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I nventi on wel2a%488%4® a pneumati c actuator, and nore parRGTERH2807109701T O
a pneumatic actuator with a position control and position adjustnent.
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i ncor por atkesaghnien may jeng to osgillate betyega opHMEhBOSKERNS. pi ece and havi ng
the shift valveye attempt to address this problem has been to provide a pneumatic actuator. A

pneumatic actuator provides pneumatic pressure to one side of a plunger. The pressure
provided can be supplied such that the plunger either remains in a fixed position or is
moved in a desired direction. The problem with an actuator employed to maintain a

20  desired position is that when the force on the actuator changes, the pneumatic pressure
supplied to the actuator must also change in order to maintain the desired position. For
example, if the force applied to the actuator increases, the pneumatic pressure must also
increase. Similarly, if the force applied to the actvator decreases, the pneumatic
pressure must also decrease.

25 A problem in the past has been the ability to adjust the pneumatic pressure in
response to changes in the force applied on the actuator. One method employed
incorporates positioning a shift valve on the work piece and having the shift valve
communicate pneumatically with the actuator. The shift valve moves with the actuator
and so if the actuator moves, so does the shift valve. Once the actuator moves a pre-

30 determined distance, the shift valve either opens or closes to allow the pneumatic
pressure in the actuator to increase, decrease, or remain constant. The problem with
incorporating a shift valve is that a shift valve typically has a constant cross sectional

arca for air to flow and therefore, only knows the positions “open” and *closed.”
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and can adjctuatort he position of the 10 actuator. SUWARY OF THE

| NVENTI ON A proportional actuator valve adapted for position
control and position adjustnent is provided according to an

enbodi rrentsgﬂfg}%zi@yq@ﬁ ﬁﬁoﬂf oportional 15 actuator valve

conpri ses Tg%—ng—at | east two chanbers. The
proportional a¢t uabportivadlvachiaie ¢aNPr héapted fual paitidn dhtroW@Ideipdsition
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conpr i ses tye ghamdberg of theavalue hougtnggOaa@r more bores are formed in the proportional
20  actuator valve. The one or more bores pneumatically communicate with the one or

more grooves. Movement of the valve slider relative to the valve housing provides a
pneumatic valve action.
A method for forming a proportional actuator valve is provided according to an
embodiment of the invention. The method comprises providing a valve housing and
25  separating the valve housing into at least two chambers using a plurality of sealing
members. The method further comprises positioning a valve slider within the valve
housing. The method further comprises forming one or more bores in the proportional
actuator valve. The method further comprises forming one or more grooves in the
proportional actuator valve. The one or more grooves communicate with the one or
30 more bores and with the at least two chambers.
A method for regulating pneumatic air to a pneumatic actuator is provided

according to an embodiment of the invention. The method comprises coupling an
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25 separating the valve housing into at | east two chanbers using a
plurality of sealing nenbers. The nmethod further conprises
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the supply of air to and fromthe pneunatic actuator. The 5
proportional actuator valve conprises one or nore grooves. The cross
secti onal ASBECEHen for air flowis determined by a change in the
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of the valve slider is coupled to a base.
with an operating pressure.

15 In yet another aspect of the apparatus, at ieast one of the chambers is exhausted
outside of the proportional actuator valve.
In yet another aspect of the apparatus, a first end of the valve slider is coupled to
a base.
In yet another aspect of the apparatus, a portion of the valve housing is coupled
20  toabase.
In yet another aspect of the apparatus, the valve slider is adjustable with respect
to the valve housing.
In yet another aspect of the apparatus, the one or more grooves comprise a non-
uniform cross sectional area.
25 In yet another aspect of the apparatus, the one or more grooves comprise a
substantially uniform cross sectional area.
In yet another aspect of the apparatus, the one or more grooves are formed in the
valve slider.
In yet another aspect of the apparatus, the one or more grooves comprise a
30  plurality of bores.
In yet another aspect of the apparatus, the one or more grooves are formed in at

least one of the chambers.



In yet anot her aspect of the apparatus, a portion of the valve
housing is coupled 20 to a base. In yet another aspect of the
appar at us, woleeowass4e slider is adjustable wth respect r@/trreonvatore
housi ng. In yet anot her aspect of the apparatus, the one or

nore grooves c IS 0 L.f cr sechional ar.ea. 25/ n yet .
anot her aspect qg}w el[th%log%%a%% ‘lﬁts?f ?%ee aﬁﬁ%atg?, %r‘éﬁﬁ? ogi)lggrs ﬁ%@h‘%r%’c’?g’%“ a
subst ant i aplusalinof Raling mestbesect i onal ar ea. I n yet anot her

aspect of the apparatus, the one or nore grooves are forned in the
val ve slider. Inyetanother|aspeesof Higrpparatuss hcne oF mase EgsySs OmBTISasHecross

one or nor ' ' . . n t .
anot her | acEoR AR iR BATESh AR duck Bt W rbi QLURE B crreantsif ngaspsing
in at |Seasdistame fodm tiecomh@mherebores\O 20091018843PCT/ EP2007/ 007017

In yet anot her _aspect of the apparatus, the valve slider further
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I n yet another _aspect of the apparatus, the maximum cross sect i onal
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In yet another aspect of the apparatus, the one or more bores are formed in the
valve housing.
i5 In yet another aspect of the apparatus, the proportional actuator valve is coupled
to an element, the element is also coupled to an actuator.
In yet another aspect of the apparatus, the proportional actuator valve is coupled
to the element using a lever system.
In yet another aspect of the apparatus, the proportional actuator valve has a
20  stroke which is different from a stroke of the actuator.
In yet another aspect of the apparatus, the proportional actuator valve has a
stroke which has a different direction from a stroke of the actuator.
In yet another aspect of the apparatus, the proportional actuator valve has a
stroke which is substantially the same as the stroke of the actuator.
25 In one aspect of the method, the method further comprises separating the valve
housing into at least three chambers using a plurality of sealing members.
In another aspect of the method, the method further comprises coupling the valve
slider with a base.
In yet another aspect of the method, the method further comprises coupling the
30  valve housing with a base.
In yet another aspect of the method, the valve slider is adjustable with respect to

the valve housing.



In yet anot her aspect of the apparatus, the one or nore bores are
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In yet another aspect of the method, the method further comprises forming the
one or more grooves as a plurality of bores.

15 In yet another aspect of the method, the one or more grooves comprise a shape
such that the cross sectional area decreases with increasing distance from the one or
more bores.

In yet another aspect of the method, the method further provides at least one of
the at least three chambers with an operating pressure.

20 In yet another aspect of the method, the method further provides at least one of
the at least three chambers with communication to an exhaust.

In yet another aspect of the method, the proportional actuator valve further
comprises a valve housing, wherein the valve housing is coupled to the element.
In yet another aspect of the method, the method further comprises using a lever

25  system to couple the proportional actuator valve to the element.

In yet another aspect of the method, the proportional actuator valve comprises a
stroke different than a stroke of the element.

In yet another aspect of the method, the proportional actuator valve comprises a
stroke with a different direction than a stroke of the element.

30 In yet another aspect of the method, the method further comprises forming the

one or more grooves in a valve slider of the proportional actuator valve.



5In yet another aspect of the nethod, the method further conprises

formng the one or nore grooves having a non-uni formcross sectional
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act uat or PEPRAZUSRAL (AcBiatQroYAlYS inceeages, a5 e Al they propartipngh actyafoy yalve
housi ng i spGesmpled to the el ement. I n yet another aspect of
the nethod, the method further conprises using a |lever 25 systemto
coupl e the proporytel @anathenespeat of thalmethod) theeprepatmenal. actuator valvgeteduces

anot her aspect..of the nethod, the proportional actuator valve
conpri ses Ogc@?trl?ﬂ%)fgli‘ff?réeru 1ctaﬁ§ﬂto§. stroke of the el enent. In

yet anot her aspect of the nethod, the proportional actuator valve

conprises a stroke with a different direction than a stroke of the
el ement. BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 shows an actuator with a proportional actuator valve according to an
embodiment of the invention.
FIG. 2 shows an actuator with a proportional actuator valve in a position prior to
the valve actuator providing pneumatic fluid to the actuator.
FIG. 3 shows a cross sectional view of the proportional actuator valve according
20  to an embodiment of the invention.
FIG. 4 shows a cross sectional view of the middle chamber of the proportional
actuator valve according to an embodiment of the invention.
FIG. 5a shows a valve slider with a groove and bore formed therein.
FIG. 5b shows the valve slider with the one or more grooves comprising a
25  plurality of bores formed therein.
FIG. 6 shows the actuator and the proportional actuator valve coupled using a
lever system.
FIG. 7 shows the proportional actuator valve according to another embodiment
of the invention.
30



30l n yet another aspect of the method, the nethod further conprises

formng the one or nore grooves in a valve slider of the proportional
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t of the iLnventi o% FIG 2 shows

| di
\z;ﬁ \z;gt 32’?0 I r@ﬂ%glﬁéﬁgb@vbﬁﬂea‘@{fﬁ%mt W |CGUVARILS. hosition prior to

the valve act ugygr lgﬁ%ﬂiﬁﬁygﬂﬁﬂgﬁtﬂrﬁuﬂaﬁb defugtok NB0ACE A Rumatic actuator
FIG 3 shows a cross sectional viewof the proportional actuator

val ve accd0finjuds ahwuaimgel¥doareteHi2, ehd aplungay £01.i Bhile the pnden@tic4ctuator
Shove. 2. o185 BRG] AP ablH Bl s e £3h e BRTRR B B st coud
i nvention.also be a double acting cylinder. In the embodiment shown, the housing 101 is
positioned on a base 107 and the rod 102 is coupled at a first end to the plunger 103 and
15 toanelement 104 at a second end. However, it should be understood that in alternative
embodiments, the housing 101 could be coupled to the element 104 and the end of the
rod 102 could be coupled to the base 107.
The rod 102 transfers mechanical force from the actuator 100 to the element 104,
While the actuator 100 is shown with the rod 102, the actuator 100 in some
20 embodiments can comprise a carriage that moves relative to an external surface of the
actuator housing 101, i.e., the pneumatic actuator 100 comprises a rodiess-type cylinder
or an air bellow, for example.
The element 104 may have one or more forces acting upon it. As shown in
Figure 1, a first force 105 is provided by some work load, for example. Also acting on
25 element 104 is a second force 106 provided by the actuator 100. In order to maintain
the element 104 in a substantially constant position, the second force 106 must be held
substantially equal to the first force 105. According to another embodiment of the
invention, the second force 106 is either greater than or less than the first force 105, and
therefore, the element 104 moves in the direction of the greater force.
30 In some embodiments, it may be advantageous to control the position of the
element 104, Provided coupled to element 104 is a proportional actuator valve 110,

which pneumatically communicates with the actuator 100 using connection lines 114,
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FIG 5a shows a valve slider with a groove and bore forned therein.
FIG 5b shows the valve slider with the one or nore grooves
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shoul d be altegarisé eabodifaht lfﬂpcﬁ'hb@bﬂﬂ{el hrs@Eadi g be cédﬁem%b rwselplll
coul d be coupled to the el'ement 104 and the end of the rod 102 coul d

be coupl ednteithehempedimentthe base 11iTmayrbhsdprogizled ragras movabladape ivieaspin the

force lf5r Orﬂa&é’ﬁ ]ﬁ%t ﬁ}s%d %00%6%8 t%{&es%]e? tato}%éﬁtlm lﬁo&éﬁ%&?(&% H?etboase 111

100 i s"shown W ero e ac I'n somne
enbodi mentcauseathecwips sléderd 16ao radﬁ:gﬁreﬁd‘nﬁrb toevesalve hatding 112 dhe adjustment

i e sl B et g 2 T
L o 1 15, 2R e O8I A6 0 65, A e 0
| oad, for fexanfbe. InAtlE® eaﬂ:todngemnthe element 104 has moved down from its desired
20 position. As shown, the plunger 103 has moved closer to the base 107 than as shown in
FIG. 1. Along with the element 104 moving, the proportional actuator valve 110 has
also moved with respect to the valve slider 113. In response to this movement, the
proportional actuator valve 110 supplies pneumatic pressure to the bottom of the
actuator 100. As pressure is supplied to the actuator 100, the second force 106 provided
25 by the actuator 100 increases, thus pushing the plunger 103 and rod 102 in the upwards
direction as shown in FIGS. 1 & 2. The proportional actuator valve 110 will continue to
supply pneumatic pressure to the actuator 100 until the element 104 and actuator valve

housing 112 return to their original desired positions.

If instead, the first force 105 decreases, the element 104 and actuator valve

30 housing 112 would move in the upwards direction (not shown). In this case, the

proportional actuator valve 110 would respond by releasing pneumatic pressure from the



25 elenent 104 is a second force 106 provided by the actuator 100. In
order to maintain the elenent 104 in a substantially constant

position, WeaiedddHd force 106 nust be hel d subst ant i alRGI/EBHAIC0TGT
the first force 105. According to another enbodi nent of the

i nvention, XS r S an

the irst Torage 0010 e FRudaRers ThhIelerd BRbREHI pResirE Rl e
direction dﬁmﬁntel()&ragdtaetuatanrvahfe Mklngsld)mmmcgiuoﬁhﬁt sriginal d&jreb@ositions.

advant ageous ta,control, the po e el ement 104. Provi ded
coupled to ele desygd ipost Ogﬁﬁﬁﬁ PeBWQT Q"c%@@ﬁa%w@emsmml@wan be

e ST A B b o 5 L AR W o

pr opor t3 onefl the velvathorsing|lv2 reliﬁvemythbe/ah@lqhﬂeﬂl Ibdétbﬂnmbsemeﬂaeﬁ@ﬂmmyatlc
known means. Accor di 0 one,enb nment, the prgportional actuator
valve 110 REHR Sebbifed & GG GARD o Besbittor 00 by Pyediibe dbobase

that the prlqurﬁdrpﬂadousréa%ttﬁé vu%vsﬁdérl91§hﬂélhésl apd%ﬁxdglgi‘&l%%lérﬁ ot 104

this type of valve and ot her known val ves, suc way va
may be usedn brisdjusted V\h"éhistlhelf)qssrlblm’acqauseatheupltoportfwﬁl actupior s.miwaallo w:ll

doubl e actjn for exa sen nvent i on

ot ﬁer knowln glg % féggwquﬁéanﬁ)r(pé'g%%%e %HSEQ 88 Sbﬂfl('fu\/]g’ WI(S‘{ g, £ }/},em%pré@/e”
by t heloexmitﬁ)ﬁ T HY ipEQSbraGa QctulftR RVPPIT | qvﬁ@rlefoasté@hqf tHAtIME £kl 105
conpri ses housi ng 112 and a valve slider 10 113 | east one

end, the \ﬂéaesxéwé change, the positien af e elementbide can be ¢hangr>d bynadjusting the

nbodi | ed.
ST T e e
in the fidulesn berrdikéds &b trespoasd we tiebadi IMENind thepebld, Qe dhlviehdider 113

housi ng 112 could be coupled to the base 111. In ei t her enbodi nent,
the base F3#ingajhearenoshennsrcaiater wbvanill was SupplyeprewmatiseprEsSa e the

the bade TR} 408, BRI thr Bt 3plob 10 BELHR HanfRRihe BPopd BAETIOR il ve

causes t ve s |ve
val ve housgreagerlthan thaefi md]fumbnﬂ}ﬂ. OFhet bmpdﬂmnabdctaatomastabre Ad8i wilbRupsly
described in further detall 2 sho t he actuat or

100 wher e PRRWDRGG RIESSIES wllib%elaeglear le%léralrwarﬁ ISHeWsASHRA PPHHER 106.
In this embodi 'I’Pi@tis déshed eb %Wéﬁthé@fenﬂa%? 1M \RE sﬂﬁ&"@t EE By BeStallers Hobver,

20 position. As shown, the plunger 103 has noved ser ‘to the base
107 than &ke bisevir 1jwillFbedowered\rashey thin rrisede lal tbrseme 1tbd praportienal ebmator

05025k O A B e B ARL L Ul FRSBheb e B e

act uat or \daélpeapbmmauppl i es pneurratr C pressure to the bottom of the
actuator 100. pressure is supplied to the actuator 100, the second
force 106 provﬂﬁd 2hop @ [FE0sscegtioral viow @ﬁmtheen@@gmqrmbgctpat@hm@vet h&o

I 1
0 10t 05 A0 0\ R SN OB R e e o
pn;aun'at i Cinhedes lﬁrlﬁ)ﬂsmgt he, ackiuedbde ts]ld}?hlllﬂl !;dahh@ent&{ll@%femz2drg4s@mdg points
act ua ousi n urn to their original desire
pOSi t&g \égjﬁﬁ‘g %a@%ersaﬁé% gﬁ%tanflégée 105 dec?eases the el ement 104
and act uat or VWH{%I B30 LoYRL ?x%g%ﬁe%s YRWLGwHRBY Shduld BQ%n&'&%BQ%a‘{’ i drE b Rids

(not shown). In this case,
sealing members may be used. Similarly, while three chambers are shown in FIG. 3, it

should be understood that the proportional actuator valve 110 could include any number
of chambers and reference is made to three chambers for the purposes of clarity and
30 consistency. According to one embodiment, at least one of the chambers communicates
pneumatically with the operating pressure. In some embodiments, the first chamber 324

communicates pneumatically with the operating pressure, which can be provided by a

9



proportional actuator valve 110 would respond by rel easi ng pneumati c
pressure fromthe W) 2009/018843PCT/ EP2007/007017 actuator 100 to

t he envir oWR2H#9/01884¢ rel ease of pneumatic pressure reslGIEERPITURALT

el enent 104 and actuator valve housing 112 returning to their

original dgsistgedas u n e ' Shé]l t ! t
104 and aglfﬁuator val vepﬁgﬁgiorsgmflwycaﬁ&;grsgﬁsﬁglt gegbﬁ’;rét? rg %’geé a{tsgﬁg first
for exanpl @iamher 324 debgeth compueaton dethathe dperaing priessupo ot thenpbpode of

t he val ve sin 12 rel atiye to,the yalve,sl,ider 113 .determ nes .
whet her pn'g%mt ig P’V&g’hrg isﬁo‘élep[?f?i 883?‘60 g b‘é‘?e‘é@% thaghers,gmay be in
act uat or 1&mdkib&ionb¥ithtid\Sidratthg pi8ssBASEH aﬁai]tion%io?:ﬁs lafi afteMialieetd Be eﬁrst

the valve slider 113, the desired position of the elenent 104 can b
adj ust &d. chamber 3240ssi bl e because the proportional actuator valve

110 wi Il supply, or t.el eas n ti ressure .unti] .the val ve slide
113 returns to '}Cﬁ’gr&ﬁg §§| %‘ Qngg‘a elnf iOE,{E%fm‘{(W&OBT 8{)5@??8%@%@? ﬂ?glﬁ’ers
val ve 110.coffiiéee, prevsiatitallyt heith i ﬁﬁtcﬂﬁﬁﬁeéﬂ&5 sHOWS). NOIAGBATBE. to an
the position of the elenent 104 can be changed by adjusting the

posi ti on dimhodenenisdethird cimmbendommuyrticates pneumaticalbuwith thagxbeusthdhe
el enent 10 C ' ol nar nse t he bhase.111.
e ey st 800 RSP U A o BecE 08 BE L AR b

act uatior whé eghautd for fhe pupMeyoh ottt Howdves Stiskodld Behenddpstasd Halt Uther
100. Because the first force 105 has not changed, the second force

106 wil | pbagPesesy bhhcommunication pithdbe enlsustriveadshiégibta Portean alternative
act uat or }‘i@'ﬂé@ e cirhBerSIRP! ¥ 55}%' o ks %e‘?‘? ;l'ﬂé tird B S is in
104 is raised to I1ts new desired position. It 1s desired to

| ower t he cohmmaritatibf4yith the exhacest,she pealing yndneher R 2d maydweoreitted tahé theethird

111 wll be | owe rather th raised. In this case, the ) )
proporti oGP BES 4R BEY S9TTPRISG &b St | VD éﬁ% %cﬂiwgm{;%r Pr2ssis pravided,
until jshe ¢gd %ﬁ{"ch&;%eﬂl Ruer ﬁlcrﬁetb%e%&wed&ﬁt (B8t BR%d) RRich exhauﬁ%% e

shows a cross sectional view of the ‘proportional actuator valve
accor di ng enwirenmesth ddihesht baoindenstoddibehin some eieodimentsy thie tmiad chamber 326

actuator valve 110 i.ncl udes housi 12, vahbl e .sl i,der ,113 .
ceal | ng. mindere il dn RS d i, e o R ety pft o prapagtional
325, and 32fatoYWhlve IflQUhaP @ahbHige MEBRMSthAkChaM®VR, ard! ars BeHaust, DEherefore,
understood that nore or |ess sealing nenbers nmay be used. Simlarly,

whi | e t hr edrilerbeiseussionebelomsnpferstophiee cBambers sthe dmventien gheild spbbeilimited

t hat e ' |, .actuator valve 110 coul d include any numnber of
chanbtezrhs gélgﬁé)éerbié&e}ﬁiggei s made to three chanbers for the purposes of

clarity and According to an embodiment of the invention, at least one of the chambers is

closed off to both the operating pressure and the exhaust. In one embodiment, this

chamber comprises the second chamber 325. While the discussion below refers solely

to the second chamber 325 being closed off to the operating pressure and exhaust, it

25  should be understood that other chambers may be closed off either in addition to or as

an alternative to the second chamber 325. When the proportional actuator valve 110 is

provided, the actuator 100 can communicate with the exhaust and the pressurized air
supply by going through the proportional actuator valve 110.

FIG. 4 shows the second chamber 325 of the proportional actuator valve 110 in

30 greater detail. As can be seen, the valve slider 113 can include one or more bores 327

and 328. While the figures only show a bore 327 and a bore 328, it should be

understood that additional bores may be provided. The bores are provided to

10



30 consistency. According to one enbodi nent, at |east one of the
chanmbers conmuni cates pneunatically with the operating pressure. In
sonme enbodWVReMP18%he first chanber 324 comuni cat es prRSUERRIGAPTOY?
with the operating pressure, which can be provided by a WO

2009/ 0188 r a t

i scussi on Bl e ey e Qodrth RUGASH 06T Y 955 R 18 ome
comuni cat ermbpdmemts,t the supplryalmm glqoczms beipeovidud tohnmmmnmoste with ¢heaborey328

Ho sh t ..ot hanb
conmunt cat TG Hie et B FRE sontbs 4k dTH SR8 ConoRd 16 s endkofhe valve
al ternati vgide©1 gy §Hdv§ﬁ 1§F@@t&raléﬁﬁtlvelyb ?arfﬁcce& l{:}tgt& fhePttuator housing

enbodi nent of the invention, at |east one
comunidcatdg. pWailedhe batdsy32% artd 328 erehshosin, (ngioukhbevahderdood thatne thores
nber 326 co ni ca ly with

nmbodi th |
Fhe bt otla bd O5idel, B BiRR Fase, e ki IRE Stegng Shaberdgon e eldydad thepugh
326 bei ng th& pfpORINar Adth&0r VAILE hdtsihd @ 18X Nkt cdsO thb @ﬁ%ﬁzgﬂﬁsm%mgd be

clarity. However, it should be understood that other ¢ ers my
in com‘runlt?@aplledltpthetmoromoealhatmstorwalvadmmslngm11’o or as an alternative

to the third 326. |n t he t,
chanber 326 i o AT CoRARTELPESR itk 1% PeCER Sty cr ke JEaVifFy one M hore
322d may heosvsBRed Witk fhealobiésB B aahEsws, aﬁlsf’@ﬁn@%p ElaSigy Ellftﬁlt should be

exhaust. Wen the sealing nmenber 322d is provid the th

chamber mardensiood deatanyapamber of geeves w@nldsbmuﬁﬂ)zemﬂr@rthexlvamﬁsbomld nohde
enV|ronnE d h LS, he
third chaq ltédégzan%g%‘%g%gt ﬁ’;%&%ﬁor{ehﬁéﬂ% ?%I nstead htil guddle

t hi rd chamifehe 3@bse $lider priGpar shanélbeaahdeddtosd wﬁtvgo&ﬁ& f@apd tenfiipptied in
| ess t han hree cha rs and an exhaust. Therefore, while the
di scussi o tB‘@F‘BW pepddisiong logations aleng iesval Y%éhﬁifﬁvia]ﬁ*tl &AT SKYBPE, Hpsome

be |i it e@n%%dfn?entt{'cﬁ‘leegp%rgf'g%%vesc%ou n%%%cﬁrowd@ 51@2}@3\?%9% %Bd

the invention east one of”t ers iIs c
oper at i ng ppsitiesad suchnthat lwreexthausdve lsluﬂemnlewersbmdth&aniddlé |pb$lt10h,atﬂ&ﬁﬁ’ is a

co o1yt o aiesREaRy O ahpber 32 g BHOBLedOTRFE 1B THENB eI sl nf this
pressure apho8MialSthe bdre 22758081 bE Bfitd dRkiSthe odp f}ahné’tlhgrcaﬁh@m&%ﬁed

may be closed off either in addition to or as an alternative to
second chdirbely ®2xbe hwmsmg lhe pspmtivelynahe acmeat grooved emld be f‘o:sned m the
100..can c xha

P ousdli » bhg TLA130R ine SRR RIS dast ol obpred AR el b 113
val ve 110(seEIFEG. 7). smavgrdobe 339 @i6Ws eiaciaeibedPR @hmﬁﬂcﬁt@wm ﬂiecmﬂés 327,

actuator valve 110 in 30 greater detail. As can be seen, the valve
slider 1132%anThusl thee comPintiopppt ssoeves @l hores allew Vg |chambers of the

figures oply ShoW AHREEAR 1Pt BrRERcA2 it the 30049 166

According to an embodiment of the invention, a groove 329 of the one or more
25  grooves 329 has a non-uniform cross sectional area (see for example, FIG. 5a). FIG. 5a
shows the groove 329 having a non-uniform cross sectional area according to an
embodiment of the invention. However, it should be understood, that the grooves 329
could comprise any cross sectional shape and should not be limited to a non-uniform
cross sectional area. In some embodiments, the one or more grooves 329 have a

30  substantially uniform cross sectional area.
As shown in FIG. 5a, the cross sectional area 531 near the bore 327 is larger than

the cross sectional area 530 farther away from the bore 327. FIG. 5a shows the cross
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understood that additional bores may be provided. The bores are
provided to WD 2009/018843PCT/ EP2007/ 007017 commruni cate between the
act uat or 190 2apd1884& chanbers 324, 325, 326. | n sone erHSOWiRIeNTH08701T he
supply line 114 can be provided to comunicate with the bore 328 and
with the I 4

o the val e ol Qe RO BraEAY, chfifind HinoRE i EBBHIbE UL R
coupl ed t castthe dzstanuaﬁ@m theusire 32 B inkishsed\thd grobhe3 DbedndR bottn dard@Ber and

are shown, h shou e undersg ood that, the bores could be omtted,
o shallo R afemiive habegmsal. iadivere 98 msLba st Binhghthe

t he proporghenads t
line 114 vx%u | d %)ega@gg%g%m%%&t eag#g%gt??ﬂ]%%ﬂ?\%a%ct@lﬁ%@?é% EQEISEER%QCY of
112. AlSso the gmmmarﬂﬁ? slacbu'ld notb¢ limithe tdhthaedepd@ed iBPKS. Gan Byefopining e @roove
one or nor 13 ves 329. Wi rooves 329 ire shown, this is

only for a {°fosg ﬁBﬁIoﬂ'aL%reﬁ’n cugine ¥alxe 1dAypravidge forgmroportional
gr ooves c%gtgb%%pﬂdegﬁqhaﬁggsgd}g clainms should not be limted to two
grooves 329. Furthernore i1e the groove 329 is shown in the niddle
of the val ve sIElgefb siBys ihe ophonintbre graovded 2 amdrdihgto anotharesnisalithent of

ol 1 dor 1197 HYPRGE B bis FrRAiRET: BeCB au R EE0ONGR 425 POBPR § PUBoEY of
coul d 1ige Flfo@éél deté plérali oﬁ/g’ﬂo‘é@essizgjﬁé sﬁo\lﬁ” adBin Qﬁdcbhﬁﬁ\%ﬁssyé: NiteNRboves

when the val ve slider ?ﬁBlSln epOSIFIOI’I there'i's a
groove | odaP e serpaéemnﬁéhoglzlzbeatnuiesst@dohmewewmtes@merprcaibab@c 2BO®/es 339

this enbo ca om-t n ply_line
can_ be codsaqom papiids Earin b5 16,30 dpt BErOP R tropy 82 eac
nor e gr oo\digcitytd e berd 3287 this doittod2@eMpthei ong ok krore MdrdsiB2 75qal bednitted
menbers 322a-d could be |ocated on_the valve slider 113 (see FIG 7).
The gr oovdcege dhe glaralitye of tepeNes s33% cemnrisssi @ arluralift 9f thasehorlaspgyipus
328. Thus, I ¢ S e
the proporTiaasRelis REbhe S Rord R RO ekt e En el
100. Accompedisnget dHaweventndherembodiinenhshaway anFIGrsb, shgplaeality 32 grafves B29
one or nore ZStgrooves 3 s a nop-uni formcross sectional area

I

h
(see for &XHAY resfﬂc(tithﬂsé‘ﬁw o%p@urgglcsmmrec he groove 329 having a
non- uni f orm cr g8 pAfshilyQtelro8¥&BACHR HLRE O?fsq;eﬁggt ﬁfﬁt@@ﬂhmhnﬂ&?%gr?cmss

i nvention. However, 1t "should be understoo r goves
coul d conp&qtlswealamyea@sowsllsaec&ubanaallalbhapéomﬂu sphoad dlongtthbevallvmhim 113,

I , di th .
mor e 37 cotteereydh g RRED Bfre ik e ARTHE Phetoves e etn B drmsdouit
As shown idiffdré:fe dififctefshia cTO5® KAfdve Qi&@akeda%mn@% p8dlred ﬂ@wb%&dlﬁaﬂauy,
is larger than the cross sectional area 530 farther away fromt

bor e 327I they zﬂuraémff SHOoHOOYeRe 329 $o8 benspazed Blames theapadye Eﬂ:ﬂgm/l@cmoqlfferent
G menat on SRERPE B oBEILBRE p3G mBAPRIEs 250 HBY Sodrl @ Sifinber at acgiven

t he groovdispiBeh@aonmes both narrower and shallower. In alternative

enbodi ments, the groove 329 may be shagped such that the groove 329
onl'y Becones effsBPWRAR thsnEigusss, ahthel dislance fromarthe bore 32 hmcgpases, dke cross

shape of gectional area of the groove 329 decreases. While the cross sectional area 531 of the

groove 329 near the bore 327 is shown as being at least as large as the cross sectional
area 532 of the bore 327, it should be understood that the cross sectional area 531 of the
groove 329 could be smaller than the cross sectional area 532 of the bore 327. By
30 providing the groove 329 with a larger cross sectional area than the cross sectional area
532 of the bore 327, the bore 327 determines the maximum flow of the proportional

actuator valve 110. However, the bore 327 could have a larger cross sectional area, in
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5 the groove 329 should not be Iimted to that depicted in FIG 5a.

By formng the groove 329 with such a cross sectional area, the

act uat i ng VQI2®/018%3 provi des for proportional distri butACIEP307/007017
pneumati c pressure. FIG 5b shows the one or nore grooves 329
accordi ng whicBnatéahe YFHQH ' g&@fo
the one or nore grooves 3299%93%%{(152&21%&5?2% |n§”§“okﬂllg8%'§? Oﬁ#o nal
plurality Muagprmn:@zg are shown as being disconti nuous i.e., the

329 der st t
o o oot the hEERREYSK « BIGH S St BORST DS rREAYe W ElnpRiible s
FIG 5b, tmﬁoﬁburmhyth@felgﬁ&qvm ¥ |1t§3<§btﬁiﬁefleﬁésiﬁ/ont Qhé %1\!%0%%?2181-3 is

In this enbodi nent, the one or nore bores 327 can be omtted because
the pl dr alpasifiosed iy hevriddiad th@mpoﬁma]aacplmraJaﬂwwl 16¥ asishows. in [FEGS. 3 & 4.

' t th b 27 f ti
Pestrice tHE PRONOroopRa.indy 2 o StelPL apalias &pe pvitiohaf Shi Beenkh (See
shown in FFIGS 3bg DHherpwicr! bd thetirsOFfREY €65 %%Qtuﬁl%ﬁ ﬂi@telélﬁ’erftelmrﬁlgﬁv move

the fl ow of pneumatic pressure. The plurality of grooves
are shown sehep Ay dawps time resultyofiihe ptsxpnmqmal:a@g@toswvc dﬂualbealge@uahed to

Fovever, e BRHHE % R BRI BAGRS AR DL Pl P

can beof oravdtorivalvediohfiagane, asaﬂievemlamewdervam stigei EMe desired
pneumatic pressure flow Additjonally, the plurality of grooves 329
can be spaced af GKglitshdoses| M wcregess MSthﬁtseGﬁ”ﬁ Eorem 1108 is thekt eenstant, for
order to . g e, C e

gi ven di sp g%:]éfél tﬁpwﬁsg‘zg%g h{)(jv%z}é fio ?ﬁ%eég%?@ggllg%q?ﬂleggﬁgt%ﬁ%d rr8?71106
t he bore 3R¥videt bgabesctuammr tOband Sb@telemmh; 1®demooés towngaabvBedaBe the

decreases. Wiil.e the cross, sectiona rea 531 of the groove 329 near
the bore P5PrLondlGgppates yabye,pousing L]a?zfs cruplegt tpethg ??rﬁ@tclr%ét also moves

t | t
o oss Sect L onarr SnOHEhR HOLR HEICS 2 555 AP NEVENTRAE [T elies

cross secttd tieabasgridd, Bgpvalie tShéerbblr3ed®3 ot Byov@0 Pinmilarkyi, m@thehﬁrsg farow 405

329 with | arger gr,0ss sect onal han h ro s sec nal, area
232 of tnaenres o8 BE eShtt ERES 10855 Beld lularh resieneth 1bnds B ane
propor t i opgdpodidriadh@hatéal¥IQe lawsm%\%mwes Somrtﬁe &a?ascgféh% nPESA3 &
| ar ger crcz)ﬁs sectional area, in 2009/ 01884 3PCT/ EP2007/ 007017

20 As can be seen in FIGS. 3 & 4, the length 331 of the groove 329 is less than the
distance between the sealing members 322b&c. As a result, small movements, i.e.,
those movements less than the distance 332 of the sealing points 323b&c do not result in
pneumatic pressure flowing into or out of the actuator 100. This is because the second
chamber 325 is closed off from both the pressurized air supply and the exhaust.

25  Therefore, when the valve slider 113 is in the middle position, the pneumatic pressure in
the actuator 100 remains constant.

However, if the proportional actuator valve housing 112 moves a distance that is

greater than the distance 332, then a portion of the cross sectional area 530 of the groove

329 moves through the sealing point 323b or 323¢ and opens a defined cross sectional

30 area. Further movement results in a greater cross sectional area of the groove 329 being

opened.
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whi ch case, the groove 329 woul d determ ne the maxi mum fl ow of the
proportional actuator valve 110. Referring back to FIGS. 3 & 4,

t he proporWiodAeN01883 uat or val ve 110 i s operabl e as f ol IRGEEP2WIEH70he
elenent 104 is in its optimal position, the valve slider 113 is 5
positioned in tRedJrdd! f ; ' :

Choun i n Pl GS, 3 rge {8 R eBEUeaP ol MR 4L BroptflhBy jfaf vaive
adj usting tHeipestwideh tofmeintmibndbe pbiitiop Sefe tiel EBmeht &102) . AdRordieg ,to athis

the first 105 fl t t.104 ith
oo e aofhafimeRo e f3t RS 1S RhEEE] bithitho Aporetind rapmihgnd the third
coupl ed t OcHaﬁﬁbeﬁBQG’%mallﬁﬂcatM"%itﬂrtﬁé‘%&B&&Fgﬂacrt\a/sgﬁ)ﬁgz% tl‘(@ﬁ%idjeé?lg Otﬁe%st

specifically, the proportional 10actuator Si ng
noves rel aforsgel @oadting onathe elarhéddi04 itGeases, the prépdrtiendl iacsintdrombe Hdfing

- d t d f. 06 i tant,, .f le, th
Teree e PR ARRESOS 1P A0 B SR e bR
106 provi dagvesythiduehaké Seliob pbist 318 dnhe @éfﬁﬁﬁrgrosjs%cm%r%o P’grg??]ove

Because the proportional actuator valve housing 112 is couple e
el enent 10%9 i openesictorthe Sisst Phaiden3 24 r Beaausth therfirghchaasbes 38wnis chargtd®ith

valve o1 i die SiGaiEpeRint phobinelic pieshlif pHetstfl Elogve P and Bps iibigne Bre
decr eafes RTdndhkers©as Bofed3 28 TRSodrs 3DR AL BOBSIFAY to tHRGcRFEDD. Y5 a

and thus, the proportional actuator valve housing 112 noves up (or to
the left oBvVerBipPnt of prevmats presspre nEpepliegdrio the agheator HOGF| Aosthedhagsing 112

the I engt L S t.he di stance,between
t he seali %%%&P%%Z%E@ﬁ?’é %gealrtezséﬁﬁ%, Seé‘!r?m I a?r%avfegn&ﬂ)n gt P t|h‘.3ec. ?mﬁg{oé?ezl.
nmovenent s Thissestitwin al dreatell ahanaaf Padsnt ehieing €ad grogve®int s 323b&c do

not result in pneymatic pressure flowing into qQr out of the actuator
100. This is bé’t?a'g‘g@Cm@e@oﬁcﬁ@%%yﬁg%“m@“‘é[Pé%sé‘éfeoﬂfe econd Eren 106
the prigssunirz@ds ahd tRUAR AR T 20 {

val ve sli der_r 11% is1In tiﬁ%n%%%%ﬁﬁgép?ﬁ%némﬁher %ﬁ{gﬁlﬁa{l&cb lgdgtsou{}guflﬁo
t he act uatthgir ¢Oginalepasitiomsc ohs thisteturn occursHhweactratori Housing Idi2omovdsi imaekto
act uat or | ve .hoysi ng. v, a distance that is greater, than t )
i st ance AR G a RGN S 4 T Rl il Sues pesnanabiea ob b wpoyerd i
groove 32%pERY&shd i WiBmbbe334al BGud2OihBlopdR oK seBhifal FEh ARGEReE the
defined cross sectional 30 area. Further ndvenment results Iin a

great er crBWynkelcpeswEg sunpligd ¢6 thehacheptonl) d99 dbereangs apththdre isWO portion
2009/ Q48843RPCT/ 007017 cordi t o, ap_enbodi nent of t.he
ovantl on 08 (e eFioR R0 I, the, et FEGRPEHLS o A her PR bR pectondl Grea
mai nt ai n tdbsreges, theospead dfhensh el tedOdbes. ACTIY Bidpdrtichal At&ator valve 110
enbodi nent, the first chanber 324 is charged with the operating )
pressure aHeIds RECTERRGtNE ARd ARtsrinDinte pspRATCE AsEHatignsibechiisecthn amount pHair
shown) to : j f1 Act |

7091 her oSuifieltp e Eomihy 106 i3 bichbrins0l:G8e HIRHBE dritle yhidF pbLFRE T2
to the ri gtativesoshovaive slidek GE3. 3 & 4. As this occurs, the groove 329

noves %hrough he se ing0 poi nt. 323b ang a defined cross sectional
area 6f the gr BEAYSEIEE (CEoss feplonal fre el he gFoavRatise Aegoases BB cieRs @s the

the first aeharbelvay&dnl et I8 intkdabest gfri]’g;?é;%gi mh@%@ﬁ?ﬁg?g cl)Sr %pede to

pneumatic pressure” enters the groove 32 Ws 1n
327 and t Herfirstochahibebd2d cdPBa simhk atmonet E28r wiherser the gpdoee 326 aht ¢hus only
actuator 100..Thus i ven amount,. of eunmati c sure is su i ed
Co the act dEBAREBrofr b RauBpie 10 1be srgver 1 - iai. s wanf Phpressuse
greater Cigphieda6!theNdtuadC00 Is PRGDIrichal NS thOPIBRIoN 33 the TPiiPe R4 1 53
in a greater_am)unt of pressure entering the groove 329.
0 relative to the proportional actuator valve housing 112.
If instead, the first force 105 decreases, the element 104 and thus, the

proportional actuator valve housing 112 will move to the left as shown in FIGS. 3 & 4.
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As the actuator 100 is supplied with pneunmatic pressure, the second
force 106 15 increases and the elenent 104 along with the actuator
housi ng 11®Oe¢VN88480 return to their original positi orRCT/EIA7TIHDELT
return occurs, the actuator housing 112 noves back to the left (as

shown in H S area of 1

gr oove 329@8%’%@%“? %gm 0r§sq}t3 Ngﬁgr}%{n glgs gecggﬂé% §RBEHEh nwo%gtance
secti onal wkahd@wmséw willepasstthrdughf thprsealing @ofiidd3iceshd @ ddfided cross
actuat or 100.al o dec&.éﬁases u 0 portion 20 of the

til there.is
oo 5oo BdHT Braabs Eraavo R UL onss nioAle e ehvmrbes e dheetpfmihe
area decr f € pr
Setuator vopasst fh nRERES wiED Bt iRl B8R onliteaP BRAL f1%thira
osci | | & i csimmber 3066ds tdpenetnmhatexdnﬁuﬂ; air Slywl theduglo thd8orest 30t aiid 308 and

is proporti nal t osi tion he actuyator housing 112 rel ative
to the val ?H’g‘? tﬂ'ﬁ V‘%E@E‘E\ug‘é tb?\@“&’PH%‘a é@??@ﬁ&?ﬁfﬁrl@ﬁsﬁﬁ llggnoves

gr oove 329faﬂg@rrtsa§@fefa 9 ARG &dsd N8richa LRAE tBYBOLE 39V i0EpdIRA Ty He'third
i ncreases, when the end of the groove 329 is opéned ¢
chanber 32041,ambntt ?y2ﬁa resuiting 1amgnaatenzimwnt ofibir lané phermativeprgssmoy & SA%usitto
t hus only t of ure| lied to the gctyator 100.
Thus, “tho BEEAITBITDs BsateatlbibBeie o 4% MEvaErs arevizofha doment 104 nd
pr oporiipi onbpdrAotkd) %cﬁl@ﬁjrtv'a% liﬁus l\QadrBﬁs gﬁb% to Jfﬁé;néﬂtg HatRtd H'f?: Jr%mal

t he proporti onal act uat or val ve housin ead,
first fordosiigs. decthexsbs slideel b} mores bmnm\memdéle cthambpr 6%rthe gmmlve

& a " o Za0dK otcihebonnsttys sBRES: 57 ST b bpBie oAttt ds pbytorke

vaI ve hOU&lxhg,]sﬂeH&oIﬂm/ﬁﬁn@ndjeﬁt ance greater than di stance 332, the
groove 329 w || pass t hrough the sealing point 323c and a def| ned
cross sectionallh §r5éf§k@)10ftt%9@9@6wahﬁgu%m valyp dipuping ol i2rrelativerte the valve

chanbgr 3 i t

chantas SS0dAL1 S SRE Botoisdnt IaS 8P Lar aEHORE LIEHLE sl il 3238 bl
t he exhaus3d af the :blnassdahngmgimlidne‘jmzﬁﬁi B2a. drids ﬁi’f&eﬁt&dnﬂkéﬁ%dsﬁxﬁumatic
into the envi ron proportjonal .actuator valve hqusi n%] 112

Toves. f ar BREPUEGR RSt ﬁ‘%{s fﬂao grevsis dirt apd debyichpprenteringethediore A7, which
groove 32%uiR ARRNEENAR 16 Bk rhgmoﬁm%&ﬁfor%%@e m@%h"tﬁé {ltgudtgr fFocgr eat er
anount of air and pneumatic pressure to exhaust into envi ronnent .
As a result of Thherdsas@tmhaltslhappnétjwm@rmoesgmroeyps Bh%ak}bwsrﬁwtamamwrate

R AL e B R s 0 R
back i ntogéthnil dffaco ?@Qhe:i?@b oP heir@" Maudes WReichsdt0 IRNAGS nRBREY, tRe

the chanber 326 and t ﬁ)neumatl c pressure is no |onger exhaust ed
to the en\@F(FlBﬁFﬁélntthafl'HEP@@ kecqslrfStﬁ@mprqyptshpmmal isagedneedr ovakhminated.

h | 3 f
om0 SR AL R bR B0 ks 368 LG8
out er sealbk nealizedrine slsi ft32Presaor eﬁﬂﬂﬁﬂe TiisSis peemestis awhie svhivedthe size of the

pneumati c pressure exhaust. This al so prevents dirt_and debris from
ent er 2ig BROVBORMSBDE CRAIPEIMISEH| @gw@.s@edaﬁlﬁg@f tascilgions. opdmereéigl the
act uat or 0 t

The one. ot INELbEOR SRTSRRMR) B RS smdllE GCRRAREISS R SRRPE Roid
pneunat i c oprikstimse Howevdrngrovidiaxid smgle‘rrgamdﬂlmrbcreml&zm mldmrreaﬁmse

as the cross sectlonal ar ea ﬁ En to the first or third cg g .
decr eases fimenbecayse thgdate at Whichquenmate pesssyg ant Be,supplieg tedhe agtuptopis

0Ver5h00t'r céd3 ?gggfﬁr%x}a?'abfﬁ'a Wafle AOMUITANRLE 'ayfastt SORNd Whl1E at

act uat or v or a ster response than may be realized
in shddt ﬁwlm&mtfrmreduangltmnﬁho&oscﬂlahemause in a shift valve, the

size of the FIG. 6 shows the proportional actuator valve 110 according to another

embodiment of the invention. In this embodiment, the proportional actuator valve
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25 groove nust be conprom sed against the risk of oscillations.
Therefore, the groove/bore of a shift valve may be sized smaller than
actual |y dw&2PeP188H3 or der to avoi d oscill ations. HowevetCT/ERBR7I0HTI0RY a
smal | er groove/bore results in a slower response tinme because the

rate at WhhGRiRNEMTRLIapRUSOSHE 214A¢ht 194 ' u !
reduced. The pdrgoporti ongl actuat or val @e%ﬁ%l %F%g\}/vgy#t%rﬁ %ﬁaﬁgqjgé of the
response tlewer spliehe66d pBviddsen sambert ofdvaedyes. nth sdre eiblodithents, it may be
oscill ati ons. FI 6 shows the, proporti | ~actyataqr valve 110
accor di ng @%Hﬁ'ﬂSﬁ%é‘P"&hﬁ&PH@ﬂ?ﬂtﬁ ﬂf“gélef“r?%m‘rgﬁ In F‘rﬂjl#'f‘?‘ﬂlgn diffaent b the
the proporhbadadn & bRIpoYFonat actilof YARE0LBBARRET,

housing 112 is coupl edbt (%)Ot he elagment 104 u?i njgﬁ)(gaf)g@é?qgég%%%%am 660
The usé ofaliows thevmovemsntenf 666 giernetdE® 4o rhenben dircaibradiffgas. frbm the

oFament 2 HOTENH, of the TRl S 1B ah St SPRSHHAEHTABARIRIC. 6 28 HiS element
proporti onfals @eh Ul dponss ¥a 4dleaddithd ARRINYe 105850k ¥ EH @ﬁ%ﬁﬁ)é&%oﬁal
104 8| rectlon di

al l ows the novenent of the el enent to bein a ren
from the rastuahavalr housingy Al dowérsdeindiis. advantape ire poodding rthe dhenwsystem

FIG 6, as,the.elenment 104 rises, in.re nse.tq a decrease in_th
first for cﬁeéb fgg}at ?lberprgg%%ﬁngf, af?rﬁdéoer%‘_b%?w Wﬁ&lbeje‘fqﬁ%f’éﬁm‘?}ﬁ%i?gl H’&é?rﬁ‘ém
112 | ager slo4ANqhie magdi@iesioed ifor R MithiskrNGF ?éagoﬂsemnucﬁﬂégta%&s%ﬂity;s space
that the proportional actuator valve 110 nay be | ocated renpte ffom

t he el emerfonStpInty,oAC. This nay be desired for a number of reasons

i ncl udi ng accessi. Ll it tral C. The. J,.ever .
system may al so teib‘éé&j %gétt? 12131%% g acsr%gl?legge(ﬂ{’ﬂéeé gq ér?% &° (S]fle £ tﬁ%kep?%{%lg rptrP%?‘}BPnal

act uat or \aatuaer Whber dl0atelatiwetto thdeletleaed. BOusBatAelsRchhB0LhaBBisame
104 has the sane stroke as the actuator 100, the |ever system may be
adj ust ed tSHokhanihe achstart[00x thedeverfystem map hp adiustsdito shange the straks ef the

110 rqkati Yﬁ/&éﬂ%ﬁa@%cﬁﬁ{dfa\;ﬁ@% 199 Tclgf?{re B HPAFuatdN e ¢ Il%éﬂerxgrglﬁ)f/é, L the

actuator va I's coupled directly to the elenent

nmovernent ipnogdmgorel ecteator Yl4erléBud toupled direcdy o thel derhentodremt monemt in
proporti On€| act uaﬁ@{ val ve housing,112. However, it may, be desired
to provi déi BPMeRE 18t FeRES R GMRauiAent msemeny, in Hie RiopRtionak atugser valve
syst em 66Qouging ¢ Rt HEQleYesd Minky BB VRERA tolfloVille ﬂlﬁi t6E8Rbke 4 b%ftﬁff&%m. By

result in a greater novenent in the proportional actuator valve

housi ng 1adiustitg thealevemsystem G0 astehativekyspoalk mmavementiin theyeleateat 104 can
sensi thVvity. . . FIG 7 shows.the propartioponal ,actuator valv 1 .
Sotor 8 it ince st BB RERE inh 1 RioBBRinnhC AaheSf yaNie hoiig’ T i
act uat or \aﬂbwgf&h(}“agaom%melﬁhﬁ with igealdrRensitivityp t hat shown in the’
previous figures. The difference is in the |ocation of the 25 grooves

329. The one oFlGorle shpwsvis ppapogtienad hasivaters vebiend 1P operaading £heanother

h i 1 - i " t 329
boi ng For cERbRIEL of HEfial Bt YR KR! ackdator VAR 1 ASHELAN I 20
are coupl efnilap tankatsheenvint the tphevived figures.i dae diffdenad eih thBdscdidhnd the

stati 3nary in thi housi ng 112. Additiaqnally, the one or nore sealing
menbers 3Z00YPEISholAC H8C 98 AQTREIORNFESLE andshawn #s Beng forngsbinrthe hopsing

members. 3352 aphe el Bo e PRier £1d. BiBhe RRIts 30 bR Bl tn the
t hey coul doteng ijhl,ghenhedrimorarsgalirig tiesmberst3idi are rosplkdtbiandadove Wh the
2009/ 0188%915%(1 5'2101 7r/at %th)l%ai being stationary in the housing 112. Additionally, the one
or more sealing members 322 are shown as sealing members 322 with sealing points

30 323 on both sides. While this particular embodiment of the sealing members 322 are

only shown in FIG. 7, it should be understood that they could be implemented in any of

the embodiments mentioned.
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In the enbodi ment shown in FIG 7, as the valve housing 112 noves
relative to the valve slider 113, the grooves 329 pass the sealing
menber s 32WO0ameb/assdef i ned cross sectional area is open RA/AM@78¢mond
chanber 325. As the displacenent increases, a greater cross sectional
area is open toputh baibet . This, al,l onws f.or reater. 5
amount of air to eigte g’?&ﬁg%tngr or[?(qa&?fé't%eagl%?éélﬁgsuﬁlﬂgtlﬁ%%é%‘gﬁ&?]ﬁ%mto

shown, t hethoonbre3lder kl ottt gredvesTIBY hirs the3RAlinS mROiheRETESSRT ¥ dbfindd\&oss
enbodi nent shown because the sealing nenbers 322 nove with the val ve

slider 113%¢5HeRal §remiseonen ey thesgeend skambest325nahs dhe displacement insresses, a
) W I h
(o bor o YERadiol &R abd) it B GIR0SONA MR ADs. Htlis SRS £3G brenver

be 10 pr ovimimoht iofi airlte eithbventbroiséxigthblibre 028r tiethd @mbeditvehthdvie the BYfe

of the propartional  actuator _yalve 110. . Additignally, the bore
328 is fortddSidmiftRe &%*Fj@rﬁéaalﬁgotm@essa@t iethergrabpdimpentiéhaye because the

slider 113espMaiberd d val ve sl |
113 coul d i zrjllcl ude bbg{%@%%@ﬁﬁ%fggﬁsg{% ggg%?'ﬂ?%ll \i/]ﬁ ghags&g‘:!léé[ ﬁede%% cross
propor t i orsgtticrat exe of thabnveod idrd Broowed 32T arenopeh ¢atiee ydcohd th@mber 325, air

actuator 100 as s¢rib above. As s in_ElG__7, the, proportional
act ﬂat or \f&P\f%aC?%Ee BBI W&gé‘ét thﬁe‘?%? ég?-o Hopsyet H}rlgb@% §:Wlamay be
bore , ; o : ) n ' ' :

Do ¢ 328 ﬂr%ﬂ&ﬂ in Rhd %Iv\%aﬁd{ﬁlr{%igﬁagg uoé'%%rr '%10 Smgq gh{: @viﬁ ;bggtlg%' tqr%}?}g'flonal

e conbi nati on of
act uat or \agtuator valyedidBvi de for a mechani c-pneumatic cl osed control

| oop. The cl osed, contr.ol .l 00 rovides for both position control
and posi tion ag‘}qﬂiétf%ﬁ%" 5y %P_Eeeggsc[)Su%FB?C?Eb%‘eé’ﬁg'eth?élg@selﬂgn_fat]_l‘?ﬂéla‘ﬁ'ﬁ’ethe
conbi nat i aaiver Mdeda$3f oMowredtr! aCthotiRl 88 NinBakicdl Akt tHaevAeS stil&M Bf could
t he actuator 100 without the need for external nmeasurenents. The

conbi nat i dvcladribethotial hojepddhi 3 inowhigh case dhepreparéend restatordvalve 110
2l ustugenty ihd Pauk IS \GER ool RA B0 LERRSHLIORL00 WRSRoRrSAHES] e

the app orce on fhe actuator

addi ti onalpkgpoptienal detmatfodvabver Elducsh@nnizhtes Rath thgkachiat1e 5000 81266€gh the bore
created bé gd{gust nts due to force fluctuations. The detailed
descri pti 9R& Grmedin the yalve bepeing ddhead with thesuppbnlingt14/e descri pti ons

of all embodi mgppi %oﬁf%%a‘?i'gﬁl(ﬁi%@ %Jt&elbd‘\éﬁ{i‘ttﬂé ?)rérp%nﬁ@naw Eﬂiafqrtmve 110
scope of the invention. |Indeed, persons skilled'inthe art w1
recogni zepthade der ameckdrecpntenatic 3bsedhecoatrol éeates cThd edosedbashtrat nbsp

may valiously. be.c ined.or elinminated to create further

ertbodPhen PEoWIR oS BEM 3T G AORIOn il SO e REruaiop 00 and the

t eachi ngs eRinenh €04. "YROESABinatién ?fdvlide%‘lf% BB A RRRMAMatibR of s®on of the

ordinary skill in the art that the W 2009/ 018843PCT/EP2007/00701/
actuator 100 without the need for external measurements. The combination additionally
provides for an automatic response and adjustment without the need for manual
repositioning upon a change in the applied force on the actuator 100. The combination

25  additionally provides for a reduction of the risk of resonance created by adjustments due

to force fluctuations.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of

30 the above-described embodiments may variously be combined or eliminated to create

further embodiments, and such further embodiments fall within the scope and teachings

of the invention. It will also be apparent to those of ordinary skill in the art that the
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above-descri bed enbodi nents may be conbined in whole or in part to
create additional enbodinents within the scope and teachi ngs of the
i nvent i on. WO 2009/018843;s  al t hough specific enbodi nents ofPCTHFAVERENDT es

for, the invention are described herein for illustrative purposes,
various e%ﬂoV@d@ﬁnb@@@HHoﬁﬁﬁéW&a?%@ cBHf'b?delal if who Bpirﬁﬁrpf'o &gﬁggd&ftlonal
the invention, as those skilled 1h the relevant art recog

The teachlﬁi@lw@mgms&eﬂllméleempmmd tbachangs| df ¢lte nwemtidoer act uat ors and
actuator val ve and, not .j ust. e..enbodi s des ed ,above and
shown in the af:’l&*t?ﬁpa\%?ﬁ% e ’Fe%‘nQ%HE’SPﬁl (?fma?é @ng‘éo%é» the ipyention are
i nvention @haited melﬂ%lenmsﬂamefﬁ steeevafrfahk egﬁxnmeﬁ! RlofHicatns Qcﬁd P@ble

1. A proportional actuator valve 10) adapted for position cont
and posi t|\®1ﬂlladl_|msttopenf thesav@ltmnomhmajskallledamttharedwanahm@w(lI&cﬁb)gmze The

conprisin val ve sing t s (324,
325y o vardigt Rt e e dpallat gt ecEa s R oririeand fot
Wi thin saijdstvl #R &absdif@nfsldeibiibeNabVe BRI ShEHAOME thel é’@c%hlﬁ% figures.
non- uni form cross-sectional areasfoned in said proportional act ator

val ve, wher@prdiaglyd thmecape abithe dgrysoties shgeld) b Glsteruimedi &ait yhe following
conmuni catT th said at | east two chanbers- (324, 325) of said valve
housi ng (1‘""3%91I and one or nore bores (327, 328) forned in said

pr oporlgi onal actuator val ve, wherein said one or nore bores (327,

328) pneumatically comrunicate with said one or nore grooves (329);
and 15wherei n novenent of said valve slider (113) relative to said

val ve housing (112) provides a pneunatic val ve action.
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2. The valve of claim1l, wherein said val ve housing (112) conprises
at | east three chanmbers (324, 325, 326). 20 3. The valve of claiml
or claim2, wherein said chanbers (324, 325, 326) are separated with
a plurality of sealing nenbers (322). 4. The valve of claim1l or
claim 2, QﬁéﬁMﬁa at | east one of said chanbers (324, 325, 25326) is
charged with an operating pressure. 5. The valve of claim11 or claim
2, wherein at |east one of said chanbers (324, 325, 326) is exhausted

out side df they propRetidalActhia@e valat 1 10y akixsed FiQositiAohtie]l Ml Ysitedn
claiml1, wherein a first end of said valve slider (113) is coupled to

a base ( Bfjustment7saidhropedional adtuatbriatva (1 Mheowipnisigporti on of the
val ve_housing (112). is.co d to a base (111 The_val ve of
Clal o6 or of e hnmisecd RoSae g8t By ahitbars 524 20 et ab) e
5with t .t ' | ' . . =1 al 1,
oher i n'sai d AnaNSIRCY QIS AR SIS £113) pRing Gyt WABR! sl B

slider (113). 1010hdbsingé@lA®; of claim 1, wherein said one or nore

grooves (329) conprise a plurality_ of bores (329). 11.The valve of
claim1 or cl &NAPDMOFRHEOVES 200 Wathaogruire gpgotrstiona 2ogasirmed mn said

proportional actuator valve, wherein said one or more grooves (329)
10 pneumatically communicate with said at least two chambers (324, 325) of
said valve housing (112); and
one or more bores (327, 328) formed in said proportional actuator valve, wherein
said one or more bores (327, 328) pneumatically communicate with said
one or more grooves (329); and
15 wherein movement of said valve slider (113) relative to said valve housing (112)

provides a pneumatic valve action.

2. The valve of claim 1, wherein said valve housing (112) comprises at least three
chambers (324, 325, 326).

20
3. The valve of claim 1 or claim 2, wherein said chambers (324, 325, 326) are

separated with a plurality of sealing members (322).

4., The valve of claim 1 or claim 2, wherein at least one of said chambers (324, 325,

25  326) is charged with an operating pressure.

5. The valve of claim 1 or claim 2, wherein at least one of said chambers (324, 325,

326) is exhausted outside of the proportional actuator valve (110).

30 6. The valve of claim 1, wherein a first end of said valve slider (113) 1s coupled to a

base (111).
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formed in at | east one of said chanbers (324, 325, 326). 15 12. The
val ve of claim 11, wherein said valve slider (113) further conprises
a plurality of sealing nenbers (322). 13 The valve of claiml1,

wherein id or nore .grooves (329 rise cross;: .20secti o aI
area that’ s SH& r}@@%ﬁ%ﬁﬂlﬁhﬁﬂﬁ%@ﬁ’& 468 gk fhegrRlye hsneddd 1z§§88P

i ncr easi ragoagégthp\'ce fromsaid one or nore bores (327, 328).

The val ve o aiml or claim13, wherein the nmaxi mum cross sectl onal
area of said one or nore grooves (329) is at |least as |arge as a
cross-sectional area of said one or 25 nore bores (327, 328).

The val vé.of dibgivislve aficlaimes ar elaim dhwheren sié vakrishten (@1 3ksis adb@tabbfnal
area of sai.d one r LoQv.es is smaller than the cross
oot Snar it P RN B RYER (L) oL (327, 328). 30 16. The
valve of claim1l, wherein said one or nore bores (327, 328) are
formed in said valve slider (113). 17.The valve of claim1, wherein
sai d one%r miihe vebvead c{B217], vdRB}inaad drerarenbrergreaied (320)\aee fovoeidnyg said
(112). 518 Th v% of claim1l, wherein said proportional actuator
val ve (11’6‘“3S Eg)ed to an el ement (104), said element (104) is
al so coupled to an actuator (100). 19. The valve of claim 18, wherein
sai d proportional actuator valve (110) is coupled

10  10.  The valve of claim 1, wherein said one or more grooves (329) comprise a

plurality of bores (329).

11.  The valve of claim 1 or claim 2, wherein said one or more grooves (329) are
formed in at least one of said chambers (324, 325, 326).

15
12.  The valve of claim 11, wherein said valve slider (113) further comprises a

plurality of sealing members (322).

13.  The valve of claim 1, wherein said one or more grooves (329) comprises a cross-
20  sectional area that is shaped such that the cross-sectional area decreases with increasing

distance from said one or more bores (327, 328).

14.  The valve of claim 1 or claim 13, wherein the maximum cross sectional area of
said one or more grooves (329) is at least as large as a cross-sectional area of said one or

25  more bores (327, 328).

15.  The valve of claim 1 or claim 13, wherein the maximum cross sectional area of
said one or more grooves (329) is smaller than the cross sectional area of said one or
more bores (327, 328).

30

16.  The valve of claim 1, wherein said one or more bores (327, 328) are formed in
said valve slider (113).

20



to said elenment (104) using a | ever system (660). 10 20. The val ve
of claim 19, wherein said proportional actuator valve (110) has a
stroke which is different froma stroke of the actuator (100). 21.
The val ve of claim 19, wherein said proportional actuator valve (110)
has a 15stroke with a different direction fromthe stroke of the

act uat or (7100)1“11( A ﬂqtﬁal\ﬁ"f‘ll V&EreH V\%%l ! 14579%1‘ 1%@5 lﬁi & f%}??%/ﬂ{)%?@ kb33,

actuator val ve as a stroke he sane as
t he st r okaidfalidRodirigi@tial, (110). 20 23. A nethod for formng a
proportional actuator valve, said nethod conprising: providing a

val ve housing; separating said valve housing into at |east two

chanb rs S|n ealln nenber s Si,tio val ve
SRR wiliht nuf B R bt Do RGBT R B AP PV B 81D Y5010,
proporti Q@@h eﬁ,@ﬁéﬁ@tmﬁl)V@uY@Ienﬁaﬂﬂ(If@D 1 416b SRPIC to"HR LA 6). W th

non- uni form cross-sectional areasin’ the proportional actuator val ve,
wherein said one or nore grooves communi cate with said one or nore

bores anﬂgwl sai chanber s 4. The f.cl al
r c

I
furt rlaﬁrvag‘ierfgf %@%ﬁ %Ew%elgéﬁ@ map%%%@%owé 68} iscotplia
Chree ChaiToRE R1474A 81 G RIstHR] Teb¥r QfstchE@goNg members.

10
20.  The valve of claim 19, wherein said proportional actuator valve (110) has a

stroke which is different from a stroke of the actuator (100).

21.  The valve of claim 19, wherein said proportional actnator valve (110) has a

15  stroke with a different direction from the stroke of the actuator (100).

22.  The valveof claim 19, wherein said proportional actuator valve (110) has a stroke

which is substantially the same as the stroke of the actuator (110).

20 23. A method for forming a proportional actuator valve, said method comprising:
providing a valve housing;
separating said valve housing into at Ieast two chambers using a plurality of
sealing members;
positioning a valve slider within said valve housing;
235 forming one or more bores in said proportional actuator valve; and
forming one or more grooves with non-uniform cross-sectional areasin the
proportional actuator valve, wherein said one or more grooves
communicate with said one or more bores and with said at least two
chambers.
30
24.  The method of claim 23, further comprising separating said valve housing into at

least three chambers using a plurality of sealing members.

21



25. The net hod of claim 23, further conprising coupling said val ve
slider wwth a base. 5 26. The nethod of claim 23, further conprising
coupling a portion of said valve housing with a base. 27.The net hod
of claim25 or claim26, wherein said valve slider is adjustable with
respect to said val ve housing. 10 28. The nmethod of claim 23,
wherein r . i

The. met hod-of A a8 o R, Mot RS v e P Pt Fa s,
sai d valwﬁmé5h0u3|ng 30. The nethod of cIa|n123, further conprising
form ng said one or nore grooves in said valve slider. 20 31. The

met hod of claim 23, further conprising form ng said one or nore

grooves iy} sai vaI The net.hod of..claim 23,

Qonp Ssi Al 1 ortheigeibsn 4T SRRGR. Hther rwBuuss sealing SpaHeRplsHdyaEs
25 33. 'H&gsﬂgt‘ﬂgpaggsecl aim 23, wherein said one or nore grooves
conprise a shape such that the cross sectional area decreases with

i ncreasi ng distance fromsaid one or nore bores.
27.  The method of claim 25 or claim 26, wherein said valve slider is adjustable with

respect to said valve housing.

10
28.  The method of claim 23, wherein said one or more bores are formed in said valve
slider.
29.  The method of claim 23, wherein said one or more bores are formed in said valve
15  housing.

30.  The method of claim 23, further comprising forming said one or more grooves in

said valve slider.

20 31.  The method of claim 23, further comprising forming said one or more grooves in

said valve housing.

32.  The method of claim 23, further comprising forming said one or more grooves as
a plurality of bores.
25

33.  The method of claim 23, wherein said one or more grooves comprise a shape
such that the cross sectional area decreases with increasing distance from said one or

more bores.

30 34,  The method of claim 23 or claim 24, further providing at least one of said

chambers with an operating pressure.

22



30 34. The nethod of claim 23 or claim24, further providing at | east
one of said chanbers with an operating pressure. 35. The nethod of
claim23 or claim 24, further provi di ng at | east one of said chanbers
wi th comuni cation to an exhaust met hod for regul ating

pneumat i c3%ai r 1 laetﬂiﬁéw}ﬁ%am@ 2&&1&;@@ 24 @ﬁ@elrpéméal% PASE PG %sald
coupling I tor, wherein a flrst force
acts on §%@H% %enen anﬁm%%?§H§%gﬁﬁﬁ@%%9actuator provi des a second
force on said el enent opposite the first force; providing a
proportional actuator valve,wherein said proportional actuator valve
10cont r ol3.t heA mqﬂmcyfoofregxlatmg:prmmdmam toai phepmetinactivetoncaidmethodand
wher ei_n t he ro ortional actuator valve conprises one or nore grooves

wth lﬁon COHPESIY cr oss- sect i onal _areas, vvherei n the cross sectional
area open for : I far
acting on sai (fa {éisléé%%t{v?lle:ﬁfgﬂ?go rtrg%/aﬁalc? of c ae?r{r:?ggﬁ f%%%tglisn&s%ﬁj

proportional actuatebsmemlaué sﬁidrptnlaamaﬂﬁaﬁnatﬂeprcandmlamdﬂmmjm@on said
wherein said val ve hou5|ng is coupled to said el enent. 38. The
met hod of cl ai m 36 clament REPOL P K53t iBrCasi ng a lever systemto couple

sai d 20 propor &\98&1' g%ﬁ&ttl%lﬁal «'ﬂa&ttﬂ}{a‘%mI alg%w %ne&?@ i)rogoﬁ?(jna?g&ugi%} le%e

of cl aim 38, erer proportiona or va conpri ses a
10 controls the supply of air to and from said pneumatic actuator; and

wherein the proportional actuator valve comprises one or more grooves with
non-uniform cross-sectional areas, wherein the cross sectional area open
for air flow is determined by a change in the first force acting on said
element.
15
37.  The method of claim 36, wherein said proportional actuator valve further

comprises a valve housing, wherein said valve housing is coupled to said element.

38.  The method of claim 36, further comprising using a lever system to couple said

20  proportional actuator valve to said element.

39.  The method of claim 38, wherein said proportional actuator valve comprises a

stroke different than a stroke of said element.

25 40. The method of claim 38, wherein said proportional actuator valve comprises a

stroke having a direction different than the stroke of said element.
41.  The method of claim 36, further comprising forming said one or more grooves in

a valve slider of the proportional actuator valve.
30

23



stroke different than a stroke of said elenment. 25 40. The net hod of
claim 38, wherein said proportional actuator valve conprises a stroke
having a direction different than the stroke of said elenent. 41. The

T g oL ISR L, Lo 18, S84, 00 O RIS i
The met hcl%ll\%f sl e?‘gmo?ﬁmufﬁéﬁfe%"th %HBEﬁu%Ld?QmH g&‘i’ﬁiﬂ s&¥B%n8or EH?Hr@ %%Hv%
val ve Sl de or ng

in said r to communicate wth salrd acttator and

sai d one with Avhapeuobvies thd ¢bsesestions aseicdf dalibbnd drancreqasowsaleceasds
area of sajd one or nore grooves decreases W th increasing distance
from sai vidhEcesasingrdistprgeeliomsaidsane opBotediohRfd of cl ai m 36, further
corrprgsi ng positioning said one or nore grooves such that the rate at
which™air is supplied to the actuator by said proportional actuator

val ve i nepeasegheafiethb@ of bl 8 60furfivt ompARAE posifidhindGhidd Y orabnee
increases. 10 44.The nmethod of claim 36, wherein said proportional
act uat or gradwes snettbettheostsi dt Mati¢loms isofupphied pmide matiator dytsast poportional

actuator valve increases as the stroke of said proportional actuator valve increases.

10 44.  The method of claim 36, wherein said proportional actuator valve reduces

oscillations of the pneumatic actuator.
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