FILTER WTH MEMORY COVMUNI CATI ON AND PRESSURE SENSOR
BACKGROUND OF THE | NVENTI ON The use of RFID tags has
beconme preval ent, especially in the managenent of
assets, particularly those applications associated
with inventory managenent. For exanple, the use of
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personnel within the manufacturing entity to track the

movement of the specific  component throughout the
manufacturing process. It also allows the entity to be able
to identify the specific components that comprise any
particular assembly or finished product.

In addition, the use of RFID tags has also been
advocated within the drug and pharmaceutical industries. In
February 2004, the United States Federal and Drug
Administration issued a report advocating the use of RFID
tags to label and monitor drugs. This i1is an attempt to
provide pedigree and to limit the infiltration of
counterfeit prescription drugs into the market and to
consumers.

Since their introduction, RFID tags have been used in
many applications, such as to identify and provide

information for process control in filter products. U.S.



the use of "electronic labels” in conjunction with
filtering apparatus and repl aceable filter assenblies.
Specifically, the patent discloses a filter having an
el ectronic | abel that has a read/ wite nmenory and an
associated filtering apparatus that has readout - means
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useful in determning "a service life of the process
regliapretl ebadsederon the accunul ated data”. The

appl i cation includes the use f this type .syst.em
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efuiipme2t. The RFID tag is described as capable of storing
“at least one trackable event”. These trackable events are
enumerated as cleaning dates, and batch process dates. The
publication also discloses an RFID reader that is
connectable to a PC or an internet, where a process
equipment database exists. This database contains multiple
trackable events and can supply information wuseful in
determining “a service life of the process equipment based
on the accumulated data”. The application includes the use
of this type of system with a variety of process equipment,
such as valves, pumps, filters, and ultraviolet lamps.
Another patent application, filed by Jornitz et al and
published in 2004 as U.S. Patent Application Publication
No. 2004/0256328, discloses a device and method for

monitoring the integrity of filtering installations. This



publication describes the use of filters containing an
onboard menory chip and communi cati ons device, in
conjunction with a filter housing. The filter housing

acts as a nonitoring and integrity tester. That
application also discloses a set of steps to be used
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Related patents also describe the use of this MEMS device
to estimate and predict a filter’s life.

Despite the improvements that have occurred through
the use of RFID tags, there are additional areas that have
not been satisfactorily addressed. For example, there are a
number of applications, such as in-situ filter integrity
testing and filter 1life monitoring via transmembrane
pressure changes, 1in which real time monitoring of the

pressure at various points within the filter housing would

be extremely beneficial.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome by the

present invention, which describes a system and method for



points within a filter housing. In one enbodi nent, a
sensor, capable of neasuring the pressure at a specific
point is used. In a second enbodinent, a differentia
pressure sensor, capable of neasuring the difference in
pressure between two points, is enployed. In a third
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Alternatively, the system can comprise separate sensor and
transmitter components, in communication with one another.
The transmitter component can utilize either wired or
wireless communication. In yet another embodiment, a
storage element can be added to the system, thereby
allowing the device to store a set of pressure values.

The wuse of this device 1is beneficial to many
applications. For example, the ability to monitor
transmembrane pressure across each filter individually in a
multiple filter configuration improves the reliability and
validity of an integrity test. This also allows the
integrity of each filtering element to be individually
determined in situ. The ability to monitor the

transmembrane pressure within the filter housing also



nonitored, allowng the life of the filter to be
estimated. BRIEF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
is a representative enbodi nent of the present
invention; Figure 2 is a representative enbodi nent of
the present invention as used in a nmulti-elenent
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multi-elenment filter configurations; Figure 4 is a
second representative enbodi nrent of the present
i nventi on asgRsEF HESCREIHTNON OF THEUDRAWIGIGSEY testing
within multi=elrement r11ter confrgurations; and Figure
5 1is a representative enbodi nent of the present
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tangential flow filters.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a representative filtering system
in accordance with the present invention. The filter
element 10 1s enclosed with a housing 20. The filter
element can be simply a porous material, such as pleated
paper or PVDF (Polyvinylidene fluoride) membrane. In an
alternative embodiment, shown in Figure 2, multiple filter
elements 10 are enclosed within one housing 20.
Alternatively, the filter element may comprise a frame,
such as of plastic, and a porous material. Located in close
proximity of, preferably affixed to, and most preferably

embedded in, the end cap of filter element 10 is a pressure



of the difference is pressure between two areas. This

out put can be in the formof an anal og vol tage or

current, or can be a digital value or pulse. In the

preferred enbodinent, the output varies linearly with

the pressure, however this is not a requirenent. Any
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of the filter element may exceed 145°C, therefore a sensor
that is stable at these temperatures should be employed.
Similarly, a transmitter capable of withstanding this
temperature should be employed. Finally, the temperature
with the housing 20 may cycle from lower temperatures to
higher temperatures and back, therefore the pressure sensor
should be able to withstand temperature cycling.

There are multiple embodiments of this ©pressure
sensor. For example, this sensor can be constructed using
micro-electro-mechanical system (MEMS) technology, a
piezoelectric element, a conductive or resistive polymer,
including elastomers and inks, or a transducer. While a
differential pressure sensor is preferred, since it is the

difference between the upstream pressure and the downstream



the types of sensors that can be used; this is not

intended to be an exhaustive list of all such suitable

pressure sensors. The - pressure sensor 30 is in

communi cation with a transmtter 40, which can be

either wired or wireless. Mechanisns for transmtting

wi rel ess signals outside the housing have been
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combined with a vrestriction orifice to achieve the
sensitivity needed for the application. This orifice or
venturi restriction device 1is typically used to measure
liquid flow, but it may also be used to measure gas flow
when higher sensitivity than can be achieved by measurement
within the dimensions of the main flow path, like the core
of a filter, 1is required. For example, the flow rate
typically experienced during diffusion is 10 cc/min. 1In
contrast, the flow rate during convection is 500 cc/min to
1000 cc/min.

Figure 4 shows the use of flow rate sensors 70,

instead of pressure sensors. There are multiple embodiments

of direct flow rate measuring sensors. In gas flow
measuring applications, flow measurement is typically
determined by monitoring changes in temperature. These

devices can be based upon an anemometer within which a



nmeasured as a current change in the sensor.
Alternately, a slip streamof gas is passed through a
narrow capillary wthin which are two thermal coils,
one pul ses heat into the flowing gas the other detects
thetinefor the tenperature pulse to reach it. This

rE@BEe'féar%ats%eHOt d 932 féx‘?&‘fn@%e@%?p%ﬁﬂé dﬁébg%”g The

e capil to miil gas flowtu fameters. O her
maemoxdstef: neasurdaigd | duer ate taTee kaewnflowt hendr tthis is
and are within the s%oggéof t he nventl on,

t hi
FPeriFSinge foSHE EEBEbEPaRAGUSE TBE TRBSSFocatiighigrtely, 2

shepf lawdat eosens® 15 igmRebanthrasgett ahdrrow ¢ glllary
| ocations within the filter housing are not subjecte
yvothihe wihdldh faesy. tFer téeawplle, c@l ¥4 oworat @wWaesorhaelr into

Lhe ef?wﬁ@} f{g Ehetﬂé”SEP?Le”EQEe%é" d%ﬁ%(peHx%chfor the

VEry ow, especrally as conpare 0 one near
tdepopenuendpoiset be f:iehd:lerlel enenis Astransgikted 40 total
i's aI o | ocat ed near, integrated wth, the sensor

305 I O&neb%n’BSSPﬁﬁﬁwY dteﬁérgf“r“L Asrhtt efoRbllapy e mail gas

PI§§59ﬁ5e5@ﬁ§91%t§QsareCﬁ:’?’l‘é%psrﬁ@t"i‘lto%q; Id¥ ansi Hgh £, flow rate
i ntegrated conponent. Alternatively, the transm(%t

and Mriversemsortiso @ah bearséparat editrand ithe scope of the

cr%munlggtl on %th %hlot tgl%rt, mse%%h S vkljea eI ctr cal
js a‘fjs Vaft ous tsyp;ég of &ESmmihi cattl onh ‘afe” p 357 1-L

Wﬁ@nv\fofed;h@dfwwetm seNabirods WniRlr@sst, as certain
conmuni cati on devi ces are possible, although the use

bcaint ®EF DYE&G s Picef F +eer Aﬁuééflgvearqw@tt SRt to
FIRIUERY | C?g&%‘”'?@f'&i‘a id té*gffﬁﬁdfé e sb%]r‘iseéf‘aﬁéé{f' ¥Yhe end

a passive D tag can be use ere energy t
¢aransif t tard Sebhser t kd arempger abui é iescmtmaammd vergm llttle

JgThe el ectrorra?get-iac field g@gnsmtted téy RFI D d of
Hitter SSBEBHET bally, CHRA GFage’ ePBRedt a§o n BBSUséd
dHe conjamctiofeni th the transmtter 40 and the

pressure sensor )

A transmitter 40 1is also located near, or integrated
with, the sensor 30. In one embodiment, the transmitter 40
and the pressure sensor 30 are encapsulated in a single
integrated component. Alternatively, the transmitter 40 and
the sensor 30 can be separated, and in communication with
each other, such as via electrical signals. Various types
of communication are possible, such as wired and wireless.
Various wireless communication devices are ©possible,
although the use of an RFID tag is preferred. An active
RFID tag allows regular communication with the reader.
Alternatively, a passive RFID tag can be used, whereby the
energy to transmit and sense the temperature 1s obtained

from the electromagnetic field transmitted by the RFID

reader.



30. This storage elenent 50, which is preferably a

random access - nenory (RAN) or FLASH EPROM devi ce, can

be used to store a set of pressure readings, such as

may be generated by regular sanpling of the sensor.
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based on a variety of actors. These include, but are
notréied s etdraosmtfieer.at Bn athe warefe need upehediserfe an REID

received, the rate at which,the stored ta.
protEssed” antf The S%Fé&ﬁgnﬁsvwltl%e(\s/\hi ch 1?% s = Eor age be

et eEdulsd | Su€PNBhAE cati qheviédh the oukstdeétter at regular
einrﬁe-:rn?\?anl‘.esn.t' Alternatively, the reader <can be manually
operated so that readings are made when requested by the
equipment operator. In another embodiment, the wireless
receiver 60 also includes a storage element. This reduces
the complexity required of the device within the housing.
In this embodiment, the wireless receiver queries the
wireless transmitter/pressure sensor at preferably regular
intervals. It receives from the wireless transmitter the
current pressure sensor measurement as determined at that
time. The wireless receiver 60 then stores this wvalue in
its storage element. The capacity of the storage element
can vary, and can be determined based on a variety of
factors. These include, but are not limited to, the rate at

which measurements are received, the rate at which the

stored data is processed, and the frequency with which this



As an exanple, consider a filter elenent having a
wireless transmtter 40, such as an RFID tag, coupled
with a pressure sensor 30. In this enbodi nent, the
RFID tag is passive, that is, it only sends data upon
receipt of a query fromthe wireless receiver, or base

station. Upon receipt of that query, the transpmtter ,
TrRFRHT t sSCLRBEVAI uBS ciiP r eRPTURASH T LMY e I theS outside

DLessyte.sensor 30. In one scenario, the wireless
receiver, which is coupled to a conputing device, such
as a konput eexatbén, storesideiese  Valtues, edpmicortal hypving a

th iated tipest h as log file .
T3P £ B GRETSCERar 10, FFoFhe wiPerbed ‘e ver 1 With

sepacateadef amsbhe 300N efhid hempeeahaer, Wwehé rREeed 4y is
store a nunber of pressure neasurenents internally,
rit$iveuchheitmelas il ienkonAeefed 4 a hePpai receipt of a
ti and/ or . rage [ I n_thi S :
@)or ge emerrgﬁ%J wnlzrtée éa%go eé/e%lﬁ/teeerdra?gd bvsasff tgﬁ(?%lon' vpon
receiper of | nhanotjuer yentodi nentsma twereltess stuidss miltd evalue
and receiver ,are_not_used; rather, the output th
el D SSmearole Kb wEPBd R 90 Sour ST ARE of Anein ome
fhousi g, , Hadngydebioed the aRwsi cahn stk uctdr ectbitle to a
present invention, there are a number of applications
Gomputi oo | deviisebermfdlei ab. aTheomphEewi ng-hien nehAreso these

illustrate so f thos | i cat.l iy rit. 1.s ;
Tt et il e AR S R, b as in
d nlone enhedi neat, at hei pfeasend isaeeation i $fusetei wireless
conjunction with in situ Integrity Testing, This | ,

TR afléﬁgafﬁ%e%péF%@th?ocegpyrﬁyrt%QEiﬁﬁ&ﬁ%%%f will

Med Neo FEEELE S, Whibh P %gg?féé§§¥er%%é%d%bﬁﬁnﬂguﬁnternally,

custoner site wthout tional equi pnent.
Bpeci f suahl yire ges, it ypecaldopeaited tics pressadiinzenmiting

a ;Oedet %rrri n%d 'ressu.re ups §amcof A 10 IS'(%{jﬁde element
%ﬁéfte%l FiHYEd coﬁ?‘éjr%eed it h% an G5°ti §ht tous ng.
needs to be integrated with the receiver.

In another embodiment, a wireless transmitter and
receiver are not used; rather, the output of the pressure
sensor is hard wired to the outside of the housing.

Having defined the physical structure of the present
invention, there are a number of applications in which it
is beneficial. The following is meant to illustrate some of
those applications, however it 1s not intended as a
recitation of all such applications.

In one embodiment, the present invention is used in
conjunction with in situ Integrity Testing. This process
allows the operator to certify the integrity of the filters
within the filter housing at the customer site without
additional equipment. Specifically, a gas, typically air,

is pressurized to a predetermined pressure upstream of a

10



The pressure within the housing wll decay over tine as

a result of diffusional and potentially convective

flow of gas through the filter. The rate of pressure
decay is used to establish the integrity of the filter

el emrent. In one enbodinent, as shown in Figure 3, a
ldpbfiar ertitald griéssur eonsensed wstipiefenably poghti apeding.
T'bn the nose of, the filter. This sensor, preferably in

BrBRACTGT Wi N OFF FRRE 019 Yhht ufeORE 8BFE tgle as a

rBBasyr et hgigassibaw t Rheuaby tdie fdiliter cob@ctge fiow of
venturi effect. As nentioned above, preferably an

gesi theeupgd posi thidied.i Theheatesefofpudssurid tagca0 ssichsed
hat_ .t Qressur e . .such_.as.at 10 cc/m IS
R A e w th A Kk BloPbe WF atelideycLpERe: In one

measura a
c@bbliigents prefaiabl yinrempyadl e, and ©nfsemeads t opbessure
placed in the flow path, during this integriéﬁy test. In
sgngeEond SHSSETREAY, PRSITEABAA A Ehguress, of daseffohter.
SULhRG rdevi Gre SHak & feID ] SS,f4 0
Tlggsi c%, i's e\rr%l oyeed%tg rrgjagﬂ?né@% e r%taghfﬁwggi %e%ltﬁ)l;&e or
véntunel - ebdrd toy steesg rentthei plae drless uherserisorlse cAnlter

be introduced,. so_as to be able.to determ ne the
v e S R AT Bru S S T P Rb R e p it sraly an
ofUF @At iy, psySteifmedvhes e thul tidqde §F| teks arecasedoi Nsuch

paral lel are difficult to test. In this situation, the
tisplect e cRFPBASTE af &Pl T4 P! i By theequriser o mederable

wagﬁtgehggﬂsb. EF TQ%r &g%ﬁﬁg heTg?E|B&Xf&%ed%kggéE%ﬁ%fably

ects I’'s Si i cant uce because t he
ranevabbo mmid i ghledneeAdditd obhal Ipladefd aideftert iF3ow path

found, it is.not easily discernible which filter was
Y6t Ve SandPEG8RT Woui ¢ Steed Mt & béef:8§fjedemboglmentr as

shdh vigugk bMre The HS@aQf rRHESEMREUOEng! QWyi8ENSALSH s an
each filter inproves the sensitivity of the test and
- argEn Vet achr f neser fiovwbdevhdepehdearbyoyedt &d. memsure the

gaaﬂgidfg}q&plrblirt&eclgj.ef err ed bubbl epoint integrity test,

For multi-round systems, multiple pressure sensors can
be introduced, so as to be able to determine the diffusion
rate for each individual filtering element. Currently,
systems where multiple filters are used in parallel are
difficult to test. In this situation, the specifications
are multiplied by the number of filters in the housing.
Therefore, the ability to detect defects is significantly
reduced, because the errors are also multiplied.
Additionally, if a defect is found, it 1is not easily
discernible which filter was defective and each would need
to be tested individually. The use of pressure or flow
sensors 1in each filter improves the sensitivity of the test
and allows each filter to be independently tested. 1In
addition, the preferred bubblepoint integrity test, which

11



nmeasures gas flow over a broad range of increasing
pressures, can be neasured on each filter individually;

a test protocol which is not possible currently. In

one enbodi nent, a plastic filter housing is utilized,
allowing the wireless transmtter to transmt pressure
datautbsoughst helbpusbhigr ata anyroadre. rahge pr esentincreasing

i nvention al so enables the nonitoring of tr
pressuFes, TRRS msniteereiAgloP t r%he‘%bf%ﬁfe 5% i&“ﬁ%éi‘?% a
E%ét;?é?£§£opqﬂ%ﬁﬂ¥%saﬁgtaﬁ§@éf5ﬂ%‘Hﬂ%rdﬁﬁly.exa”p|e,

eferred start up procedure for mcrofiltration
(MF) fhltens i smbodimenpt t hes opetattiig pressurehopaingr 1is

t han opening to full operati ress o di.at el.y. ;
thit léggroa.¥}%ﬂﬁﬂgdst%$rVP&?E%S§At I %ﬁﬁ;gggﬂtég' g% nsmit
bReseasesabhe fhtdieih shusebubidg fax dnyt erimal. pressure

sensors can be utilized to nonitor the pressure ,Wthin
t he h@hgiﬁgeéﬁattH@g?ﬂéf@%cﬁlﬁﬁeeﬁﬁsﬁgﬁ r genitoring of

g?g%gﬁgﬁgrgﬁgs &sukB. the iRrefighf edr enbodi freRtrarn@nembrane

erential pressure sensor is located in the end cap
pteseach fiHatser i seycelad@medtenefhésebyera | owbmbl Gt Hokhe FOT

upstream and downstream pressure.to be obs j
6re™BnBodi , ﬁﬁ?fﬁf§§§ures 855ing§$bre %%ﬁ%%?%?ed for

vharapi REED-1&9 (Mmough1tées pliast ite hauspng the amperating
external wireless receiver. Once the _assenbl

peachudet t adperatiiig pPrRASN%, tot ﬁ@lﬂm%ma%pr'?%i@aﬁésm
%%RéSﬁété‘Howﬁﬁ@ ' gﬂ,[sﬁ%gg%p; Qb Ag Of 5 -t hesdiid t @ishifor the

exanpl ugging o ter wmll lead to a
redueti omd n ihkowesas e thrd fihsrd sconsespbndiing. Internal

reduction in pressure .on the downstreamsi o) h
PEPPERTS BEEG76n Te ¥t ‘é@%&lﬁl C}Lﬁot ﬁg‘ntlktg%srr{e%rgﬁgssure
REESSHN &chhapgesng annastitmt e efrébe usef ubrbpée ofamp of
the filter can be made. |If the pressure is s ed aon

aresAtiNGouPUESIEE - aryP abEhd anPrpreEEETre 19 §%ns @
&%ngéﬁEng'SIQQQULQG§§mor is located in the end cap of

each filtering element, thereby allowing both the upstream
and downstream pressure to be observed. In one embodiment,
the pressure readings are transmitted via an RFID tag
through the plastic housing to an external wireless
receiver.

Once the assembly has reached its operating pressure,
the internal pressure sensors allow continued monitoring of
the filters. For example, plugging of the filter will lead
to a reduction in flow rate and thus a corresponding
reduction in pressure on the downstream side of the filter.
Based on the rate at which the <transmembrane pressure
changes, an estimate of the useful life of the filter can
be made. If the pressure is sampled on a continuous basis,

any aberrant pressure fluctuations are observable and these

12



12 can be accounted for in estinmating the renaining
useful life of the filter. The above procedure is also
applicable to nulti- elenent filter arrangenents. In
the preferred enbodi ment, a pressure sensor is used to
nmeasure the upstream and downstream pressure of each
filtering element by affixing the sensor to the end
cap of each filter._The, pressure ,neasg%enents al | ow

& op8r AT Sinde'st ARd L@t e “Bperation i gtd usetul

gach fJd ke withip the filter housing individually.
For exanple, if a pressure drop were detected between

t he ufg$ter eawoand doweetursamisi dédsef appilicapilgg to multi-
el.enent, 4.t . typi_cal i ndi e i N -
FOCTTERS orEhac arateltit i BRoFEs relepb oo "Irbaspgne. =
agireshivel thensbranssenbsane psessussucbanges abbswseam and
estimati on of wuseful filter life to be made. o
SIHNISAEPPM (TGS s uF ! alr 658  eRgh SfEERL Ry affixing
sap! e, Oh- 2 +CONERNURHS RASH Soran¥crAbE! 1 88E, PIgRSUbeessure
fluctuations are observable and these can be accounted

fre siureasticratd Ngpw hehe eppenbhgrugef uhniie¢fetend thedtter the
particular filter, Additj.onall he present_.inventi .
ﬁ&?rﬁilﬁged(¥% FoHi t o l%%%%if%%t%ﬁ%raFﬁﬁg ﬁ%%gﬁ% ergguSlng
sweh vasiuating@ns rerbeaney pf eSSUIr e, prés §@ngedtd@l wékowdetected
filtration (TFF) devices. These devices are typicaLI¥ ,
(Pe&deRR it i UPPFEeRn andddransésRpigutigigsonet” @ filtering

nadi.t.i.onall : e e n i :
B e g e LB ] o Poulin
pdr frdvarre ék Ipmdntt.r dducixpdapnessabevsensoes rafet vdenwhich the

nodul es, _as shown in Figure S. By nitoring the. .
STESSTFECRRBE DBt SRaH Todaredes na FPbi rate taniBation of
estirmat ed.1 tBY s1fdcowd ate wade hebpmdeteryj ne rt hate abkessure

nodul es are operating as designed, especi al |y during
alcsarpngacthel tleaini by 6pBPaEH oRcah BenvérrPred Bases, any

%%%rrant pressure fluctuations are observable and these can
be accounted for in estimating the remaining useful life of
that particular filter.

Additionally, the present invention may be wused to
monitor specific operating parameters, such as
transmembrane pressure, in tangential flow filtration (TFF)
devices. These devices are typically used in milti-filter,
module, configurations. Traditionally, the pressure drops
between modules in TFF devices are not monitored. This
monitoring can be performed by introducing pressure sensors
between modules, as shown in Figure 5. By monitoring the
pressure drop between modules, the flow rate <can be
estimated. This flow rate can help determine that all
modules are operating as designed, especially during
cleaning. The cleaning operation can be verified when the

individual membrane flux 1is recovered 1in each module

13



i ndi vi dual nenbrane flux is recovered in each nodul e

13 individually. Additionally, pressure sensors can be

enpl oyed within the nmenbrane stacks in a nodule to

nonitor the transnenbrane pressure or the transchanne
pressure to ensure even flow access to each channel

and to ensure that the nodule flux is uniform across

itrige vidickglle Y - Addhdd bniedriad ly by BABABEGrENng IHeSPressuytal  be
at_,various .pQi n._the [ it ] ssib :
P i et e ees thl & 1uoFhEoncor R ttor
thef arrtdremaamncbe ddienresed tthe regu edrearhel f bowssure to
within the channels so as to ensure that the entire

HEdGEe VU FEeFR 'O BAmRNMER IS Inginq, tphgnsure that
drfdt @Y% ¢h & R RGUkR a8 BEasSUREdnBYuged Mjaalt%nauy,
test, can be determned for each nodul e individually

byy mxaswlmlgg tthe gassddww i att h@romdsetppontsofwwmm the
nodul_e. TQg .g essure; gsu enEnts recg{QEQ ?
hﬁ?@%?@(ejsenﬁ r§°8P S Tr 85@1 FEEH 86t Sitdé {ﬁ% frTeer
tmawsi ng t Rhewgh thiei siseirforntite ohr ansAi t ber . thénWhakeds to
clainmed: 1. An apparatus for nDnltorlng the pressure

nRgURRRea thE] |ftlé>rw W&Gélllﬁg tRavichgrae lFe&st aohe-9 i PREFFRgthat

RlCIBAL o GOMRALSE gaaé NN hgi%z&&%%ﬁ@i Rinally, the

pressure sensor e in sal tering elenent,
ianegaityawesnmat tHIE quuimnuﬂumaﬁauﬂ¢dmuy1@addféeasgm test,

t f th
GPoFdge e eRR Sadabt BA-FoAPEIE NRdbUTSRERTS FY oRpasuring
t%8l dg$enslow 3inThenaappatabus @iricl 3ifm dachei®ivle sai dThe

sensor is selected fromthe group consisting of a MEMS
pgeveage measurements recorded by the pressure sensors are

Once

transmitted outside the filter housing through the use of

the transmitter.
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a piezoelectric device, a conductive polynmer device,

an el astoner device, and an ink device. 4. The

apparatus of claiml1l, wherein said transmtter

utilizes wirel ess conmunication. 5. The apparatus of

claim4, wherein said wireless transmtter conprises

n,RFID tag.. 6. The apparatus of claim1, wherein said

Whagré§§anﬂm%%nsor and said transmtter are provided in a

1si nglre agpetasur efo7. mdhetappear atbhs ofredsaima 4yifhither

conprising.a wreless receiver, adapted to recejive

si gridildert PARSIRY BT ot safaShi PRE eé“"sﬂf‘?%]ﬁ?sgmﬁe]teérf?n%.

A nqkmggiggnbnsuring the integrity of a filtering

el enent, having an upstream side and an outlet, wthin

a filseed hblsimgg aflfhgihg a sensor, in connection with

a transm.tter a t e operati NG 1rer1
para%et FegguFﬁe g%ﬁ%ﬁgt gygggﬁﬁﬁfi??er%%é@elg%énf¥j{€
preselenzhng dfte upstream side of said filtering

elenment to a fredeternined gressure' nonitgring g?id
ers .
* and

par afet 8FPEPL Y (odfl EP™BER KA WO Y PRgCe P EER

et eyl niapgayheidersrsaicdapar ampt efuishatt t hbonprising a
pr edet er m ned range to determne integrity of said
filtsdoirageelemBrit gdaphedndihodt 9Fe cREPATESMGRET eiffom

sai ni ipg step is perforned at regul ar
int%ﬁgglggg%%g The nethod of claim8, wherein said

3rar$ei tagparaosproSeslanm Vi r elbssein ansiit teensme is

LSRR cLURTORL SRR SHG BT et el

| ocat e ezoelectric device, a conductive polymer device,
an elastomer device, and an ink device.

4. The apparatus of claim 1, wherein said transmitter
utilizes wireless communication.

5. The apparatus of claim 4, wherein said wireless
transmitter comprises an RFID tag.

6. The apparatus of claim 1, wherein said pressure
sensor and said transmitter are provided in a single
enclosure.

7. The apparatus of claim 4, further comprising a
wireless recelver, adapted to receive signals
transmitted from said wireless transmitter.

8. A method of insuring the integrity of a filtering
element, having an upstream side and an outlet,
within a filter housing,

affixing a sensor, in connection with a transmitter,
adapted to measure an operating parameter at the

outlet of said filtering element;
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out si de of said housing. 11. The nethod of claim8
wherein said sensor is a pressure sensor and said’
parameter is pressure drop. 12. The nethod of claim
11, wherein said sensor selected fromthe group

consi sting of a MEMS device, a piezoelectric device, a

conductive.% Lynme evi I ey i
( ndey, t gper i gelta
|nk Revite” %ﬁ% T%égneF gée§@ éﬁ§?ﬁ1?g? %ﬁﬁyeiﬁlsafgngn
Wi I el BSgent rrananpreeéeteonprads @ easURFID tag. 14. The

nmet hod of claim8, wherein _a_ fl trictq [ -
pl aceeP i rPEHE fF%ﬁ?péFﬁaQﬁae%aﬁ%wbgﬁgne%§$i§2 kﬁ%agaﬁgd

acro§§l@g§f¥?W§y@hgﬁt}ognd15. The net hod of claim8,
wherei n said upstreamside |s ress%rized at_a
r

pl ur b Feymioting: eSSGFRST aril SaitPrAG-FEspdfidi Ag- " @
par anel &l& f%e%EQ§H@§dﬁxﬁaﬂeQQEMﬂﬁgrHKkéﬁrjﬁyﬁi@szaid

mher%f% sai'd sensor a direct gas flow sensor and
sai drpateretereliesegas fl ow rate. 16 17. A nethod of

mai ntai ni n uni form f Low W.thi i : IS
9eonEFF§Wﬁ§g°§fP?xF§§lg %ruwg%%?%ﬁo aégng%ﬁgfbggg n?ﬁep
Fggg%ﬂb@@kbfﬁﬁgM4dnfagunaﬁsnmtémnalax) a plurality of

I ons W sai i |ter. housing. nonitori .
16pefati nge par@métier CatBai |8§§Fg%ﬂs S%ﬁéﬁ1%§%n%%ﬁffﬁgr
housi ng UsLR9 $ai d,iS@N$QES;t r6RIRaLeny =ai dsabdi etedd
paranmeters to one another; and regul ating the fL% .
Wi t fiumtsaidcbinptesiugieng tiar qfes"blorr?s]éistso THnF0E \Q/lng

oot hepiCeatly SRR Sal Uheduiher 1ocaces

par ekeHet Of asaid housing.

11. The method of claim 8, wherein salid sensor 1is &
pressure sensor and said parameter is pressure drop.

12. The method of claim 11, wherein said sensor selected
from the group consisting of a MEMS device, a
piezoelectric device, a conductive polymer device, an
elastomer device, and an ink device.

13. The method of «claim 10, wherein said wireless
transmitter comprises an RFID tag.

14. The method of claim 8, wherein a flow restriction is
placed in the flow path and said parameter is
measured across said restriction.

15. The method of claim 8, wherein said upstream side 1is
pressurized at a plurality of pressures, and said
corresponding parameters are measured.

16. The method of claim 8§, wherein said sensor 1is a

direct gas flow sensor and said parameter 1is gas flow

rate.
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recei ver | ocated outside of said housing. 19. The
met hod of claim 17, wherein said sensor conprises a
pressure sensor and said paranmeter conprises pressure.
20. The nethod of claim 19, wherein said pressure
sensor is selected fromthe group consisting of a MEMS
1devi Canetop eaoeledintiadndeyi ce, vaidomducfive polfymer a
deV|ce an el astomer device, and an ink device. 21. The
ot B 1A' 1MI1 7 CORRBT & sai d sensor conprises a

f'%fﬂzﬁ ensor and,;saiidypar amet e ceenpEi, seSefaIcchw in
rate. he net hod of cPlal m 17, wherein said

tra:muml \mne;rat.um I izds ani Feaness e Cat i B UaAd 15X ¢F
W rel ess, tran t FID tag. 23. The
met Hoe of°7d &l n11§g§ahg$£$%ésaléggl ‘ter hogsing
conpidrses tiangent iale rbltangf phtreatten eTFEﬁidedmm@iionS
24. A net hod of neasurlan}he inte r|t

devitteh Fakchd LA THF URAFFIRY B IGn Rk &9I%8n88FFS bet ween

mdyl 68, ,GHIPIdSidNGiont £oRedPRSirbineBERY BoS@RSOraridt air;
| east one of said connecting ports; b. Pressurizing

sai chrdkvi ce to a known pressure; c¢. Mnitoring an

operatl arangter L thit L dat 4 | easte ONgoREisai d
cpn 4¥%§%ﬁ%t Y%%n%gFﬁﬁg S%ig J%gﬁgiingoggigﬁeté}
Wt hresp cﬁﬁ&ﬂ&hﬁ@ﬁhﬁedompﬁnﬂsdn) determne the integrity.

1%2@112?@%‘?%833@? Floar 26 THECKGEnGA B Harar mog, oCeP
Whe eincsahdPpeld i NgaiParaseiedrds ppesstktesr 27toThe
od of claim 24, wherein said sensor. is a

recelver located outside of said housing.
19. The method of claim 17, wherein said sensor comprises
a pressure sensor and said parameter comprises
pressure.
20. The method of claim 19, wherein said pressure sensor
is selected from the group consisting of a MEMS
device, a piezoelectric device, a conductive polymer
device, an elastomer device, and an ink device.
21. The method of claim 17, wherein said sensor comprises
a flow rate sensor and said parameter comprises flow
rate.
22. The method of claim 17, wherein said transmitter
utilizes wireless communication and said wireless
transmitter comprises an RFID tag.
23. The method of claim 17, wherein said filter housing
comprises tangential flow filtration (TFF) devices.
24. B method of measuring the integrity of a TFF device,

having a plurality of connecting ports between

modules, comprising:
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pressure sensor. 28. The nethod of claim 24, wherein
said sensor is a gas flow sensor. 29. The nethod of
claim 24, wherein said TFF device is pressurized to a
plurality of pressures, and said corresponding
operating paraneters are nonitored. 30. A nethod of
measyr ipRgit henidguiad ddrowwi tihi neta TREEstdevnee ,Ohawiedg
a plurality of connecting ports between nodul es,

conpri §pﬁgecblnq3d%qrttlson| ng a pressure sensor in at

| east ong 8 léﬂagd sgﬁran@gweg POr4 Sindwn Maidserdeng t he

pressure W thrn sai east one of said connecting
ports; Mandtcrlz@nmr Dpaga@mqi pORRTTEY B EsEur 831 At é‘ta

liquid flowrate uring the Iiquid
fl ow wWiERER QPSFE Sdiel\?l 88%%%& n% ) i urality of

COH%C%&%@%%S s@ativvee@pemmhﬂreas pemmesﬁng with  a
Positioning a flow rate sensor in at ast. qne aof said

connecPirRgepeEtsiehidnes bo %Fﬁ?{l@ﬁrﬁ%g he FIG ate

hr h t Jeash iQnerof s@hsr£onnestiing qpesrtating
2%2. eﬁ\gTaﬂgtﬁ?c?al Fl owallzl ltration (TFF) device
conpeirsmager ats I@@stflowie connecting port; a filtering

el enent and ast one ns e at
28neTBF SsEFH %lt 9least -ohe %ghnec}ti%J{r%ggﬂ{poI?Stallle Odeer%%mg

devphgeapbt&t aign&%s\&heéel n sai d sensor conpri ses
pressure sensor. 34, The device of, cl ai m 32, \M&% %1
S$8°°K et hdd

23ai @heenmdmodondf i §681M a 281 oW % S end oy .
of gggggg}glg&}gm integrity of a particular

58. The method of claim 24, wherein said sensor is a gas
flow sensor.

29. The method of claim 24, wherein said TFF device is
pressurized to a plurality of pressures, and said
corresponding operating parameters are monitored.

30. A method of measuring the liguid flow within a TEF

device, having a plurality of connecting ports

!

between modules, comprising:

a. Positioning a pressure sensor in at least one of

said connecting ports;
b. Monitoring the pressure within said at least one
of said connecting ports; and

c. Converting said monitored pressure into a liquid

flow rate.
31. A method of measuring the ligquid flow within a TFF

device, having a plurality of connecting ports

between modules, comprising:

a. Positioning a flow rate sensor in at least one of

said connecting ports; and
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filtering element within a multi-filter environnent,
conprising: a. Positioning a first sensor to neasure an
operating paraneter at the input side of said
filtering element; b. Positioning a second sensor to

measure an operating parameter at the output side of
sai do. Mobtepirhgdel@rent i omndake DO NI hgtthét 1east
integrit said £i e 11 n the difference
be_tvveer(l)n}séalg rreasuréé#%rlaﬁ?grrgaf said i nput side and
3sai d measunedapaFaoet i latatsai d(DUE puieside. c@BPrAdNg

thod_of clai . Wh ' ' '
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Pressune ;8ensek. s3hsorheohBt8@dinf ael aiedsd5,onthesei paid
said operating paraneter conprises flowrate and said

sensbr legohppis exraefdtdwdr BPEt sensor. 19
33. The device of claim 32 wherein said sensor comprises

a pressure sensor.

34. The device of claim 32, wherein sald sensor comprises
a flow rate sensor.

35. A method of determining the integrity of a particular
filtering element within a multi-filter environment,
comprising:

a. Positioning a first sensor to measure an
operating parameter at the input side of said
filtering element;

b. Positioning a second sensor to measure an
operating parameter at the output side of said
filtering element; and

c.Deterﬁining the integrity of said filter based on
the difference between said measured parameter at
said input side and said neasured parameter at
said output side.

36. The method of claim 35, wherein said operating
parameter comprises  pressure and said sensor
comprises a pressure Sensor.

37. The method of claim 35, wherein said operating
parameter comprises flow rate and said sensor

comprises a flow rate sensor.
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