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particularly valves that cycle frequently and
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BACKGROUND OF THE | NVENTI C]\I [0002] Conpr essor val ves
Inv%ﬁ{ﬁ? JIaHle Jvﬁri%iey of designs and are powered open by

eren ressure and in the typical known design
S e of a ing to push the valve to the
Tltgq gB’én 8¥|¢(qpr’69¥ess’?ﬁ¥5ﬁ'ﬂl n i ssue with such designs is

pring fatigue and failure after a predetermn ned
EHEMQ&ﬁiEHEAﬁBﬂEEEEﬁEUS the probl em addressed by the
present invention is to present a val ve design that
[0094h Tpe Gielddd thin icotiomsoalves pasitulady velvesthdt eyclecrécmiohtyy
l ong service life. That objective is acconplished by
an@hdtidtte forahediopbfate Wiihogpiid..f he use of a force that
preferably has a | onger Ilfe cycl e by using
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e cycring of a valve particularly
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force through a device that is not prone to fatigue or

pushdhe valye {olie glase Pesipier i Tds seadn issusyyit gp‘gﬂh design i Spring
i nvolving a spring. [0003] In many applications

fatigue sidifilofe aftemp pesketrmusd vesbaoof guleg. Haxsehspoblegs
been used but they have been conbined with

add@bged by fRGiTedeht infe@tioRdt & HBsAPEREING dENEChabGRI pistidaan
spring return. Hydraulic pistons can also be used in

ecdTBRidHI 66hsBAcibit £hd a reliably long service life. That objective is

accomplished by elimination of the spring and the use of a force that preferably has a
longer life cycle by using components, that are less affected or better withstand the
cycling that is the duty of a valve particularly one in a compressor application. In a
preferred embodiment, the closing force is provided by the alignment of like poles of
permanent magnets. Other embodiments are contemplated that deliver a closing force
through a device that is not prone to fatigue or wear as would be experienced in an
application involving a spring.

[0003] In many applications outside of compressor valves not only have springs been
used but they have been combined with electromagnets to create an opening force
against a spring return. Hydraulic pistons can also be used in conjunction with
springs. These variations are all suggested in related U.S. Patents 4,799,507 and

4,869,289. Other examples of electromagnets or permanent magnets for solenoid
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springs. These variations are all suggested in related

U S. Patents 4,799,507 and 4, 869, 289. O her exanpl es
w@booelogsT8r onagnet s or permanent magnets for PCT/US2006/004692

sol enoi dval ves and val ve actuators and ot her
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and 5,356,211. U.S. Patent 6,799,746 relies on a
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controlling the closing and opening of a door. U. S

4,6FaPEhe nB2BEENGEE adhb st acls ant valye stehitet tosainire] thietflowaof
magneti ¢ val ve nenber that can be sel ectively opened
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out si de the body. The follow ng patents show the
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nore reliable closing force that inproves on the
6,1857 10 G471, 108; 8885,062:0n47044; 5,026.838; 4TI3T At andtdys,608.
closing springs. Wiile the preferred enbodinent is to
[0004eWieoBheedud particulbdy ona genpressenhpplizgial Fhave taeciprocating
simlar poles facing, those skilled in the art wll

condiBésBEhat fink Ae3do I1bo® RORELaRf hids %we@ th%ﬂ&% Abdtives she times
speci fication and cl ai ns, whi ch appear bel ow. SUVMARY

er%co-ﬁhl%o*r%%% g}{t} el‘giQ %@edpé ¥l }’eereﬁgﬂé HoSinB ¥SkE nEhat improves

partl cu t'o reci proca ng conpresso

np. S r ef e es the v
on ﬁ*ﬁ Sl s e ol gy o Bl loRER sbitesy PIiE o
gnets positioned to repel .each other and in that
preﬁaéqqﬁ@pl Qdiment is tppise neodymium-iron-boron permanent magnets with

similar poles facing, those skilled in the art will appreciate the full scope of the
invention from the specification and claims, which appear below.

SUMMARY OF THE INVENTION

[0005] A valve closure system particularly suited to reciprocating compressors
employs no springs and preferably urges the valve in the closed direction by the force
generated from magnets positioned to repel each other and in that manner deliver the
force to keep the compressor valve closed. Other applications are envisioned and
different techniques for replacing the spring component in such valve assemblies are

also contemplated.
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force to keep the conpressor valve closed. O her
applications are envisioned and different techni ques

WO 006/088IBRCi Nng t he spring conponent in such vaP@BEUS2006/004692

assenblies are also contenpl ated. DETAI LED DESCRI PTI ON
DEPAIT D PRAWIIPTTORPOH THEWRAWINGSs2 section view of a

magne rTven closure ftor a concentric ring type
| [ a .
(0085 M b 8 bR RS oY Bl g e
|n a conpressor. [0008] Flgure 3 is a section view of
net driven closure for a poppet styled valve in a
conpressor. [0009] Flgure 4 is a section view of a
lﬂﬂﬂﬂgﬁéﬂre& nS@éﬁcteqno\gW@ paregachdrivgn stogrisdonapitedtlpte styled
uses either a single ring or a nultitude of identica
valyd mgscofmpesseoncentric) in a conpressor DETAI LED
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT [ 0010]
[0088] BigtterBistaGettig@view bf aignetRived Qldia HAS fAFREstY2d valve
that lead to a seating surface 14. Fl ow represented by
in PddnfPheshbr. Pr ogr esses on pressure buildup to push
agai nst the val ve nenber 18 to displace it from
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passages as represen

valye

ned MA t he val.ve ne .and extendln
whgfsdt S0 %Slﬁglgmgwr BEPUlIEe Pgbﬁﬁflﬁiﬁ SR B GgRr b
28. A shoe 30 having a bore 32 is secured or nounted
compessef e 28. A magnet 34 that has a bore 36 aligned in
fluid communi cation with bore 32 is nounted in shoe
30. A button 38 rides over a portion of the shoe 30
and is slidably retained to it tolimt its stroke and
DETA Ik SFPDHSE RIPTTON OFEHEPRE FERRED IDMBODIMERNITat e
and ring valves. In poppet valves shown In Figure 3,

[001 DER SfeirhgB F3ARE 1, thBSER Y hadpdBAPEY 2 iSat TRMRS §Deating surface

14.Flow represented by arrow 16 progresses on pressure buildup to push against the
valve member 18 to displace it from seating surface 14, whereupon the flow passes
through guard 20 through passages 22as represented by arrow 24. Aligned with the
valve member 18 and extending in guard 20 is a small bore 26 leading into a bigger
bore 28. A shoe 30 having a bore 32 is secured or mounted in bore 28. A magnet 34
that has a bore 36 aligned in fluid communication with bore 32 is mounted in shoe 30.
A button 38 rides over a portion of the shoe 30 and is slidably retained to it to limit its
stroke and to keep the two from being detached in ported plate and ring valves. In
poppet valves shown in Figure 3, there is no shoe; instead, a magnet is mounted
directly in the poppet, and is not slidably retained. A magnet 40 is mounted to the
button 38 in such a manner that the orientations of magnets 34 and 40 is such that

like poles face each other creating a repelling force that is overcome by rising
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directly in the poppet, and is not slidably retained.

A magnet 40 is nounted to the button 38 in such a
worenaess7Bhat the orientations of nagnets 34 anPiCH0S1086/004692

such that |ike poles face each other creating a

preb@Retd paighob@i £ 8 E e Vol OMBMEANE &Y of kSIHAGREAREU4E ThE
passages 12 to get the valve nenber 18 off of seating

valﬁé’ cfiGr i‘é %n;rllbeg%nﬁné%f TRIRSE: c}isde%%sg kz,g g%l[%%t%lrégin%fdegi gn is

unpoer o concentric r

illustrated in Figu and.a ported.plate design is. .
sk i Frbiel w8 ulRShowe ki £.8 hePematve i
3, and a ring, either sln?Ie ring or multiple sane )
shasyryis Higgpe 8 oreleting, @ithersinels vre eraulipisameesigsatoni@ncentric

all other respects the illustrated enbodi nents of
ringy fpo thesvalveamemBberdi$d Indalivathkr iespectsahs Hivstrated embbdiments of
enbodi ment al so works the same way, but there is no
Figoudstlotmd(n@gineivoikSinithe 0i0edy. The efibetinend alsaMdritsiBe same
poppet is not slidably retained. [0011] Those skilled

wal, oult BRr&fsthoWulton ARRERS iﬁh%o{;ﬁ@% intf8uS B! htPde ggplye@ g

particularly in conpressor applicafions can

ek d using the magnets. The magnets can be
““%gbﬁgﬁﬁﬁg"or el ectromagnets of conbi nati ons of both.

net.s represent the preferred execution of th
oot hRRoR A E&%Wf”s@@@%ée U 156 B POyl pRTiGulary
. close the valves. O her solutions to replace the
n GMTRTSET Fplisatians ¢an beeliginated asinigdle megyete ribe ayagngls can be
forces that can be delivered over a physical gap
perwianpg i cleerbiangsdd ofvontbactions ef &ith. Thetrhagnetshreprssamp theof
the invention. Therefore solutions that enploy various
preforedddseddionpdtheingéliod thdt kRainpenasl thy elithibafo 6 BpsipSto close
optionally in conjunction with accunul ators are al

theWial 3k NOthBEsoBERIE tcpfeplag_g tﬂelrbgﬁﬁéé; #uch Qﬁg‘clgd ark %)aljtiéultaﬂ be

understood that this disclosure is nerely iflustrative
of ' t f th . :
ey R ATt S Sl T ARLIERL Sy Ok B,

co%%cﬁ%;e@aﬁ%%&ﬁi@%%%%p%g h?gyaeﬁggr? (cjare Ior%iso u"cilonsC tlhgfi eTnpl%y A
various fields to span a gap or that employ fluid pressure optionally in conjunction
with accumulators are all within the scope of the invention.

[0012] It is to be understood that this disclosure is merely illustrative of the presently
preferred embodiments of the invention and that no limitations are intended other than

as described in the appended claims.



a body further conprising a seat; a valve nenber
nmovably nounted to said seat for opposed novenent from
wheingssial t he seat to off the seat; a device tBCT/U§E06/004692
the said val ve nenber toward said seat w thout the use
of a spring. 2. The valve of claim1l, wherein: said
device further conprises a force transm ssion assenbly
t delivers a force to said valve nenber across a
ysical gap. 3. The valve of claim2, wherein: said
orce transm ssion. assenbly enploys a force field. 4.
ﬁgmpgﬁsgogv Ve PURPHSEE wher ei n: said force field is
creat e;lj at | east one magnet. 5. The valve of claim
4, le 3éf‘W; CHEOASIRE HRELOf sai d magnets is a
per manent magnet. 6. The val ve of claim4, wherein: at
5 | eastvakyneneptbes aioyablygnamsed te said sedtdot cbppmgimbverﬂentﬂmm
valve of claimb5, wherein: at |east one of said
beinpgndiessenistorndditiy Béagym i r on- boron. 8. The val ve of claim
4, wherein: said val ve nenber conprises a ported

pl ah @evife toll}8e HR! MRl @ﬁv&h&hﬂéﬁewmesﬁﬁﬂ Rat \ﬁﬁl‘l(glt% &é@ ofa
menber conprises concentric rings.10. The valve of

Sprﬁ{gal m 4, wherein: said val ve nenber conprises poppets.

2. The valve of claim 1, wherein:
10 said device further comprises a force transmission assembly that delivers a
force to said valve member across a physical gap.
3. The valve of claim 2, wherein:
said force transmission assembly employs a force field.
4. The valve of claim 3, wherein:
15 said force field is created by at least one magnet.
5. The valve of claim 4, wherein:
at least one of said magnets is a permanent magnet.
6. The valve of claim 4, wherein:
at least one of said magnets is an electromagnet.
20 7. The valve of claim 5, wherein:
at least one of said magnets is neodymium-iron-boron.
8. The valve of claim 4, wherein:
said valve member comprises a ported plate.
9. The valve of claim 4, wherein:

25 said valve member comprises concentric rings.



10

15

20

11. The valve of claim4, wherein: said val ve nenber

conprises a single ring, or nultiple sanme-size rings
wokioelsstse not concentric. 12. The val ve of clBETUE2006/004692

wherein: said at | east one magnet conprises at | east

10.tT00 vARGRELRIAY! *AgRéh: W th i ke pol es adjacent each
other to create a repelling force. 13. The val ve of

cl alf [ 0 id magnets is attached to
sa%&@/ﬁg%%n%kg%%m&rﬁﬁgsgﬁﬁ%%h that acts on said val ]\C/e
nbe nd.the other to said body. 14. The valve o
ll'gﬁlgivﬁfvﬁ,o%\ﬁg?grw.ﬁe@g’fd nmagnet attgched to said val ve
menber is connected through either a button that is
gui ﬁé‘{j‘”’fli‘)‘? mF’é‘@PWB%ﬂ“%\“/@B@ﬁ‘W% of myltipleteesying fegs which
di stance in part defined by the val ve nmenber
are gofRoseeling sai d seat, or nounted directly to said

val ve menber. 15. The val ve of claim 12, wherein: one

12. ghe salve offalgie swhasina bore therethrough to allow fluid
to be displaced as said val ve nenber noves away from

sai fichakast I m%ﬁ%t YéthM8se@ht RhATDd hrhen¥ %ﬁﬁl‘ééb\(/i gﬁﬁi fce

magnet with sai ore Is stationery. "17. T ve of

pol%i/a@igﬂhﬂt%ac%ﬁ{éﬁ%?reaﬁgg %%h%tg::fg{&%r y magnet is secured

ousi ng crea ravel stop for the
13. TRY %Ellvg OP&%PH? T12, wherein:

one of said magnets is attached to said valve member or a button that acts on
said valve member, and the other to said body.
14. The valve of claim 4, wherein:

said magnet attached to said valve member is connected through either a
button that is guided for reciprocal movement for a predetermined distance in part
defined by the valve member contacting said seat, or mounted directly to said valve
member.
15. The valve of claim 12, wherein:

one of said magnets has a bore therethrough to allow fluid to be displaced as
said valve member moves away from said seat.
16. The valve of claim 15, wherein:

said magnet with said bore is stationery.
17. The valve of claim 16, wherein:

said stationary magnet is secured by a housing that created a travel stop for the

movable magnet.



