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CHROVATOGRAPHY COLUMN AND METHOD OF OPERATI ON
BACKGROUND OF THE I NVENTION Field of the Invention
wo 2099k 77The present invention rel ates an apper/as8s6/@ness
met hod of operating a chromatography col um and,
nore particularly, to such a chromatography col umm
and a nethod for effectively packing nedia and/or
ensuring that the top flow adapter remains wthin a
tol erance of being | evel and/or automatically noving
the top flow adapter to at |east one predeterm ned
position. Description of Related Art [00021
Chr omat ography is a process of separating the
conmponents of a m xture of chem cal substances
t hrough the percolation of fluid through a body or
bed of comm nuted or porous rigid naterial, known as
nmedia. In the process, the various ¢ onen I
IMBROSEP SSEROMATORTARAY Ao My ANRNIE L0 BLoy rEraTION
retardation as they are trans%orted t hrough t he bed
by a novi ng fB@iQi{éRQim]P&F.Tﬁ IHVENBIONf 't he
substances to be separated becones the noving phase
of the system passi néiednf deglwvenftoni nterstices in the
stationary or continuous phase which are finely
[000i]vi dhe preasrt irokation plates ki kppaiatnstahe nfegroghof operatinga
slurry. [0003} The substances in the noving phase are
chri@bto gephnédturhi &nd, @propardcudhlyowwaticos epbyatogabhyeolumn and a
filled with the finely divided material, i.e., the
metFBE ifck e fleBrdelyCppakiah seh andof & ntny that thy/top Howsadapicrrenains
to be separated. The particular material used for the
withB % 18lerance of being level and/or automatically moving the top flow adapter to at

least one predetermined position.

Description of Related Art
[0002] Cﬁromatography is a process of separating the componeﬁ;s of a mixture of
chemical substances through the percolation of fluid through a body or bed of
comminuted or porous rigid material, known as media. In the process, the various
component are often resolved, or separated, by their selective retardation as they are
transported through the bed by a moving fluid or buffer, A solution of the substances to
be separated becomes the moving phase of the system passing through the interstices in
ihe stationary or continuous phase which are ﬁnely divided particles, possibly in the form
ofa gel sharry.
[0003] The subsiances in the moving phase are poured into the top of a chromatography
column filled with the finely divided material, i.e., the media, that can absorb

differentially the substances to be separated. The particular material used for the media



WO 2007/ 078377 PCTJUS2006/ 040635 varies widely wth
the substances to be separated. As the solution
percol ates down the colum the conponents. are
wosparated fromthe buffer fluid which my Petmsppediosss
back into the top of the colum so as to again pass
down through the bed as a carrier. The different
substances as they travel down the colum at
different rates formbands of the different
subst ances which are individually collected at the
outlet. [0004] A chromatography colum typically
conprises a hollow vertically disposed cylindrica
housi ng including a liquid dispensing section, also
referred to as a top flow adapter or plunger in many
enbodi nents, at the upper end and t hrough which the
buffer. and substances to be separated are di spensed
to the nedia bed, and a liquid collecting section at
vatieewidelwerithethelsibstanes it betopargtetth ds shetroluting percalatgs down the
buffer individually. The nedia or bed through which
colungn theltdraponbhts et sepedlated feomrtee buifeb Auklepddcianey bamanped back
- purified percolates is |ocated between these
inf®QEd o BFthe THQmnisE Wé B AAhBRRASIONG: tBoakh 1B badas 4 tapiérd The
collecting section may each include a respective

diffrshtshbhb & hsPhedtt@van@wilthé S2gthn MNBIGEntREs RirdttReds Eithe
be connected in"an assenbly with an axially novabl e
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OB O£ Al o RSP bR AN HEKLAO e
xR B O A A 35 o
QS ShnSE i R R USSP R o Rl R RO Qb g B butrer

Patent No.. 6, 736, 974, ..i ncor,por.at ed.. her.ei . .
oo GHGTROHEE: DA GRS HRriaa G o a Havid colleting

section at the lower end for collecting the substances and buffer individually, The media

or bed through which the buffer fluid and mixture to be separated and purified percolates
is located between these sections. The liquid dispensing section and liquid collecting
section may each include a respective distribution plate and at least one of the plates may
be connected in an assembly with an axially movable plunger-like body positioned within
the houéing. After the column is charged with the bed media, the plunger body is often
forced toward the bottom to compress or pressurize the media bed which has been poured
into the column.

[0005] Prior art designs have allowed for the plunger to be moved with hydraulics
manually controlled by an operator such as those shown and described in Applicant’s U.S.

Patent No. 6,736,974, incorporated herein by reference. When the operator manually



2 WO 2007/ 078377 PCT/ US2006/ 040635 actuated the
hydraulic controls of the prior art design, he or she
woul d cause valves to open and shut to nove the
woPbtigas7 up or down. There was no ability i BCTHhISS006/040635
prior art design to have a controller nove the
pl unger to a preset |location. The operator had to
attenpt to stop at a preset |ocation, which could be
tricky. This is especially inportant during
calibration steps. Also, there was no way to direct
nmovenent of one of the hydraulic cylinders
i ndependent of noving the other two in this prior art
desi gn. [0006] The hydraulics in the prior art design
provided a single hydraulic pressure froma contro
val ve to each of three cylinders which noved the
pl unger. There was no may to ensure that each of the
thr i nders nner to ensure that the
%ﬂﬁ? g%ra‘gtfa‘ﬁfl@&o ﬁg&ﬁ QﬂPfrPr%\ PGl Hahhapul SPP“SB alves to
si de of the pl unger becane tenporarily Iodged on the
orenaf gt &t MEKhE HIUGES, UPEK dewnpggwe s Be fﬁa ity i ghigypgdor art
easy for the plunger to becone sonewhat canted
deswnttﬁ DAVe Elf\@ﬂtféf ppve Tha MungsT wrrdereset lopation. The operator had to
cal cul ations perforned by the pharnmaceuti cal
atternpiprasioreet agpresebiocationgdwiich vildbe triskn sThisfstaspasially atpodtmt
media pack is uniform A lack of uniformty could
duraghcelibretign siéise dlsoatherenwasiopraydodiredt ewedoyntofi usd oiifhe
uni nt ended problens and a poor quality batch of
hydphrdic eplimlets iaddpepdentiofihovih®BO diher tve ipnkio prigrart qegigki ng
- techni que involved an operator |owering a plunger
(0006}t iThe hidradlic@ AP @ pribf ar0 A&i@f préi@edydihdMeiB¥daulic pressure from a
encountered resistance, the other two coul d keep

con@bl YIS0 chdhEoffhed BfIndeM whichGAGed the PTRPRE THER ivhs ﬁmxy to

al so stopped. A run of product could be perforned

ensielthbt BRhWFHR thab 3GkRlehs RARH in d Riafner fo BhieQNA theltBp BBw

undesi r abl e.
adapter moved in a level manner. If one side of the plunger became temporarily lodged

on the inside of the column, or on pack material, it was easy for the plunger to become
somewhat canted within the column. This is undesirable. The calculations performed by
the pharmaceutical companies are often done with the assumption that the media pack is
uniform. A lack of uniformity could adversely affect a run of product thereby causing
unintended problems and a poor quality batch of pharmaceutical product.

[0007] The p;:ior art packing technique involved an operator lowering a plunger until it
stopped. If one of the cylinders encountered resistance, the other two could keep driving
the plunger in a “canted” manner until they also stopped. A run of product could be

performed with an unsatisfactory pack. This is believed to be undesirable.



3 [0008] Accordingly, a need exists to i nprove the
oper ati onal nethods by providing an inproved
chromat ogr aphy col utm. SUMVARY OF THE | NVENTI ON

[ 0004] Enbodi nents of the present invention seek to
address these needs and others. [00010] :

[0663]'S 2@ aInbYy, a fsEd ediseningprofe thdwpeptiasd ntethiodsy bnprowding an
seek to provide a chromatography col um capabl e of

hﬁ?“ 1 b o st @ubhhow adapter at least within a
rgﬁetern1né%a?glerance of being.level. [00011]

Enbodi ments of KRN ARSTOF THEINVENHION seek to
provi de a chromatography col umm. capabl e of evenly

[0@%3 giﬁlgllg%%ﬁlg*ng 8f {élg g%lgrlt uﬁ%ﬁ@gl'dsgﬁ% $d@tsstth@e RERIS & others.

to provi a chromat ogr aphy
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C00013] | dg oné ~ pr term ned position.

n accordance. wi.t h. a fj 1
h{ﬂr’l@% : . tainh g@@aﬁ hi
) col uﬁ%p(l:lg ﬁg?ﬁg Cfﬂe} 1? ?lfetp?nl 3 &rt%%ﬁ%ég o gﬂ?lg;tﬁgd%g\?g plllq?/

] ©.a nder with a plunger

Pﬁﬁﬁfﬁéﬁ$ﬂﬂgg8mﬁeOgP?Q%ﬁéthen1 sai d plunger noveabl e

within a cavity of the cylinder in.an operat]
oisde, o bbeayseuitmalriat T LAl Iamaphy

y coupl e Q the_plunger; position sensors

cohsyprepatilcef gyerls padkieg Bal%i th the at |east two

drivers; a controller in comunjcation with the
[0p2] ¢ Forodiratrad thaprescat iHvasipn alse ek & Pr@?“dsaﬁﬂfﬁﬁia@?ﬂphy

dat a yelatlye to positions of the at |east two
cotlminneitisa cesroberodniet aingyve fiedon Be adipier éngeaheut put

for use in controlling operation of the at |east two
préldteratised sitiosi ti on the plunger up or down at
[00013] In accordance with a first aspect of the present invention, there is
Iﬁrovided a chromatography column comprising: a cylinder with a plunger connected to a
drive system, said plunger moveable within a cavity of the cylinder in an operational mode,
said drive system having at least two drivers operably coupled to the plunger; position
sensors respectively associated with the at least two drivers; a controller in
communication with the po sition sensors, wherein said controller evaluates data relative
to positions of the at least two drivers, said coniroller provides at least one output for use :
in controlling operation of the at least two drivers to position the plunger up or down at
least one of a predetermined amount and to at least one present elevation relative to the
¢ylinder.
[060013a] In accordance with a second aspect of the present invention, there is provided a
chromatography column comprising; a cylinder with a plunger connected to a drive

system, said plunger moveable within a cavity of the cylinder in an operational mode, said

drive system having at least one driver operably coupled to the plunger; at least one



| east one of a predeterm ned anmount and to at | east

one present elevation relative to the cylinder.

[00013a] In accordance with a second aspect of the

present invention, there is provided a

 predsumisesogeaipley te atlleashorearthd & laagh:ona duydriserdang agredsuig related
pl unger connected to a drive system said plunger

to Amasistddice pmbdubd exeaed avihe pluokertiyenalyd witlkde the cavawy a controller in
operational node, said drive system having at | east

coffteunibativie ith fReadlzhit of@piRkset seisot,Mheplinsa@bécntrallerle@alaktes data
one 4 pressure sensor coupled to at |east one of the

relfivd 1838 preRBrePrd-NAd 1HANS htGasPorRIRESHE Cerls&l, Addedhid dotrdlier
resi stance pressure exerted on the plunger by nedi a

prw;&al a@ 1&5&%@ %Mﬂphb’for BscCRRbARIIGS opefhtiof OFRE AL Rt b driver.
he at | east one pressure sensor, wherein said

controller eval uates data relative to the pressure
provided by the at |east one pressure sensor, and
said controller provides at |east one output for use
in controlling operation of the at |east one driver.
4a WD 2007/ 078377 PCT/ US2006/ 040635 [00014] A
controller is also provided which preferably at | east
assists in providing one of a nunber of operationa
capabilities not provided in the prior art. The
controller receives an input relative to at | east
two of three of the hydraulic cylinders utilized in
the preferred. enbodinment relating to at |east one of
position and/or pressure.. These inputs can be
utilized to nove the top fl ow adapter relative to the
colum to at | east one predeterm ned position, to
pack the colum to a particular pressure at each of
at least sone of the pistons, and/or to maintain the
top flow adapter within a range of being | evel

4a



separate valves are used for each hydraulic cylinder
in such an enbodi nent. [00015] The hydraulic system
preferably i ncludes at | east one piston which is
iven by at |east one hydraulic cylinderpcgisiidd@saosss
““’ﬁpg?@FVed embodi ment, a plurality of hydr;ﬁffc
cylinders are utilized which are driven froma common
hydraul i c pressure source which is coupled to a
controller. Unlike known prior art designs, the .
control l er receives feedback related to each of the
cylinders for increased performance capabilities.
Upon receipt of a signal froma controller, the
hydraulic cylinder(s) drive the hydraulic piston(s).
Dependi ng upon the configuration of the columm, the
pi ston(s) drive the plunger and/or the cylinder
upwar dly or downwardly. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 00016] The particul ar features and
[0oBwhy ant agesllafis bibepiondenivhizh piderabil lt lasst adsiyarin phyjvidiigsone
W Il becone apparent fromthe follow ng description
of drkBBr dTbpeRARSE birABilivikd fbt bRRided GCOBPABYA) ITHecatkdlRs
in whichi 5 WO 2007/078377 PCT/ US2006/ 040635 Fig. 1

recdives 3n SiRrePlion 10/dt §siGlvo 3 BMELTREOG/IARRY AR Llized in the

according to the-present invention in a first
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- some of the pistons, and/or to maintain the top ﬂqw adapter within a range of being level
sepérate valves are used for each hydraulic cylinder in such an embodiment.
iOGOiS] The hydraulic system preferably includes at least one- piston which is driven by at
least one hydraulic cylinder. In the preferred embodiment, a plurality of hydraulic
eylinders are utilized which are driven from a cbminon hydraulic pressure source which is
-coupled to a coniroller. Unlike known prior art designs, the controller receives feedback
related to each of 1;he cylinders for increﬁsed performance capabilities. Upon receipt of a
signal from a controller, the hydraulic cylinder(s) drive the hydraulic piston(s).
Depending upon the configuration of the column, the piston(s) drive the plunger and/or
the cylinder npwardly or downwardly.
BRIEF DESCRIPTION OF THE DRAWINGS
[00016] The particular features and advantages of the invention as well as other objects

will become apparent from the following description taken in connection with the

accompanying drawings in which:



mai nt enance within a chromat ography col umm which
houses a slurry and/or nedia during operation.
Figures 1-2 depict one such chromat ography colum 10

wowot7sshe slurry renoved. The col um 10 coRPTUSHE6/e#I635
el ongated hol |l ow cylindrical housing 12, or
cylinder, having a dispersion section 14 at the top
and a collecting section 16 at the bottom The
di spersion section 14 includes a cylindrical drum 18
havi ng an upper cylindrical plunger head 20 forned
at the | ower end. The plunger 20 or top flow adapter
is normal |y di sposed within the upper portion of the
housi ng 12 such as illustrated in the first
operational position of Figure 1. The plunger 20 nmay
al so be noved, such as with a drive systemsimlar
to the hydraulic arrangenent illustrated to the
second operational posjition of Fiqure 2. The
movEigehis agiderien view@f 2 oiameiogphnsol ipR acgriingto dhgpregsnt
media to "pack" resin and/or for the use of a

* invemiidni io @ ifiast bpersiioradipesiitinaangol uim with the cavity 22
formed between the dispersion and collection sections
14, Big. 2hd/ side that vieenf tHeshpimatngeaphy eolumndllyshated s Bigehin a
6 WD 20071078377 PCT/ US2006/ 040635 100018] The

seddhd peiraionnl ettivhon 14 may al so include a product

inlet 24 along wth an inlet manifold 26 to
di ShETRAWEDIDESORTEAIONO¥ THE PREFERREDIENBODIMENTS
a resin colum contained within the cavity 22. An

{Gdﬂﬁbgt TREH:ERAt RFeriRY iDensanaER es mbthol bed fpangsifohmaditting
20 by connectors such as TEFLON (TM snaps (not

m%%tér@%e{)@&]ﬁma EP%%&%;?IMY lcRIREh viHi @ idubdsta shadB- anfilRe media during

ut or 1 may be renovable as well. A.
di . o , n1 ,
orPEBL IR 6 ot SRyl ity ot o R

reﬁgxle\c/l.e Tﬁg cosll&lxﬁll'? 16%0&91‘?3% an elongated hollow cylindrical housing 12, or
cylinder, having e; dispersion section 14 at the top and a collecting section 16 at the
bottom. The dispersion section 14 includes a cylindrical drum 18 having an upper

- cylindrical plunger head 20 formed at the lower end. The plunger 20 or top flow adapter
is normally disposed within the upper portion of the housing 12 such as illustrated in the
first operational position of Figure 1. The plunger 20 may also be mpved, such as with a
drive system similar to the hydraulic arrangement illusﬁatéd to the second operational
position of Figure 2. The movement of the head 20 allows for the compression of media
to “pack” resin and/or for the use of a particularty sized media column with the cavity 22
formed between the dispersion and collection sections 14,16 and/or between the plunger

20 and the baze 64.



val ve taught in co-owned U. S. Patent No. 6,190, 560
may al so be connected to the plunger head 20 and/ or
di spersion section 14. The slurry fill valve 32
wobBbexhges a way to fill the cavity 22 w thpe@aismos/040635
wi thout the need to lift the plunger 28 out of the
cavity 22 within the cylinder 12. Al though a
preferred dispersion section 14 is described, other
di spersion sections designs could be utilized as
well. [00019] In order to nove the plunger head 20 in
an operational node fromthe first operationa
position shown in Figure 1 to the second operationa
position of Figure 2, a drive system illustrated as
a hydraulic systemis preferably utilized. O her
systens, such as electric or pneunatic nay be
appropriate drive systens in other enbodinments.
00020] The drive systemis conprised of at |east
1008hY disperpion aptightld mey alse ipabpds a preguclinles ¢t ploas wath an
34. The drive cylinders 34 nove drive pistons 36
inlgpimagifold 126 te dgpibute inepmingfluid throng®ut 4 fepphdioproé b egsineeplumn
enbodi nent, a portion of the drive pistons is a
contthneladighin fhercavign22. 38n intet sdréan@Sfroay iehmnokcitedgo thegilwmge8bead
to connect or couple to connection arns 40 at
20 Bpeminédtors shahCatIEFLON &N} dnugs (hot illherachd) mel/@i aatioger 3Rmp nut
such as with nuts 42,44. @uide rods 46 may be 7 WO
30. 20 i B RdrpIRET B R 640 ABR s well] A digflsdioh @distiBior plate
to the drive systemto ensure |inear novenent of the

31 GdstbMdd B shitdin U.DEP£aY Nb Y6, 26b, 0. 1A Quey FlIRERE 33 Such as the

[ 00021] The drive systemalso includes a control unit

valéStadi Sl IB¥ndIey SPRLAT: /1. E,_@QO,%%}P&]SW &ﬁﬁ&ttecf&) thdWunger

plunger 20. The control unit ‘may hHave a hydraulic
ol Sy PRSP UG RIS Ly
cavily 22 with resin without the need to lift the plunger 28 out of the cavity 22 within the
cylinder 12. Althoﬁgh a preferred dispersion section 14 is described, other dispersion
sections designs could be utilized as well.
[00019] In order to move the plunger head 20 in an operational mode from the first
operational positién shown in Figure 1 to the second operational position of Figure 2, a
drive system, illustrated as a hydraulic system is preferably utilized. Other systems, such
as electric or pneumatic may be appropriate drive systems in other embodiments.
[00020] The drive system is comprised of at least one, and preferably three or more,
drive cylinders 34. The drive cylinders 34 move drive pistons 36 which are coupled to the
drum 18. In the preferred embodiment, a portion of the drive pistons is a threaded portion

~ 38 to allow for the drive piston 36 to connect or couple to connection arms 40 at specific

locations relative to the drive piston 36 such as with nuts 42,44. Guide rods 46 may be



hydraul i c supply. Controls 50 allow an operator to
direct the novenent of the plunger 20 within the
cylinder 12. Controls 50 nay allow for operation of
wo bkeofyer aul i c engi ne, or punp, a float sSwWPCThIS2006/040635
direction of novenent selection and/or controlling
val ves. Gauges 52 allow for the operating paraneters
to be nonitored. Gauges 52 may nonitor air pressure,
colum pressure and/or drive system pressure, such as
hydraul i c pressure. [00022] The control unit 48 is
al so preferably equi pped with a controller which is a
hydraulic control unit (HCU 54. The HCU is
preferably equi pped with a touch screen 56 for
operation of at |east certain functions of the HCU
54. As discussed bel ow, sone of the operations which
can be performed and or assisted by the HCU incl ude
t he movenent of the top flow adapter through_the
utifiperopenditien tothe iy Hgem to GuyE nvat Mevnckt of e drun 20 within
predeterm ned amount, novenment of the plunger to a
ﬂkbﬁ@ﬁﬁgzﬁ@ﬁgﬁﬂmﬂﬁbV%nent of the plunger in a pack
process, and an auto | evel novenment of the plunger 20
[OGBIW Mhe drive sybtemurwatcldesfasonig uni ¢8 ayhichyasydhe, operated to
W Il be understood to one of ordinary skill in the
coalrdl mdvemtntad thehduyden 2§ eThe2@niroved, mayohagte e bydradictemgine which
fl ow adapter in the preferred enbodi nent. 8 WO
pro’Qdeé/MiBihad freskutdIa 0pa&aB 40686/ cyifiizA334 dimeaydel conmecttito a
unli ke prior art configurations, utilizes sensors
hy@dRUEOSRHBY iCdairolsEP Utlodan bp&aibldd drcithe Slovaadnt bh@e plunger 20
vary signals to control operatlon of certain

wiiP8R GWiRiRr 17) @nthdIRSMSHallRN e 5%@§udm dftthdagydetiu € bssRs or
bel ow. " The cylinders 34 preferably have sensors 58

puhx? 5ﬁgaméﬂ'it&iaHir@é’cwhhﬁhﬁ%&@nt‘éﬁb&fbn%&/oﬁ&‘Hﬁx%llﬁlﬁ valves. Gauges
essure Sensors 58 provide an output whic

527068 G He BerdthE JaldtherSs lobelhéhiRfRl @iahed 52 may monitor air
pressﬁe, column pressure and/or drive system pressure, such as hydraulic pressure.
[00022] The control unit 48 is also preferably equipped with a controller which is a
hydraulic control unit (HCU) 54. The HCU is preferably equipped with a touch screen 56
for operation of at least certain functions of the HCU 54. As discussed below, some of the
operations which can be performed and or assisted by the HCU include the movement of
the top flow adapter through the movement of the plunger 20 up and down a
predetermined amount, movement of the plunger to a preset height, movement of the
plunger in a pack process, and an auto level movement of the plunger 20 as will be
discussed in further detail below. It will be understood to one of ordinary skill in the art

that as the plunger 20 moves, so does the top flow adapter in the preferred embodiment.



enbodi nent. Sensors 60 which sense position are also
enpl oyed which provide a position relative to each
of the pistons 36.. Qutput fromsensors 60 is al so
woRb@sierd to the HCU 54. [00024] Position yerast®ecofe3s
in cooperation wth the HCU 54 provi de various
capabilities which have not been achievable wth
prior art designs. First, an operator can select from
one of a plurality of preset positions for the
pl unger 20 to be positioned relative to the cylinder
12. Figure 1 and 2 show two of various positions of
pl unger 20 relative to cylinder 12 which could be
pre-sel ected. [00025] In operation, the operator my
utilize a touch screen 56, or other input device, to
i nput which of the predeterm ned positions the
pl unger 20, and thus the top flow adapter, should be
noved. The HCU 54 preferably then directs selective
[00038NiTihg coltmndlywdike priboart eoaiurefionsilized sensbey whish ptavide
provide for the desired piston novenent with the
gy tr the 3 S whick oan Reeday eipnilnedcoposli dpexatien cfesitdinbe
relative positions such as up or down six inches
pragdidred intad idpRetd PRerep ackillisdidcuand bélowr Tué eylideds3q
top flow adapter at two inches below the top of the

pref@abifhaty/dehIHE58 thdomPniiaBOOmERVAR Ghich can sense a pressure.
PCT/ US2006/ 040635 [00026] The HCU 54 al so preferably

 SeRQEIRY hrivigP 8l ltP® WillcV R &celved BRI 2K 56 & REpRIGRW

auto level configuration. Since each of the pistons
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equi pped with position Sensors e out put” from

TR Nl A T g
i3 |

[00024] Position sensors 60 in cooperation with the HCU 54 provide various capabilities

which have not been achievable with prior art designs. First, an operator can select from
one of a plurality of preset positions for the plmger 20 to be positioned relative to the
cylinder 12, Figure 1 and 2 show two of various positions of plunger 20 relative to
cylinder 12 which could be pre-selected.

[00025] In operation, the operator may utilize a touch screen 56, or other input device, 1o
input which of the predetermined positions the plunger 20, and thus the top flow adapter,
should be moved. The HCU 54 preferably then directs selective opening of valves 62 to
each of the cylinders 36 to provide for the desired piston movement with the hydraulic
system. Predetermined positions could be relative positions such as up or down six inches
and/or to a set pre-pack position of providing the tep flow adapter at two inches below the

top of the column cylinder 12.



el evation corresponding to each of the lifting units
‘connected to the plunger can be nonitored. Shoul d
any particular elevation deviate fromone of the
wo 9johefssfeasured el evations, or any two devPar&sioogaess
the other in the preferred enbodi nent a correction
can be made to place the elevations back wthin a
tol erance range of one another. Corrections can
i ncl ude soundi ng an al arm and/ or stopping at | east
one, if not two or nore of the «cylinders while one
or nore of the others |evel out. [00027] The HCU 54
can direct the sel ective opening and closing of at
| east some of the valves 62 which are in
comuni cation with respective cylinders 34 or other
appropriate driver to ensure that the top flow
adapter and the plunger 20 renain | evel within the
chromat o hy cylinder 12. By level, it
[00fi76k ride iﬂﬁl halso FeferyIxmarmrily aperﬂﬁfel&éw %ﬁh%léﬁfeg to be anew
tol erance range of level wll be sufficient, such as
aufgy levl fofiswestion.nBines caply pf e pisigys A6 Pdichoatiglmagvement of the
cylinder 12, or other appropriate first tol erance.
phYr@eCBre pquiped wWithmotiten Shsers 6B a0 gpeSdoe hesrsensors 60
second tol erance (outside of the first tolerance),
redefverhy thed 1@l off enrald wilized. Thveeléi@tionhdf ¢ach sEiha pstomn $6 or other
further novenment of the plunger 20 and/or sound an
elevhi@onnoomatpondinf & @ich ufthe tftirgamitb eomdcded e pludfee chiChé
54 in the 10 WO 20071078377 PCT/ US2006/ 040635
ma¥itefed! 1SB6uIE BB Osh-fERIH: cietftindRSiatd Tona bid oftthie HtBEr measured
sel ected cylinders 34 to be controlled to correct

elevhiEdhs SorSh{ Wad dthte frbil OR2Rher ﬂkﬁﬁéfe@&i’éﬁﬁcﬂﬁﬁmﬁ’ﬁ ch®édfiSn can
the HCU 54 of the preferred enbodi nent is the

be?tgicﬁ: kd MadeQnASILREBALHE D §/iRBCK O RBarRE %@é 8¢ onbRBoBHL R’!Hrrectmns
fromone or nore pressure sensors

can include sounding an alarm and/or stopping at least one, if not two or more of the

cylinders while one or more of the others level out.

[00027] The HCU 54 can direct the selective opening and closing of at least some of the

valves 62 which are in communication with respective cylinders 34 or other appropriate

driver to ensure that the top flow adapter and the plunger 20 remain level within the

chromatography cylinder 12. By level, it will be understand that being within a

predetermined tolerance range of level will be sufficient, such as within a centimeter for a

two meter diameter cylinder 12, or other appropriate first tolerance. |

[00028] If the plunger 20 somehow goes beyond a second tolerance (outside of the first

tolerance), it may be preferable for the HCU 54 to secure any further movement of the

plunger 20 and/or sound an alarm until the situation can be addressed. The HCU 54 in the
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which could relate to back pressure on the cylinders
34 and/or pressure within the cavity 22. By having
the HCU downwardly direct the plunger 20 until
wo bipaefasg a predeterm ned backpressure as REREE2006040635
fromthe sensor, and preferably while enploying the
auto | evel feature, the HCU can secure downward
novenent upon reaching the set pressure and/or after
a predetermned tine after reaching the set pressure.
[ 00030] The sensed pressure fromone or nore sensors
58 provide an input to the HCU 54 which then applies
a pressure setpoint to determne a pressure error.
This pressure error is applied with a danping factor
to attenpt to mnimze overshoot of a desired
pressure. [00031] The HCU may al so provide the
ability to stop novenent of the plunger 20, such as
if the operator decided to termi nate the automated
preferréd embautitens psovades turabilisy fvseleetprecylindgs B4 bvbeargapeliad to
to a preset height. [00032] The HCU.nmay al so provide
cofBetabdt 4 signatien. de- pressuri ze the hydraulic system
This can stop top fl ow adapter novenent and reduce
[06629] fARhendaphkioe pf esbipthe HON 54sfthuprefetred umbodimeittas the
system may be vented to depressurize the hydraulic
abf¥$ i Mom4it ARpaviEng hidGesO! THERRME Stéki Greltg nio@Chrossqteasnsors 60
could also be utilized. This provides an 11 WO

wiROPLRY Rl 10 adik WM@ EARde R aRl/agGeRireuaitghe cavity

controller 48 with nultiple colums 10 (i.e., once a

A Ay 4 PURCS e 0 Gl i
baglpp%s%lic%g }rleasured from the sensor, and preferably whi_le employing the auto level
feature, the HCU can secure downward movement upon reaching the set pressure and/or
after a predetermined time after reaching the set pressure.

~ [00030] The sensed pressure from one or more sensors 58 provide an input to the HCU
54 which then applies a pressure setpoint to determine a pressure error. This pressure
error is applied with a damping factor to attempt to minimize overshoot of a desired
pressure.
[60031] The HCU may also provide the ability to stop movement of the plunger 20, such
as if the operator decided to terminate the automated packing process and/or to move the
top flow adapier fo a preset height. |
[60032] The HCU may also provide an ability to de-pressurize the hydraulic system.
This can stop top flow adapter movement and reduce top flow adapter pressure. A

pneumatic pump and/or sysicm may be vented to depressurize the hydraulic system.

Other venting or depressurizing techniques could also be utilized. This provides an

11



[ 00033] The new controller 48 may now be utilized
Wi th various colums. The preferred enbodi nent of
the controller 48 can identify the type and/ or hei ght
wo 8fo787col um to which it is connected. TRCSUSZNG/ 0635
advant ageous as different control paraneters may be
utilized with different sized colums. A PLC (or
ot her conputer) within the controller such as HCU
or otherw se, upon connection with a cable 64, senses
i nputs which can be conbined as binary nunbers (such
as the preset open or closed condition of two
switches) to identify cylinder diameter and/or
cylinder stroke and/or max bed height, etc. The
switches provide inputs to the HCU 54 through cabl e
64 or otherw se. [00034] Wiile the HCU 54 can provide
a plurality of automated features, it is also
anticipated that it can provide for manual operation
adivatage aif nginop evrdollerd8okitls ephipht @lueisiddi.e.conce @ column is set up
respective cylinders (which was not an option in the
fopépetiionrthd con@blieci8reas thea iy naived tootmn armithey celliinn ¢ér
the automated features can be selected to be off
optRfiggh use of input such as touchscreen 56. [00035]
By using the inputs to HCU 54, alarns can be provi ded

[06033] 188 nkk; chAtEblRE Y8BT ndh be vl Gt Wifiohd MBSk Ithe breferred

is tilted past a predeterm ned tolerance, if the top
n?ﬂoﬁffﬁe‘ﬁg@fmmeéoﬂh%ﬂeﬂ 48f &R @deﬁﬂfy%ﬁrpé‘ﬂndi@ﬂ?cﬁgﬂﬂ 6f B bolumn to
the columm Is disconnected (i.e., no top

RS 18 SETS St R g
ut%) £Wg£€f¥%e EIS(%UEH COI’]I{ 4 21 ?L &%Q Ith%?%rgplg%g USG ? %(ﬁlg I’C{leier

su%g%sr {&0 DAl oyl g Iu%gn Icgnn%c on W]ﬁ‘l 5 &b ?edbléle ¥enges mﬂu’ts which can be

combined as binary numbers (such as the preset open or closed condition of two switches)
to identify cylinder diameter and/or cylinder stroke and/or max bed height, etc. The
switches provide inputs to the HCU 54 through cable 64 or c-)therwise.

[00034] While the HCU 54 can provide a plurality of aitomated features, it is also
aniticipated that it can provide for manual operation including operation of separéte valves
62 to respective cylinders (which was not an option in the prior art). Of course, any and
potentially all of the automated features can be selected to be off through use of input such
as touchscreen 36.

[00035] By usiﬁg the inputs to HCU 34, alarms can be provided such as if the plunger 20,
and/or top flow adapter is tilted past a predetermined tolerance, if the top flow adapter is
lifted up past an upper height limit, if the column is disconnected (i.e., no top flow adapfer

is sensed), if the cable 64 is disconnected.
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Processor with I/O nodules. This PLC nonitors and
controls the operation of three cylinders that
support the plunger. The touchscreen 56 is an A-B

wo Rapetstew 550. Rockwel | Automati on Sof t walP€T/US2006/040635
i ncl udi ng RSLogi x 500 were utilized to devel op the
PLC programm ng, Panel Builder32 was utilized to
devel op a graphics interface and RSLink was utilized
to communi cate downl oads to the PLC as well as
interface wwth a PC and the touchscreen 56. O her
software and hardware as known in the art could al so
be utilized. [00037] The component parts, such as
the drum 18, the cylinder 12, and the base are
preferably constructed from stainl ess steel and/or
hi gh nickel alloy and/or acrylic. The drive system
may be constructed out of appropriate materials
including stainless steel. Three or nore |egs 76,

[0GD3I6) ThaBIObT preferattly anchided 4 RiSE whtchds pravidedwith ghetcenirallr 48.
the base 64. The drive cylinders 34 are connected to

The IPe.(rised Qne bpérhtorad sasioh 6GA 3 EnMradeo{ss BaMeeralagicdi80
of the structure herein disclosed will suggest

Prbd36yoB @ith 8 mbdilé 03es BIKE hogRork Bnd dv@trals the djemweive of thiee
is to be understood that the present disclosure

cylifdead B shlgbomﬁe prek&! mae tRpRefknses AfA-Biantvansson
which is Tor purposes of illustration only and not

R&Qwﬁ?Aﬁig Hib MGk Asre Fndddild R o Wl uiilfNE R §BlopAhd PLC
nmodi f t he

suc I catitons which do not depart from

b e oS a0 s 08
CLAL _ . . y
o AL S5 Rtq b A B AL AB0fo e
tm?c%‘s:c%e% S%f Otﬂbe? s<|) V%@ ta!cx&) Rdrd*\zlv\'gr%tas i(gov\(r:nl iJa:lIthneeagrlt po%'l’ueélgb beutilized.

[00037] The component parts, such as the drum 18, the cylinder 12, and the base are

preferably constructed from stainless steel and/or high nicke! alloy and/or acrylic. The
drive system may be constructed out of appropriate materials including stainless steel.
Three or fnore legs 76, only two of which are illustrated, are connected to the base 64.

The drive cylinders 34 are connected to the rim 70 of the base.

[00038] Numerous alternations of the structure herein disclosed will suggest themselves
to those skilled in the art. However, it is to be understood that the present disclosure
relates to the preferred embodiment of the invention which is for purposes of illustration
only and not to be construed as a limitation of the invention, All such modifications
which do not depart from the spirit of the invention are intended to be inciuded within the

scope of the appended claims,
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1. A chromatography columm conprising: a cylinder
with a plunger connected to a drive system said
pl.unger noveable wthin a cavity of the cylinder in
an operational node, said drive system having at

| east two drivers operably coupled to the plunger;
position sensors respectively associated with the at

| east two drivers; a controller in conmunication with
the position sensors, wherein said controller

eval uat es data rel atymenbepssamsons of the at | east
two drivers, said controller prgvide #

odegived By the E'%?Wag'B H?Ir%l' Uil "o%e’y %Y?S"%ﬁéro ﬁ?ﬁt‘ee'g?ﬁow)
| east two drivers to position the plunger up or down-
at | east one of a predeterm ned amount and to at

| east one present elevation relative to the

Having tig e D R PORY BT b RO SO AR “uSi ng ¢ e

- data derived fromthe position sensors, and if an
L. A chopgiogeapBy el WnE CHPBUERSr ni ned anount, provi ding an
output to for at |east one of tenporaril stoppingi?t
| eamtyliode vdth & plangir comeeted tot a gravgstysiemesRibp/ypger ypoveable
stopping all of the drivers and sounding an alarm 3.
within a ca¥igolCihe oyiitideginaplopemtbnalmodé, seidadrive sysiine havipg atHeast two
predeterm ned anmount is at |east about six inches.

drivers opetdbly AVENEER tREBRhgéARTI CLE 19) 4. The chromat ogr aphy
colum of claim2 wherein said error is cal cul ated

dur Lagi 3lensBATEspedielyHssdPudDditH eeru lmenBakivers; t he
pl (geP mff%%nfgﬁe cgg%ty. 5. The chromat ogr aphy
col umy. OfieSh 2 M AnibEs S At WAGRsiBEH S5 Ahih 88 Sorfthler
evaluates data relative to positions of the at least two drivers, said controller provides at least one
output for use in controlling operation of the at least two drivers to position the plunger up or

down at least one of a predetermined amount and to at least one present elevation relative to the

cylinder.

2. The chromatography column of claim 1 wherein the controller calculates an error using
the data derived from the position sensors, and if an error exceeds a predetermined amount,
providing an output to for at least one of temporarily stopping at least one of the drivers, at least

temporarily stopping all of the drivers and sounding an alarm. -

3. The chromato'graphy column of claim 1 wherein the predetermined amount is at least

about six inches.

14
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predet erm ned anmount, said controller provides a
signal to stop operation of at |east one of the
drivers while providing a signal to continue
operation of at |east of the other drivers to reduce
the. error. 6. The method of claim5 wherein the
predeterm ned anount is a first predeterm ned
anmount, and if a second predeterm ned anmount is
exceeded said controller provides a signal to stop
operation of all drivers, wherein said second
predeterm ned anount is greater than the first
predeterm ned anmount. 7. The nethod of claim1
wherein the controller is operably coupled to an

i.nput device, an sai.d i nput devic rovi des f.or .an ,
4 dbe chrpyatography glpmgot Platel £ ST Eonih oSy Yot st
pl unger by the controller while receiving input from
one of tpanchdasin noresemsdike plgngerathiethisavibt cl ai m 7
wherein the input device is a touchscreen_ 9. The
nmet hod of claim7 wherein the novenent is a novenent
to one of a plurality of pre- set positions. 15
5. AMENRGR afldEph{ ARThGLJE clidh 450herdih evhom bdid eraf excéeds thel
wherein the controller receives an input froma

predeteP@Hes Smb@htadaRbcdiroll&Gprovidsld SERI tol st@ripefayion of @tledse@tof the
one of a type and a height of the cylinder. 11. The

] i i i to reduce the
o Ty Rlin) T UBSAR Pudarunad el s o
one of the sensors to |ocate the plunger at "at | east
about the specific elevation. 12. The chronat ography
colum of claiml further conprising at |east one
pressure sensor coupled to at |east one of the at

| east one driver sensing a ?resere reLat%d to % )
6. Tl mgthadof clsia Soifegein the predefermined amount is a first predetermined

CIror.

amount, and if a second predetermined amount is exceeded said controller provides a signal to
stop operation of all drivers, wherein said second predetermined amount is greater than the first

predetermined amount.

7. The method of claim 1 wherein the controller is operably coupled to an input device and
said input device provides for an ability to select at least one movement of the plunger by the

controller while receiving input from the position sensors.

8. The method of claim 7 wherein the input device is a touchscreen.
9. The method of claim 7 wherein the movement is a movement to one of a plurality of pre-
set positions.

15
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exerted on the plunger by nmedia within the cavity.
13. The chronmat ography col umm of claim 12 wherein the
pressure sensor provides an input to the controller
and when the controller is placed in a pack
configuration with the plunger directed by the
.controller until at |east about a predeterm ned
pressure value is obtained, and after obtaining the
at | east about a predeterm ned pressure value, said
controll er stopping novenent of the plunger. 14. The
chr omat ogr aphy col umm of claim 12 wherein the
controller calculates an error using the data
derived fromthe position sensors, and if an error

10, %} ggosf 8@“& i 5‘731?}‘6‘?% L @gnqro?l WBives af [r%‘d’t ﬁibrﬁg s@iﬁc@%la@é&tto the

Npor ar i y stoppin |'east one of

the drivers, | east enpo il t oppi ng all of
cylinder 1detﬂﬁéqutmtsonﬁﬁé adg6ad A e‘%ﬁt %flafg\‘?ﬁ?f ?%r AVENDED SHEET
(ARTI CLE 19) 15. A chromatography columm conpri si ng:
a cylinder with a plunger connected to a drive
_ system said plunger noveable wthin a cavity of_ the
11.  Theaydthaiteiclaim arhenga pdanping faosdeutilizgad by theicorirallps paffhinput
having at |east one driver operably coupled to the

from at leasi@ bN@ERE scbork RABLatohe phurgssatraeless nbart tropptifdclevation.
| east one of the at |east one driver sensing a

pressure related to a resistance pressure exerted on
the plunger by media within the cavity; a controller

12. TheI c%r&n?% hg/actohﬂﬂn 0 %M Nerfbr dRain@RelcRs @HS PreSsure sensor

Sensor, rein sai control |l er eval uates data

coupled to ?}S aitsqy\ré Z)f ﬁt}gﬁg g:fflst %igg gl%ler %er%fn%va! ﬁgsgu@%ﬂi@@ 1P rebi8@ade Ré8ure

exerted on the plunger by media within the cavity.

13. The chromatography column of claim 12 wherein the pressure sensor provides an input to
the controller and when the controller is placed in a pack configuration with the plunger directed
by the controller until at least about a predeterrrﬂned pressure value is obtained, and after

obtaining the at least aboﬁt a predetermined pressure value, said controller stopping movement of

the plunger.

14 The chromatography column of claim 12 wherein the controller calculates an error using
the data derived from the position sensors, and if an error exceeds a predetermined amount,
providing an output to for at least temporarily stopping at least one of the drivers, at least

temporarily stopping all of the drivers and sounding an alarm.
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said controller provides at |east one output for use
in controlling operation of the at |east one driver.
16. The chromat ography col um of claim 15 wherein the
pressure sensor provides an input to - the controller
and when the controller is placed in a pack
configuration with the plunger directed by the
controller until at |east about a predetermn ned
pressure value is obtained, and after obtaining the
at | east about a predeterm ned pressure value, said
control |l er stopping novenent of the plunger. 17. The

15. A ahsespieghaphmcenmingf claim 15 further conprising

at | east one position sensor sensing a position

rel abimRlet Qitdh hﬁge%tco&{e@temo 4 alﬁre%féié}ﬁ,esralcﬁﬂ%gepﬁo%able

| east”™ one drlver sai d pOSItIOﬂ sensor

i ST FAHA e TP S S A

i ch i t fr n1the p03|t|on sensor is utilized by
d”"efope%htf Rl s ‘(“’c‘f% %t ovi de movement 17 AVENDED SHEET

(ARTI CLE 19) through-the_ at | east one drlver 18.. The
chr Bilgasboeapey U sermhcapled taptlpastonga the 4 leagteone driver
controller has at |east one operational node in
sensing a patsswrh relatbd ot 4 nosistaficepreiewt cxaitedon dreamungey bamedip avithinthe
, results in the desired novenent under the control of
cavity, the controller in comunication with the position
sensor. 19. The chromat ography colum of claim15

f ur  b§froBNR kbS8 icabon Wilsthe iv¥Bastbhe{RESe QBREE Whbkeirt sid
the plunger with each driver having a position sensor

controller Bfaﬁl\é{eg Wag rﬁﬂflﬁﬂr et ﬁf@ re!s%r@éfo\(rﬁleﬁ IB KRR lead e ﬁi‘t‘gﬁfr@éeﬁsor and

he contro ul ates an erftor usi ng t
sald contro‘ﬁ%f ér\é%%eg Jltqggsgg]}% (ng@;[] d‘%@e ﬁleéa?&&%%l% gﬁegaﬁcrn of thk §1da8 one

Ing an outpu
driver. to for at Ieast one of tenporarily

16. The chromatography column of claim 15 wherein the pressure sensor provides an input to
the controller and when the controller is placed in a pack configuration with the plunger directed
by the controller until at least about a predetermined pressure value is obtained, and after

obtaining the at least about a predetemﬁned pressure value, said controller stopping movement of

the plunger.

17. The chromatography column of claim 15 further comprising at least one position sensor
sensing a position relative to at leas;t one of the plunger and the at least one driver, sa:';d position
sensor in communication with the controller, and said controller having at least one operational
mode in which input from the position sensor is utilized by the controller to f)rovide movement
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stopping at |east one of the drivers, at |east
tenporarily stopping all of the drivers and soundi ng
an alarm 20. The chromatography col utm of ¢l aim 19
wherein the pressure sensor provides an input to the
controller and when the controller is placed in a
pack configuration with the plunger directed by the
controller until at |east about a predetermn ned
pressure value is obtained, and after obtaining the
at | east about a predeterm ned pressure value, said
control |l er stopping novenent of the plunger. 18

ﬂuoughthe'g’[@ 2 BRRET (ARTI CLE 19)

18. The chromatography column of claim 17 wherein the controller has at least one
operational mode in which selection of a desired movement by an operator results in the desired

movement under the control of the controller in communication with the position sensor.

19. The chromatography column of claim 15 further comprising at least two drivers connected
to the plunger with each driver having a position sensor providing positions relative thereto, and
wherein the controller calculates an errof using the data‘derived from the position sensors, and 1f
an error exceeds a predetermined amc-)unt, providing an output to for at least one of temporarily
stopping at ieast one of the drivers, at least teinporarily stopping all of the drivers and sounding an

alarm

20.  The chromatography column of claim 19 wherein the pressure sensor provides an input to
the controller and when the controller is placed in a pack configuration with the plunger directed
by the controller until at least about a predetermined pressure value is obtained, and after

obtaining the at least about a predetermined pressure value, said controller stopping movement of

the plunger.
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