FLUID TRANSFER DEVICE AND SYSTEM This application claims priority of
U.S. Provisional Application Serial No. 61/280,172 filed October 30, 2009,
the disclosure of which is incorporated herein by reference. FIELD The
present disclosure relates to a fluid transfer device, and a system embodying
the fluid transfer geywe® MReNSFRRNDEICE NSV retadasip a disposable
sterile fluid transfer device in the form of a valve particularly suited for use in
THhe pharpacedtiealand biopharmaceuticat ingustrigs. BAGKGROUMNED dional
Adhe pbatmaeeutieali hiotexbnolagy/and even foed) beveragesnd casmetinso o,
thrdustiies it isseften desired toh provide iasprocessingosysierdhat isseapable by
rofbaadlirg fluids in a sterile manner. This is designed to prevent unwanted,
often dangerous organisms, such as bacteria as well as environmental
contaminants, such as dust, dirt and the like from entering into the process
stream and/or end product. It wouldb8Lsirable to have a completely
sealed system but this is not always possible with the processes that take
placeTingprgouetemtl These isosneed foeflretiatroduction orfremiaval ofansfer

device, and a system embodying the fluid transfer device.
In certain embodiments, it relates to a disposable sterile
fluid transfer device in the form of a wvalve particularly
suited for use in the pharmaceutical and biopharmaceutical

industries.

BACKGROUND

In the pharmaceutical, biotechnology and even food,
beverage and cosmetics industries, it is often desired to
provide a processing system that 1is capable of handling
fluids in a sterile manner. This 1s designed to prevent
unwanted, often dangerous organisms, such as bacteria as
well as environmental contaminants, such as dust, dirt and
the like from entering into the process stream and/or end
product. It would be desirable to have a completely sealed
system but this is not always possible with the processes

that take place in production.



materials from the process stream in order to add components of the
product, such as media or buffers to a bioreactor; withdraw samples from the
process stream to check for microbial contamination, quality control, process
control, etc.; and to fill the product into its final container such as vials,

syringes;:sealed boxes,haoftles candithe liken dypigally.itbe systemsshavesl of
been made of stainless steel and the system is exposed to live steam before

maiseraad thencleanediwith chemjeals suchs as €atsticisolutions cafter use toadd
ensure that all contaminants are removed. Steaming is the most effective

coneansofsierdizatione Thedisedaf,steam in aset system isknowtasrs to a
steaming in place or SIP. Saturated steam carries 200 times the BTU heat

b iranstertcapacity Of heated akhecause of thenlatehe heat seleaseddryrthem to
steam as it changes from vapor to liquid. However, several disadvantages

clexist withrthen ise ocbfistéamoAnyconaedtions toos bperingsof thel systemcess
made after the system has been steamed in place must be aseptic so as not

cdo confaminatecthe system. tAlthoUughlthis loan pe-ddne usinghaseptics  final
connectors this procedure increases the risk of contamination of the entire

caysteme One typicalysuses alcoholsyipesoe an operflatie oelean 2thétles
components to be connected, (e.g. connecting a sample

and the like.

Typically, the systems have been made of stainless
steel and the system 1s exposed to live steam before use
and then cleaned with chemicals such as caustic solutions
after use to ensure that all contaminants are removed.

Steaming is the most effective means of sterilization.
The use of steam in a set system is known as steaming in
place or SIP. Saturated steam carries 200 times the BTU
heat transfer capacity of heated air because of the latent
heat released by the steam as it changes from wvapor to
liquid. However, several disadvantages exist with the use
of steam. Any connections to or openings of the system
made after the system has been steamed in place must be
aseptic so as not to contaminate the system. Although this
can be done using aseptic connectors this procedure

increases the risk of contamination of the entire system.

One typically uses alcohol wipes or an open flame to clean



collection bag to a system after SIP has occurred) and thus minimize the risk
of contamination. Also, the high temperatures and pressure differentials of
the steam make the selection of filter materials and components very difficult
and limited and even then an accidental pressure differential at high

tiemperaies can cavsea filkeym membiane ok other RenRsieal cOMpaNet i 1e
fail. Additionally, such systems that are reused need to undergo rigorous

cdesting-anchvalidatien te, proyetierthe fecessany arkkoriiesthatthe system isus
sterile before each use. The expense of validation as well as the cleaning

miegiment required iswesy highhancthverydime consuming (typically taking 1 to
2 years for approval) . In addition, some components are very difficult to
adeguately, clean aftefiuse émpeaparatiensfos theipied useec Manafacturets als
are looking for ways to reduce both their costs and the time to market for

o fthetrlprodsictsaOnagplossible@appreach tsi da adopt & alt dispasatde system and
that is set up in a sterile fashion, used and then thrown away.

c Bippmermace wticalymahiufactarers coatinue toprefed fully disposable filtkationan
solutions due to reduced cleaning and capital equipment costs. Users will

a eithée & pdrchrasesadivid ualicorepenents: Aanckassemble themdatoetheres can

cause a filter, membrane or other non-steel component to
fail.

Additionally, such systems that are reused need to
undergo rigorous testing and wvalidation to prove to the
necessary authorities that the system is sterile Dbefore
each use. The expense of wvalidation as well as the cleaning
regiment required is very high and very time consuming
(typically taking 1 to 2 years for approval). In addition,
some components are very difficult to adequately clean
after use in preparation for their next use. Manufacturers
are looking for ways to reduce both their costs and the
time to market for their products. One possible approach is
to adopt an all disposable system that is set up in a
sterile fashion, used and then thrown away.

Biopharmaceutical manufacturers continue to prefer
fully disposable filtration solutions due to reduced

cleaning and capital equipment costs. Users will either



desired fluid flow path, or purchase preassembled flow paths, such as
Millipore's Mobius(r) Solutions. Commonly these components or assemblies
are pre-sterilized by the vendor using gamma irradiation. This reduces the
bioburden and allows the user to achieve higher levels of aseptic

p@ssHeanse. Althopghitis innpagsiblete insuraicompletely sterilgcassembliess he
there are methods to reduce the risk of environmental contamination.

d&yessterilizethassenthlies areaeammenly seld-with aseptie €9ppeetoIssuchl ow
as Millipore's Lynx S2S, where the connections can be made in a validated

pasterde waycThese kinds iaf cpanectmesohelpcadnal tdaiamirationdrogy these
environment. Some customers order filter assemblies with connectors that

ceapdie=ditectly rsterdizedby the custemery sueh as Millipese'ynx 1S . disior
kind of connector acts as a valve and isolates the pre-sterilized filtration area

u riomy theg aanvironinmeratd The imethodsToficonnectiionsand the abilitpha instine and
sterility are of great importance and can be improved. Disposable filter

akapsules @ne comsronly sold prehsteriizedhanchpackageddn the cdmmoseptic
aseptic double bag so the customer can manage bioburden by removing one

apagratraceime at various steps along the assembly process. 4 However, such

capsules cannot be used with non-disposable
Although it is impossible to insure completely sterile

assemblies, there are methods to reduce the risk of
environmental contamination. Pre-sterilized assemblies are
commonly sold with aseptic connectors, such as Millipore'’s
Lynx® $2S, where the connections can be made in a validated
sterile way. These kinds of connectors help control
contamination from environment. Some customers order
filter assemblies with connectors that can be directly
sterilized by the customer, such as Millipore’s Lynx® ST.
This kind of connector acts as a valve and 1isolates the
pre-sterilized filtration area from the environment. The
methods of connection and the ability to insure sterility
are of great importance and can be improved.

Disposable filter capsules are commonly sold pre-
sterilized and packaged in the common aseptic double bag so
the customer can manage bioburden by removing one bag at a

time at various steps along the assembly process.
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equipment because there is no simple means to sterilize both the reused
and disposable components after they are assembled together. Although the
filter membranes can survive steam-in-place (SIP) the capsule housing
softens and may rupture during the high pressure and temperature

HEXPOSWE. SOE Marpbiactuerscusebigh perfarmance; imaterials 1o withstansh e
the extreme conditions, which incur additional product cost. Even with the

edisepidigh perfermance materialss the capsulgomelstheasepticallysterilize
installed. In addition, in the use of a capsule filter such as by pharmaceutical

batanutaciurersyi saay Hegone necessary toc isotateensingle filkerrforamethernre
filters, in order to retain sterility during installation, or to sterilize fluid

a patimsaysiup to the-tapsule, fox examplg. Alsbea pluratityr of capside fiters isan
often used in parallel or in series, thereby necessitating their interconnection.

survintegras teagosulencgrinector that provides a parafielleonhectiingapabitityens

is advantageous in that it avoids external piping. It therefore would be
amegsiraie toypovide a pre-istgrilizee capsule thatcanive attacted tonexistingire

reusable processing equipment, or to disposable equipment, 5 and which
expndersterilized stehaas bystedringungtace use high  performance
materials to withstand the extreme conditions, which incur
additional product cost. Even with the wuse of high
performance materials, the capsule must be aseptically
installed.

In addition, in the use of a capsule filter such as by
pharmaceutical manufacturers, 1t may become necessary to
isolate a single filter form other filters, in order to
retain sterility during installation, or to sterilize fluid
pathways up to the capsule, for example. Also, a plurality
of capsule filters 1is often used in parallel or in series,
thereby necessitating their interconnection. An integral
capsule connector that provides a parallel <connection
capability 1is advantageous in that it avoids external
piping.

It therefore would be desirable to provide a pre-

sterilized <capsule that can be attached to existing

reusable processing equipment, or to disposable equipment,



while reducing environmental exposure. It also would be desirable to provide
a filtration unit having an integral pre-sterilized capsule attached, as well as
to provide a manifold assembly including one or more pre-sterilized
capsules. SUMMARY The fluid transfer apparatus disclosed herein relates

aft@ a steritertransfer gevice for fluidsc(e.gs ligHids or gasesy.dagerginin-place
embodiments, the apparatus comprises a body having a bore formed

withroslgh-atleasha pestion eb itk dntesior. Segtesably,.it is a eendras axialdhore be
formed through the entire length of the body. Contained within the bore is a
dénsavaile plungerphioeertain emiFadimesnts; dhe plungehaevaes wihoutntegral
changing the axial dimensions of the body; it does not telescope. A first end
pof the bedy icontainsaa tace=desighedtie de attachedid amspstteamrovide a
component. A second end of the body is connected to a downstream
maoinponént ssclead byfiltef npipeline; gample bagror thedike. Fheplurger hased
corresponding first and second ends. The first end of the plunger, when it is
camp shéetosed position, is in alignment with the face of the body, which
combined form a steamable surface and a sterile barrier against the
environment to the remainder of tHEUMMA&Yor of the body, the plunger and

downstream
The fluid transfer apparatus disclosed herein relates

to a sterile transfer device for fluids (e.g., liquids or
gases) . In certain embodiments, the apparatus comprises a
body having a bore formed through at least a portion of its
interior. Preferably, 1t 1s a central axial bore formed
through the entire length of the body. Contained within
the bore is a movable plunger. In certain embodiments, the
plunger moves without changing the axial dimensions of the
body; it does not telescope. A first end of the body
contains a face designed to be attached to an upstream
component. A second end of the body is connected to a
downstream component such as a filter, pipeline, sample bag
or the 1like. The plunger has corresponding first and
second ends. The first end of the plunger, when it is in
the closed position, 1is in alignment with the face of the
body, which combined form a steamable surface and a sterile

barrier against the environment to the remainder of the



components. An outer annular collar is rotatable relative to the body and
causes the plunger to move axially within the bore from an open position to a
closed position. In certain embodiments, the downstream components are
assembled to the device and it is placed in the closed position. The entire

i glevieeand dewnstreaan copmopents eae bessteriliged, suehas with gamima am
radiation. In use the device and downstream components are attached by

cdhe facen ta the upstream<componenk suchas a filtarsoutlet actawkeoutlet z01iare
"T" of a pipe, and secured in place. The system and the face of the device

tarecthenistenm stedilized #place.cTheldevieeris themselectivelyopepedithin
when needed, establishing a sterile fluid pathway through the device to the

t lidownstreamrecampanentsnTbe fluiditsansfer appdratusihys provides a
connector that can be used in either the traditional steel system or
dispasablessystem whidhqui dvieles bpthtdmedng fiertsteam sterilizing thes are
mating point of the connector to the system as well as providing a sterile

a glownstream areatdrecodyoneat, mpre-sterile corplitiorg dhat canties closed
disposed of after use and not be re-cleaned. The non-telescoping

pasticulation Miéansahatiactuationicf¢headeVicécdoestnaiaresylbinoa change inan
connector length, thereby enabling a 7 user to install a capsule filter between

bdixetlpositiorzred, such as with gamma radiation. In use the

device and downstream components are attached by the face

to the upstream component such as a filter outlet, a tank

outlet, or a "T" of a pipe, and secured 1in place. The

system and the face of the device are then steam sterilized

in place. The device 1is then selectively opened when

needed, establishing a sterile fluid pathway through the

device to the downstream components.

The fluid transfer apparatus thus provides a connector
that can be used in either the traditional steel system or
disposable system which provides both a means for steam
sterilizing the mating point of the connector to the system
as well as providing a sterile downstream area or
component, 1in pre-sterile condition, that can be disposed
of after wuse and not be re-cleaned. The non-telescoping

articulation means that actuation of the device does not

result in a change in connector length, thereby enabling a



piping. The shut-off feature and design of the face seal isolates the capsule
filter from steam that can be used to sterilize the upstream or downstream
components or plumbing. In certain embodiments, the connector or valve
includes a body having a bore, a plunger axially moveable within the bore

udetwees a valye0pen posiignsanda alve «closg position, and:eeanbosition
actuator operatively connected to the plunger such that rotation of the cam

pActuaior causes axiat movemestelithe phungenistherbore fremdhe yalve seal
open to the valve closed position. In certain embodiments, the valve includes

i @opair ekradiadly dnpardheextending plunger engagingimembers ans a;paiti of- o
radially outwardly extending cam actuator engaging members, the members
s pravidihgethe connectiopdietwern the cam @actuaiat-anchthe qulnpgeretts or
certain embodiments, the cam actuator includes first and second collars,
peachiaying a groove for receiving a respective one of the radially outwardly
extending cam actuator engaging members in sliding relation. The fluid
transfer deviees enablingréfiiciente mamifoldingewherermeltiplerfiltersican belve
configured in series or in parallel. This enables, for example, the use 8 of
inlifferéatgradedfilters reseries, redbrdant singlel unger axially moveable
within the bore between a wvalve open position and a wvalve
close position, and a cam actuator operatively connected to
the plunger such that rotation of the cam actuator causes
axial movement of the plunger in the bore from the wvalve
open to the wvalve closed position. In certain embodiments,
the wvalve 1includes a pair of radially inwardly extending
plunger engaging members and a pair of radially outwardly
extending cam actuator engaging members, the members
providing the connection between the cam actuator and the
plunger. In certain embodiments, the cam actuator includes
first and second collars, each having a groove for
receiving a respective one of the radially outwardly
extending cam actuator engaging members in sliding
relation.
The fluid transfer devices enabling efficient

manifolding, where multiple filters can be configured in

series or 1in parallel. This enables, for example, the use



grade filters in series, larger total filter area in parallel, connection to
disposable capsule housings, and a compacted assembly to reduce the
footprint. Multiple capsule feed inlets can be interconnected and share a
common feed port without the need for external manifold piping. Integrity
o testingrettherassegibligs alsa car be easily sarripdQut. Feraxample, asingle
capsule filter can be individually integrity tested without removing it from a
graanrifold arrasgement by peaperly, configusing the yadaus fluid tkansfekea in
devices. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1l is a
p&resstsactionahnviewof adflutcbtranisien depice sbawnsun @ closesipesitjiondid a
accordance with certain embodiments; FIG. 2 is a cross-sectional view of a
cdluichtramsfer ddevigashowrt in an-eperPositioa in Accardance with ceftainiple
embodiments; FIG. 3 is a perspective view of the body of a fluid transfer
caevickdn ateerdancelwiths certain eibodimerts;BlGLet tscal peespictiveview a
of a plunger in accordance with certain embodiments; 9 FIG. 4A is a
carossasectenal wewof avplunget in taccondande Withr cegtaireembodimentsfold
FIG. 5 is a perspective view of a split ring in
piping. Integrity testing of the assemblies also can be

easily carried out. For example, a capsule filter can be
individually integrity tested without removing it from a
manifold arrangement by properly configuring the wvarious

fluid transfer devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a fluid transfer
device shown 1in a closed position 1in accordance with
certain embodiments;

FIG. 2 1is a cross-sectional view of a fluid transfer
device shown in an open position in accordance with certain
embodiments;

FIG. 3 1s a perspective view of the body of a fluid
transfer device in accordance with certain embodiments;

FIG. 4 1s a ©perspective wview of a plunger in

accordance with certain embodiments;



accordance with certain embodiments; FIG. 6 is a perspective view of a collar
half-ring in accordance with certain embodiments; FIG. 7 is an exploded
perspective view of a fluid transfer device in accordance with certain
embodiments; FIGS. 8A-8F are schematic diagrams of multiple filter

capsules conected in gifferent sopfiguratens withiflyid anster devieegin in
accordance with certain embodiments; FIG. 9 is a perspective view of a filter

a €apsdlenwith muttiple duicktiansfepdemieesinsgccordance with certain
embodiments; and FIG. 10 is a perspective view of a fluid transfer device in

accomance \gith certain epwosirentsvOETAIRED DESGRIBBION Turhitg in
now to FIGS. 1-3, the device 2 includes a body 4 having a first end 6 and a
asecend end 8vipaceckiram the cfirsbencdénthe body 4 also has a bore 10
extending axially from the first end 6 to the second end 8. In certain
embadiments, the bored0 ipgeneradly citemtardin erossséctionhPieferablyy in
first end 6 has an annular 10 flange 11 that extends radially outwardly. The
a fromt Gsealing wadeh of-thetaninulanflamgienrcantinclude an annular groove 19 for
receiving an 0-ring or the like (not shown) to assist in sealing the front
sealing face dgairst the exploded perspective view of a fluid
transfer device in accordance with certain embodiments;
FIGS. 8A-8F are schematic diagrams of multiple filter
capsules connected 1in different configurations with fluid
transfer devices in accordance with certain embodiments;
FIG. 9 is a perspective view of a filter capsule with
multiple fluid transfer devices in accordance with certain
embodiments; and

FIG. 10 1is a perspective view of a fluid transfer

device in accordance with certain embodiments.

DETAILED DESCRIPTION

Turning now to FIGS. 1-3, the device 2 includes a body
4 having a first end 6 and a second end 8 spaced from the
first end 6. The body 4 also has a bore 10 extending
axially from the first end 6 to the second end 8. In
certain embodiments, the bore 10 1is generally circular in

cross section. Preferably first end 6 has an annular

10



component it attaches to. Preferably second end 8 also has an annular
flange 11' that also extends radially outwardly, and also can include a
sealing face having an annular groove 19' for receiving an 0-ring or the like
(not shown). Preferably the internal diameter of the bore 10 is substantially

f CORgtant exceptiwheresit tapels to a=smalierydiameter defined by the annelasnt
wall 21 near the first end 6. Spaced radially extending annular outer flanges

s&81 128y arespesitioned 0o theautes walt of thesbaglyrdt, as bestiseem indifoalar
3. These flanges function to position the cam actuator collars 50 as
g dispussadin freaterdetail betpwa nA pair O gpprasitelypositiened eam skiswn)
51, 51", preferably oval-shaped, are formed in the body 4, again as
t diseussesltin greatee detatldoelone THerbarte 18ds tonfigurectto recgiveat the
plunger 18 (FIGS. 4, 4A) In certain embodiments, the plunger 18 is
caopfigered to slide withirethethore 10wpbaradiiation: asndiseussedl in eeates s
detail below. Accordingly, in certain embodiments, the plunger has a
amgeaerallyaircilaacpss111 sedtion, avithcareautsitdesdiaimeier ;slighthnsmalterl v,
than the internal diameter of the bore 10 in the portion of the body 4 where
attkie phurger slides from buvkdve perctela valvef elosediposition. Te lengthiobr
the cam slots 51, 51" in
groove 19’ for receiving an O-ring or the like (not shown).
Preferably the internal diameter of the Dbore 10 1is
substantially constant except where it tapers to a smaller
diameter defined by the annular wall 21 near the first end
6.
Spaced radially extending annular outer flanges 28,
28’ are positioned on the outer wall of the body 4, as best
seen in FIG. 3. These flanges function to position the cam
actuator collars 50 as discussed in greater detail below.
A pair of oppositely positioned cam slots 51, 517,
preferably oval-shaped, are formed in the body 4, again as
discussed in greater detail below.
The bore 10 1is configured to receive a plunger 18
(FIGS. 4, 4A). In certain embodiments, the plunger 18 is
configured to slide within the bore 10 upon actuation, as

discussed in greater detail below. Accordingly, 1in certain

embodiments, the plunger has a generally circular cross

11



the axial direction can be used to set the distance the plunger 18 can travel
within the bore 10 of the body 4. The main body portion 30 of the plunger
can have one or more annular grooves 31 (two shown in Fig. 4) to receive
an 0-ring 31' or the like to assist in sealing the plunger 18 against the inner

svalliofithe body 401 alsaragainstporre1e.The sealing,ens20 oktheqlungerhe

18 that extends axially from the main body portion 30 is shaped to seal
1 ragaish radialymiewardly extendingbarnular wall 21 of ther bore 168,fasbestbody

seen in FIG. 1. Thus, the internal diameter of bore 10 in the vicinity of
4 anmyaewalh2l is 1lessdhandhe internakdiameterefihare 10 elsewbere withinve
the body 4. One or more 0-rings 22 or the like can be placed in an annular
cpreeve ipdhda sealing end129 of theyydiunger 1ohto effectuaiera diquid ftightisealin
against the annular wall 21. The plunger 18 contains one or more openings
t126 aswiellasdifleidchannet 27 that formsd@ fluid carnection taldstance the
downstream component or tubing (not shown). Preferably the openings 26
pareeguallySpaced armamdlthevéirdumfereinee ofthe pluhgerfl8fard &redy 4.
located 12 in the tapering portion that connects the main body portion 30 to
Thie sealing end 20, rasrshown. The maintidotly portiore 80 irctudes oppasitely or
positioned apertures 52, 52' as discussed in greater detail below.
more annular grooves 31 (two shown in Fig. 4) to receive an
O-ring 31’ or the like to assist in sealing the plunger 18
against the inner wall of the body 4 or also against bore
10. The sealing end 20 of the plunger 18 that extends
axially from the main body portion 30 is shaped to seal
against radially inwardly extending annular wall 21 of the
bore 10, as best seen in FIG. 1. Thus, the internal
diameter of bore 10 in the vicinity of annular wall 21 is
less than the internal diameter of bore 10 elsewhere within
the body 4. One or more O-rings 22 or the 1like can be
placed in an annular groove in the sealing end 20 of the
plunger 18 to effectuate a liquid tight seal against the
annular wall 21. The plunger 18 contains one or more
openings 26 as well as a fluid channel 27 that forms a
fluid connection to a downstream component or tubing (not

shown) . Preferably the openings 26 are equally spaced

around the circumference of the plunger 18, and are located

12



FIG. 4A illustrates another embodiment of the plunger, denoted 18'. In the
embodiment of FIG. 4A, additional sealing grooves are provided in the
plunger body, which receive respective 0-rings as shown, in order to improve
sealing and thus separation of the non-sterile environment and the sterile

idntemnal valuae atthg dluid tansfer devisen Preferably:the-antire plunges 81 on
is contained within the bore 10 of the body 4, so that the length of the device

3@ daesdiat change regacdless of whethehtherplungetds ina the $eaingportion
position closing the valve (as seen in FIG. 1), or is on the fully open position

3 @peningl theaalve fasseere lif FiGo 2). Accosdinghp draceardance withc2’  as
certain embodiments, in order to actuate the plunger, a camming

d sechasisin prieferably ésrusked: alie earmming mechanism includes a pair of
split rings 60, 60', as seen in FIG. 5, and a pair of split cam actuator collars
50, 50TGs géeni in EKG .16 tteachasplit Hirg 66mb60'ds peeferabty ideatical vanck -,
includes a radially inwardly extending plunger engaging 13 member 62, as

deeendnl figlgé 1, andla radiatly eutivaddipeaxtending Eam.acti@ator ealthrt ional
engaging member 63. In certain embodiments, the radially inwardly

sexiendingoplongesengaging memlvsrd2 and thesradidliyngetwardhdy, which

receive respective O-rings as shown, 1in order to improve

sealing and thus separation of the non-sterile environment

and the sterile internal volume of the fluid transfer

device.

Preferably the entire plunger 18 1is contained within
the bore 10 of the body 4, so that the length of the device
2 does not change regardless of whether the plunger is in
the sealing position closing the valve (as seen in FIG. 1),
or is on the fully open position opening the wvalve (as seen
in FIG. 2). Accordingly, 1in accordance with certain
embodiments, in order to actuate the plunger, a camming
mechanism preferably is used. The camming mechanism
includes a pair of split rings 60, 60’, as seen in FIG. 5,
and a pair of split cam actuator collars 50, 50’, as seen
in FIG. 6.

FEach split ring 60, 60’ is preferably identical, and

includes a radially inwardly extending plunger engaging

13



extending cam actuator collar engaging member 63 can be a single member
that extends in both directions through an aperture in the split ring.
Alternatively, two separate members can be formed on or attached to the
split ring. Preferably the radially inwardly extending member 62 is a pin that

mdsnsBapedio be seceived byrapertyre22 an thenplunger gwin body 30.@&rdly
seen in FIGS. 1 and 2. Preferably the radially outwardly extending member

eB3d8@ipig thatis shapethtooiide dvaraspeciivegroave MMed@provised in - 1n
each cam actuator collar. As shown in FIG. 6, each cam actuator collar
crefetably inelbdes mdintsled outes walktooassistiin enahlingithe userstoending
grasp and turn the collar by hand. The inner wall of each actuator collar is
p puovjded withoa gloping geamer70 62 70z cdnfigiired ta sedeive in slidingrardly
relation, when in the assembled condition, the radially outwardly extending
exmembeng3 oba respectiveosplitring acollan6@,d601d n tkenhssendied-statehbe a
the plunger 18 is positioned in the bore 10 of the body 4, and each split ring
s cofidre 14060060 isgpositioned @abdat the outertircdmference ot thehbody4 an
so that the radially inwardly extending members 62 protrude through a
apespective ¢am slot 515511 andraneg receiveld by axorrespundingapesipe 52t e
in the plunger 18.
members can be formed on or attached to the split ring.
Preferably the radially inwardly extending member 62 is a
pin that 1s shaped to be received by aperture 52 on the
plunger main body 30, as seen in FIGS. 1 and 2. Preferably
the radially outwardly extending member 63 is a pin that is
shaped to ride in a respective groove 70, 70’ provided in
each cam actuator collar.

As shown in FIG. 6, each cam actuator collar
preferably includes a knurled outer wall to assist in
enabling the user to grasp and turn the collar by hand.
The inner wall of each actuator collar is provided with a
sloping groove 70 or 70’, configured to receive in sliding
relation, when in the assembled condition, the radially
outwardly extending member 63 of a respective split ring
collar 60, 60".

In the assembled state, the plunger 18 is positioned

in the bore 10 of the body 4, and each split ring collar

14



As a result, axial movement of each split ring collar 60, 60' causes the

radially inwardly extending member 62 to slide in its corresponding guidance
slot 51 or 51", as the case may be, and due to the engagement of each of the
members 62 in a plunger aperture 52, causes the plunger 18 to move axially

6@s wall: The camsactuator gollass 90, 30 are fixed-inplaceinahors thessplit the
ring collars 60, 60", such that the radially outwardly extending members 63 of

p&agh gplit sing rcotlarcare received nvslidingaelatipn by ecrespaetiveeginove 62
70, 70" in a cam actuator collar 50, 50' . As a result, rotation of the cam

pastuaidecoliarcauses the radiphy etitwardhsextending nsembess 63 tarfide dre
the groove 70, 70'. The cam actuator collars 50, 50' can be fixed in place by

raty isuitablieymethod istichasnioy providirg Apestures 7i2hin gach collargand 18 .
fixing the two collars together with screws. At least a portion of each groove

AF0a7Qtéssslbped with aéspect tonkorizontal, secthatsasl the mémberso63 slidec 0,
in the groove, there is an axial component to their movement as well. The

6 @xtentofdthe 1brstopeabothlin yermswh itd Steeprassnanchigs lewgthethus Larnto
be used to limit the length of travel of the plunger 18 in the bore 10 of the

s bodly 41 Fori&xanyple rimsgertai rembgpdinentssthe lstdpeSdf ther globles 6, the
70' can be gradual

case may be, and due to the engagement of each of the

members 62 in a plunger aperture 52, causes the plunger 18

to move axially as well.

The cam actuator collars 50, 50’ are fixed in place
about the split ring collars 60, 60’, such that the
radially outwardly extending members 63 of each split ring
collar are received in sliding relation by a respective
groove 70, 70’ 1in a cam actuator collar 50, 50’. As a
result, rotation of the cam actuator collar causes the
radially outwardly extending members 63 to ride 1in the
groove 70, 70'". The cam actuator collars 50, 50’ can be
fixed in place by any suitable method, such as by providing
apertures 72 in each collar and fixing the two collars
together with screws. At least a portion of each groove
70, 70’ is sloped with respect to horizontal, so that as

the members 63 slide 1in the groove, there 1is an axial

component to their movement as well. The extent of the
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and constant, as shown in FIG. 6. In other embodiments, the grooves can
have either a small or zero slope at and near the terminal ends of each collar
50, 50', and a relatively steep slope between the portions of the small or
zero slope. The groove 70 in collar 50 is positioned so that when collar 50

s BRECOlIaLe0 are matechin the assembledgonrditon hoth erds efthergroave. s

70 extend into the collar 50'. Similarly, the groove 70" in collar 50' is
cpositioned sa that wheti eollar S01ancheollas 50targunatesis inthe assendded 18

condition, both ends of the groove 70' of collar 50' extend into the collar 50
ife.ahat srand71Ob cshowndn Bl&x ). 4n still fistherembpdiments; a ferktain
and pivot mechanism as shown in FIG. 10 can be used to engage and
ergiaptuiradhe splittringscatiaes 60, 6\ essughdbakthe 70yerall laterah metion of thes 1
fork will cause the split ring collars to move lateral. The pivot of the fork 80 is
amonneoted tonthe bosly 4isueh that ag the. fork.handle 8 tinevestoadid thent s,
first end 6 the fluid transfer devices moves into the closed position. To move
tlilee fuid dramsferal® device the usermevesnthé fork harmie cowalrditke at and
second end 8. The fork can be fixed in place by any suitable method, such
neathy providing angounter borksin edch tnelof the foekewhich, engdge theand  a
oppositely arranged pivots 82 and 82'
relatively steep slope between the portions of the small or
zero slope. The groove 70 in collar 50 is positioned so
that when collar 50 and collar 50’ are mated 1in the
assembled condition, both ends of the groove 70 extend into
the collar 50’. Similarly, the groove 70’ in collar 50’ is
positioned so that when collar 50 and collar 50’ are mated
in the assembled condition, both ends of the groove 70’ of
collar 50’ extend into the collar 50 (e.g., at 70a and 70Db
shown in FIG. 7).

In still further embodiments, a fork and pivot
mechanism as shown in FIG. 10 can be used to engage and
capture the split ring collars 60, 60’, such that the
overall lateral motion of the fork will cause the split
ring collars to move lateral. The pivot of the fork 80 is
connected to the body 4 such that as the fork handle 81

moves toward the first end 6 the fluid transfer devices

moves into the closed position. To move the fluid transfer
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(not shown) and fixing the fork to the pivots such as with screws or the like.
The pivots can be formed as details of the body 4 or separate pieces
attached by other means such as welding or screws to body 4. At least a
portion of each fork contains oppositely arranged grooves 83, 83' (only 83

dshown) that givemeghanisaladvantage tamevestheshipring: sellass bynd end
engaging outwardly extending members 63 and 63" (only 63 shown, and

8 shown hatched within the greewes) 1 hhe extentief thenslopeietthisigroana.nod,
both in terms of its steepness and its length, thus can be used to limit the

siengthaef tiayelof the plingersl 8do the bere dOraf then bedy-4. It alternativethe
embodiments, the slip ring collars could be engaged to produce axial motion

f dyheuselof antackeandhpiniopsystem Dy asimplegpushspulbmechaniamg 827
although the mechanical advantage as described by the other embodiments

(whisclosedvhereiandoutd rothlbe present dik certain lembodiments sthehdevicew? th
can be attached to an upstream component or pipe by sanitary flange 11
sdormed as pattof thekbody ZhEheflamges 1tegantbe Idattadhedtodthieails of
upstream component or pipe by a clamp such as a Tri-Clover TM fitting,
theadishd¥ fitting, GlickElaaeTM iclamp artthe dikedSterilizatibarsuthaass such
steam treatment, can be used to sterilize the interface where necessary or
as welding or screws to body 4. At least a portion of each
fork contains oppositely arranged grooves 83, 83’ (only 83
shown) that give mechanical advantage to move the slip ring
collars by engaging outwardly extending members 63 and 63’
(only 63 shown, and shown hatched within the grooves). The
extent of the slope of the groove, both in terms of 1its
steepness and its 1length, thus can be used to limit the
length of travel of the plunger 18 in the bore 10 of the
body 4.

In alternative embodiments, the slip ring collars
could be engaged to produce axial motion by the use of a
rack and pinion system or a simple push-pull mechanism,
although the mechanical advantage as described by the other
embodiments disclosed herein would not be present.

In certain embodiments, the device 2 can be attached

to an upstream component or pipe by sanitary flange 11

formed as part of the body 4. The flange 11 can be
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desirable. In certain embodiments, means may be provided enabling the
user to determine if the fluid transfer device is in the open or closed position.
Although visual alignment marks are common to other devices, such as the
Lynx ST(r) connector, other embodiments improve on that means. One such

atekodientis the usg et multicolosach sampenents sugh that the slip#ipd such
collar 60 is chosen from a visual notable color and the cam actuator collar 50

adasza holei e transpéfentwindovycollacated with the end:af the graeve: ¥8np™
for instance 70a. When the fluid transfer device is in its fully closed position,
claenpoler ot 6@ wil show thteugh the-cain actuatorrcollar 5@.cHie pesii@ment,
also may be determined through electronic means whereby an electronic
c&enser engagesta sedtsor taader. ARFIDriagcandee pasitionedavithirsany or
axially moving component, such as sealing end 20. A RFID reader located
deitsid® tke fluid transfer device can then be used to detect a signal from the
RFID tag when it is within range. 18 The signal can be indicative of the
relative position of thelntavabtencemporents By pyoviding the fluiddrasmsédrl ing
device on inlet and outlet ports of filter capsules, improved means of
thmanifeldingtar cdefiguringthe cdpsules td theldset'sansfer device 1is in
the open or closed position. Although wvisual alignment
marks are common to other devices, such as the Lynx ST®
connector, other embodiments improve on that means. One
such embodiment is the use of multicolored components such
that the slip ring collar 60 1is chosen from a wvisual
notable color and the cam actuator collar 50 has a hole or
transparent window collocated with the end of the groove
70, for instance 70a. When the fluid transfer device is in
its fully closed position, the <color of 60’ will show
through the cam actuator collar 50.

The position also may be determined through electronic
means whereby an electronic sensor engages a sensor reader.
A RFID tag can be positioned within an axially moving
component, such as sealing end 20. A RFID reader located

outside the fluid transfer device can then be wused to

detect a signal from the RFID tag when it is within range.
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requirements are achieved. Of particular note is the reduction of custom
piping that interconnects multiple filter capsules without the need for external
manifold piping. For example, as shown in FIG. 9, feed (91 and 91") and
permeate (92 and 92") fluid transfer devices, can be integrated in two

TIES-ax i pHentations k94 anth934 respectbely) méth acommoen plape: 95chhis £
embodiment improves the connection methods within an existing assembly

tlanditbe assemblyngleapsules can be slid into and out of place from any
perpendicular axis, for example 96, to the axis of the flow stream (97). In a

paralfey canfigutationoof eapsulelfiltess, tipstrenst feeds 94areceonnedted and
together, producing a common feed line, as shown in FIG. 8C. Before
opraeassingoaid during the installatior apthelfilters intanthecusets systeny all of
the fluid transfer devices remain closed (shown as black-out) . A user
maesitingca parallekconfigufation of filtershwouldasseirdady themn asishowndar’ s
FIG. 8C. A user may choose a parallel configuration to improve the overall
rd@diltrateccapacity 10f the phocessdr achiéve other pracessrimprovements. the
During installation the single feed will connect to the fluid transfer device
radiAcandthe aser'sssirighefiltrate peemeateawill conhecttorthe diuid tramsferple
device V-3B to the user's permeate line. During processing
filter capsules without the need for external manifold
piping. For example, as shown in FIG. 9, feed (91 and 917)
and permeate (92 and 92’) fluid transfer devices, can be
integrated 1in two co-axial orientations (94 and 93,
respectively) with a common plane, 95. This embodiment
improves the connection methods within an existing assembly
and the assembly of capsules can be slid into and out of
place from any perpendicular axis, for example 96, to the
axis of the flow stream (97).

In a parallel configuration of capsule filters,
upstream feeds 94 are connected together, producing a
common feed line, as shown in FIG. 8C. Before processing
and during the installation of the filters into the users
system, all the fluid transfer devices remain closed (shown
as black-out). A user desiring a parallel configuration

of filters would assembly them as shown in FIG. 8C. A user

may choose a parallel configuration to improve the overall
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the fluid transfer devices are opened (shown as white-out) such that the
intended filtrate will flow through V-IA across the left filter surface as well as
flow out V-4A and into the second filter via V-IB in fluid communication with
V-4A. Once the intended filtrate fills the upstream volume before the filter

£ surfage cthe fijteate will flowv agressp bethefiter surfaces angexs the W rocess
capsules. The two fluid transfer devices, V-2A and V-4B, remain closed

irighewerasblack-out)in-this;configuration -foseingdhe filisateg ot VE3Ad@Ntari11
V-2B (in fluid communication with V-3A) and equally out V-3B into the user's
csingle permeatenkine finu other eenfigikationsof pervand clased fliie transfer s
devices, the user can improve their process. With the fluid transfer devices
s imtegrated Withdhe fillerr-aapstdesy thd userrancehoose tomanifaliditherens fer
together to form a parallel configuration of sufficient capsule filters without
ddhe need t@ fabricatencustem Mmanifotdsnther eimlzadimentsiare withiethes ing
scope of the present invention. 20 In a serial configuration of capsule filters,
tlas showndint&n 8D; @ usev can pedorm amoubie filkatom sach whatttheout)
intended filtrate is passed through two similar or dissimilar filters, which
suetiuces the riskef al vortadrdatidn duedd ¢he brddch 6fawsinglefitteglor V-1A
other such desired processing conditions. Before
across the left filter surface as well as flow out V-4A and
into the second filter via V-1B in fluid communication with
V-4A. Once the intended filtrate fills the upstream volume
before the filter surface, the filtrate will flow across
both filter surfaces and exit the two capsules. The two
fluid transfer devices, V-2A and V-4B, remain closed (shown
as black-out) in this configuration, forcing the filtrate
out V-3A into V-2B (in fluid communication with V-3A) and
equally out V-3B into the user’s single permeate line. In
other configurations of open and closed fluid transfer
devices, the user can improve their process. With the
fluid transfer devices integrated with the filter capsules
the user can choose to manifold them together to form a
parallel configuration of sufficient capsule filters

without the need to fabricate custom manifolds. Other

embodiments are within the scope of the present invention.
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processing and during installation all the fluid transfer devices remain closed.
The user's feed line is connected to V-IA and filtrate permeate line is
connected to V-2B. The second filter device is oriented by placing its feed
fluid transfer device, V-4B, in fluid communication with the permeate fluid

transfer deviceM-3A ofdhe first rfilter cbudrg pegsessiag eertein-yid fransfeswn
devices remain closed such that the intended filtrate enters V-IA flowing

i@cnoss thegfilter surfageand exitsothefisstn filter vial-8A andientersitbg, such
second filter into V-4B in view of the fluid communication therebetween. The
thatended filtraterthen cantinuesde flow acress therseeongtfilter susface aand or
exits V-2B. Other configurations whereby the fluid transfer devices are
dopened aand closed withdhe serial configuradionsdlow tisers tosimplify their  a
processing. Other embodiments are within the scope of the present
comventibna?i @ncelthe fluid trahsfertdevice(s) arfe assembled to tHe ldapsule or
filter(s), the devices can be closed and terminally sterilized such as by
ogamma radiation methemdnufacturee sssonsuppliedrsieriledo the user. [Rdhisre
condition the user will receive a pre-sterilized capsule filter which is ready
pfociastallationcart uber Some Tfilter eapsules,rsuell lastOysticdp whits framnsfer
Millipore, do not have integrated
devices remain closed. The user’s feed line 1s connected
to V-1A and filtrate permeate line 1s connected to V-2B.
The second filter device 1is oriented by placing its feed
fluid transfer device, V-4B, in fluid communication with
the permeate fluid transfer device V-3A of the first
filter. During processing certain fluid transfer devices
remain closed such that the intended filtrate enters V-1A
flowing across the filter surface and exits the first
filter via V-3A and enters the second filter into V-4B in
view of the fluid communication therebetween. The intended
filtrate then continues to flow across the second filter
surface and exits V-2B. Other configurations whereby the
fluid transfer devices are opened and closed with the
serial configuration allow users to simplify their

processing. Other embodiments are within the scope of the

present invention.
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fluid transfer devices. During installation and processing these filters must be
sterilized before the intended filtrate is introduced. The user may assembly
them to their system and autoclave the system or perform a steam in place
(SIP). Autoclaving the whole assembled system requires significant time and

the assemblyris complicated slodranspatin aadHut ot thesadeslavedf adisehe
chooses to perform a SIP, the filter must be chosen such that it will safely

cSpedive theihigb temperature ans; pressure fordhe tulldengthofprecessinga11y
time. Because the embodiments disclosed herein allow the isolation of the
s &P icondiions from the inside @i the: capsyle; the rmaideriats of constraetiomnrer
within the core can be chosen differently and from a family that are more
arappropriptei tod cost micight,tar fabiricatioreeansideratians. S~orexampleon  the
Opticap filters are sold in two types. One type is constructed of materials that
ugnlt swrvive gamaraava? steplizationdout hot SIP cenditidrs. Théwtherdahch is
survive SIP and autoclave conditions but breaks down during gamma
rapetifization. inacedrante withreeriaie embbdiments] thercflud tremsfss, such
devices can be constructed out of material that survives autoclave, SIP, and
agafpial sterilizatiortanditherinsideldfithe fitter isichoset ofrmore écormmisakd
materials such as polyester, nylon, or
fluid transfer devices. During installation and processing
these filters must be sterilized before the intended
filtrate is introduced. The user may assembly them to
their system and autoclave the system or perform a steam in
place (SIP) . Autoclaving the whole assembled system
requires significant time and the assembly 1is complicated
to transport in and out of the autoclave. If a wuser
chooses to perform a SIP, the filter must be chosen such
that 1t will safely survive the high temperature and
pressure for the full length of processing time. Because
the embodiments disclosed herein allow the isolation of the
SIP conditions from the inside of the capsule, the

materials of construction within the core can be chosen

differently and from a family that are more appropriate for

cost, weight, or fabrication considerations. For example,
Opticap® filters are sold in two types. One type 1is
constructed of materials that will survive gamma
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other such low cost thermoplastics. During installation and any subsequent
steam sterilization process, the device(s) will remain closed, maintaining
sterility. After sterilization, the valves can be opened, exposing the inside of
the capsule(s) to the process stream. The embodiments disclosed herein

s edsoi allow faroimpreved integritydestingendhe configured filtee capsules. can
Integrity testing commonly involves determining if the test results meet the

siestispecificationsd Fat example, itisreommen within therdsdustryowpertaim ng
an air diffusion flow rate test to determine if a filter is integral. If the flow rate

gamgeeaterstban the testispecificationythe filter is daemed nonsintegral astheain
defect is adding an incremental flow. As one skilled in the art of integrity

erestiigreartdemansirafa thiad ther dargéethedunmbersof fikersithat asest ructed
assembled to a common test port, the greater the error simply due to the

olarges £23mtaral filter nranufasturngwasiationtand thes thegnedynamit gamma
effects of a larger housing. The embodiments disclosed herein allow for the

s isofatioreeftindivideald filteneapsokesdthereby imhproving therintégritgtestiag of
method. For example, a typical single filter use configuration is shown in

n¢H€. 8Acandrthe staterof tiser vadous #ansferas polyester, nylon, or

other such low cost thermoplastics. During installation
and any subsequent Steam sterilization process, the
device(s) will remain closed, maintaining sterility. After
sterilization, the wvalves can be opened, exposing the
inside of the capsule(s) to the process stream.

The embodiments disclosed herein also allow for
improved integrity testing on the configured filter
capsules. Integrity testing commonly involves determining
if the test results meet the test specifications. For
example, it 1s common within the industry to perform an air
diffusion flow rate test to determine 1if a filter 1is
integral. If the flow rate 1s greater than the test
specification, the filter 1is deemed non-integral as the
defect is adding an incremental flow. As one skilled in
the art of integrity testing can demonstrate that the
larger the number of filters that are assembled to a common

test port, the greater the error simply due to the larger
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devices for integrity testing is shown in the simple configuration of FIG. 8B,
where the integrity test pressure can be connected to the fluid transfer
device V-5. During testing the other fluid transfer devices remain closed,
except for V-3. Although this is a preferred arrangement, other configurations

n&afhe chosen by the userwithauicrearranging the:pluambiag or coapgctions:he
to the capsule filter. To perform an integrity testing of multiple filters in either

t lecpataleane seriaf eenfigurations shawgdr FiGu 8thand 8k respeetivalynther s
testing pressure is connected to an additional fluid transfer device. This
d slditionall fluid ransfer geviee allows theneseritedgetain the asiginalftiid i dual
connections while executing a test. A typical filter, such as Opticap filters
 friore Millipope,udee not haversolationnatvesiangd reguire the gseritoyperferst ing
the integrity test on all the connected filters together. 24 A small leak will be
mdniddeh. within the additive flow of all the filters. However, capsule filters with
integrated fluid transfer devices allow the user to isolate each filter capsule
from Bnotherdupng theatestyredueingtheototal fastflow ngelation fo anyation
background leaks. Of particular note, the embodiments disclosed herein
iallewdhe filterstbhe testedandhegihproegssing ednfigugatiomr ious transfer
devices for integrity testing 1s shown in the simple
configuration of FIG. 8B, where the integrity test pressure
can be connected to the fluid transfer device V-5. During
testing the other fluid transfer devices remain closed,
except for V-3. Although this 1is a preferred arrangement,
other configurations can be chosen Dby the wuser without
rearranging the plumbing or connections to the capsule
filter.

To perform an integrity testing of multiple filters in
either a parallel and serial configuration, shown in FIG.
8E and 8F respectively, the testing pressure is connected
to an additional fluid transfer device. This additional
fluid transfer device allows the user to retain the
original fluid connections while executing a test. A
typical filter, such as Opticap® filters from Millipore, do

not have isolation wvalves and require the user to perform

the integrity test on all the connected filters together.
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which will indicate if there are any leaks related to the fluid interconnections.
Although a common test method is known as pressure hold using a closed
high pressure, other test methods can be employed. For instance, in a
parallel configuration similar to that shown in FIG. 8C, the test pressure is

A cenneatedda ¥-8A withpé-IA, \Vi@én VirdBrard YndBheing clesed. the Wsera1 1
may open V-4A, V-1B, V-3A, and V-2B whereby the test pressure challenges

tile iptereennection pRintskatyeendpecapsules] Thissallows: the useetprated
perform a housing test whereby any change in the test pressure indicates a

f lealdat thedntefeannetionc peints IMhevmethed ofikegrity destinga setof each
capsule filters with integrated fluid transfer devices that are configured in a
f setiak-flonspath ] as shown ik B&t ise desttibéd hiereh d hectest pressureiisg the
connected to V-5A with V-4A and V-3A closed and V-2A open. As the
tdntegritya2b testproceeds; ¢he flowrs measungd atdhéoutenof Vi2Aks . of
whereby the integrity of the left filter can be determined. However, as is
paomimaon avithrexisting tfiltterssithes dghiteharsd difter; Wwhichlishconsidered 1ow the
downstream, cannot be tested distinctly from the left without measuring flow
f frope ¥Ws2BL dt isarotablesthatithelembodimentsidisclesed hereigatiéwotheat 1on
user new methods to perform an integrity test of both
which will indicate if there are any leaks related to the
fluid interconnections. Although a common test method 1is
known as pressure hold using a closed high pressure, other
test methods can be employed. For instance, in a parallel
configuration similar to that shown in FIG. 8C, the test
pressure is connected to V-5A with V-1A, V-2A, V-4B, and V-
3B being closed. The user may open V-4A, V-1B, V-3A, and
V-2B whereby the test pressure challenges the
interconnection points between the capsules. This allows
the user to perform a housing test whereby any change in
the test pressure indicates a leak at the interconnection
points.
The method of integrity testing a set of capsule
filters with integrated fluid transfer devices that are
configured in a serial flow path, as shown 1in 8F, 1is

described here. The test pressure 1is connected to V-5A

with V-4A and V-3A closed and V-2A open. As the integrity
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filters in a serial connection without disturbing the sterile fluid pathway that
was established at the beginning of processing. For example, in the serial
processing configuration of FIG. 8D, the user's fluid enters V-IA and exits
V-2B, with the other fluid transfer devices in the states as shown. Although

t both yreasasipcenttothese fluiddransterdevices need to beistesite, 84S v-2a
advantageous to perform an integrity test of the two filters whereby the
wisteriity, dewastiean of V2B semains integralrand urdistirbesk Gommenhyned.

capsule filters without fluid transfer devices require the detachment of the
Helownstreamsfluid conneciiondo theaswuie actuql gas flews Hawever,ithet -hand
embodiments disclosed herein allow the user to perform an integrity test
f Usingractuah gaa flave bycusing & 544 Indbisrembediment; shentwo filterstase ted
arranged serially as in FIG. 8F for processing. To test the right- hand filter,
d ibe fest piesstreis attachdd to-VbBrwithy V- 2683 M-4B, ¥ 2By VEA and-2B .
V-2A, V-3A closed (not shown in this configuration). The test gas will flow
I throsghitbeakiglt mémbrane sudatednttroaghithecdpere-3Be WedA and 1 ow
to V-5A. The actual gas flow can be measured at V-5A. Although these
tleenbosliments desctribeddtegiity testingo usingractuat gas flow thedisclosedoth
embodiments are advantageous to integrity testing that is done by pressure
filters 1in a serial connection without disturbing the
sterile fluid pathway that was established at the beginning
of processing. For example, 1in the serial processing
configuration of FIG. 8D, the user’s fluid enters V-1A and
exits V-2B, with the other fluid transfer devices in the
states as shown. Although both areas adjacent to these
fluid transfer devices need to be sterile, it is
advantageous to perform an integrity test of the two
filters whereby the sterility downstream of V-2B remains
integral and undisturbed. Commonly capsule filters without
fluid transfer devices require the detachment of the
downstream fluid connection to measure actual gas flow.
However, the embodiments disclosed herein allow the user to
perform an integrity test using actual gas flow by using V-
5A. In this embodiment, the two filters are arranged

serially as in FIG. 8F for processing. To test the right-

hand filter, the test pressure is attached to V-5B with V-
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hold. Each capsule filter can be isolated from the others through closing the
interconnecting fluid transfer devices. 27 What is claimed is: 1. A valve,
comprising a body having a bore, a plunger axially moveable within said
bore between a valve open position and a valve close position; an actuator
1operatiygly connegted ta sgid phngersuch that mavemant ofsaid astaiar in
causes axial movement of said plunger from said valve open to said valve
tielased position: 2: Toe)valve ohelaimek,furthas cemprising awpait of Jagdially:he
inwardly extending plunger engaging members and a pair of radially
r Dytiwandbrextending acttiader engaging mesmbersesaibmembess providing and
said connection between said actuator and said plunger. 3. The valve of
telaims2, wherelresaid actlatopeomptises: dinstandueecondeedllats, \eath .
having a groove for receiving a respective one of said radially outwardly
exterrdingr actyiator eagagirgmembersts slithng relation. o ddweivalvetefst ing
claim 1, wherein said actuator is movable rotationally. 5. The valve of claim
udimdherein samlplunget is Mbveablé hwithinl saidllsoredrones&@iddahenopen are
position to said
advantageous to integrity testing that is done by pressure

hold. Fach capsule filter can be isolated from the others

through closing the interconnecting fluid transfer devices.
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What is claimed is:
A valve having an axial length, comprising:

a body having:
a first end containing a face configured to be
attached to an upstream component;
a second end configured to be attached to a
downstream component; and
a bore extending axially from the first end to
the second end;
a plunger axially movable within said bore between an
open position and a closed position, the plunger
having a first end and a second end; and
an actuator comprising a fork a pair of tines
extending from said handle, each of said tines
operatively connected to said plunger by a pair of
split rings, each split ring including a radially
inwardly extending plunger engaging member and a
radially outwardly extending actuator engaging
member operatively connecting the actuator and the
plunger, such that movement of said actuator causes
the plunger to move axially between the open and
closed positions without altering the axial length
of the wvalve,
wherein:
the wvalve is in the closed position when the first
end of the plunger is in alignment with the face
of the body; and

the first end of the plunger being in alignment with
the face of the body forms a steamable surface

and a sterile barrier against the environment to
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a remainder of the interior of the bore, the

plunger and a downstream component.

The wvalve of claim 1, wherein each of said tines
comprises a groove that engages a respective one of
said radially outwardly extending actuator engaging

members.

The valve of c¢laim 1, wherein each split ring
further includes a first and a second split ring
collar shaped to ride against an outer wall of the

body and an interior surface of the actuator.

The wvalve of c¢laim 3, wherein the radially
inwardly extending plunger engaging member and the
radially outwardly extending actuator engaging member
are positioned between the first and the second split

ring collars.

The valve of c¢laim 3, wherein the body further
comprises spaced radially extending annular outer
flanges positioned on an outer wall of the body, and
each split ring of the actuator further includes
radially inwardly extending protrusions, a length of
the actuator protrusions and a length of the body

flanges being in contact with one another.
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A manifold assembly unit, comprising a filter
capsule having a feed port and a permeate port, a pair
of wvalves in fluid communication with the feed port
and a pair of wvalves in fluid communication with the
permeate port, wherein each wvalve has an axial length
and independently comprises:

a body having:
a first end containing a face configured to be
attached to an upstream component;
a second end configured to be attached to a
downstream component; and
a bore extending axially from the first end to
the second end;

a plunger axially movable within said bore between an
open position and a closed position, the plunger
having a first end and a second end; and

an actuator comprising a fork a pair of tines
extending from said handle, each of said tines
operatively connected to said plunger by a pair of
split rings, each split ring including a radially
inwardly extending plunger engaging member and a
radially outwardly extending actuator engaging
member operatively connecting the actuator and the
plunger, such that movement of said actuator causes
the plunger to move axially between the open and
closed positions without altering the axial length
of the wvalve,

wherein:
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the wvalve is in the closed position when the first
end of the plunger is in alignment with the face
of the body; and

the first end of the plunger being in alignment with
the face of the body forms a steamable surface
and a sterile barrier against the environment to
a remainder of the interior of the bore, the

plunger and a downstream component.

The manifold assembly unit of claim 6, wherein
the valves in fluid communication with the feed port

are coaxially aligned.

The manifold assembly unit of claim 6, wherein
the wvalves in fluid communication with the permeate

port are coaxially aligned.

The manifold assembly unit of claim 6, wherein
the valves in fluid communication with the feed port
are coaxially aligned and the wvalves in fluid
communication with the permeate port are coaxially

aligned in a common plane.
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