the aforenentioned neasurenents are made manually in
situ that is i WIHRH K BFEFpl Feati YAVeRHRRIEI Bfod SRa?PRE1ERY1E
control ofot heidOgahetal ytof athfeotuet tRtOPbANeIuDis Otley. devéssr &11
acquiring records of the fuel gualit conti nuously. This fact
produces obj ec?¥ o5t Hudt &EAIAFFCTT ¢ SR IR dhicoraRgter and/or
moni tori ng of gbherdeguwd etheopEbabinenSiond fluids.
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BACKGROUNDS OF THE INVENTION

15 During refueling operations, the fuel is filtered by a
filter/water separator or a monitor filter. The quality
of fuel that is being supplied to aircrafts must fulfill
the intoplane quality standards, and therefore fuel-
cleanliness management and measurement becomes necessary.

20 On the other hand, in fuel storage terminals and
pipelines, monitoring the particulate matter and free
water content in fuel is also desired as fuel quality can
effect the overall performance of or result in wear or
damage to down stream systems that use the fuel;

25 therefore measurement of particulate matter and free
water is required during fuel handling operations.

Conventionally, the aforementioned wmeasurements are
made manually in situ that is in the place of
application, though without having any control of the

30 guality of the fuel intoplane, or other device, or
acquiring records of the fuel quality continuocusly. This
fact produces objections due to the difficult

administration and monitoring cf the required operations.

CONFIRMATION COPY



2 Typically, the measurenments nust be perforned on fuel that is
renoved fromthe flow of fuel into the supplied devi ce However, this
fuel canno ggyadded back into the flow of fuel
di scarded,tW ﬂm@ r4esul ts in a signifjcant and costly F%ss 0?8%201
In many instances, the fuel nust be shipped to off-site facilities
for testing, which results in significant delays in determ ning the
fuel quality, even to the extent that the fuel is consunmed prior to
acquiring the 0 tes]yr %gsults As such, when proble in_the

¥ d

quality of the Wﬁ’e‘Fa Ec WS WRIE rin ST | By B5At-Pomesy enfuel
can be actuatethat is TbrRocefir éAbmStht efDdwt BE ﬁﬁéld@ﬁﬁonahei Babplged
any fuel quali control stemthat e es m)nit | ng,a %%
managenent of %eJrC%andll NG Sper '{}?J'c?nsplf‘?b'ijat cﬁ??%ﬁ/ tb(f’ra (?%q'ldba‘:k
nonitoring of fata wehi lﬁlawplmrfalﬁuby. oansulnsmi el:ra discarbes,pr eaesh
i nvention prov r Vv, cyrr state f. the art_and
& .Jr.‘ g&ltgpn? %gﬁ"ﬁf‘g LSht tﬁ;{ rcrjasys 5 éfgre%gl.e?gl g)any

provi des a nonr T ofT ng ontror sys?
unat t ended andla$tm%sea‘vor ahe ondued fmlstquéda tyslmppetd)ring f odif-aite

| ocal and/ or %‘%ﬁ §Jhé5e \@O@O%S{:ﬂq%r eq}ﬂl % ﬁitgn (tgggg_sma

i ntervention an may aut onatical ly co e fu ased
on the qualitydelayhe ifnyeletesnbESRRI IDTiIEO\If@l TR aLNVENTI mrll n tor dehe

to achieve the.pblgctiyes and Esge@vszgd % EuRbeV x&?@ke%' QB%uiring the
enbodi ments of the 1nvention include a qua g control” syst

that is apPl i eBesblRmeroFuhed e SGScéHBhneﬂhéﬁ Prdepengehn §b§s§1§ﬁéiﬂr§y
Each of the subpsysis dpal udes abed&asia,a bHel, SHRRLAET @l&MRbnELo1

systems can be actuated.
The current state-of-the art does not include any
fuel quality control system that enables wonitoring and
15 management of fuel handling operations that allow the
storage and monitoring of data within a plurality of
subsystems.
The present invention provides improvements over the
current state of the art and provides a monitoring and
20 control system that may be completely unattended and
allows for automatic fuel quality monitoring from a local
and/or remote site without the requirement of an
operator’s intervention and which may automatically

contrcocl the fuel flow based on the quality of the fuel.

25
DESCRIPTION OF THE INVENTION
In order to achieve the objectives and to avoid the above
objections, embodiments of the invention include a fuel
quality control system that is applied to one or more
30 combined or independent  subsystems. Each of the

subsystems includes at least a fuel supplier element to
supply a fuel tank or device to be fed through a fuel

supply system {(hose, pipe or similar device) that



supply a fuel tank or device to be fed through a fuel supply system
(hose, pipe or simlar device) that WD 20101013084PCT/1B2008/ 002013
3 i ncl udeswamoel/@sssaoni ¢ sensor capabl e of detecting freermwb®rnzos
and/or particulate matter. The subsystiens may al so i nclude a flow
sensor for detecting a flow of fluid through the system and for
starting/stopping the 5 gathering of data. An enbodi nent of a
system according to the invention neasures the free water and/or

ticulate na t.am i e it
PRd easur o of harluded & DALLCRMEY Chendd, SHPLEIL TBY BLELcTRy | Fee

provides a | ocdrteegrrdfen ivaroiculintegariteesd daeasuphRgstempenay absa
I's subsequent | yndeldyenedsidy oughsbhe #4ut eppel-inQt her siafa Jiet wpnky

e
to facilitate continuous data storage and nonitoring. TFII s data may
then be furtheFh¥ewHt el §hraccEysEemby anser sforur sharhbre/skorpiry  the

syst em enalyl esghfige P igadant erruption of the fuel supply when
predeterm ned paraneters, such a fuel quality, are not observed. As

such, the subsyst e BRPAGHEENYeC I SUF SRR tRFLCOXSH G Kor HhEoh ¥BRE oM

device, for comptashtéfng the fEeveof whuel thnayeh tbartuel1s6®p! ¥aler
systemthat can be used to aftomatl cally or manually interrupt flow

of fuel when pBBrtILERGER i1§VF% se _system Way,Adispg BFigpr and
enbodi ment of wbespresetiier NpeAANOLerd hat 4ol fegat iebeHeg0bpHRIROATLBHS
to the electroni¢c sensor and, .where appropriate, the data

correspon ;bng to tﬁﬁofﬁé%%v%rﬁPcﬁgr 5%&?31;25‘5{1% %é the, IrhRETedafREs:
differential pressgachacedsdatdieisi lsheseqdensiyydel evpesdt theoudi Cthe
are transferred data register-transmtfer device.that is ..
connected to alla{é%rar??tns%ﬂOgﬁ%ﬁkg\?\nt?hpﬁ%goﬁ}ét gongta\%?%.%agﬁecagfénuous
regi ster- 30 tdabandtieeragdeviend tmamsioting.he THata flata meryt éheer viee

that registers 0 dat t me tj ggﬂgl es
renote nonitor Fﬁgg%%'tt E§§'§§§§¥ %e%%tgg ?38@ g?%ﬁt rani;Lrln 1%l?eer SVi cEe
and/ or serer Bgstémoctshhest ddiet pantomatic interruption of the fuel

supply when predetermined parameters, such a fuel

quality, are not observed. As such, the subsystems may

include a flow switch, or other flow contrel device, for

controlling the flow of £fuel through the fuel supply

20 system that can be used tc automatically or manually
interrupt flow of fuel when poor fuel quality is sensed.

According to an embodiment of the present invention,

the data gathered corresponding to the electronic sensor

and, where appropriate, the data corresponding to the

25 several parameters such as the, fuel guality,

differential -pressure across the filter, density,

temperature, etc. are transferred to a data register-

transmitter device that is connected to a data insert

bPlock within a data network. The data register-

30 transmitter device transmits the data to a remote server

that registers and stores the data and, at the game time,

enables remote monitoring of the same. The data register-

transmitter device and/or server is also connected to a



WO 2010/ 013084PCT/ 1 B2008/ 002013 4 war ni ng sendi ng bl ock. Thereby, any
aut hori zed user of the systemreceives warnings in anonal ous

si tuat i onswERdis0s2VS or ot hers) and may consult thosepgﬁhﬁo%ﬂ,bﬂﬁgh
a conputer connected to the aforenmentijoned data network. 5 The

referred electronic sensor can be a | aser particle counter that is

capabl e of detecting free water and/or particulate matter in fuel.

In a preferred enbodi nent of this invention, the connection between

the data register-transnmtter ghoc 10 and_ the data Hafent bl ock can
Bhte

be carried out "tHrHoHhSE e e ctREREPY hr Giigh HATEZE8s U8R% e
such as by a remko syasss Systeilvedr vdrrawgls bohh. anomalo kREuations
subsystens may, be iljzed in, . tenote_areas where power may, not pe
easily accesse&?m?#é’ dﬁ%o 5?:55 ef? r‘&?‘?érﬁcfrfsé"}lptnﬁoﬁg SEWer Egr%‘flgh
phot ovol t ai ¢ sal asmpnengwqareled to the Takbrgmdntioract dant hbework.

structure describe bove,. e di nents_of, the systemof the invention
have one o?’ nor e o?r}?%e %é(ﬁelr%?mgngengﬁséﬁ?%lg%s:s ) £%5ut Sitat Fca??ﬁler
initiates gathearnicld cattarhrdhagh is fdapabdet ect idenescdngl freétwater

facilitates quglllé}%.m j]c&rdlr%qea{a%gggpaggngpél‘of fuel handling
ena

oper ati ons. es the er to access the data gathered
from 25t he nonitori¥fy remnedlerred |gveddiment] t opr ciigesinvdrdrivat,i obhe

about the differenlid]oPressHeen Oft nehesdid t %g%@%{--é%@ﬂ&rebxor?lock
I and/ or abou

monitor filter that Is used in certain applications;
ot her par afet e?3dstbf ddtpariniseytabdomiit can divd Sofries veuter through a

density, tenpegabid €connection, through a wireless system such as by a
radio waves system, or through both,.

As the subsystems may be utilized in remote areas
where power may not be easgily accessed, the data

15 register-transmitter may be powered by photovoltaic solar
energy panels.

Taking intc account the structure degcribed above,
embodiments of the system of the invention have one or
more of the following advantages:

20 - It automatically initiates gathering of data through a
flow detection signal. '

- It facilitates quality monitoring and management of
fuel handling operations.

- It enables the user to access the data gathered from

25 the monitoring remotely or locally.

- It provides information about the differential
pressure of the filter/water separator or monitor
filter that is used in certain applications; and/ox
about other parameters such as particulate matter and

30 free water, density, temperature.
- It enables graphic visualizations of the content of

particulate matter and/or £free water, which may be



It enabl es graphic visualizations of the content of particul ate
matter and/or free water, which may be WO

2010/ 013084R1d4336Q8/ 002013 5 exportabl e to MSExcel o fp ﬂféz Roodols
ot her enbodi nents to ot her spreadsheets formats. It fa0|¢| at s
generating personalized reports to the associ ated users; these
personal i zed reports may be 5provided in PDF format or other useable

formats. It enables a | ocal storage capacity over 17,000 fueling
operations. It enables alarns throu emai |, SMS and/ or other _.
nessagi ng means. ‘i’(ﬁpqrﬁalba]e?nattﬂ é@sq’f&&% t Pn 18f other SMpRGYTERES

case of sensed poos dtisdr qualdddshektalEatimuts|t enabl es storage of the

data obtained in each fuel. handling operation for_an undefi ned peri od
o? time in the—daf% E?%fjgjg%a ee%v%?’? 1ng PErFATAL eZRdr ARBPEFF zg‘f’i BHe

in agreenent toi ndssoaidtonil ubdes; hahdbenpdregibalzeas reportet hely be

Friood Tent % and, EALUE, Up SR PRAL! 87 ML HECSIE e apge o

with the - It enables a 1local storage capacity over 17,000
fueling operations..

- It enables alarms through email, SMS and/or other
messaging means.

10 - It enables the interruption of fuel supply in case of
gensed poor fuel cquality or alarm.

- It enables storage of the data obtained in each fuel
handling operation for an undefined period of time in
the data storage server.

i5 - It can use parameterizations in agreement to
international fuel handling regulations.

Other embodiments and features of the invention will

become mwore apparent from the following detailed

description when taken in conjunction with  the

20 accompanying drawings..

BRIEF DESCRIPTION OF THE FIGURES

Other embodiments of the invention will become more

apparent from the following detailed description when
25 taken in conjunction with the accompanying drawings.

FIG. 1 schematically depicts a fuel control and
monitoring system in block diagram format carried out
according to embodiments of this invention.

FIG. 2 is a simplified schematic illustration of the

30 sensors arranged in parallel with the primary fuel flow
of the fuel quality traceable and remote system of Figure
1.



20 acconpanyi ng draw ngs.. BRI EF DESCRI PTI ON OF THE FI GURES

O her enbodi ments of the invention will becone nore apparent fromthe
fol |l ow ng ekas andedosdescri pti on when 25 taken in conj uncpépiBudsiotoihe
acconpanyi ng draw ngs. FIG 1 sghematically depicts a fuel
control and nonitoring systemin block diagramformat carried out
according to enbodinents of this invention. FIG 2 is a sinplified
schematic illustration of the 30 sensors arranged in parallel with

the primary fuel e .f it ac I K tes tem
of F gure "0 2010/ 0tI0n 4T B0 B02013 6 CescrifER B0 ind¥RLSE
i nvention wil | wheh desthidiye priefiervad eethbodi merts ,ce:’rtemen ipr ebemednt to
enbodi nents, t I SN n t to S .

the contrary, fﬁﬁﬂf ntﬁte:nt(:)cc% sb?%é%o%e“’lpbﬁ]llfﬂeh{:?er na vggg coog{%%r}gt [ ot%e
and 5 equi vaI ehltﬂ'serei“s iLaclted epvmint mhlthétspnati\f%md nedpblaftidms and
i nvention ek iy d he, appendech clalfEn PESCRYTE: ONarAN EXANPLE.
OF THE ACHI EVE NT OF THE | NVENTI ON lp @

the invention as defined by the appended claims.

DESCRIPTION: AN EXAMPLE OF THE ACHIEVEMENT OF THE
INVENTION |
10 Next, a description of an example of the invention
is carried out referring to the numbering adopted in
FIGS. 1 and 2,

A fuel gquality traceable and remote system, of this

example i1is schematically illustrated in FIG. 1 through

15 some functional blocks. The system may include one br

more fuel supply subsystems (S1, 82, .. Sn} that can bé

combined among them to form a network of fuel delivery

systems, or be independent. These subsystems (81, 82,

.Sn) are typically fuel handling systems that may be

20 pipeline systems, fuel truck systems, or other fuel
delivery or handling systems.

Generally, each subsystem includes fuel supplier
element (1) for supplying fuel to a tank or a supplied
device (2} through a fuel pipes system, such as a hose,

25 pipe or analogous fluid handling device. . The fuel
supplier element (1) may be, for example and without
limitation, a fuel truck, a fuel storage tank, a fuel
pipeline or other device for supplying fuel to a supplied
device (2) '

30 The supplied device (2) is most typically a device
that wutilizes the fuel such as an aircraft or other

engine powered device. However, the supplied device (2)



10Next, a description of an exanple of the invention is carried out
referring to the nunbering adopted in FIGS. 1 and 2. A fuel

quality trwgﬂqﬁﬁé@ld renote system of this exanple i spéﬁ‘ﬁég@g})ig@gy y

illustrated in 1 through 15 sone .functional bl ocks. m
may include one or nore fuel supply subsystens (S1, S2, ... Sn) that
can be conbined anong themto forma network of fuel delivery
systens, or be independent. These subsystens (S1, S2, . . .Sn) are

typically fuel handling systens that may be 20 pipeline systens, fuel
truck systens, BP9t A&FOf REI 2d&MFFBEY BRShBRJFFAEAEG stenite such as a

General Iy, eachustbeysteampdnchtides1f vebrsygeptask, el ement (1) for
supplying fuel to a_tank or_a sggpl Il ed device (2)_through a fuel
, 2

pi pes system such G5 aShgetd pi PeteY ahBfbgol8itfui I Ran@FrAgrred

device. The fughpSemehteriel eserini(sl)syByenbas ber axpopke and whihays
Iim'tation,5 a fug}g trfgck .a fuel storage tank, a fuel1 pi peline or
JBBTYFRE RIT TR S i (ot 08 Lo Pes g emented

ot her devi e f8r 2)°
suppl i ed devi cén( 2ny sfuest haypilcal| yyatdavidmddatitutid | aesitdhad ueb

Suppl | o devi cBoEsrof WPBh o BB RRC 62008 003023 7 B8 418l SBebRS
a further onsiteassberyed destiweers Ul atcrager lernttienpor aFp:rf eghmple,
storage tank. cne nbhisBouhd DeyEpLEd Lhglawhike qnepreferred joq,
i npl ement ati on of this systemis®at airports ang for Use
10 construction site where the fuel being added to the
construction equipment from a tanker truck or onsite
storage tank is monitored for quality and
characteristics.
The subsystem (81} further includes a sensor (3),
15 which may be a single sensor device for monitoring the
fuel characteristics as the fuel flows from the fuel
supplier (1) to the supplied device (2). However, a bank
of sensors may be used, such as illustrated in FIG. 2
(i.e. sensors (3) and (22) to monitor the various
20 characteristics of the fuel. |
In a preferred embodiment, electronic sensor (3) is
capable of detecting free water and/or particulate
matter, which may be referred to generally as contaminant
particles. The subsystem may further include a flow
25 control device (4}, situated downstream from the sensor
(3) in order to avoid any distortion of the sample, for
controlling the flow of fuel from the fuel supplier (1)
to the supplied device (2} in the event that substandard
fuel quality 1is detected. Furthermore, in certain
30 applications an inline filter (6) can be included to
filter the fuel prior to being supplied to supplied
device (2), as it is represented in the subsystem 81 of

the figure 1.



5 with refueling aircraft, the systemcould be inplenented in any
fuel handling systemwhere it is desirable to nonitor the

characteri gfd s0/@f0d4uel that is being transferred bet“eﬁengﬁﬁmﬁkﬂﬁ§ge
| ocati ons. For exanple, the nonitoring systemcould be use

| ocal 10 construction site where the fuel being added to the
construction equi pment froma tanker truck or onsite storage tank is
nonitored for quality and characteristics. The subsystem (S1) further
i ncludes a sensor (3), 15 which may be a single sensor device for
nmonitoring the fuel characteristics as the fuel flows fromthe fuel
supplier (1) tﬂstﬂ&esupwltfﬁhsﬁeunaa E2pbm theesesl suﬂymﬂeﬁﬂél&&aﬁer$l
may be used, s s il trat d LN nsors_(3) 22)
to nonitor thegvaFlouguggic gr é??stﬁl %8¥°P%% Eﬁ%lplpeg’ tﬁ S %
preferred enbodrnent sampeet rodni ChSEIfSIBﬂ. (@s | $ltapatde=df 1detmct| ng),

free water and rtdcl e ter mhlc may, b ferred tq
general ly ég cégégggnan u%%TIC : %e Re~ su@g %%?naynﬁ&PFﬁer G%CFEES
a flow 25 contweteue&miépx¢9aerQuLa&edmdDMﬂstwzkhnﬂruhﬁtﬂuslsemssamp3¢

in order to avefdtagy e-it A0 h%h%mgh deBQ:EF?O%Elg\Olée ggfg)ﬁsre

flow of fuel from suppller 1) to e supp evic

t he event that Sgumraﬁaaadtfouénorqdam thhese deidddtiotalFuharaaperestins
certain 30 appLkcghéopgepn inline filter (6) can be included to
filter the fuel prior to being supplled to supplied device (2), as it
is represéfted in tHeeRuBs§ELbeT SI6bf iFhBresgRt ein, theyflow path from

2010/ 013084PCT éh@zegéiogagﬁlér%ﬂ ugh kget eagfiféaeéeﬂeén ihe fuel ig

suppl i er el enent to the su devi ce r ou pl pes,
the fuel, or aP%% Ee%ftPhEaVGth€a§eP?PE§tﬂé ed ?H>Fﬁewn2;resm Erom

passes throughchbersenssr (éﬁ)séf@é O Mt el FRRI1VWALeR aRdLBN most
particul ate mat th|n the fuel. A sanple of the fuel al so _passes

t hrough densi tﬁiaﬂ‘a erﬁ?é’rrmlggnsb‘?s(?f?t?o #Honilttor 1Ehed@pplied to
addi ti onalixchasagpeiestdesicd (e fru@lther, this orientation allows the

sensors (3), (22) to be used as a monitor of the quality
and condition of the filter (&).

With additional reference to FIG. 2, in the
illustrated embodiment, sensors (3), {(22) are positioned,

20 preferably, in parallel with the primary fuel flow, which
is identified by reference numeral (19) . More
particularly, the sensors (3), (22) only test samples of
the fuel flows to the supplied device (2) rather than the
entire fuel flow.

25 A pitot tube (20}, or similar device for separating
a sample of fluid from a fluid flow, separates off a
sample portion (21) of the primary fuel flow (19) to be
tested by sensors (3), (22). Preferably, the pitot tube
{20) 1is positioned proximate the center of the primary

30 fuel flow (19} to acquire the most common sample of fuel.

Once separated from the primary fuel flow (19),parts
of the sample portion (21) passes through sensors (3},

{22} teo test the quantity of particulate and/or free



10When a filter (6) is present in the flow path fromthe fuel
supplier (1) to the supplied device (2), it is preferred to have the

sensors (3jyo idgdseigqwnstreamfromthe filter (6) so as P?l‘ifﬂi@ésyo%)lﬂ he

fuel in a state nost closely representing its state as 1t 1s supplied
to 15 supplied device (2). Further, this orientation allows the
sensors (3), (22) to be used as a nonitor of the quality and
condition of the filter (6). Wth additional reference to FIG

2, inthe illustrated enbodi pent, sensors (3),. (22 re positioned,

20 preferably, "PhehaPEFTIERt Wit ht@%esﬂ?ﬁ’i%ré/o%tiﬂé?(nf?@&/, %ﬁi‘&%“i s the
identified by tehssemeanwiRy @entlfy. obbeie pméj.culr;ra:rﬂsysatnbezgsgaﬁ@wn
(3), (22) only t_.samples of the fuel flows tot sypplie vice
(2) rather t halﬁ‘gfieﬂé‘?ﬂ iz:}agsra&epa]cﬁowga&#p%iQ:aztma[%guéog Br {ég}n' 737
devi ce for sepasa¢ntupimeshnpleredah.fluid froma fluid flow, separates
of f a sanple porti 21). of .the prinary,f.uel Q 9) to.be tested
by sensorss( 3), (2 I?e( Ig}a)élfogfrabonffgf:hg&p%é ot f"&%lew\évzé% %gsg%ﬁ?t}%n %at
proxi mat e t he that eampfiet woypriaomar 23D fafel £Hkdw i(sl 9ot 0 dicpairdedt her

nmost  conmmon saﬁ%&@e@fd el %n(ﬁgp%ru%thegsf I3 mttnlg_eﬁg%;:”a'hgnf !('Z!g%cyeggv

(19), parts of the sanple portion 1) passes rough sensors
(22) to test taemplestialy Sheparvexell s racdedr free Wbe fuel being

2010/ 013084PCT{ 182008/,00903 supplied device (2} and then physically
10 tested and then discarded.

However, in alternative embodiments, a sensor (3)
may be inline with the primary fuel flow (19) such that
the entire flow of fuel is monitored.

Further, in less-desirable alternative embodiments,

15 the fuel may be sampled and tested and then discarded
without being returned back to the primary fuel flow
(12). While this embodiment may not have the benefit of
preventing waste, it c¢an still include some of the
benefits of real-time monitoring and control of the fuel

20 flow more fully ocutlined below.

In a preferred embodiment, sensor (2) utilizes a
laser counter for detecting the presence of particulate
matter and/or free water. The laser counter can be
configured to utilize different channels for detecting

25 and counting the number of particles in different
particle size ranges. In a preferred implementation, the
laser counter utilizes shadow counting wmethods for
detecting the presence of and monitoring the quantity of
particulate and/or free water in the fuel. A 1light

30 source, typically a laser, will pass a beam of light
through the sample of fluid. As the light passes through
the fluid, any contaminate particles will generate

shadows that then can be sensed by a photosensor which



9 water present in the sanple portion (21) as well as the tenperature
and density of the fuel. This sanple portion (21) then passes back

into the pigd®nyoetsgl flow (19) and is entrained thereip, /ﬁgg‘%o or
benefit of tdk?ﬂ; nmet hod of testing is yhat the sanple poir;ﬂon éWof

fuel is not discarded or wasted due to testing, such as in the past
when di screte sanples of fuel were extracted fromthe fuel being
transferred to supplied device (2) and then physically 10 tested and
t hen di scarded. . Howev i |ternati ve enhodinments, a sensor
(3) "y be. i FTWFPRVERG. ERe PPl CRFOWARI S1SChERCEhap (BREL  Chat
entire flow of chnebeisombritcdy @athd Bualiheed to bEStmaiesiy #lt@rmine the
alternative enbod%nents 15 the.fuel ma sanpl ed and tested and

b
R %ﬁ?a%eéigf?&trlé:tlﬁr 888°B§E£§?’o°1%he primary fuel flow

t hen di scarded™W _
(19). Wile this enbodvent rnay abteh@veivehempenelicl ofh¢r ensevbirng(3)

te, it ' ' e so of .t.he henefi f. real -tinme, .
\Arrlta)l?]i Sor: ng%gzdé%%%%r{éﬁg%?g? h%quﬁtelsﬁnﬁr&ﬁvlgnﬁnﬁtg%‘?ﬁﬁl fogutdief:ﬁgal%%l b%e
In a preferredpeabedteemnd semgditof3ngut the zeguant dser aoupketitolate
detecting the QBg;g@C&@%_metrl gyl aLe Frgéi_er and/or free water. The

| aser counter can be configured to utilrze different channels for
detecting 25 and cobipirg¢mngrayrmatigtserthsft peay i b¢ emonhtdiéd einneddition

particle size £gnags. bRed RISfieLLEE ixggpl g@ﬁ%@“ e, &Qﬁ | 8581 ude  the
ods h

counter utilizes shadow counting neth or detectin e presence

of and nmodi% or fRESERE Judrthe FegPepacureuPht ehantlwid favee wWenedtiynand

the fuel. A ligbhp8PatQtt CoenddiPi 623) Y #hd a5Lssid | aR@SSof PREMeOhiiq
| i ght through thepsa?:r"rpl e of rfll ui d? A?s'yt he f?gh?s passefé&?hcr)ough t he *

fluid, any confakPRatepartit@¥ed bl | Pt§enerate shadows that then can
be sensed by a photesenseatwhi bt MAc20104013084PERel B2BAST 002033520

corresponding to electronic sensors (3), (8) and (22) are

15 transferred to a data register-transmitter device (5).
Typically, each subsystem S1-SN will include a dedicated
local data register-transmitter device (5). In other
words, for example, each fuel truck or each fuel supply
tank will have its own sensors (3) and (22} and its own

20 data register-transmitter device (5).

While illustrated as a separate component coupled to
sensors (3) and {22), the data register-transmitter
device (5) could be formed as a single component with
sensors (3) and (22).

25 The data register-transmitter device (5) of an
individual subsystem is typically a data processor device
that includes wmemory and records and stores the data
gathered by sensors (3), (8) and (22} locally for that
subsystem and then makes a subsequent transmission of a

30 packet or packets of information for each operation cycle
to a data insert block (9) or base station. Depending on
the embodiment, the data register-transmitter device (5)

may also convert the raw data gathered by or signals sent



will convert the shadows into an electrical signal that can be

noni tored and anal yzed to ultimately determ ne the contam nate
particle consanéhabdson. However, in alternative nethodspcﬁﬂﬁﬁ@%miﬁg
(3) S could utilize light scattering gpthods for detecting the
presence and nonitoring the quantity of particulate and/or free water
in the fuel. QG her paranmeters that may be nonitored in addition
to the ones nonitored by sensor (3) may inclgde the 10 density and
the tenperaturge of the fluid b density, and tenperature sensor

(22), the presg%rﬁeﬁ?iﬁ?orﬁfhe¥?fu?ﬂga&?%%sl?ﬂ% FrEERee (8352 etich as.
The data obt ai fied duampgethdehud!tytraﬂﬁﬁefaﬁ@fé,es]i?ﬁﬂdmggni@t ;daarticle.
el ectronic sensors (.3), [(8) and. 22% are_15 transferred.tp a data
register-trans%ﬁ%%%étﬁe%é%é'(gf?éﬁy ?ch?Q?m%EE%P%u %?sf%ﬁ???é%#?WmF?
i ncl ude a dedi tleet edakecailnstatta bbgmbtéB%Lmansha$teFtd$ﬁbne (SHOWéEer,
ot her words, f examl ach fu r : ach fuel supply tan

w Il have |%ts %Iv&q sensgfésly(eﬁ){%éndg%tzéz) %éﬁﬁgg?ga%%n%t&ftrg CliélVlce (5)
regi ster-transepul@rdigmdide E&nd the Ouwmmﬁeﬁingimﬁﬂzmdsasoathe data
separate conmpopent SEN a ek a £
register-transnltfgf eJﬁge&?S) cg%%% %zgfo?ne% as 5 s?ng_% %%%%onﬁ%
Wi th sensors (B)NKE (£2). 2BThe thAla Fegitdesr -nucaeswert efntdeviisealp by
of an indivi dughs SHRSSEBY Snlo¥tBecakbyide data processor device that
includes nenory and records and stores the data gathered by sensors
(3), (8) aRd (22) IAcalF§df oreXddt saBsyRaTntded t AEplemki@s 9a  during
subsequent trafgdl Sid OOf tFa3@ tR2ekRY) orwPRCkels Qhd NLREIRKEAG ok

each operation cycle
P stéppage of fuel flow, whether or not the supplied device

has actually been filled. For example, if the fuel flow

is accidentally stopped prematurely and then restarted to

15 finish filling the supplied device (2), this will consist
of two operation cycles.

Typically, but not mandatory, each subsystem (S1,

, that

initiates data capture by the different sensors and

82, .. 8n}) can include a flow sensor device

20 devices such as the sensor (3), the density and
temperature sensor (22), the differential pressure
transmitter (8}, when fluid flow is sensed and stops

gathering data when fluid flow ceases.
As such, the sensors (3), (8) and (22} will
25 continuously monitor the characteristics of the fuel flow
throughout the entire operation cycle. Thus, a plot of
the characteristics of the fuel over time c¢an be
generated to illustrate the fuel gquality throughout the
entire operation cycle. This is an added benefit over
30 prior art monitoring systems where a single large sample
was taken during each operation cycle. For example, if
the fuel quality/characteristics vary throughout the

operation cycle, the present system will be able to



to a data insert block (9) or base station. Depending on the
enbodi ment, the data register-transmtter device (5) may al so convert

the raw da ed by or signals sent WO

2010/013082@(@%@%@88/ 002013 11 by sepsors (3), (8) and (29  rnto"
useabl e data such as, for exanple, density, tenperature, contam nant
particle content, etc., prior to transmtting the information to the
data insert block (9) or base station. However, 5 alternatively, the
data register-transmtter device (5) could directly send the output
of the sensors™PRlEPe it £TPRIESt BPBEKEY )i PHHTOUS FYEERNSuchE t Ha

the data from geasprys 68) ,tHeB) fué22kahnp1bhathdi ogessedxent udlseablgin
i nformati on by apot devi ce. 10As used herein, an operation cycle

er ,
(e.g. during fERISTRPG T7#29%%Fer FPRB) AR 1 50MeSXFBP Mgl Anilirg AR~ taken

stoppage of fuetofi| ove whetberaocanr] bhe sHEpkued daxiceyhaBanged to
actual ly bgen filled. For. ex i he fuel flow is accj den%al li’
ueling

le, if
st opped pr €mat BFERY 8“8%%%&?25?’&%88#0 LRRSPEN IS 14T nghe h

suppl i ed devi cepéZytidrhi sfont | bxmapbe st i6f theo fopar atasot a4 eSrom the
Typi cal |y, but. not mangattgl each .subsyst em

Ly, i, 32,  ..... S an
include a fl ow2erZdr CHeVEe “3 ¥ hatie tﬁ’%?%]sc("éﬁta?sca{bafdur%e*b@?%e the
di fferent sensprevimt 28ysiesns esosld hnaset hkasensaughl) ,tHehecltensd t im
and tenperatur r th ifferenti ressyre transmtte
(8). whoen f1ui &FTow i pb8Bhect "S 2 'ga@lﬁlefi fy aatd ¢ hapne’ was
flow ceasdd. Asakemh, the sensors (3),(8) and (22) will 25
continuously noni tofgt h%s‘éaar al?éféiz%,t ' C%o%“tihﬂSuEi‘?' fnlo(?l\qtoring the

characteristics of the fuel flow encompasses minor time
intervals between recording/monitoring the fuel
characteristics. Minor time intervals may include, for
15 example, one minute between capturing or monitoring Ffuel
characteristics, but is preferably less than fifteen
seconds between captures.
The data insert block (9) or base station is configured
to connect to the internet or other data network and send
20 the data through the internet or other data network (11}
to a server {(12).

The server (12) provides several features. In some
implementations, server (12) governs an alarm control
block (13), and a warning sending block (14), as

25 illustrated in FIG. 1.

With this configuration, the alarm control block
(13}, being a or part of a data processor, can determine
if the fuel being supplied to the supplied device (2) is
ocoutside of the desired standards and determine that a

30 warning needs to be sent to an authorized user (15). The
warning sending block (14) can then generate and dispatch
the warning message to the authorized user (15). The

warning sending block (14} can be configured such that



t hroughout the entire operation cycle. Thus, a plot of the
characteristics of the fuel over tinme can be generated to illustrate

the fuel qgwadisdiyefsbgoughout the entire operation cycl e. pdRigebsiodis
added benefit over 30 prior art nonit@sing systens where a single

| arge sanpl e was taken during each operation cycle. For exanple, if
the fuel quality/characteristics vary throughout the operation cycle,
the present systemw ||l be able to WD 2010/013084PCT/ | B2008/ 002013

12 nonitor the changes. However, in previous,systens, if the qualit
of the fuel salfFELTHA! Rls AeakMTT el WFERTALET e PADTRE 1Ry ENRHY
as for exanpl esib i t{shastt akesshgem tdeavtiep ofcamrtankathohst hexbuekol

qual ity change .a.being_outside of tolerable.rang l.ater in_the
fueling operatgggglaé?gexg%% e,m?ﬁs%qﬁfflﬁﬂ ﬁggufgke%%yﬁgﬁﬁthguS%tt%ﬁ1
of the tank whéeéephotesll ates chhdrsatesse t peroppevilousesty stfemm the

woul d ”e?’erﬁ ha%ﬁrﬁ?ﬂght sé?@iffia%ékp q%?')i tyoa}%ﬁrca‘éﬁ‘i—edt y%kc?awﬂ-e}ess
only a single sanplewas 10t aken. used herei'n, continuously
moni t ori ng t hecemmpratcaticnigmmfelishe fuel fl ow enconpasses mi nor

thme intervals bet vpehkecor Ut ofi)0 gdihitielan NRRAGLEE! LEax
Mnor time intervals may 1 nclude, for
(15) connected to the data network or internet (11} to
access the server (12) remotely to consult data about
10 fuel transfers through a computer (10}. Typically, the
user {(15) will access the server (12) through a secure
website or network access interface. Through the
interface, the user (15) can access the fuel transfer
data for all of the subsystems S1-Sn for a given location
15 such as, and not 1limited to, a particular airport,
storage tank farm, etc. However, the user would not have
access to other companies’ information that may be stored
on the server. As used herein, the server may be a
single server or a bank of servers that are operably
20 coupled.

The fuel transfer data relating to the particulate
matter and/or free water content throughout a fuel
transfer process can be displayed graphically to the user
so that the user can analyze the fuel quality throughout

25 the entire fuel operation cycle. 1In one implementation,
the graphical representation may simultaneocusly provide
the content of different sized particulate matter and/or
free water, density, temperature, differential pressure
across the filter, etc.

30 The fuel transfer data may include identifiers that
identify the fuel supply device providing the £fuel, the
time and/or length of the fuel operation cycle, the load

number and other information to identify the operation



15 exanpl e, one m nute between capturing or nonitoring fuel
characteristics, but is preferably less than fifteen seconds between
captures. ,nsert block (9) or base station is i o]
connect toa{tﬁze@%%?ﬂeglﬁnet or other datagpetwork and send %ﬂ#ﬁgﬂ{?g%ég
through the internet or other data network (11) to a server (12).

The server (12) provides several features. In sone inplenentations,
server (12) governs an alarmcontrol block (13), and a warning

sendi ng bl ock é14 , as 25illustrated ip FIG 1. Wth this

confi gurati on, SYRE® afQr MPEENtFE YRS ck 1C13)Cah ARRL P Or Wil be afuel
dat a processor¢am@n faemersd n@hefet el uBlebeivag BHIRIG edupplide (i.e.
suppl i ed devic i s autsjde of t desired stagndards and _determ ne
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war ni ng sendi ng bl ale (dalja caeyidten -genasat etandddrspat ¢h) t benvnachi by

nmessage to.the horized er 5).. T i ng _sendi | ock (14)..
can be confi gu?%%ﬁssug t a%j n%ﬁ%o%b%ihgoﬁé&f’%ﬁfoc%/ ggi%ﬂ%nlggrczllt
war ni ngs can béepering enomsindgersidt gstviageselrg . enahb, sswh, (stior t data
nessage servic T]ngg!p_i 18 ot L provi di ext. .. messages. to
nobi | e devi ces%%% as Lf%ﬂep ?):r'f%é:) grggg?gert/%)esg%gr% )ércct)"t o%c%):’l ggﬁ%e @
fromthe 5 war@¢adgrarendirmypill dok agtdpadverliy redbsy and elteps fuel flow

comuni cati on ) . r , V, . remo .t s :
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access the server (12) through a secure website or network access
interface. Thr8®&h-e hel$ht etfacd, EREAUSEFOFESFOEanthabessompare uethe

transfer data {@fohdtidn t BensUSYsH egBnShron (BOr a(g vanal ocat) oRitn

predetermined tolerable ranges.

15 Typically, the deadman circuit will be provided a
permanent signal, which may be a constant signal or no
signal at all, during fueling of the supplied device (2)
while the fuel is within a tolerable quality range. Once
the sensor (3) or data register-transmitter device (5)

20 determines that the fuel gquality is outside of a
tolerable range, an error or fault will be determined and
the control signal (16) to the deadman circuit will be
changed or stopped causing the deadman circuit to close
and stop fuel flow to the supplied device (2).

25 As dillustrated, the control signal (16) to the
deadman circuit acts at an upstream location such as
proximate or at the fuel supplying device (1) to stop
fuel flow.

At the time fuel flow is stopped, the data register-

30 transmitter device (5) shows a luminous sign, warning the
user locally. Additiocnally or alternatively, the
transmitter device (5} could activate an audible alarm

warning the user locally.



15 such as, and not limted to, a particular airport, storage tank
farm etc. However, the user would not have access to other

conpani es' W@{(}qg,g@{,,hon that may be stored on the server A HRR8013
herein, the server may be a single segyer or a bank of servers t%

are operably 20 coupl ed. The fuel transfer data relating to the
particulate matter and/or free water content throughout a fuel
transfer process can be displayed graphically to the user so that the
user can analyze the fuel quality throughout 25 the entire fuel
operation cycle. In one inplenentation, the graphical representation
may sinultaneously guavi deet blataor&@mhaﬁf thé f eeenérsiead, pa:th@UhﬂB
matter and/or free vvat%r nsity flg.]ture ffere ti pressure
S

across the filF¥S<Rt Fhe SO%ﬁ%r"F ugont [rg ot d Hﬁy R warning
identifiers tha¢nddentbigck hélduebndupdkpetd@ingeopr ahedlcbgfhbaréuebn,

the tine and/o engt h. of the.fuel .oper nccle t he | oad nunber
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2010/013084PCTt©321®©$mm36ﬁ4us§ecrse $5)that the user (15) can

anal yze where the f 0

(i .ey whi ch supplie deV| ce %& Qir-ié% ve t pp]?d%) Ilt;%g é&ﬁﬁ{%ﬁ?
data register-€PRRLPA t PEr th@vm;‘?@l(tﬁ) me”aé;@tr bShCS meadSSt)fllau‘fcnm r bhe
signal (15) ovehe? 4RAdEAD Ghigil{eqleRe0dbid pf) Nl SOLad LARBIR! 2L,

As such, the data register-tr tter device (5) can act to cause
deadman ci¥Ccui PPEHRBRTHNEYE LR P? &Wn&ﬁédst% freMatfingy e odehéman

suppl i ed devi cg; £2)i&IPQR S@fneSl BYeRE fd£e| afualddoy J@r%awel N gata
outside a desired range. This is possible as in some inplenmentations,

the data regi sFEFISFERHANSTLESY cBevEyei s() datay phScessdagerag to
conpare the in{esnBhi©ONSRIYmaliom 6N8RESséBYer (G)2)and (22) with

predeterm ned tol eragge%él%ggegn the configuration, the data register-

15 transmitter device {5} may transmit the packaged

information including only sensed data, such as data from

sensors (3). (8) and (22}, only a warning signal such

that the server (12) can send a warning message to the

user (15), or a combination thereof. If the data

20 register-transmitter device (5) only sends the data from

sensor {3), the server or alarm control block (13) can be

configured to further analyze the data to determine if an
error message needs to be sent to the user (15). -

In a similar way to the control signal (16) to the

25 deadman circuit, any other device aimed to stop the flow

can be controlled, such as: automatic valves, fueling

pumps, etc.

The fuel parameters that the data register-

transmitter device (5) or alarm control block (13} uses

30 to determine whether to maintain and interrupt the fuel

supply can be adapted to the International Fuel Quality

Regulations. Specifically, this example has been

developed according to the regulation API/IP1598.



15Typically, the deadman circuit will be provided a pernmanent signal,
whi ch may be a constant signal or no signal at all, during fueling of

the suppli 1.6@4(2) While the fuel is wthin a tol iy
PPl i Q% Heofdi584 (2) %@?ﬁ%@d%} Y

range. Once the sensor (3) or data regjster-transmtter

determ nes that the fuel quality is outside of a tolerable range, an
error or fault will be determ ned and the control signal (16) to the
deadman circuit wll be changed or stopped causing the deadnman
circuit to close and stop fuel flowto the supplied device (2). 25As
illustrated, the control signal (16) to the deadman circuit acts at
an upstream | ocati am stitdh 2%1psExdtat cetample } hehé uehi188ppl(¥) NBF the

device (1) to stop fuel ow. At the ti fuel flow is stopped, the
ot reg bt or -SSR Bl O dP GouFELEtE i tins SE R DU L ot Eor
war ni ng t he useiltecaliy. whiddi tthenalalty eelakedr nat tuel presdere at the
transmtteg deyi ( coul ctiivate ,an .audjb al_ar m war,ni t he.
user | ocal (Isy. Wf%%l%}lglﬁ% /Féﬁodé?%fﬁéa %Erougﬁ &cgl%ﬁgr%?:'aal
reaches the sepxegsyri?)gatde s (W | lthgaveran ¢henedizgdn tontthel iblletk and
(13) and the i ' oGk angi,% ﬁ@in on t.he
configurati on\,@%ﬁfﬂ% %%%lgeln%r%}ﬁh&k 11 i 's%tnsdqqae}“\r}/ararﬁ ntg0 2
nmessage to thedbtfduanitied uperssyreS)transmitiey de@ldnafhas r angesehtter
will override agysgonipar %éa?n%“t{p e%te)éohﬁgcggﬁ'(%% OPREAIDI N0 B er

distributing the fuel to the sup evice ecause the Tue
oper at i onl@ycl er3nsnigitfimateyd asy (Gper FhilAg fihseded@hamhschpemrlly usgrd

event of an er{Qre@sfalnly dile: dat Q:lr{eegtin%tserc'&ﬂx%@ﬁ%&ﬁf?ﬁz)ggvgffcﬁéﬁt

may be triggered to transmt information to the server
Dependi ng on t¥RIVHHMYAPSPSACTERe data register- 15 transnitter

device (5) may transfid pherdacdponshldfaimticnn idid usingenl 43) ang
sensed data', ?uch ag,data fromsensors (3). (8) and (22), only a

war ni ng si gnal ‘&tich thiateTeR:iddr Ryesr dapehd tetnalhi ek adita
to the uses (lbggidterd ta@idmidteen bbeseof (s) f ddie dat apowered by a

photovoltaic solar energy panel so that the system can be
operated at remote locations. However, any other kind of
power supply is obvicusly possible.
One or more of the subsystems 81, S8S2.5n can be a
20 refueling system for aircrafts, where the fuel is
filtered through a separator filter or a monitor filter
prior to being added to the aircrafts; and where the fuel
cquality has to observe predetermined quality standards,
such as those of API/IP1598 or intoplane. In this case,
25 the level of contamination of solids and water, and:
optionally the differential pressure of the separator
filter or monitor filter, are measured.
’ Other of the mentioned subsystems can be the
terminal of fuel storage, where the fuel coming from the
30 pipeline or from other means is analyzed. This can be
used to help analyze the amount of filtration needed.
Further, by wmeonitoring the fuel as it is first delivered

from a fuel source, i.e. from the pipeline, any potential



20 register-transmtter device (5) only sends the data from sensor
(3), the server or alarmcontrol block (13) can be configured to

further angly#gobiigedata to determne if an error ﬁessaﬂ&/ﬁﬁﬁ&(ﬁ)%ogs be

sent to the user (15). In a simlar way to the control signa to
the 25 deadman circuit, any other device ained to stop the flow can
be controlled, such as: automatic val ves, fueling punps, etc.

The fuel paranmeters that the data register-transmtter device (5) or
al arm control bl ock é%S) uses .30 . to determ ne whether tq maintain and

interrupt the FHRAS sBppISPEENHE 303 ptHEd Tt AT ePTRFRFhatifondl® FoRpite
Qual ity Regul afienshaiiperid | Spstem dhisr exarmisl hase begsn Devel opad be

according to the_ regul ation API/IP1598. WO
2010/013084PCT$‘?%%§7%£)2013 16 In the illustrated exanple, the
filter (6) of the SHesysimmsfonding behter/ wat eet sepathBeoindét aof the

moni tor filter, ji.n i.ch the data related to th ressure at, the 5
inlet and gutl%artls%ar%@ao oanlsnegnt%hrgﬁﬁﬂrés ditftfeerecﬁ’ﬁ%al TSrEEE e ggugtéhe
(7) that is conomictred dafo sdiddsnbetl aadeouth efudln parallel with the
filter (6), as wellyas:tQ a @if eng| ure transmtter (8).
This transmitter is at ht%e ggnetﬁgneé%}gé%%{:ﬁ% tmc?ﬂttﬁengglt’a F%ﬁi g%%r-a
10 'transnitt epipRline ¢6) & Tdistiiricer sy8feims miverel |thaisamhliyeer is
subsystens such; s, the iqpe%ecaﬁqgeﬁpepdtﬁ@ & -&Jﬁr%frt o&efi&aelchgg utlet
oper ati ons. In a preferred inplenentation, the sénsors 3? and
(22), diff8ren®falthsr epipedinpansmidt ecegfsanther dritaa BPout solids
regi ster-trans@itsie blpck,15) can be powered by a photovoltaic solar
energy panel so that the systemcan be operated at renote |ocations.
However, any ot her Rishdi®%2 poREers uppPSK i §2bborBusSEPtEBdsrel uplopdieg

nore of the supsysbeMind , i Porma®ich@NERen a2 Eabuahigig saied Ofhe
aircrafts, where the [uel is filtered through a separator_filter or a

moni tor filterSpFYR t%P)bei Hy SRR t 2% HaP al R cFBEt §enbRyL wWREF ECeheot
fuel qual iy hese teoResr @aRr edet erak nete Giadddny o3t andar dawefHEhn as

those of API/I P1598Ea%rh icrgm%%ln%ng'ssggi;giag é:a%;see’xclusively access their
own reports having also the possibility to download them
through internet, connecting to a website. However, each
company would not have access to other companies’ data.
20 In further implementations, where it is not desirous
to communicate the information to a remote server, the
server or similar electronic device could be located
locally with the subsystem (S1-Sn} such that the data can
be analyzed on site. Further, the data insert block (9)
25 could provide access to the data for a lecal user.

All references, including publications, patent
applications, and patents cited herein are hereby
incorporated by reference to the same extent as if each
reference were individually and specifically indicated to

30 be incorporated by reference and were set forth in its

entirety herein.



25 the level of contami nation of solids and water, and optionally the
differential pressure of the separator filter or nonitor filter, are
measur ed. @Rhoekedshe nentioned subsystens can be the ﬁ@f{fﬂz?@oeﬂfls
fuel storage, \/\%ere the fuel com ng fgpmthe 30 pipeline or from
ot her nmeans is analyzed. This can be used to hel p anal yze t he anount
of filtration needed. Further, by nonitoring the fuel as it is first
delivered froma fuel source, i.e. fromthe pipeline, any potenti al
WO 20101013084PCT/ 1B2008/ 002013 17 areas of contamhation that are
present in the onsit¥ fU8F Kindtihgteyefencaf tBK i nfRT aPPFyelthe” and
delivery can bsiflei®f mmebrents in ThHRe COfs@SHRANdIIT]) SRBSEHbHHgSEthe
inthe inlet of the 5 installatipons and records the data referred to
the content of *¥BFFH TN eﬁB‘t”%?'afﬁyf&@I the conberbnet ofhg ngollowing
subsyst ens nentliahes) iartd®den cpingekiag 06 @ovet ddthi Z:ﬂaesyéihgﬁﬂ.aﬁh@ﬁ@
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construed as open-ended terms (i.e., meaning “including,

but not limited to,”) unless otherwise noted. Recitation
10 of ranges of wvalues herein are merely intended to serve
as a shorthand method of referring individually to each
geparate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated
into the specification as if it were individually recited
15  herein. All methods described herein can be performed in

any suitable order unless otherwise indicated herein or

otherwise clearly contradicted by context. The use of
any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better

20 illuminate the invention and does not pose a limitation
on the scope of the invention unless otherwise claimed.
No language in the specification should be construed as
indicating any non-claimed element as essential to the
practice of the invention.

25 Preferred embodiments of this invention are
described herein, including the best mode known to the
inventors for carrying out the invention. Variations of
those preferred embodiments may become apparent to those
of ordinary skill in the art upon reading the foregoing

30 description. The inventors expect skilled artisans to
employ such variations as appropriate, and the inventors
intend for the invention to be practiced otherwise than

as specifically described herein. Accordingly, this



15 the conpany that utilizes the systemof this invention. Each
conpany associ ated can exclusively access their own reports having

al so the pogsiRhbishyy t o downl oad them through internet, pepiRgsldostdst ©
a website. However, each conpany woul g not have access to ot her
conpani es' data. 20 In further inplenentations, where it is not
desirous to comunicate the information to a renote server, the
server or simlar electronic device could be |located locally with the
subsystem (Si -Sn) such that tae daig can .be anal yzed on site.

Further, the daP¥ePhi®rt *BFLERET of 45 MOgdFdcpE Lo se23e c6581VR1IeRRS ©Ff
data for a | ocaheusabject matédt FefBIRNCHS,thdcdLidinig apphdeat heRsto
pat ent applications, and patents cited herein are hereby incorporated
by reference t%sthék§gﬁgt§§te#p'asaPPgéﬁiﬂf?efgﬁgnce me%%reoveg{ any
i ndi vidual |y andmbpeetiocal bf i tide casleskvd -aidtideadncelpaeated by all

reference d re. forth pn its tirety herein. WO
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i nvention (espegi i p$ cant f following clains) is to
be construed tgigg%£¥ %é&%\ Qﬁéﬂgdﬁé)lan%%%tS the plural, unless

ot herwi se indicated herein or clearly contradicted by context. The
terms "conprising,” "having," "including,"” and "containing" are to be
construed as open-ended terns (i.e., nmeaning "including, but not
limted to,") unless otherwi se noted. Recitation 10 of ranges of

val ues herein are nerely intended to serve as a shorthand nethod of
referring individually to each separate value falling within the
range, unless otherw se indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited 15 herein. Al nethods described herein can be perforned in
any suitable order unless otherw se indicated herein or otherw se
clearly contradicted by context. The use of any and all exanples, or
exenpl ary | anguage (e.g., "such as") provided herein, is intended
nmerely to better 20 illum nate the invention and does not pose a
limtation on the scope of the invention unless otherwi se clained. No
| anguage in the specification should be construed as indicating any
non-cl ai med el ement as essential to the practice of the invention.
25Preferred enbodi nents of this invention are




descri bed herein, including the best node known to the inventors for
carrying out the invention. Variations of those preferred enbodi nents
may becone apparent to those of ordinary skill in the art upon
readi ng the foregoing 30 description. The inventors expect skilled
artisans to enploy such variations as appropriate, and the inventors
intend for the invention to be practiced otherw se than as
specifically described herein. Accordingly, this WD
20101013084PCT/ 1 B2008/ 002013 19 invention includes all nodifications
and equi val ents of the subject matter 6ecited in the clains appended
hereto as permtted by applicable | aw™ Moreover, any conbination of

t he above-described elenents in all 5 possible variations thereof is
enconpassed by the invention unless otherw se indicated herein or
otherwi se clearly contradicted by claims. 20 Cains A fuel
nonitoring system conprising: one or nore fuel supply subsystens (Si,

S2, . Sy, e#c e@ﬂ%%@%?%ﬁ@?ﬁ%ﬁﬁﬁpﬁﬁg a fuel supplier (1); one or
NOre Sensor s of3dnmdrd Ael s'.gpgby shBystemBig1082, N9, S adaachBtdsthd mSu@hga flow
uel supplier (1); a deadman circuit at

of fuel supplied bgﬁthe f
an upstream | ocat # B! p¥Blie'dRi e to the fuel supplier (1) that can act

to stop the flow gfe fiehe § u i Qﬁhn&
fuel characteristi ces loutesieggelma@?}?%i e Beifo?nﬂ{r?gg&?{agncgé%&&mgsg% at a 9

regi st er -t r aganplied by thg &gl ewplig) 1% or gathering data fromthe one or
o Soneers, (5 L DL LSBT iR 9
(8): can act to stop the flow of fuel from the fuel supplier (1) upon sensing of fuel
characteristics outside a predetermined range;
a data register-transmitter device (5) for gathering data from the one or more
sensors (3), (22), (8), the data register-transmitter device (5) is in operable
communication with the one or more sensors (3), (22), (8);
a server arrangement (12} for storing the data from the one or more sensors (3),
(22), (8); and
a data insert block (9) or base station for transmitting the data to the server
arrangement (12), the base station (9) being in operable communication with the data
register-transmitter device (5) for acquiring the data from the data register-transmitter (5)

that is transmitted to the server arrangement (12).

2. The fuel monitoring system of claim 1, further comprising a flow switch or other flow

control device (4) for controlling the flow of fuel from the fuel supplier (1).

3. The fuel monitoring system of claim 1, further includes a control signal (16) to the
deadman circuit that operably stops the flow of fuel from the fuel supplier (1) upon the sensing

of fuel characteristics outside a predetermined range.



a server arrangenent (12) for storing the data fromthe one or nore
sensors (3), (22), (8); and a data insert block (9) or base
station for transmtting the data to the server arrangenent (12), the
base station (9) being in operable communication with the data
register-transmtter device (5) for acquiring the data fromthe data
register-transmtter (5) that is transmtted to the server
arrangenent (12). 2. The fuel nonitoring systemof claiml1, further
conprising a flow switch or other flow control device (4) for

controlling the flow of fuel fromthe Euel supplier (1). 3. The fuel
nmoni t ori g S t2$$0f claim1, frther 2y Iudes(; ntrol, signal (16)
F%W

to the BT R SYStER 8Y AEmy L st BRI e NFArCif s acupted DY e

f uel sumhn&rmgnl])ummr&ﬂme%aﬁsd 9] dhirabid@itics RRERAU AR Sifelos mofiefdogle a
predeternlned rang 4. The fuel nonitoring systemof clajml1,

e. :
wher ei n ipfad %Pééfaﬁ&ﬁe ef %%F?nthagma%ftpala{c@atewdémééﬁw ¥ withignbg fuelfly.
wherein the sensed fuel characteristics sensed by the one or nore
sensors include at |east one of a concentration of particul ates
and/ or ftee wedil woviringsygen abtlaim owheres therppe o rore sepiare i3, (8) are
system OJOllﬁl't:@Eﬂ%ailallel’V?g K Sifarst B Wfr&ﬁ tﬂEDf[lQ seppliel tl‘(e?l:)ouyiﬂ(r% e(oﬁl oA €

coupled I n primary fuel flow fromtfte fu upp ier

(1), t hem@r@lamspﬁ@?i)omi 4 toihe p@mamﬁlel fbﬁ@h@mguehswat qp2g samp®) portipntdf ehe

primary ] PHLDELRE ¢ ofgtion of the

primary Eﬂgly%%bm? §§%§E¥E$1 Q&%%gm%?ggnggggﬁsors (3), (22),

(8). 6. The fuel nDnltorlng systenlof cIa|n15 wherein the one or

nore sensors Ss article coun

Teasur ecdt he WEyel oors et RS HARSs SRR PR kS RAINRBT

the f ueI inflndes 2 lasér pafiivde fowmeter wbmh umasur@ tlw-.sahenmmfmmbﬂaomi pmmﬂme aidvort he

server arran e*npegﬁié% is connectable to a network and is renotely
iy Work. 8. The fuel nonitoring systemof claim

accessi bl'é ov
1, wherein the server arrangenent (12) i ncl udes an al arm bl ock (13)

t hat analyze ggldata to detergl f t he fuel characterlﬁchs are
within of out ® ROpEP ISR En P 146‘8“ THE e 1%"‘*:‘“&?‘?%&%@%6 frt her

i ncl udescoanstdbild Bg ns@REt B iDleamkely deddssibhadvesiodawarkwar ni ng message to
a user when the alarmblock (13) determ nes that the fuel
characteristics are outside a tolerable. 9. The fuel nonitoring

system of. cl art@fidel nishR&ighyéthe obakion 1,8l tthe diad SHddbREntd € iisBudedan
anal yzes the data and determnes if the fuel characteristics are

wi t hi n oflaEtRleskdd 3 hetanalyzes the datarig deterpee i§ipefeshrhapciamaticsiaroyigaesr a

control  &icgiad tolRatidiengledd e Gbfdthiend Afler SRURE LA WERi Q@n(ﬁi@gtlﬁock (14)
register-transmtter evi ce (5) that operably stops the flow of

fr om t hethfifendspPpning mesmEhlomyEerFdien theea&v@tbé}ckt(}%ﬁgtﬁmwrth%w f@@ (5)

deternlngﬁnkgghugggchggkaqgg&ggterlstlcs are outside a tolerable
range. 10. The fuel nonitoring systemof claim1l, wherein the

dat a |nsert bl ock (9) or base station transmts the data to the

server agr angﬁ{mé] n{o:xllgan 2&&5 Q? lgﬁ lwrﬂeir%ﬂ% t'hQ Qat£ Q%?stetr %nsfnﬂﬁér device (5)

characteristics are outsi ato era
analyzes the data and determines if the fuel characteristlcs are within or outside a tolerable range,

the system further includes a control signal to the deadman cireuit (16) coupled to the data
register-transmitter device (5) that operably stops the flow of fuel from the fuel supplier when
the data register-transmitter device (5) determines that the fuel characteristics are outside a

tolerable range.
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11. The fuel nonitoring systemof claim1l, wherein the data
register-transmtter device (5) collects fuel flow data for

i ndi vi dual operation cycles, each operation cycle beginning at the
begi nni ng of fuel flow being sensed and term nati ng upon sensing a
stoppage of fuel flow. 12. The fuel nonitoring systemof claim1l
including a plurality of subsystens, the data register-transmtter of
each subsystem (S |1-Sn) being operably coupled to the base station
(9), the base station (9) transmtting the data for each of the
subsystens (S 1-Sn) to the server arrangenent (12). 13. The fuel
nonitoring systemof claima1l, mheneinzghe base station (92 IS {
di rect | y%c ci”&% fus) monitpeine sysis fflaimdat HeheEdn By detadnser Blogk (g ease station
SeNsor s tadmitdtRldata bIhe ECAR: RNBEHRER LY updh Be B8 MilA6RhatRe hRRE base
station g9). .14. A method of nonitoring fuel quality conprising the
st eps ofchageieisbinsarpguiside p tilesatls Waesrom a fuel supplier; nonitoring
fuel characteristics of the fluid flow to generate fuel character
stics data, gathering the fuel characteristics data; transmtting the
fuel chaddact dh¢ 5t} meniepaing systerpolgdainm Ik whersindhe dajeangiptet-ransmitter device (5)
anal yzi i, St d : 1T g f ot i t.hi n
e S S R S
fuel fr deeinhisg bkl Buppdingsenget pndiponingiéngsipny sepfing aetopwigarbittidtdvet i cs
outside a predeterm ned range. 15. The nmethod of claim 14, wherein
the step of nonitoring the fuel characteristics includes continuously
nmoni t orildg t Aéefusbnogiaimg systa sf dlam lauendiaga pntalityecfepeyasmsg theaitl e

and t he st, of anal yzi ccurs [ huousl y,over tire.

oper at | doEteParsANBLY B0 BEEHED TR OO ied ineBlsh i By e
t he st epbaed stalshMetanaaiting thewtaesr for pdch bithe bebshuehs B -Gw) whersetee f uel
characteristics he determ ned to be outside of the tol erable range.
17. Thezﬁ@Pﬂ%ﬁmﬁﬁ Llaim 15 further including the step of transmitting
the fuel characteristics data to a data insert block or base station

which w ]l transmt data to a server, arrangenent bei remote fror

t he | oca¢3i' on T%ﬁi‘%&“’f’ﬁ‘é‘)”é’ﬁébﬁ%’? 0 ﬂi"tb?‘*ﬁ‘ﬁﬁ‘“ﬁg“’ brse ﬁ@m’ﬁgg’f% ey affgssible
storing dubiethbiila GRRFAGY TN dhleiof frofbate@oR (3}, (12) J8) 348 be AdcbABUBYEMer locdiB.
The nethod of claim 17, further including the step of renptely

accessi ng temess YiondNar act eri stics stored on the server arrangement.

14. A method of monitoring fuel quality comprising the steps of:
dispensing a fluid flow from a fuel supplier;
monitoring fuel characteristics of the fluid flow to generate fuel characteristics data,
gathering the fuel characteristics data;
transmitting the fuel characteristics data to a data register-transmitter;
analyzing the fuel characteristics data to determine if it is within a tolerable range; and
using a deadman circuit to stop the flow of fuel from the fuel supplier (1) upon sensing of

fuel characteristics outside a predetermined range.

15, The method of claim 14, wherein the step of monitoring the fuel characteristics includes
continuously monitoring the fuel characteristics over an entire operation cycle and the step of

analyzing occurs continuously over the entire operation cycle.



19. The nmethod of claim 15, further including the step of dispatching
a warning nessage to a user when the fuel characteristics are
determ ned to be outside of the tol erabl e range.

23
16.  The method of claim 15 further comprising the step of antomatically

interrupting the fuel flow when the fuel characteristics are determined to be outside of the

tolerable range.

17.  The method of claim 15 further including the step of transmitting the fuel characteristics
data to a data insert block or base station which will transmit data to a server arrangement being
remote from the location where the step of monitoring is being performed and storing the fuel

characteristics data on the server arrangement.

18.  The method of claim 17, further including the step of remotely accessing the fuel

characteristics stored on the server arrangement.

15.  The method of claim 15, further including the step of dispatching a warning message to a

user when the fuel characteristics are determined to be outside of the tolerable range.
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