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Related Appilications

TOGG11 This application claims priority {o U.S. Ser. No. ©81/913,900 filed December 10, 2013
and U.o. Ser. No. 82/054 557 filed Seplember 24, 2014,

Fieid of the Disciosure

100021 This disclosure relates o equipment utilized to manufaciure chemical agents,
paricuiarty biopharmaceuticals, using Lisposable Containers {(DCs).

Background of the Disciosurse

(00031 This disclosures relates 1o devices and methods for the manufaciture of chemical and / or
piclogical products such as biopharmaceuticals using Disposable Containers (DCUs). For
instance, fermentors or bioreactors commonly provide a reaction vessel for cullivation of
microbial organisms or mammalian, insect, or plant cells {o produce such products. This

disclosurs provides improved sysiems and paris for use in such systems {or other sysiems).
suitable DO systems are for exampie known from WO 2013/102738 A1, WO 2013/040161 A1,
US 2011/188928 A1, US 2013/081995 A1 and US 2012/2188585 At

Brief Descrnption of the Drawings

[0004]

Figure 1. BExemplary DC packaging and integrity system.

Figure 2. Exemplary DO packaging and integrily sysiem {(assembily in process).
Figure 3. Dxemplary DU packaging and integrity sysiem (assembisd).

Figure 4, Exemplary DO packaging and integnity system (lesting).

Figure &, Packaging and integrity testing system in uss. A DU / impeller assembly prepared
for packaging into PVC container. 8. DO/ impeller assembly compacied into PVE container. €.
iniet and outlet tubing {e.g., 3 in Fig. 1) of DC atlached 10 {op plate. D. Sealed contamner
enclosing LG / impelier assembly altached o water-based integrity testing system.

Figure &, Vertical depioyment of LC.
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Figure . Honzontal deployment of DU, AL Schematic llustrating honzontal deployment of DO,
5. DC arranged prior to horizontal deployment. C. DC in the process of horizontal deployment.

Figure 8. oxemplary foam management device.

Figure 8. Exemplary seal arrangement.

Figure 140, Exemplary detachable coupling device (DCD). A Top and isometnc view. B, Side
view. . Hecond isometric view. D, DCD attached (o DO, k. DO being manipuiated using DD,
F. DO with DCD in container.

Figure 11, DOCD altached to impslier assembly (agitator shafl and impsilier).
Figure 14. Dxempiary sample port.

Figure 13, bxemplary improved impetier.

Figure 14, Exemplary DO inciuding assymetrically-positioned implement port.

Figure 13, Dxempiary low profile seal housing.

Summary of the Disclosure

{30051 1 his disclosure provides systems and parts for use in Such sysiems (or other systems)
refating {0 the manufacture of chemical and / or Dbiclogical products such as
piopharmaceuticals using Disposable Containers (DCs).

Detfailed Descripglion

130061 The steride singie use container of the invention s detfined by independent claim 1. This
disclosure provides systems and parts for use in such sysiems {or other systems) reiating o
the manufaciure of chemical and / or biclogical producis such as piopharmaceuticals using
Lisposable Containers (DOCs). For instance, in certain embodiments, packaging and integrily
sysiems are described. Vertical and horizontal DO deployment systems are aiso described. A
detachable coupling device for atiaching mixing impellers {0 the interior of the DC and for
attaching hfting or transporting mechanisms 1o the exterior of the DU 15 also described. Foam
managemeant devices for use wilth DUs are aiso disclosed. Novel sampile poris and seal
arrangement are described as well. And improved impeliars are described as well. These
Various examples may be combined o a singies sysitem or used individually {(or in
combination) in other sysiems. Detalls of these various examples are described below.

Packaging and integnty 1esting System
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OGG71 The use of single use containers or disposable container (DCs) i manufacturing
Drocesses nas mncreased rapidly i recent vears., Maintaining the steniity of DCs during
shipment and confirming that steniity has been maintained afler delivery remains a challenge.
Even very small holes or leaks in the walls and / or seals of DCs may aliow contaminanis (e.¢.,
pacternia) to enter the container from the snvironment. Joinis and ssais between iubing and
vaives of DOs present a particuiarly difficult challenge as the chances of a breach in the
integrity in such areas is very high. Present tests under pressure are typically conducted with
LOs at their inflated volume {(e.g., substantially maximal volume).

(30381 A common method for leak detection is the pressure decay method. In this method, the
O 18 first filled wath gas 10 a predeiermined pressure. it s then left 10 stabilize for as much as
five 10 ten minutes, and the pressure is then re-measured. If the pressure has decreased, this
indicates that some of the gas has escaped from the container, and ihe precise drop in
pressure can be correlated {0 the size of the defect (e.g., one or more noles). However, the
larger the size of the DO, the less accurate the test baecomes as it is dithicult {o maintain the
shape of the DC. An improved version of this test invoives constraining the DO in which the DC
s pressurized belween two plates. The test is rendered more accurate, as an unconstrained
pag s more likely {0 sag and deform, which gives a faise impression of the pressurs inside.
Such methods are typically only useful for detection of defects of a minimum size of about
100um, which 18 not sutficient to confirm the integnty of the DO since baclena can penetrate
defecis as small as 1s5um. thus, the defect detection imit for DCs must be exiended to at least
10um to ensure contaminants Such as bacterna cannot enter the DC. A similar concept, helium
integrily testing, may allow detection of defects down 1o 10um. In this method, a DO 15 placed
nside a sealed ngid container and a vacuum 1s applied. Hehum 8 then injected into the DO
and, as nhas peen reporied, will escape through defects as small as 10um. Delection of helium
in the container (using, e.4g., a specirometer) indicates the DO has a defect. However, none of
these systems provide a comprenensive system for packaging, shipping and integnty testing of
DO from delivery 1o and from initial assembly and upon receipt at client sifes.

(00081 This disclosure provides a sysiem for testing the inlegniy of a DO in the original
packaging upon receipt by the recipient prior {0 installation and / or use. As described herein,
the system allows the user 10 test the integrty of the DO at less than full volume {e.g., as DCs
are typically shipped) to provide a nigh level of assurance as i{o the integrity of the DC. As
described herein, the sysiem provides the user the abilily {0 test the mtegnly of g DO at
reduced volume and constant pressure test tor integrity where the DU is contained in a vessel.
Thus, the test may be be applied {0 detect leaks in DCs at infiation pressures at defiateg
chambper voumes. As described herein, the DO flexible componenis are typically configured /
arranged by foiding / relliing {wath or without spacing materals) wherein the physical volume is
reduced and the surface area of the DO 15 maintained to aliow 1or gas flow through defecis o
pass and be coliected in the vessel and measursd. In this system, the packaging malenal
serves as a reservoir o collect any gas which ieaks from the DO and channeis {his 10 a flow
measuring device whereby the defecis can be guantified to off-set initial equiibration of the
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package and DO, and as the DC s inflated and the air/gas from the packaging is displaced.

(00101 In some exampies nol according to the invention, this sylem includes a device for
simuitaneously providing for packaging and integrity testing of DCs {e.g., disposable
piorgactors) is provided. These devices provide a non-destructive way o {est DU's such as
disposable bioreactors and reiated systems after manufaciure and packaging, and prior o
installation. Ceriain embodiments provide a first container enclosing a LC where the first
container comprises a top surface, a potiom surface, andg a steriizable (or sterile) interior
volume. The first container also preferably includes an outlet, and an inlet comprising a tiller
The bottom surface of the first container aiso preferably comprises a pedestal upon which the
infiatable container may be supported. The DO s typically stenlizable {(or slerile) and may be
positioned upon or supportad by the pedestal. The first container is arranged 1o consirict the
volume of the DO, The filler may maintain the steniity walhin, and / or aliow air/gas to enter the
intenior volume. The integrity of the DU may be {ested by filling the same with aw/gas through
the inlet and measuring the release of ar/gas from the DO through the outlel. "integrily” refers
{0 ihe maintenance of an airfgas light condition of the DC. The integrity of the DU may be
confirmed by the failure (o detect any reisase of gas and / or liguid from the DU into the first
container which surrounds fhe first container. infegnly may be tested at partial and / or fuli
volume capacily (e.g., of the DC). The first container provides support {o the DO Such that it
may be inflated at less than #s full volume and test the entire surface of the second container
tor defects (e.g., mechanical defects). integrity may aiso be {ested at elevated pressures, e.¢.,
above those pressures the second containsr typically encounters when used in practice (&.g.,
a fermentation reaclion). Keiease of the gas and / or hquid may be delected by any method
known o those of ordinary skill in the art.

Figs. 1-9 iustrate a particuiar exampie not according o the invention of a packaging and
integrity testing device. As shown i Fig. 1, the device may comprise a container 1 {e.4., pipe
such as a PVC pipe of sufficient diamster o enclose a LDC), top plale 2 (8.¢., removabie)
comprising a flange with at least one pipe 3 protfruding through the iop and botlom of the
surface thereof {e.q., in communication with the exierior and interior of container 1) {see aiso
Figs. SC-0), gas filter 4 affixed {e.g., removably atfixed) {0 the intenior portion {(&.g., relative 1o
ihe container) of al least one of said tubes 3, support plate §, and botlom piate 6 compnsing a
flange (sse aiso Fig. 34). Botiom plale & may also comprise or pe in contact with a mount 7
(€.¢., a pedasiel) for a mixer assembiy. The mount may also be in contact with support plate 5,
and / or be positioned between support plate  and boltom plate &, DO 8§ is typically mounted
upon support piate & (&.¢., optionally along with the mixer assembly such as an impelilar and
support components). Fig. 2 dlusirates a partially assembied device, top plale 2 comprising
two pipes 3 is shown ready for attachment o container 1 in which DC 8 15 mounied upon
support piate 5 which 18 mounted upon mount ¢ which 15 attached to botiom piate & (see aiso
Fig. 58). Fig. 3 tlusrates the device in the closed configuration (e.g., ready for shipment and /
or integrily testing). Fig. 4 tlusirates the gas flow pattern into and out of the container during
integrity testing (see giso Figs. SC-U). As ilustrated therein, gas may be infroduced inio
container 1 through air fiiter 4 via, for instancs, the exterior portion of wbing 3 {(e.g., the nipple
thereof) and the container pressurized {0 an appropriate psi {e.g., 1-5 psi). The pressure is
typically held for an appropriate amount of time (8.¢., any of 1-100 minutes) and any pressure
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drop over that time noted. Any pressure drop (e.¢., gas fiow oul) may dDe measured using an
inverted cviinder in water or other hguid. In some embodiments, the container may be
pressurized, the DO filled with gas, and any gas that escapes may collected in the container
and directed 1o a detection device {Gas Rotameter, inverted Graduate Cyinder) in @ manner
consistent with integrty testing of membrane filters. If no signtficant pressure drop {e.g., when
using a water-pased detection system, if one or more bubbies are opserved) 1s detecied, one
may conciude that the DO does nol have any ieaks {(e.g., il is integral). This is a sighificantiy
more sensitive than current integrily tesis and may be performed guring instaliation.

Packaaing and integrty Testing System {Vacuum Test!

130111 An allernative fest methods {0 applying positive gas pressure into the DO, negalive
pressure or vacuum can be used along with {0 create a poiential leak into the DO which can be
defected by means internal {o the DO such as with a residual amount of suttable iguid which
when direclted over ssams within the bag can serve (o obviate bubbles which wouid be due o
a non-integral seal of defect in the DC. An alternative means {0 detect would De with gas or
vapor chalisnge {(&.g. Propylene Glycoly source external to g DO with a means of detaction
sither instrument {e.g. helium detector) or visual within the DC

Vertical Deplovment Sysfam

130121 DCs positioned vertically wathin a container are typically filled from {he bottiom to the top
LSIing a mechanical device that serves to raise the DU as it 15 being filled. in this way, the DO
may achieve its full volume without deing impeded by wrinkies and {he like in the DC matenal
as it is being tilsed. Typically the DC 15 vertically raised in the container using a hoist or other
tvpe of equipment for providing a litting/streiching force on the DO as it 15 dDeing tilled. Although
ihese types of systems are widely used in the industry, the use of eguipment 1o raise the DT as
it is being filled presents various problems such as the risk of teanng the DO M. To solve such
probiems, this disclosure provides g vertical DO deployment system that operates without the
application of any vertical (8.¢., upward) force on the DC. Instsad, this disclosure provides a
vertical deployment system comprising an apparatus inciuding a housing comprising an
internal voiume and an at {east partially open bottom panel for positioning a DO prior {0 filling
and supponting the DO during and after filling; and inlet and outllet tubing {e.g., each typically
comprising a stenle filler ang valve(s) attached 1o the DC through the at least partiaily open
pottom panel, the inlet and cutlet tubing each comprising a sterilizing filter and valve(s}). The
DO may e filled wath fluid (e.g,. aiready steriie or that is sterilized as it moves ihrough the inlet
tubing sterde filtery through the inlet wbing, and, as the DO s filled, the volume thereof
gxpands into the internal volume of the housing vertically without application of additional
upward force on the sterde DO, An example of the vertical deployment system which may be
used with the DO of the invention is Hlustrated in Fig. 6.

Horizontal Deplovment System
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130131 As described above, DUs positionad vertically within a containsr are typicaily filled from
the pottom 1o the {op using a hoisting mechanism that serves 1o raise the DU as it 18 bemng
filled. In this way, the DC may achieve its full volume withoutl being impeded by wrinkiss and
the like in the DU matenal as it is being filled. However, in some setlings it would de bensficial
io fill the DO horizontally. This may be accomplished Dy, for instance, positioning the DO at one
end of a honzontal container and filling the DC such that it expands horizontally across the
container. The DO may be be in any configuration prior 1o filing but one particularly useful
configuration may be as g roll. it filled from the rolled configuration, the DU may conveniently
unrolt honzontally across the horizontal container. In some examples not according o the
invention, the honzontal container may be a nonzontial nolding fank comprising a housing
comprising an at least partially open panel and a clossad panel, a rolied sterile DO positioned
adjacent 1o ihe atl least partially open panel of nousing,; and, iniet and outiet tubing profruding
through the at leasi parliglly open end of the housing. Typically, the inist ubing comprises a
sterie filter such that any fiuid entering the DO would be {e.g., or become) sterie. This device
may theretfore be used by positioning a rolled sienile single use container proximal 1o the
partially open panel and distal from the closed panel. The DC is then filled with a sterile Huid
(.¢., either already steriie or steriized as it passes {hrough the sterie filter) through the inlet
tuping such that it unrolls horizontally from the partially open panel toward the closad panel of
the housing as it 1s filled. Examples not according o the invention of this honzonial deployment
system are {llustrated in Fig. 7A-C.

Foam Management Device

130141 Another challengse when using DCs is filter fouling due o foaming dunng the reaction,
which can interfere with the venting of gasses from the DC. In some embodiments, this
disclosurs provides an ant-foaming device comprising a chamber comprising an internal
voilume having a tortuous path formed by static mixer and/or granuies wiihin, where the siatic
mixer and/or granules are composed of a sterilizable matenal. The chamber s attachable 1o a
DO at one end and a vent at another end {0 form a passage between the DO and a sterile vent
tilter arrangement comprising one or more fillers. The DO typically holds tluid for a reaction that
proguces gas that needs (0 be exhausied without also losing any of the fiuig or aliowing the
fiuid or foam dernived therefrom o interfere with the release of gas from the DC. Using the
device described heren, foam s prevented from reachin the hilters thus assuring a passage is
provided through which the gas may be venied and in the process ic reach the vent Durnng
transport through the chamber, any foam {e.q., fluid comprising one or more bubbles) 1s
removed such that only gas exits the anti-foaming device and s expelied from the chamber
(.¢., into the atmosphere). VWhere fiuid in the form of a foam 15 present in the gas stream, for
instance, the foam therein will be desiroyed (e.g., any bubbles will be "popped”) as it moves
through the anti-foaming device such that only gas exits the device and reachss the vent.
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100151 Fig. 8 iliustrates an exempiary example not according to the invention of the anii-
foaming device., As iliusirated thersin, in this exampie nol according to the invention, the
interior volume of a chamber contains stalic mixer and/or granules {(e.g., fortucus path) that
collapse the foam {e.q., in the form of bubbles) thal enters the device. The device typically
ncludes an inlet receiving surtace and a ventng surtace posiioned opposiie one another on
either side of the chamber. Tne tortuous path are found within the chamber belween the inlet
surtace and the venling surface. the chamber may be in the form of tubing {e.g., plastic
tubing), for example. ach of ihe gas inlet surface and ine venting surface may be compriseg
of a material {e.g., a porous and / or mesh material) which serves {o retain the granules within
the container. The matenal comprising the surfaces may thus serve to compartmentalize the
granules, thereby forming a container. in some exampies not according to the inveniion, the
anti-foaming device may be containad within a portion of tubing conneciad to the LC between
the exhaust port at the {op of the DO and before the exhausi. in such exampiles not according
to the mmvention, the anti-foaming device does not necessarnily need {o form a completely
separaie piece of equipment that may be attached o the venting tubing, for instance. insiead,
ihe anti-foaming device may be formed by postioning ihe matenal al either ends of a seclion
of {ubing that contains tortucus path. One piece of said matenal may be posiionad within the
tubing to de proximal {0 the DO and distal to the vent, and functions as a gas stream receiving
surface. Another piece of materal may be posttioned within the tubing 10 be proximal (o the
vent and distal (o the DC, and functions as a venling surface. The tortuous path are positionsd
petween the gas stream receiving surtace and the venting surface. in some exampies not
according 1o the mvention, the tortuous path, the tubing, the matenal, and / or the DO are
composed of substantially the same matenal. Allernalively, the device may be manufaciured
and then inserted into the tubing, for instance.

=eai Arrangement ang Housing

100161 In some examples not according {0 the invention, a seal and seal Housing {e.4.
Disposable Seal Housing (LDSH)) may be incorporated integral 1o the DO Figure 8 illustrales
an exemplary DSH comprising static seal face (£), rotating seal face (3), seal spring (4),
pearing (9), seal housing (8), seal housing cover (/) and retaining screw (8) affixed {(e.g.,
removably affixed) 1o a shatt (1) of an impeiler. Adaptations 1o traditional mechanical seals
nave pDeen mades in order {0 deploy such seals in LDOS. For mstance, N one exampie not
according o the invention, mechancal seal arrangement s enciosed in a DSH and energized
within the housing enciosure. Thus, the seal 1Is maintamned within the DoH and associated shatt
which may then be atlached {0 oiher components of ine DO 1o create g closed system suitable
for sterthzation. This disclosure enabiss the seal o be energized within the seal housing
throughout the fabncation, sternilization, transport and use of the DO,

Low Profiie Seal Housing
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100171 DOs typically incorporate tixiures for rotating equipment which are mechanically driven
and may be sealed using various typas of mechanical seais. However, there is mied space
upon the DO {0 locate such seals and ofher resinctions on positioning such as seam locations.
1o solve such problems, this disclosure provides exampies not according 1o the mvention, in
which nousing of the seal 1s postionsd within the space of the DO (e.g., the interior space)
thereby minimizing the exiernal profile of the fixiure. This provides multiple advaniages such
as, for instance, simpisr handing and mors stficient positioning of the fbdure. An example not
according to the invention of such a low profiie seal housing s ustrated In Fig. 13. As shown
in Fig. 134, this exemplary housing inciudes nternal seal housing 1, seal shatt 2, first refamning
rngs 3, beanng dalls 4, internal seal housing retainer &, second retaining nng & and O-ning 7.
The exempiary housing further comprises g pockei{s) for using one or more lip seais and/or
additional mechanical seals o seal the housing o the DC.

Detachabie Goupling Jevices

100181 Dithculty 1s also oflen encountered in configuring DCs and the various devices required
to carry within the DO, For instance, DOCs may be used with various types of stirmng
mechanisms. Exempiary stirring mechanims may be, for insiance, impellers. Typically, a DC
construcied around an impelier or impeliers integral to the DU, This presents ditficuities with
respect to fabrication, packaging, shipping, sterilization, and / or general handiing of the DL,
This invention provides solutions {0 these problems. An exemplary solution 15 a detachable
coupling device comprising an aitachment point cutside the DU and a detachable point inside
the ciosed DO, This detachable coupling device may aiso pe used o faciiiate hfting of an
apparius {e.g., mixing shafl and assembly, perfusion apparatus) 1o be inserted into a L.
DUrng assembply, the detachable coupiing device may be used (o handie a large apparatus o
aveid damage {o the DO film. The detachable coupling device thereby aliows, for exampie, {he
usaer 1o it and center a large ming device 1o be manipulated prior 1o, during, and after DC
fabrication without decoupiing the coupling device from the shaft. In some embodiments, this
disclosure provides a DO comprising at least one altachment mechanism thal may nclude at
least two parts, one positioned within the DO and one positioned exderior o the DO, Upon
aftachment o one another, the nierior and exienor parts may form a singie, two-part
attachment mechanism. The interor part of the mechanism would typically attached 1o an
impeliar and any supporting componenis thereot. The DO, internal attachment mechanism and
other components {(e.g., the mmpeliary may be sienlized together pror o use. In some
embodiments, then, the present disciosure provides a D comprising an infernal volume, a
container comprising an attachment mechanism comprising a first attachment mechanism at
least partially positioned within the internal volume of the DU and a second atiachment
mechanism posiionad on the exterior of the container. The first and second altachment
mechanisms may be reversibly attached {0 one another. The first attachment mechanism may
further comprise an attachmeant mechanism for reversibly atlaching a device contained within
the internal volume of the DO thereto. The second atiachment mechanism may further
comprise an attachment mechanism for reversibly atiaching a device externor o the container
thereto. bmbodiments of detachabie coupling devices are provided in FHigs. 10A-F and 11.
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Sampis Port

130191 in some embodiments, a novel sampie port may be incerporated in the DO, Figs. 124A-
Coiiustrate an exemplary sampie port. The disposable sample body is shown in +ig. 124, The
main pody may be affixed {0 a sample port as shown in Fig. 128. This sampliing piece may
then be adioined 10 a sealing cap as shown in Fig. 126, The portis typically adjomned {o the DO
such that the sampling piece and cap are internal to the DO and the opposite side of the port is
positioned exiernal 1o the DO, In one embodiment, then, this disciosure provides a sampile port
device comprising main body {e.g., & housing) simulianeocusly in communication with the
internal volume and the extenor of a DO, A sampling piece is agjoined 1o the main body and a
capping piece. the sampie port may de used 1o remove samples from the reacianis contained
within the DO during operation (.g., at different time points during a reaction).

improved impeliers

1OG201 T his disciosure alse provides improved impellers made of lower strength maternais
{&.g., any of the polymers and / or non-metalic materials described herain) useful in conditions
that typically require higher strength matenails (&.g., metal). Currently, DCs are imifed to0 mixing
systems with low power oulputl as the energy reguired for mixing he mechanical strength of
lower strength mailenals (e.g. polymeric mailenal such as HDPE). in addition, sierlization
procedures {(€.¢., gamma irradiation) may be incompatible wilh the use of such lower strength
materials. This disciosure provides for impsliers made from process-compliant (8.9,
sigrilizable, disposable, and / or compliant with USE 150 and / or other biological reactivily
standards) matenals 10 be used within DCs. The usetul strength of {he lower sirength malenais
1S increased by providing reinforcement at critical junctures of the impeliar as highlighted in
Fig. 11, for example. Two exempilary improvements are shown in Figs. 118 (the expansion of
the hub, fermed "YoYo') and 110 (the addition of a gusset connecting hub and mpsler). Both
improvementis serve {o disinbule the forces from ine impeller 1o the hub and averiing
localization of siress at the hub. This improvement was demonstrated using Fintte tlement
Analysis as gescribed in the Examples

100211 Thus, this disclosure providss, in an exampie, a first container enciosing a sierilizable
second container (e.g., a dispoesable container (D)), the first conlainer compnsing a top
surface, a botlom surface, a sterile interior volume, an outlet, and an inlef comprising a sterile
filter; the bottom surface comprising a pedestal; the second coniamer being posiionad upon
the pedestal, wherein: the confainer consiricts the volume of the second container; the filter
provides sterility within, and aliows gas 1o anter, the inlerior volume of the first container; ang,
the integrity of the second container may be tested measunng the release of gas from the
second container throughn the cullel. Also provided are methods for testing the integrity of such
a second container (e.qg., L) by pressunzing the internor voiume of the first container {0 8
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testing pressure and maintaining the testing pressure for a period of time and measunng any
decrease in pressure to detect a defect in the second container.

100221 In some examples not according 1o the invention, this disciosure provides an apparatus
comprising a housing comprsing an at least partially open panel and a closed panel a rolied
steriie single use container: positionad adjacent 10 the at least partiaily open panel of housing;
and, comprising et and cutiet ubing protruding through the open end of the housing, the
iniet wbing comprising a sterie fiiter. Also provided are methods comprising positioning a roiled
sterile single use container within a housing comprising a parbally open panel and a closed
panet, the contamer being arranged such that the contamer 1o unrolis horizonially from fhe
partially open panel toward the ciosed panel, {he container comprising iniet and outlet tubing
arranged opposite the closed end and profruding through the open end, the niet tubing
comprising a stenle filler; and, filing the container with a sterile fluid through the inlet tubing
and sterile filter Such that the container unrolis horizontally from the partially open panel
foward the closed panel of the housing as the fluid filis the container.

(30431 In some exampies not according io the invention, this disciosure provides an apparatus
COMPrising. a nousing comprising an infernal volume and an at least partially open botiom
panel, a sterde single use container upon the at least partially open pollom panel, niet and
oullet tubing attached fo the sterile single use container through the at igast partially open
potiom panel, the nlet and outlet tubing each comprising a steriie filer, wherein the sterie
singie use container is filled with sterile fiuid throughn the et tubing; and, as ihe sterile single
use container s filled, the volume thereof expands into the intermnal voiume of the housing
without appilication of addiional upward force on the sienle single use container. in some
embodiments, this disclosure provides methods for filling a sterde single use coniainer using
such an apparatus by positioning the sterile single use container within the housing; and, filling
the container with a sterile tuid through the inlet tubing and sterile filter Such that the container
expands vertically from the partially open panel {oward the subsiantially ciosed panel of the
nousing as the fluid hills the container.

130241 In some exampies not according to the invention, this disciosure provides a foam
management device comprising a container comprising an wilernal volume,; tortuous path
within the internal volume, the {ortuocus path being composed of a steriizable material, the
container being attachable to a sierile singis use container and a vent 1o form a passage
petween the steris single use container and the vent, wherein the stenis single use container
s capabie of holding fluid tor a reachion that produces gas which is exhigusted through passage
to reach the vent, ihe gas optionally comprising liguid in the form of a foam; and, any foam
present in the gas is destroyved within the passage such that only gas reaches the veni In
some examples not according 1o the invention, the fortucus paih and {he slerie single use
container are composed of substantiaily the same matenal. In some exampies not accordging o
ihe mvention, methods for venting gas from a reactor by carryving out a reaction in a sterile
singie use containsr affixed {0 such a device and passing the gas stream resulting from {he
reaction ithrough the device, wheremn any foam present in the gas siream is destroved prior to
reaching the vent are provided.
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100231 In the invention, this disclosure provides a stenie single use container comprising an
internal volume, the container comprising a detachable attachment device comprising a first
attachment mechanism substantially positioned within the internal voiume of the container;
and, a second aftachment mechanism subpstantiaily postioned on the exierior of the container;
wherein the first and sscond atiachment mechanisms may be reversibly attached (o one
another, the first atitachment mechanism further comprises an attachment mechanism for
reversibly attaching a device within the the internal volume of the container thereto; and, the
second attachment mechanism further comprises an attachment mechanism for reversibly
attaching a device exienor 10 the container thereto. in the invention, the device exierior {o the
container 18 a lifting mechanism. in the mvention, the device comprises a device body
comprising an internal recessed portion and a first surtace opposiie a second surface; a
coupling groove, and, an attachmeni mechanism, wherein the atlachment mechanism (s
afiixed {o the first surface and the coupling groove exiends from the second surface of the
device body formed within the device body and s in communication with the internal recessed
porlion.

130261 In some examples not according 1o the invention, a device comprising & housing in
communication with the internal volume and the exierior of a single use confainer, comprising
one or more attachment points wilhin each of the internal volume and the exterior of the single
Uuse contamer; and, Comprising an enciosure Comprising a ssaling mechanism; wharein a first
component may be attached 1o the housing through an attachment point within the intermnal
vaiume of the single use conlainer and / or within the sealing mechanism; a second component
may De altached 1o the housing through an attachment point exterior to the single use
container and / or within the sealing mecnhanism,; such that the first and second components
are reversibly altachsed io one another

130277 This disclosure also provides improved impeller designs Comprising a rounded double
nub as in Fig. 138 or a hub and a gusset as in Fig. 13C.

LCs Maving Assymetricaliy-Positioned implement Port

130287 DCs are manufactured using film suppiied at hmited wadins, typically requinng the
welding panels of film together (o produce a DO of sufticient size. Typically, such paneis are
welded 10 one another such that the weld or resulting seam s along the central axis of the DC.
implements {(e.q., mechanical and ofher fixiures such as an impelar) are typically atlached 1o
the DO by weld fixturing the same {0 the film along the same ceniral axis. This may present
difficuities as the weld and the fixture are positioned along the same axis, which may impair {he
sirength of the weid and / or DC integrity at that point. 1o solve thesse problems, the prasent
disciosure provides an asymmetrical bag in which the implement port 1s moved away from the
central axis (e.¢., along a second axis). he fixure may then be altachsed to the DU without
crossing the seam (e.g., off the central axis, or axid comprising one or more seams), thereby
preserving the integrity of the L weld and the implement attachment point.
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(30491 In one sxampis, the DO is construcied from two or more pieces of matenal (s.¢g., BC
sections) 1o provide an asymmeirically-positioned implement port {or fixiure access point)
providing an orifice through which a fixiure such as a cenirally iocaled fixiure may be
positioned within the internor of DO, kExemplary implemenis may include, for instance,
implements thatl are magnelic or mechanically coupled such as an impeliar. in certain
embodiments, one or more of the DU wall seclions are constructed as a single piece of
material {e.q., flexibie maternial). Two or more such DO wall sechion(s) may then be adjomned {o
one ancther to form the walls of the DC. For instance, two wall sections may be adjoined o
one another along a central axis at which a seam is formed between the sections {0 form the
LG, Where three, four or more wall sections are provided, each of the sections may be
adiomned 1o at least one or two other secltions along at least two different axes {8.9., seams)
such that the sections collectively form the DO, The implement port may be positioned proximal
o an and of one of the sechions but distal from the central axis (and / or any other axis
comprising a ssam) at which the DC wall sections are adjoined o one another {(e.g., the
seami{s)). A port posiioned in this way is referred {0 herein as an "asymmetncaily-posiioned
implement port”. Thus, this asymmetricaliy-positioned implement port is typically found within
one of the wall sections (e.g., a wall subsection) but off of, or away from, a seam at which any
two DO wall sections are adjoined 1o each other. As mentioned above, the asymmetncally-
positioned implemsnt port provides an ornifice through which the a fikiure such as a cenfrally-
located fdure may be posilioned wathin the interior of the DO, The orifice comprises an interior
surtace and an extenor surface. Tnhe interior surface of the onfice 18 found within the interior
chamber of the DO once the DO wall seclions are adjoined {0 one another. The exienor
surface of the orifice is found on the exterior of the DC once the DO wall ssclions are adjoined
ic one another. The mplemsant may be inserted from the extsnor surface of the orifice and
past the interior surface of the onfice into the interior chamber of the DO {e.g., such as where
an impellar is attached to a shafi, the impeslar peing ultimately positionsd within the DO interior
champer). The implement may ailternatively be introduced into the DO interior chamber from
the interior surface of the orifice past the extenor of the ornfice (g8.¢., the shaft or a portion
therecof may be postioned in the eveniual externior of the DC). Once the DU wall sections are
adiomed {0 one another o form the DC (e.g., surrounding the interior compariment of the DO,
the mplement s encapsuiated within the interior compariment of the DC. In some exampies,
one or more of the DC wall seclions may comprise a ifting tab (Fig. 14A-4, part U) thal may be
used during the adioining process to iiff each section into position such that one section may
be adioined to ancther section or for another use. One or more of the DO wall sections may
comprise one or more ports through which agdditional implements may be atlached to and / or
introduced into the DO,

(00301 An exampie not according 1o the invention of a DO having an assymetricaliy-positioned
fixture access point or implement port is ilustrated in rFigures 14A-0. As shown therein, the
DO may be comprised of four DO wall seclions (e.9., panels) adioined 1o one another to form a
common point of attachment. As shown in Fig. 14A-4, each wall seclion (pansl) may nciude a
seam for adioning each the sechions o one another. The seclions may be adjoined by any
method available 1o those of ordinary skill in the art {(e.g., heat). As shown in the Fig. 14
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embodiment, two substantially trapezoid-shaped seclions (Fig. 14A-2 {1 ), 14B-1, -3) may
be adjoined o two substantially kite-shaped sections {(Fig. 144-3 (K"}, 14B8-4, -b) such that
one end of each supstanlially kite-shaped seclion infersecis a central end of each substanlially
trapezoid-shaped sections (Fig. 144-4). The sections are typically adjoined through the seams
(e.g., Fig. 1444, representad by space belween solid and dashed lines along edges). Thae two
sudsiantiaily frapezoid-shaped wall sections adioin one anoiher at the central ends of each
(8.¢., these ceniral ends bsing parailel to one another) and interssact the substantially Kite-
shaped wall sections at a central axis (rig. 14A-4, dashed line Z2U). The asymmetrically-
posttioned fixiure access point or implement port (which in this embodiment comprises seal
housing A, Fig. 14A-4, 14-C, part 13) is found off of the cenitral axis but near the cantral end of
one of the sections, typically one of the irapezoid-shaped seclions. "Near the ceniral end”
refers to the positioning of the implement port such that it s not positioned upon, or s
posttioned away from or off of, the central axis and not on or along a seam. it is this posiioning
that solves the problems encountered when an implement port 18 posiioned aiong the central
a¥is comprising a seam {e.g., upon which the trapezoid-shaped sections are adjoined in Fig.
14) such as, for instance, ihe ioss of inteqgrity or weakening of the area of the DU along the
seam (e.¢g., central axis). An impiement (&.¢., impelar} inssrted through the asymmetrically-
posttioned fixiure access point or impiement port is shown In Figs. 14A-1, 144A-4, 14A-3, 14A-
4, 1401, 140C-3 and 140-4 (part 12). As aiso lusirated in Fig. 14, each of the wall sections
may comprise ong or more hose bharbs (e.g., Fig. 144-3 and A-4, paris 8-H and T) that may
be used {o connedt supply and discharge hoses to the DC. One or more wall sections, such as
that opposite the wall section including the asymmetrically-positioned implement port, may
comprise a drilied tube (sparge, Figs. 144A-3, 140-3, and 140-4, part 14). One or more of the
seclions may aiso comprise one or more sets of ube ports {e.g., a series of 2-10 ports through
which tubes (Fig. 14A-3, part 7)) may be connecied o the DO, Fig. 144A-4 and A-3, part 11;
Fig. 14B8-1, paris 3, &, 11, Fig. 148-3, part 11, Fig. 148-6, part 5, Fig. 140C-7, paris 4
(inoculumy), & {(drain} and 8-10 {overiay, medium, addition, respectively). A coupling shaft {part
13) and eye-bolt (part 19) may also be included (Fig. 140-3). Thus, In some exampies not
according to the mnveniion, this disclosure provides a disposabie reaction container comprising
at least two sheets of matenal fixably attached 10 one another along a first axis and at least
one fixture access pomnt or implement port along a second axis in at least one of the sheets. In
some embodiments, the disposable reaction container comprises mulliple (8.¢., two, three,
four, five, six or more, preferably four) sections adpoined 1o one ancother. in preferred
empodiments, the seclions are adioined 1o one another along a seam of at least two other
sections {0 form the container. in ceriain examples, the ssclions meet along a central axis and
the fidure access point orimplement port s positioned off of the central axis within one of the
sactions. Other features of the L having an assymetricaliy-positioned implemesnt port are also
Hiustrated by +ig. 14 as would be understood by one of ordinary skiil in the art.

100311 In certain embodiments, the DU may be comprised of a flexible (e.g., or semi-flexible),
waler impermeable material Such as a jow-density polvethylene or other polymenc sheets
(8.¢g., between avbout 0.1-5 mm thickness). The material may be be formed of a single-
doubdle- or more layers. 1he matenal 18 typically suitable for mainiaining a sterie environment
and / or making direct contact with hiving cslis. The malernal should aiso be compatible with
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standard steriization procedures such as ionizing radiation. The DO may be formed {0 provide
a compartment size of from about one {1} io apout 10,000 lHers voiume {e.qQ., any of about one
(1), 100, 250, 500, 750, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000,
6500, 7000, 7500, 8000, 8500, 9000, 9500 or 10,000 fiters). All of the components of the DO
{e.g., the contamner iiself, impellar, other mping components, foam management device, tubes,
and the like) may be comprised of the same material (e.q., a low-density polyvethviene or other
polymsric sheets).

100321 The packaging and integrity testing system may comprise g DO contained in a vessel,
The DO and the vessel may be comprised of the same or a different matenal. For instance, ths
DO may comprised of g flexidble (e.q., or semi-flexible), waler impermeable material Such as a
low-density polyethvyiene or other polymsric sheets and the vesssl may be comprised of the
same or a different matenial (&.q., stainiess steel).

130331 Any of these examples may be used alone or with any one or more other embodimeants.
For instance, a packaging and infegnty tesiing system may comprise a DO appropnale for
vartical or horizontal deployment, one or more foam managemsnt devices, one or more
detachable coupling devices, sampie poris and / or improved impeiliars. Such a sysiem may
aiso nclude only any of a foam management device, detachable coupling device, sample port
and / or improved impellar. One of ordinary skill in the art would understand thatl various
combinations of these examples could be used in any other fype of sysiem and / or combined
into a system, iNcluging thoss not explicitly described herein.

100341 The terms "aboutl”, "approximalely”, and the ke, when preceding a list of numerical
values or range, refer 1o each individual vailue in the st or range indspendently as if each
individual value in the list or range was immedialely preceded by that term. The terms mean
that the values (o which {he same refer are exactly, close o, or similar thereto. Optional or
oplionaily means that the subsequently described event or circumstiance can or cannot occur,
and thal the description includes insiances where the event or circumstance occurs and
instances where it does nol. For exampie, the phrase optionally the composition can comprise
a combination means that the composiion may comprise a combination of different molecules
or may not include a combination such that the description inciudes both the combination and
the absence of the combination (L.e., individual members of the combpbination). Kanges may be
expressed herein as from apout one particular value, and/or to about another particular value.
Ywhen Such a range is exprassed, another aspect includes from the one particular vaiue and/or
io the other particuiar value. Similarly, when values are expressed as approximations, Dy use
of the antecedent apout or approximataly, it will be understood that the particular vailue forms
another aspect. it will be further undersiood that the endpoinis of each of the ranges are
significant both in reiation {o the other endpoint, and independently of the other endpoint.
Ranges (e.g., 90-100%) are meant {0 inciude ihe range per se as well as each independent
value within the range as if each vaiue was individually listed. All references cited within this
disclosurs are nereby incorporated into this disclosure by reference in their sntirety. Certain
embodimenis are further described in the following examples. These embodimenis are
provided as examples only and are not intended o limit the scope of the claims in any way.
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EXAMPLES

Example 1. Packaging and integrity festing System

100351 Packaging and infegrity fest system was demonstrated {o pressurize per the apparatus
shown i Figures 1-83. A one hundred-iiter bag (&.g., 8 of Fig. 1) was connected 1o the iniet
port {(e.g., 3 of Fig. 1) al the connection al the top of the Packaging/iT System {(PAC-IT ™)
(e.g.. 1 of Fig. 1), the one hundred and fifty (150} liter bag was packaged by folding and
inserting inic a Seventy-five (50) liter PAC-IT ™ DSystem (Figs. 5C-D). Compressed gas was
applied to PAC-IT™ at a pressure of 2 psig and no gas was observed leaking from the PAC-
T ™™ The system was disassembisd, and a valve 1o the DU was cracked {o simulate a leak in
ihe bag. Gas pressure was applied and a leak in the fiim was measured as gas &scaping from
ihe bag was captured mn an inverted graduated cviinder at a rate of 10-100 mis/min. This
demonstraies the ability {0 package a DO in a manner that provides functionality {o be handied
i & smali package size and to enable verhication of container integrity within the packaging.

100361 Integnty Testing System with Vacuum: A 2000 fiter DO was inflated until it expanded {0
the mits of the container (2000 liter). All connections were then sealed and the DU was isft for
16 hours. The Unit was then observed and the DC had partially collapsed by approimately 50
hiers (e.g. a leak rate of approx. 50 mis/min). One liter of waler was added {o the tank botiom a
vacuum was pulisd on the DO, A stream of bubbiles of approx 50 - 100 mis/mn were observed
within the DO at 8 seam welded {0 the seal housing flange. Tnis demonsirated that the V-
Test ™ with waler over the defect was sffective at locating the defect by visual observation.

Example £. Vertical Deployment System

100371 The vertical deployment was demonstrated at a 3,000 iiter scale (Fig. &). The DU was
first configured in packaging with all poris pinched closed and fubing assemblies folded
Kesping the top assemblies at the top of the DC. The DC was then loaded inio the containser.
the DU was ifhen connected 10 a compressed gas source. LCompressed air/gas was then
introduced {0 the DO with the valve {0 the vent filler in the closed position. The DO was fillsd
untii it was observed that all creases in the bag were removed and the top of the DC. The DU
inflated successfully i the vessel with the {ube assemblies mamntainng their positions as
originaily packaged and ioaded. The {op assemblies were then disconnecied and laid back on
the {op of the DC, and the vaive {0 the vent filler was then opened o defiaie the DU ang
remove from the Containgr. The DO successiully collapssed into the base of the container for
removal this demonsirated the benefil as compared 1o traditional means of deployment that
inciude the mechanical exiernal expanding of the DO into the conlamer.

Cxampie 3. Horizontal Depioyment Sysiem
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100381 The Horizontal Deployment System (3ig. 7)) was demonstrated at a 3,000 liter scale
wherein the DO was first configured as it would be i packaging {e.g., the top of the DO was
roled back toward the botlom of the LC). The DO was then be removed from the packaging
and iaid to deploy horizontally. The DO was filled wilh fiuid from the base of the LU and the DC
unrofied and deployed (unrolied horizontaily as shown in Figs. /A and 7). This demonsirated

the sase i which a pag can be prepackaged o mainiain a8 compact packing volume and
expand without additicnal handling.

Exampie 4. Detachabie Coupling Devices.

1003891 The Detachable Coupling Device (DCD) was demonstrated at a scale of 10 handle 70
pounds weight and dimension 507 x 187 x 187, it was designed, construcied and successiully
integrated with the DC. Fig. 100 shows the DCD welded and integrated with the DC. Figure
118 shows the DCD being used o iift and transport the DC 1o its container. Fig. 10F shows the
DOD loaded in the contamer. The DCD therefore met the reguirements enabing the handiing
of of iarge appartus (e.g. agitotor shaft and impellers or other assembplies which may be
integraied as a part of a DU as shown in Fig. 1) within a DO

Exampie 3. Improved impeilers

100401 improved performance provided by the improved impelier designs {(Figs. 138 and 130)
was demonstrated by both Finile Element Analysis (FEA) and by Physical Testing by
comparng a traditional low shear impeiller (Fig. 134A) and the disclosed novel designs (Figs.
138 and 13C). Tables 1 and 2 present data relaling (o a design incorporating two High Density
Polyeihyiene (HUDPE) 187 Low shear impellers. Maximum principle stress (psi} was aiso shown
(by FEAY 10 be improved by a factor of aboul two for the Yo Yo design (Fig. 138) and by a
factor of about three for the Gusset design {(Fig. 130). This data demonstrates the incraass in
strength provided by the Yo Yo and Gusset designs, likely by redistribution and reduction in
localized siress. Physical testing was performed using a time study performed with the
impetiers at a rate of 100 RPM in a 3,000 liler vessel of water until the impellers reached an
acceptable lifetime, which was delermined 1o be 60 days. The results presenied in Table 2
show that the iraditional impellers proke afier 47 days, pelow the acceptance critena and the

improved impeliers had exceeded ihe acceptance critenia.
Table 1

impeller
Jesign

Design Change Description Maximum

Principle Stress
{psi)
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impeiier Design Change Description Maximum
Principle Stress
{psi)
Expanded the hub radially and axially. Created 770

two additional points of stress spreading out the
maximum locad.

Lesign

(Gusset Hub expanded both radially and axially in a | 473
different fashion than in modifications 1 and 2 wiih
two gussets placed on the trailing edge of the

blade.
Tabie 2

impelier Design Change Description
Design

Lays o
Faiure

l

-
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

YoYo Expanded the hub radially and axially. Created two
gaditional points of stress spreading out the maximum
oad.

Gusset HUD expanded both radially and axially in a different

fashion than in modifications 1 and 2 with two gussets
placed on the trailing edge of the blade.

100411 VWhile cerlain embodimenis have been described in terms of the preferred
embodiments, it 15 understood that vanations and modifications will occur to those skilled in the
art. Therefore, it is intended that the appended claims cover all such eguivalent vanations that
come wilhin the scope of the following claims.

REFERENCES CITE ESCRIPTION

+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
H +*

+* + +
+* +*
+* +*
+* +
+* +*
+* +*
+* +*
+* +*
+* +*
+* +*
+* +* +
+* + +* +

This list of references cited by the applicant is for the readsr's convenience only. it does not
form part of the kuropean palent document. kven though greal care has been {aken in
compiliing the references, errors or omissions cannot be excluded and the EPQO discliaims all
Hability in this regard.

Fatent documenis cited in the description

o WVWOZUTS040T01AT 18083
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PATENTHKRAY

1. Stertl engangsbehoider omfattende et indvendigt volumen, hvilken beholder omfatter

en aftagelig fastggrelsesindretning omfatiende:

en farste fasigareisesmekanisme, som omiatter el indretningsiegeme omfatiends
en ndvendigt udsparet del og en kobiingsnile udiormet | indreiningsiegemet, og
som er i det veesentiige placeret | del indvendige voiumen | behoideren; g

on anden fastggrelsesmekanisme, som er | det vaesentlige placeret pa den udven-

dige side af behoideren; nNvVor:

indretningsiegeme for den fgrsie fastgereisesmekanisme omtaller en ferste
gverflade modsat en anden overflade o0g en fasigoreisesindretning; hvor fast-
gareisesindretningen er fasigjort tl den ferste overflade og Koblingsrilen strask-
Ker sig fra den anden overflade af indretningsiegemet udformet 1 indretnings-
legemet og star | forbindelse med den indvendige udsparede dei;

den tersie 0g anden tastggrelsesmekanisme er fasigjorl i hinanden for dan-

neise af en enkelt, todelt fastgereisesmekanisme;

den ferste fasigereisesmekanisme er indreftet Ul reversibell at fasigere en
impeller | det indvendige volumen | den sterile engangsbehnolder dertll, kende-
tegnet ved, at:

den anden fasigerelsesmekanisme er indretiet 4l reversibell at fastgere en
inaretning udvendigt for peholderen dertil, for at igfle og/elier transportere den

sterile engangsbenoider og impelier.

2. oteril engangsbeholder som angiveti krav 1, hvor den anden fasigerelsesmekanisme

omfatier en gjebolt.
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FIGURE 14
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Exterior isomstric view



DK/EP 3065691 T3

FIGURE 14

L L L L B L L A A B L L L L B L

-~ a

= 4

{m

-
.-
.-
.-
.-
.-
.-
.-
.-
.l
3
'-
.-
.-
.-
.-
.-
.-
.-
.l
.l
‘wwwwwww vtw‘r:
-

;
W

1@

¥

T

o

iiiiiiiiiriiiiit’iii L

g g g g g g g g

X¥:

b

¥

;
\
~
:

- 7 o7 o/ o7 o7 o o7 L T P 7 o o7 7 o S S ot N o o7t IR o AR o o o o o D 7 R Al A s L7 o7 o7 o7 o7 AR o PR 7 o7 7 U 7 PR o AT AN WA YAy A 3, & W' o7 o7 o7 o7 W7 o7 o7 o7 o7 R o o MY o o7 o o o R o R PP P 7 o

2

1
.

telal]

u
h

rrrer

)\R )
Ul &4

e e e e e

T T T e e e e ey

D,QQ......Q‘Q‘.........Q’*}‘

!‘-’EI{.‘I%?G

SR ITITIT LR ARt 70

.u‘h
4
.
\\\\\\\\\\-Mﬂ..

A

s » s seesesssesnsssensesnny e . -c
. - L

w
o Y o
£y , N7 e e
Coe f s Boe.
,. P En

M
Sz
k)
&2

o
4

ﬁ.5&&5&&5&&5&&5&&5&&5&&5&%'Q‘ *
. % .
DY) - '

TP LT LT LT LT LT LT TTTLTLTTLTL_TL_TT_TL_TTLTTLTLTLTLTLTLTLTLT LTSS LTLTLT LSRR LR 3

\,“'-_._.;._._._._._._:;._._._._._._._._._._._._._._._._._._._.;.:2 ﬁ : 2

> ."“.“““““““““. y

{

o

R R R R R R R R R R R R I ..\..‘.‘.\..‘.‘.\..‘.‘.\..‘.‘.\..‘.‘.\..‘.‘.\..‘.‘.\..“.
yu
o

s

\d

K y ’ ;
¢ ; ’ _
" ! ’ '
' p '
; ¢ ; _
. 4 - S : _
sty T g g e 4 “ “ “
- . ! . 1
x. . LI i s V. '
r~ A “ P _
i B r . : '
< A ’ i !
“- % \ P '
’ :

’
’ )

’

’

’

K

S A A AR AR AR AR AR AR AR AP AR AR AR A AR AR AR AR AR AR R AR AR Ap ap A A ap ap EEE R R R R R EEEREREREERRERERERERRERERERERRERERERER -

- '—Ei'- T - -

AT A



DK/EP 3065691 T3

CURE 14

L B L L L L B L A L B B L B B B B B B

ﬁ11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111‘

N

“Mor

-
-

nt

W

pezoidal} |
oV

4B-3

ra
t

Jomma

*

X
g

Fanel {

v
)

ront

A
<

=

e e e e e e e e A e e B B e B B B e B B B e B e B B B e B B B B B e B e B e B e B e B e B e B e A e A e B e B e B e B e A e B e A e A e A e A B B e L B B e B B A e A e A B B e A e A e B e B B B B B e B e A e B e A e A e A e A e A e A e A B A e A B A e A e A e A e A e A e A e B e A e A e A B B e A e A e B B A e A e A e A e A B A e A e A B A B A e A e B b A B A B A e A b A b el el Bl

de Vi

1%

ﬁai} S

-

AT

148~

Fromt Panel {Trap

ALl LLLTLTLLTLLTLLTLLTLLTLELTdLTLTLTLDBTLDTLDBTDTLDBTLDBTLDTLDTLBTLBTLBTLDBTLDBTLDBTLDTLDTTLBTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTLTLTLTLTLTLTLTLTLTLTLTLLTLTLTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTTLTT LT L s s asssLLLLLLLLLLLLLLLLLLLLnnLDLLLTLBTLLLBDBDBDBDB DD DBTDBTLDBT DT DT DT DT RBTE TBETE BT T LT BT LTS LT LT LT LT AT LT AT AT LT AT LT LTV L L L L AL L L L L LA LA L R R R R R

A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR A AR AR AR AR AR AR AR AR AP AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AP AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR A AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR AR ap A ap ap ap s ap ap ap



DK/EP 3065691 T3

FIGURE 14
14-B4

L B L L L B I A L L B B L B L B B

. .
..”l.mr\w!»!»!»!»!»!»!»!u!»!»!u!»!»!u!»!»!u!\»!»l1\.\..\.\.\..\.\.\..\..\.\..\..\.\.\..\.\..\.R.\..\..\..\..\..\..\..\R.\..\._.i lllllllllllllllllllllllllllll opprpp L T A A A A \
." e A
. It B A
} o 4
3 iy “
) ~ % :
i} . G L e e e v v v w T vy
”w e 4 3 a.m
L A . e
v‘&.ﬁi ........... - T e aa - .\.\..\.\.i. < “
3 o 1 .. :
' F o o7 e .
+ - m T
) Lot / -
....... } w . . a, A
l..llllﬂN!!!!v!!!!!!!!!!!!!!!!!!!. P OO R LIl .‘L’L’.‘L’L’.‘L’L’.‘.\.\.‘L’L’.‘L’L"L’L’ -~
. B ‘ M
£ w ‘ ¢
d 4 Ty !
a 4 '
“ 4 w 1
; “ LY/ ¥ P P P i
2 4 “
4 A 1
4 A !
d A ‘ 1
d 4 ; !
: : _
a 4 "
d A 1
P A !
4 A 1
d A 1
a 4 |
4 A 1
: : _
4 4 .
6 A
6 A
“ -Q \ .
A A / X
. 4 L0
A ' “ e
“ Jc& . : .. ?\
. ) 381
) o . A % o
i . . X . .“
i . X ! -
) . .
“ . LN
h Y £ Y
_‘ ; 3
) _A..._.
) f
f, . X %
; P4 A%
‘ £ r @W L%
3 \ A /
) - " /
. ”t. A f* ¢
M n\q-\ql. . \“\.-\.-.\1-\-\-\-\.. "o \.-\q-\ql‘n\..l E Vel e .1.‘.‘ '.1.1.‘-.1..” \”‘.d. revwwwe ‘we . !.1.....‘.‘ T BBBBE. VBN ...‘......l‘ .. Fr . LE $ | el e e ..Kl.ul * il il sl e e }I. ...'\!lll!l!(- \q(l» ll.ll!l!llll- R e at at ot ‘!l- .\.lll\l\l\{- l...l\l o el ek b - .aﬂ.lllﬂl‘ll’ll .l.w{- rwwwws “”' l.r““‘! ﬂr“w.‘“
d ' (
d ¢ .
n “ ' . . “ -.
L . \\ “
L ‘ i o . ‘
A Y SN T
y .
n : f . m e
i 5 )
i X /
4 ’ . ¢
d N . r
d N 4
d r
1 i /
4 . A.’ v . .
m £ w m rre
PR Y 4 o
. » ¥ .. y ’
. » ¥ Y ‘ 4
* " “ ¥ 1 “
) » ¥ f y ’
. R ¥ ‘ ’
S A Y s : :
. " “ m b.’ . q “
“ " ¥ FYE XYYy rYryyyR) “ n “
¥
. » y m. 5 y ’
" " “ p ﬂ(.(nu}w. q “
. » ¥ ’ q ’
m w ‘ m y ¢
¥ f q H
Bl B B B e B e B B B B B B B B B Bl e B B B B B B B B B B L T Ty v M ."
¥ . : <
“ | :
4 q
y 1
4 q
v : ‘
J sl sl sl g7 Kbttt
_$hhhhhhh.l.- “ Fy . AA
3 .

b

T om

G VIgW

te-shaped] panel, exter

3

v

R

{

Right



DK/EP 3065691 T3

L B L L L L B L A L B B L B B B B B B

it amhanh ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol o |

§

A}

» vivvv.vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv , +
P * F F P b r * P r Y r r r Fr F F F F F P F F F F F F F F P P PP

et

OF

¥

-

-

&

- :i‘

-

-‘ .

148-6
i1} o
WIW

-SRAp:

v

. o

rg . g .

v .

. - .

. 3
v . .
. -

te

§

A

.

I N N N NN NI NN NN NI NN NI NI NN NN NN N NN P A2 e s bbb a r b ¥ a ¥ r rr r r r F F FrF F FrP FP F FP PP F P P F P P PP P PP P P PP

Right {1

)ﬁ-----------------------------------------*ﬁﬁ*--*-ﬁ------------------------------------------*

e e e e B B B B B e B B B B B B B B e B B B B B B B B e e B B B B B B B B e e B B B B B B B B e e B B B B B B B B e e e B B B B B B B B e e B B B B B B B B B e B B B B B B B B e i B B B B B B B B B e e B B B B B B B e e e e B B B B B B B B e B B B B B B B B B i B B B B B B B B e e e B B B B B B B e B e e B B B B B B B e e e B B B B B B B B e e B B B B B B B B

) . . .
LR L B L N L I L L L U R N - - -4
LI I L L L L L L L L L L L L L L L L L L L L L L L L e e R O R O v r ¥ v r
- L I I I I I I IR N N B N .

.
L
»

1485

-

fAffTfTfTfTfTfTfLTfLTLTLTLTLTLTLQTELTEQRBTQABREAQASfQAREIfQASEIfQTSEfQTETIfQTBRTIfTEfLTfLTfLTfLTLRTfCBRTfCTBRTIfTfTfLTfLTLTLRTCLTLRTLRTLRBRTfTfLTfLTLTLTLTLTLRTLBTfLBTfLTf[TfTLTfLTLRTfLTLTLTfLTLTfTLTfTLRTfLTLTLBTLTLBTLTLTLTLTdLDTLTLTLTLBTLTLTLTLTLTdLTTLTLTLTLTdLTRLAGCTfTIfLTILTLfTLTLRTLfRfLRfRfCBfLTfLTLTfLTCLTfLTfLTfLBTfLTf[Tf[Tl[LTCfTLTf[TfETELTLTf[TL[Tf[Tf[T[ThIRECfTETLTLTIi[TfTBETdTTETICTTETILIfTSITLAEICTSTEAEITEIEAEITEITEIATETERAfCASRLASLASLASELAELALASLSLCLCLALALALSLSLSLSLLLLLLLLLLLLLLLRRAAN

Right {kite-shaped) panel, side view

LR R R R R R R R R R R R R R R R R R R R R R R R P R R P R R R R R R R R R R R R R R R R R



DK/EP 3065691 T3

a L T o
- VLG e PEEEEEN 7 1 SR
r . N .
’ mn." .
: A :
: 4. 0" 2
. SRS . At T .
. ﬁ wru M%W R BT ."_. a s a ~\o‘\‘\|\|\.\.|\.\v .n. .ﬂ
- o w T gy A :
" ’ " “ rEEE Y XSV T T, - . .uh.li.iv-. ----------- “-\.-.-.-. __'_\\ ) . -
J e ] ) wwwwww \3‘1‘11111‘1 . . o ﬁ - .
“ \\\\-\\\\\% WAm ? .\\ . = » .
J Il KL .w\%“ u. .u.. Lt ket s A e “a, e
; A = & ...\ oW y ey . AT R e v
. g 14 . . r v R K . - - ot
3 g . ’ : I o e -
- Mm ’ . DL o ETA
\ 2 . . - "\.* v
X . ) o o oo
3 PR : } - BN e
‘. . b
4 £ . w ) f“.. ‘
/ T e a 3 ) :
. . » . Hv ¢
- v 4 4 4
: - . AK. . . 2’ 4
“ » ..rr .‘w Y " “
: g . ! 3 ‘ * ¢
f
' . g : W oL 3 . } ’
- i - [ ] ]
““ PR X 5 ; ; ; , :
' ! g . ) 3 : } y ‘ .
. * ““ ‘ " W ! > e “ “n
‘. I. .- . ’ -* ~. .- ‘ " . . .
a . .
“. ..‘ m " > . " m “ L -
) . ‘- .
/ . / . ; s ¥ % :
! * 4 ’ . L4
b . # : - : #
i Y “ : : . 7 : “
‘_ - \ ] ’ .—. 4 v _M
i : 4 , ' ; . ; L._..“-u j m
..JJ‘. ] ¢ ' . 4 ) . ’
4 " 4 ’ 3 L]
i . 4 ‘ - 3 v »
! ‘ 4 - ’ / ’ » ¢
i . L ' : ) .
' . L ’ v
. XA L " : } .
. . : € . " " v :
’ o -3 " . * . ’ ¢ » 4
~ % w " M . H ’ : ' ‘ ) ‘
- LXK . v = : ’ . » '
o L S . ) . : ’ " -
.k .‘ : | : ! h
.,5.. SRR SRR} _‘. : % pe Mw 4 : / . Exg .
. A . .. t . . Ll .
R ‘ . “ . ¢ m - .“;.u._. VoA A ..\s . - ’
” “ ”.- ‘- m *‘ ‘ ’ - -’ . \\ \ ‘ . '" . \- - \ . M. “n. . --' wf' L AL L -. &w& \-’ . ’ \TJ-‘ aH
L . ’ *
“ . : ’ prr % om. v - = ‘
. . . s v e ’ H - .
Cp. . ' g ’\“ . . . - \h\hhh\.x .h\h
¥ _ : : e : S AAN B x% h\_&
¥ | . " _ L S “
-y .. : . FE R4 4 .
gL ! v . . ..W , L/ ’
v v . . c ! m -
‘ v . . - . 1 . .
m v . K L A - L . .
v . i Rl ’ SN ' -
y S = s kot ¥
i . | < L
b A . e R
}am : S . . . e,
Vo yor ., . 3 o
”" “ 0@« .vqcu.qt\i\\qco«c\.....ucco«lo*c‘t\o«coq“co\- “
Y v . ’ ' v
3 PR R i “
v . ' . ¥
“" . Koot # o - o ﬁ\&. D b n st r\ .
Y 4 v A
& 7 : o
v ’ B
yow \m v S af
door . . i
o : / _Kxus%gwﬁ. ) o
y v ‘ i VWL L _.\ﬁom {
. ‘ “ 4 .“ ‘“
m [ "] ”. n
- r "] i ‘
¥ v | .
¥ v Kl ¢
¥ . 4 {
) : H" . ¢
: : {
: : : -l w _.
¥ . I R i
» 4 1 . g~ n
beu v s 4 {
: ‘ M ) ' ¢
’ A T ”" n”
’ ) .- .
y ' ' f
] ”. 4
"] i _-
] ¥ [
’ ) ] ‘
] H_ [
; ; 9 :
] 1 A
’ - A
> f
‘........“.....M-....u.....a.\..._ \\ﬁ.%&-n 7x 2 AN~ <. S M m o \\» _ru 4
.\.lttl‘\tr .% \ 11111 \!‘-‘\&T e \\h\\‘“.}\h ’ ) l\ f ‘
...... ¥ 8 R » N F
AR FEEEAP r.ﬂ.x. - ik»s?\t .\“ﬂﬁ.-\ -b.ﬁ.‘\.\ A e “ ..\- ﬁl
eewmeer so“* caccccc%b‘ -4 ichcc..\.ltn "] . .\.-\.
........... Q.W ! B, A w- S ' ¢ .\v o fﬂ- ? -
Nesrrmrs i AV 1". - »\..3-\ o -.\. ] > p L. s aVo 'd ﬁk
6§m ..»;n..\b.- 14 ’ L \ " .-\..} P
D0 SUDSS Sype ‘ . 7Y o e

\C\I}C\C\C\Cb‘h‘ﬂl hn.‘;l“\l - |§5 ) .
SN o} W17 xwu\ :

llllllll

Ty awags

A..__..vnvv

‘- l'l" ' .

Tl A a\.
.bﬁbbhbbhsbu - X -
!va-l-\.ﬂv .*.-..\ 'Qf -\_b.

[4

‘_-

P N N R R R s

.‘.

5

:i

}t
Fy

“
el
N

s

&/ N

7
7
'.Jf

-~ ‘

d. !

!s).

.\.}T;Lw.\l&\-‘v.\s.\..\.\.\.k.-\..\.k..\..\..\..\..\..\..\..\..\..\..\..\..\ .\..\..\..\..\..\..\..\..\..\..\..\..\..\..\..hlu.\..\..\..\..\.\..\..\..\..\..\..\..\..\..\M.\.\k..\..\..\..\.\\jmi}\n?%%tﬂlhhhhhhhhhhhhh.\ {.i.I.t.i.l.t.i.I.t.i.l.t.i.l.t.l.l.t.i.l.t.i.l.t.i.l.t.i.l.t.i.l PO B PR BEEEEEEY. e wwww sl LS
e ¥

2

W rd -

PR I N \\\\\\\\\\M\\\\\\\\\\\\\\\..“\\\\\\\\\\\\\\\\...“\\\\\\\\\h\.!!\!!!!!!!\\\\)&H\.\\\.&\.\.\....?... rEEE

\.\.\.\.\.““

“\“\“\“&\\“\““

b

‘\“\“\‘?

T T T P . L L L L T T T
-

T T T T T T T L L L L L L T T T
1
4

‘“w“\“\“\
. .
] ' .
.-



DK/EP 3065691 T3

Fiﬁﬁﬁﬁ 18

o -.'\‘

P oo
e a W

: ’;('0'.
Va

-. ‘_ .

I,

L4

-
»
4
¢
"
-
’
a

£
t"
7’

P,
. g
*
»>pry
-
r
L]

-7
-
-2
—

A
‘\‘~‘
o pnt
T »,‘/ *uy
?
]
«
“
*e

L h )
W : -
o S : ‘y' ‘\‘- . '
R YA e h \ N
. - v, ) N
R RRC A . 3 : .
y > 3 N h, -.? g . N L
'\ . : N » . L ] .;. . ei
. - Ll . L)
T ' \'c}’: : "'.. . . ‘\ 3 ¢ ) : 3 A
’ . . - N . - '.l R - . R .
};1' \ : :h : < . \\"' -?\!'.i‘"' ’ SN
™, . by \ . < N R
\ - N . . 4 - g K e &. b
., A . ' v > \ L2
L . . . . v .
hh.. : '*.. : .:. g. '\ \ -‘-"Q
[ " [ + . .
\."- -t_-.w,-t_-ut.r‘ . ; l;, ; : "l’
’ N N .3 \ At
- > "‘A r v
o s “w W : -
) .\ 1 '."n s Ry ﬂ.' RS
. A L TN 3
. - . . - 1.
N , LR W Ta iy e
a o' -, e A~ = Ve -
N = ., Yo o _ - U
= v e 1. i ARRPE O 2‘ ow
Y I T L A Ay A
. . .
M. N
‘ : ) Y ' - . . ' R, i
by, oy o - Lo
y 1"& .
: L )
Y N M) N
) PN A
Y 1y - N
:. . :
M 3 t ‘. .
Y ' g A
Y N A
:- B R
. . . J A
e o™ SR ot
~-. ', . L “ . 1
.d" e - i \.}_a-'a._a-_a-_h_a-_a-_a._h_a-_a._ -
RGO TR N e . =
'y 'Y ' - - - . . . .
» ) . N - - . i W
W e Sy o4 . “ . ' iy VT
,"-' N Warrly Y ' . w-"""" '
2 . . ., . 2
) . - ' #ﬁ.-.
L . o T TN e
ol §-‘hhhhth.hhhhhhh\'hhhh\.w.-‘-’ oo
o
e
‘.
..'.

S et e e s P
N Rt R W, o

K

}k‘.\.\ - \‘ "?)“~ N

RN



DK/EP 3065691 T3

FIGURE 1S

'''''''''''''''''''''''''




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - CLAIMS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS

